
 

 

 

 

 

 

 

 
Vol 26 No 1 (2022) 

  
Vol 26 No 2 (2022) 

 
Vol 26 No 3 (2022) 

 
Vol 26 No 4 (2022) 

 
Vol 26 No 5 (2022) 

 
Vol 26 No 6 (2022) 

 
 
 
 
 
 
 

2022 



 

Malaysian Journal of Analytical Sciences Vol 26 No 1 2022 

   
 

Page             

  
 

1.    SYNTHESIS AND MECHANISM STUDY OF NEW BIVALENT β-CARBOLINE DERIVATIVES  

(Kajian Sintesis dan Mekanisma Derivatif Bivalen β-karbolin Baharu)  

Nurul Tasnim Noor Aaisa, Karimah Kassim, Nur Azzalia Kamaruzaman, Mazlin Mohideen 

1 

   

2.    INSIGHT MECHANISTIC STUDY OF SAMARIUM OXIDE BASED CATALYST IN METHANATION 

REACTION 

(Kajian Mendalam Mekanistik Pemangkin Berasaskan Samarium Oksida dalam Tindak Balas 

Metanasi)  

Salmiah Jamal Mat Rosid, Susilawati Toemen, Wan Azelee Wan Abu Bakar, Ahmad Zamani Ab 

Halim, Sarina Mat Rosid 

8 

   

3.    ENHANCING TRYPSIN RECOVERY USING POLYMER-BASED AFFINITY ULTRAFILTRATION 

MEMBRANE: EFFECTS OF ELUTION pH AND DISPLACING SALTS  

(Meningkatkan Perolehan Tripsin menggunakan Membran Afiniti Ultrafiltrasi berasaskan Polimer: 

Kesan pH Pengeluatan dan Penggantian Garam)  

Norhafiza Ilyana Yatim, Sofiah Hamzah, Maslinda Alias, Nora'aini Ali, Marinah Mohd Ariffin, Abdul 

Wahab Mohammad 

16 

   

4.    BIOMIMETIC SYNTHESIS OF SILVER NANOPARTICLES USING Eleusine indica EXTRACT AND ITS 

ANTIBACTERIAL PROPERTIES  

(Sintesis Biomimetik Nanopartikel Perak Menggunakan Ekstrak Eleusine indica dan Ciri 

Antibakteria)  

Ropisah Me, Muhammad Hafiz Istamam, Noor Hidayah Pungot, Nazlina Ibrahim, Alice Shanthi 

29 

   

5.    MEASUREMENT OF SOLVENT PROPERTIES USING KAMLET-TAFT APPROACH FOR APPLICATION 

IN SYNTHESIS  

(Pengukuran Sifat Pelarut Menggunakan Pendekatan Kamlet-Taft untuk Penggunaan dalam 

Sintesis)  

Tariqul Islam, A. B. M. Helal Uddin, Sahena Ferdosh, Md. Zaidul Islam Sarker 

39 

   

6.    SYNTHESIS, CHARACTERIZATION, AND IN-SILICO STUDIES OF CINNAMIC ACID DERIVATIVES 

TOWARDS DENGUE VIRUS  

(Sintesis, Pencirian dan Kajian In-Siliko Sebatian Terbitan Asid Sinamik Terhadap Virus Denggi)  

Anis Najwa Mohd Wahid, Nadia Mohamed Yusoff, Asnuzilawati Asari, Siti Nor Khadijah Addis, 

Hanis Mohd Yusoff, Habsah Mohamad, Fauziah Abdullah 

47 

   

7.    EFFECT OF DEEP EUTECTIC SOLVENT ON TENSILE PROPERTIES AND BIODEGRADATION OF 

PECTIN WITH EGGSHELL BIOPLASTIC  

(Kesan Pelarut Eutektik kepada Sifat Tensil dan Biodegradasi Bioplastik Pektin dengan Cangkang 

Telur) 

Non Daina Masdar, Rizana Yusof, Nur Amni Ramzani 

58 

   

8.    SUPRAMOLECULAR ASSEMBLIES OF 1,2-DISUBSTITUTED CYCLOHEXANE AMIDE LIGANDS AND 

THEIR COORDINATION POLYMER: SYNTHESIS, CHARACTERISATION, AND CRYSTAL 

STRUCTURE 

(Himpunan Supramolekul Ligan Amida Sikloheksana 1,2-Tertukar Ganti dan Polimer 

70 



Koordinatannya: Sintesis, Pencirian, dan Struktur Hablur)  

Nur Shuhaila Haryani Haris, Nafisah Mansor, Maisara Abdul Kadir 

   

9.    SPECTROSCOPIC FINGERPRINTING COMBINED WITH CHEMOMETRICS FOR PESTICIDE RESIDUE 

SCREENING ON ORGANIC PRODUCE: A CASE STUDY OF CHILI  

(Gabungan Cap Jari Spektroskopi dengan Kemometrik untuk Saringan Sisa Racun Perosak pada 

Hasil Organik: Kajian Kes ke atas Cili)  

Intan Amirah Restu, Nur Fatin Zahra Mohamad Zhahir, Shum Mun-Hoe, Yong Chin Hong, Ng Jing 

Sheng, Syahidah Akmal Muhammad 

84 

   

10.   ELICITATION OF INDUCED POLYKETIDE COMPOUNDS FROM A CO-CULTURE BETWEEN 

Streptomyces sp. STRAIN SUK10 AND Fusarium sp. AND THEIR ANTIBACTERIAL ACTIVITIES  

(Elisitasi Sebatian Poliketida Teraruh daripada Satu Kultur-bersama di antara Streptomyces sp. 

Strain SUK10 dan Fusarium sp. dan Aktiviti Antibakteria)  

Muhammad Asyraf Zawawi, Nurul Izzati Rosdi, Noor Wini Mazlan, Mariam Taib, Kamariah Bakar, 

Noraziah Mohamad Zin, Siti Nordahliawate M. Sidique, Saif Aldeen Mohammad Fayiz Jaber, 

RuAngelie Edrada-Ebel 

96 

   

11.   THE CONJUGATION AND CHARACTERISATION OF THERMORESONSIVE POLY (N-

ISOPROPYLACRYLAMIDE) WITH TERNATIN BIOMOLECULE 

(Konjugasi dan Pencirian Poli (N-Isopropilakrilamida) dengan Biomolekul Ternatin)  

Adrina Zulkifli, Farahiyah Najah Ab Samad, Nukman Ameen Rosli, Nurul Aina Jamaluddin, Nor 

Nadiah Mohamad Yusof, Noor Faizah Che Harun 

109 

   

12.   CATALYTIC CONVERSION OF CELLULOSE TO LEVULINIC ACID USING SUPPORTED NOBLE 

METAL PALLADIUM CATALYST  

(Penukaran Bermangkin dari Selulosa ke Asid Levulinik Menggunakan Mangkin Disokong Logam 

Adi Paladium)  

Puteri Nurain Syahirah Megat Muhammad Kamal, Norzahir Sapawe, Amin Safwan Alikasturi 

119 

   

13.   PHYSICAL AND CHEMICAL DISCRIMINATION OF METHAMPHETAMINE TABLETS FOR FORENSIC 

INTELLIGENCE  

(Diskriminasi Fizikal dan Kimia bagi Pil Metamfetamin untuk Perisikan Forensik)  

Noor Azlina Awang, Khai Lee, Way Koon Teoh, Vanitha Kunalan, Ahmad Fahmi Lim Abdullah, Kah 

Haw Chang 

130 

   

14.   CATALYTIC NEUTRALIZATION OF ACIDIC PETROLEUM CRUDE OIL UTILIZING 2-

METHYLIMIDAZOLE WITH ADDITION OF Cu/Ce(10:90)/Al2O3 CATALYST 

(Peneutralan Pemangkin Minyak Mentah Petroleum Berasid Menggunakan 2-Metilimidazol dengan 

Tambahan Mangkin Cu/Ce(10:90)/Al2O3)  

Norshahidatul Akmar Mohd Shohaimi, Noraini Safar Che Harun, Hisyam Saufi Tajudin, Wan 

Azelee Wan Abu Bakar, Nurasmat Mohd Shukri, Nor Hakimin Abdullah, Ahmad Zamani Ab Halim 

152 

   

15.   TEMPERATURE EFFECT ON THE ENCAPSULATION OF THE DRUG TETRACAINE HYDROCHLORIDE 

IN DIFFERENT CYCLODEXTRINS  

(Kesan Suhu Terhadap Pengkapsulan Dadah Tetrakain Hidroklorida dalam Siklodekstrin yang 

Berbeza)  

Houria Boudjoras, Teffaha Fergoug, Mansour Azayez, Youcef Bouhadda, Noureddine Meddah-

araibi, Cherifa Zelmat 

164 

   

   

   



Malaysian Journal of Analytical Sciences, Vol 26 No 1 (2022): 1 - 7 

 

  1 

 
 

SYNTHESIS AND MECHANISM STUDY OF NEW BIVALENT  
β-CARBOLINE DERIVATIVES 

 
(Kajian Sintesis dan Mekanisma Derivatif Bivalen β-karbolin Baharu) 

 
Nurul Tasnim Noor Aaisa1,2, Karimah Kassim2, Nur Azzalia Kamaruzaman3, Mazlin Mohideen1* 

 
1Faculty of Pharmacy and Health Sciences,  

Universiti Kuala Lumpur Royal College of Medicine Perak, 30450 Ipoh, Perak, Malaysia 
2Institute of Science,  

Universiti Teknologi MARA, 40450 Puncak Alam, Selangor, Malaysia 
3National Poison Centre,  

Universiti Sains Malaysia, 11800 Minden, Pulau Pinang, Malaysia 

 

*Corresponding author:  mazlin.mohideen@unilkl.edu.my 
 
 

Received: 15 September 2021; Accepted: 30 December 2021; Published:  25    February 2022 
 
 

Abstract 

This study reports simple and straightforward methods for synthesizing new bivalent β-carboline compounds using L-tryptophan 
as a starting material with 1,4-dibromobutane as a dimerization linker. The synthetic route began with coupling L-tryptophan with 
formaldehyde via Pictet-Spengler condensation to afford tetrahydro-β-carboline, T1 as the key intermediate. The reaction 
proceeded with decarboxylation of T1 using potassium dichromate with acetic acid to afford β-carboline, T2. Subsequent 
alkylation of T2 using 1,4-dibromobutane as the linker yielded intermediate T3, followed by dimerization to furnish the new 
bivalent β-carboline, T4. 1H and 13C NMR confirmed all the synthesized compounds. In addition, this study includes the proposed 
mechanism for the synthesis of a new bivalent β-carboline compound. 
 
Keywords:  synthesis, bivalent β-carboline, L-Tryptophan, Pictet-Spengler condensation, dimerization 

 

Abstrak 

Kajian ini melaporkan kaedah mudah dan secara terus untuk mensintesis sebatian baru bivalen β-karbolin menggunakan L-
tryptofan sebagai bahan pemulaan dengan 1,4-dibromobutana sebagai penghubung dimerisasi. Laluan sintesis bermula dengan 
gandingan L-tryptofan dengan formaldehid melalui pemeluwapan Pictet-Spengler untuk mendapatkan tetrahidro-β-karbolin, T1 
sebagai kunci perantaraan. Tindak balas diteruskan dengan pendekarboksilan T1 menggunakan kalium dikromat dengan asid asetik 
untuk menghasilkan β-karbolin, T2. Seterusnya alkilasi T2 menggunakan 1,4-dibromobutana sebagai penghubung menghasilkan 
perantara T3, diikuti dengan dimerisasi  untuk menghasilkan bivalen β-karbolin baharu, T4. Semua sebatian yang disintesis 
disahkan dengan 1H NMR dan 13C NMR. Sebagai tambahan, kajian ini merangkumi mekanisma yang dicadangkan untuk sintesis 
sebatian bivalen β-karbolin baharu. 
 
Kata kunci:  sintesis, bivalen β-Karbolin, L-Tryptofan, pemeluwapan Pictet-Spengler, dimerisasi 
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Introduction 

β-carbolines are derived from a large group of 

heterocyclic  compounds  known  as Norharmane 

(Figure 1), which have a 9H-pyrido[3,4-b]indole 

structural unit [1]. Furthermore, β-carboline can be 

classified as a synthetic and naturally occurring indole 

alkaloid with varying degrees of aromaticity that possess 

a planar tricyclic pyrido[3,4-b]indole ring system 

[2,3,4]. The core skeleton of β-carboline consists of a 

pyridine ring fused to an indole backbone (Figure 1). 
 

 

Figure 1. Core skeleton of β-carboline structure 
 
 

β-carboline is a natural constituent found in plants, 

human tissues, body fluids, marine life, insects, and 

mammals [1]. Furthermore, β-carboline is also 

distributed in fungi and foods with broad 

pharmacological properties, including sedative, 

antithrombin, antimalarial, anti-HIV, and anti-

inflammatory [5,6]. In addition, previous studies have 

reported that β-carboline, with its widespread biological 

properties, is commonly studied for its antitumor 

activity [7].  
 
β-carboline alkaloid can be isolated from the seeds of a 

plant named Peganum harmala, which belongs to the 

family of Zygophyllaceae [4,7,8]. Other names for 

Peganum harmala include harmal, African rue, and 

Syrian rue. It is a perennial herbaceous, glabrous plant 

that can grow in semi-arid rangeland and sandy soils, 

especially in the Mediterranean region of North Africa 

and the Middle East [9]. β-carboline derivatives 

extracted from this plant are used mainly to treat various 

diseases, including asthma and jaundice. Despite its 

toxicity level, Peganum harmala has been used to treat 

a range of human ailments, as the health benefits 

outweigh the detrimental effects [10].  
 
Interestingly, bivalent β-carboline alkaloids (Figure 2) 

elicited substantially greater bioactivity than the 

corresponding monomers. Thus, this suggests that 

bivalent compounds have better therapeutic potential 

and thus should be studied in future research [11].  
 

 

Figure 2.  Example of a bivalent β-carboline structure 
 
 

The bivalent β-carboline structure has two β-carboline 

monomers linked at positions-1, -2, -3, and -9 by carbon 

chains, heteroatoms, heterocyclic, amide esters, or 

amino-groups [11]. In addition, a previous study 

discovered that bivalent β-carboline elicited anticancer 

properties via a suitable linker, significantly improving 

activity by 100- to 500-fold over the corresponding 

monomers [5,12]. The improvement in anticancer 

activity might have occurred as the bivalent compound 

was more favourable to intercalating into DNA [5]. 

Therefore, bivalent β-carboline was expected to have 

significantly higher antitumor potency in vitro and in 

vivo than the corresponding monomers [12].  
 
There are numerous reports of bivalent β-carboline 

derivatives. Daoud et al. investigated the anticancer 

activity of the bivalent β-carboline derivative  B-9-3 (1) 

(Figure 3), which demonstrated potent anticancer 

activity against three cancer cell lines with IC50 values 

ranging from 3.58 µM–10.89 µM [13]. Chen et al. 

reported the synthesis and anticancer activity of a series 

of novel N9-heterobivalent β-carboline (2) and (3) with 

strong cytotoxic activities against six cancer cell lines 

with IC50 values lower than 20 µM (Figure 3) [1]. 
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Figure 3. Reported bivalent β-carboline derivatives 
 
 

Bivalent β-carboline, linked by suitable linkers, could 

significantly improve DNA-binding affinity as the 

dimerized compounds can bind to DNA through bis-

intercalation mode, causing significant changes in DNA 

double helix structure [7,14,15]. The structural-activity 

relationships of the bivalent β-carboline compound 

indicated a few factors that determined antitumor 

activity; the common β-carboline moiety was very 

crucial for antitumor activity, the length of the linker 

affected antitumor potencies, four to six methylene units 

were more favourable, and the linker position in 

positions-1,-2,-3, and -9 were beneficial [14,16]. The 

problem statement that this study addresses is the 

importance of developing new anticancer drugs as 

cancer is currently one of the leading causes of major 

health problems worldwide. Thus, this study aims to 

synthesize a new bivalent β-carboline compound using 

the suitable length of 1,4-dibromobutane in position-9 in 

the four-step method using commercially available L-

tryptophan as a starting material. The bivalent β-

carboline was characterized using 1H- and 13C-NMR.  
 

Materials and Methods 

This section will describe a sequential decarboxylation 

and aromatization of tetrahydro-β-carboline-3-

carboxylic acid T1 to furnish β-carboline T2. This was 

followed by the dimerization reaction of the monomer β-

carboline to form a new bivalent β-carboline T4. 
 
Synthesis of tetrahydro-β-carboline (T1)  

Tetrahydro-β-carboline-3-carboxylic acid (T1) was 

prepared through Pictet-Spengler condensation of L-

tryptophan (1, 2.0 g, 9.8 mmol) with 37% formaldehyde 

(2, 0.98 mL, 32.63 mmol). The reaction started with 3 

hours of stirring of L-tryptophan (1) and NaOH (0.4 g, 

10 mmol) in a specific amount of water (200 mL). Then, 

37% formaldehyde (2) was added to the solution, and it 

continued to reflux for 3 hours at room temperature. 

Upon completion, the reaction mixture was neutralized 

with glacial acetic acid, and the product was filtered off, 

washed well with water, and dried overnight.  
 
Synthesis of β-carboline (T2) 

Next, we attempted the decarboxylation-aromatization 

of tetrahydro-β-carboline-3-carboxylic acid (3, 1 g, 4.6 

mmol) by stirring it in water (100 mL) at 100°C. The 

reaction continued to stir and heat with K2Cr2O7 (9.5 g, 

32 mmol) and acetic acid as a base (10 mL). Then, the 

reaction mixture was cooled by running it under tap 

water. Upon completion, sodium sulfite was added as a 

removing oxidizing agent. This was followed by the 

addition of 2.5 M NaOH drop by drop until it reached 

pH 7. The solution was extracted with ethyl acetate, and 

the combined organic layer was collected, washed with 

water and brine, and dried over anhydrous sodium 

sulfate. Lastly, the solution was evaporated. Yellowish 

solid, yield 47%, m.p. 199°C. 1H-NMR (400 MHz, 

MeOD-d4): δ 8.77 (s, 1 H), 8.26 (d, J = 5.5 Hz, 1 H), 

8.17 (d, J = 7.8 Hz, 1 H), 8.08-8.07 (m, 1 H), 7.55-7.54 

(m, 2 H), 7.27-7.23 (m, 1 H); 13C NMR (101 MHz, 

MeOD-d4): δ 137.0, 132.7, 129.1, 128.4, 121.4, 120.8, 

119.5, 114.8, 111.5. 
 
Synthesis of intermediate bivalent β-carboline (T3) 

The intermediate T3 was prepared by stirring β-

carboline (T2, 0.5 g, 2.96 mmol) in anhydrous DMF (15 

mL) at room temperature for 30 minutes, then 60% NaH 

dispersed in mineral oil (0.23 g, 5.92 mmol) and 
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appropriate 1,4-dibromobutane (0.7 mL, 5.92 mmol) 

was added. The reaction mixture continued to stir at 

room temperature, and upon completion, the mixture 

was poured into water, extracted with ethyl acetate, and 

washed with water and brine. Next, it was dried under 

anhydrous sodium sulfate, filtered, and evaporated. The 

final result of the reaction was an oily product. Dark 

brownish oil product, yield 98%, m.p. 188°C. 1H NMR 

(400 MHz, CDCl3): δ 8.39 (d, J = 5.9 Hz, 1 H), 8.31-

8.27 (m, 2 H), 7.85 (d, J = 7.3 Hz, 1 H), 7.69 (d, J = 8.7 

Hz, 2 H), 7.49 (d, J = 7.8 Hz, 1 H), 3.50 (d, J = 12 Hz, 2 

H), 3.43 (d, J = 5.9 Hz, 2 H), 2.03-2.00 (m, 4 H); 13C 

NMR (101 MHz, CDCl3): δ 144.6, 136.2, 132.9, 132.3, 

130.8, 123.5, 122.6, 119.6, 117.3, 111.2, 60.3, 44.4, 33.9, 

29.7. 
 
Synthesis of bivalent β-carboline (T4) 

β-carboline (T2, 0.18 g, 1.09 mmol) in anhydrous DMF 

(6 mL) was added by stirring to a solution of 

intermediate (T3, 0.5 g, 1.64 mmol), 60% NaH 

dispersed in mineral oil (0.21 g, 5.49 mmol), potassium 

iodide (0.91 g, 5.49 mmol) in anhydrous DMF (10 mL). 

Next, intermediate T3 was further reacted to form 

bivalent β-carboline (T4). The reaction mixture was 

stirred at room temperature until the reaction was 

completed, and then it was poured into ice-cold water. 

After that, the reaction mixture was extracted with ethyl 

acetate and washed with water and brine. The combined 

organic layer was dried over anhydrous sodium sulfate, 

Na2SO4, and filtered. The purification process was 

conducted using column chromatography (DCM/MeOH 

100:1 as the eluent) to furnish bivalent β-carboline (T4). 

Dark brownish oil product, yield 13%, m.p. >270°C. 1H 

NMR (400 MHz, CDCl3): δ 8.93 (s, 2 H), 8.45 (d, J = 

5.5 Hz, 2 H), 8.19 (d, J = 8.2 Hz, 2 H), 8.10 (d, J = 5.5 

Hz, 2 H), 7.70-7.66 (m, 2 H), 7.52 (d, J = 8.4 Hz, 2 H), 

7.36 (t, J = 7.5 Hz, 2 H), 5.06-5.00 (m, 4 H), 4.47 (t, J = 

7.3 Hz, 4 H); 13C NMR (101 MHz, CDCl3): δ 143.3, 

138.1, 137.5, 133.8, 132.0, 129.9, 122.6, 120.7, 118.5, 

115.5, 110.1, 43.5. 
 

Results and Discussion 

The desired bivalent β-carboline (T4) synthesis was 

performed in a four-step method starting from L-

tryptophan (1) as outlined in Scheme 1. Firstly, the 

tetrahydro-β-carboline (T1) was prepared from the 

successful reaction of Pictet-Spengler condensation of 

L-tryptophan (1) with formaldehyde. The reaction was 

further reacted to form β-carboline (T2) with a 47% 

yield via decarboxylation by using potassium 

dichromate in the presence of acetic acid. Next, the β-

carboline structure was alkylated at position-9 by the 

action of the strong base, NaH in anhydrous DMF, 

followed by the addition of 1,4-dibromobutane to 

successfully afford intermediate T3 with a 98% yield. 

The intermediate T3 was present in an oily product form. 

Finally, the intermediate T3 was further reacted with β-

carboline (T2) with a strong base, NaH in solvent 

anhydrous DMF, in the presence of potassium iodide. 

The reaction was carried out at room temperature to 

successfully afford the targeted compound, bivalent β-

carboline T4 (13%). The bivalent β-carboline (T4) 

underwent a purification process using column 

chromatography and furnished the oily product. 1H 

NMR and 13C NMR were utilized to characterize the 

chemical structures of all synthesized compounds in this 

study.  
 
The proposed mechanism for the Pictet-Spengler 

condensation of L-tryptophan forming tetrahydro-β-

carboline T1 was outlined in Scheme 2. Initially, the 

mechanism started with the production of an iminium 

ion 3, followed by the formation of an imine 

intermediate 5, Schiff base, which removed H2O. Next, 

the imine intermediate 5 underwent 6-endo-trig 

cyclizations involved in the base's action, forming a new 

ring, and the final product was tetrahydro β-carboline 

(T1). 
 
The proposed mechanism of the oxidation-

decarboxylation of tetrahydro-β-carboline (T1), which 

produces β-carboline (T2), is outlined in Scheme 3. 

Based on Scheme 3, the first step of the mechanism 

involved abstracting protons from tetrahydro-β-

carboline (T1) by water. Then a new bond was formed: 

the double bond and functional group -COOH were 

removed, forming compound 10. On the other hand, 

potassium dichromate that has been treated with acetic 

acid formed a chromic acid known as the common 

oxidizing agent for the oxidation reaction. Then, the 

strong nucleophile site of compound 10 attacked the 

electrophile site of chromic acid-water repeated proton 

abstraction in compound 11. Next, the nucleophile site 

of -OH was abstracted proton from the α-carbon of 

compound 12, forming a new bond. This double bond 

formed a new aromatic pyridine ring which successfully 

formed β-carboline (T2).  
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Lastly, the proposed mechanism for the new bivalent of 

β-carboline (T4) is outlined in Scheme 4. The 

mechanism started with the strong base, NaH, that 

abstracted protons from β-carboline (T2), producing a 

strong nucleophile site of compound 13. Then, the strong 

nucleophile of N in compound 13 attacked the 

electrophile of C from the 1,4-dibromobutane, and it 

removed bromine since it is a good leaving group. 

Finally, the intermediate of bivalent β-carboline (T3) 

was successfully formed with NaBr. The intermediate 

bivalent β-carboline (T3) further reacted with the 

monomer β-carboline (T2) by the same reaction 

mechanism as the intermediate bivalent β-carboline (T3) 

to form a symmetrical structure of bivalent β-carboline 

(T4).  
 
 

 

Scheme 1.  Overall synthetic route for new bivalent β-carboline compound T4 

 
 

 

Scheme 2.  Proposed mechanism for the Pictet-Spengler condensation of L-tryptophan forming tetrahydro-β-

carboline (T1) 
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Scheme 3.  Proposed mechanism for the oxidation-decarboxylation of tetrahydro-β-carboline (T1) forming β-

carboline (T2) 
 
 

 

Scheme 4.  Proposed mechanism for dimerization of β-carboline (T4)

Conclusion 

In summary, this study has successfully synthesized a 
new bivalent β-carboline compound (T4) from the 
starting material L-tryptophan (1) with a 13% yield. The 

synthesis reaction is simple and straightforward, using 
commercially available, safe, and cheaper chemicals. 
Moreover,  the  mechanism  for the  synthesis route of 
the  new  bivalent β-carboline compound (T4) has been 
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proposed in this study for future reference. Future 
studies will evaluate the in vitro cytotoxicity potential of 
T4 in various cancer cell lines to determine its potential 
as an anticancer agent. 
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Abstract 

An understanding of the mechanism of chemical reactions is needed to optimize the reaction process and improve performance. 
The adsorption of reactant molecules, formation of reaction intermediates, and finally the distribution of products depend on the 
composition and surface structure of the catalyst. This research work deployed Fourier transform infrared (FTIR), high 
performance liquid chromatography (HPLC), and gas chromatography (GC) to identify the mechanism of Sm/Mn/Ru 
(60:35:5)/Al2O3 catalyst. The envisioned methanation reaction initially follows the Langmuir Hinselwood mechanism with the 
adsorption of CO2 and H2 gases on the catalyst surface. From the gaseous product, only methane peak was observed. Meanwhile, 
from the liquid product, methanol peak is observed at retention time 20 mins which accordance with standard methanol. 
Therefore, the final products acquired from the methanation reaction of  Sm/Mn/Ru (60:35:5)/Al2O3 catalyst are CH4, CH3OH 
and H2O.  
 
Keywords:  methanation, hydrogenation, samarium oxide, catalyst, mechanism 
 

Abstrak 

Pemahaman kepada mekanisme tindak balas kimia adalah perlu untuk mengoptimumkan proses tindak balas dan meningkatkan 
prestasi. Penjerapan molekul reaktan, pembentukan perantaraan tindak balas, dan taburan produk pada asasnya bergantung 
kepada komposisi dan struktur permukaan pemangkin. Kerja penyelidikan ini menggunakan inframerah transformasi Fourier 
(FTIR), kromatografi cecair prestasi tinggi (HPLC), dan kromatografi gas (GC) untuk mengenal pasti mekanisma mangkin 
Sm/Mn/Ru (60:35:5)/Al2O3. Tindak balas metana yang dipostulatkan adalah mengikut mekanisma Langmuir Hinselwood yang 
pada mulanya melibatkan penjerapan gas CO2 dan H2 pada permukaan mangkin. Daripada produk gas, hanya puncak metana 
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diperhatikan. Manakala, daripada produk cecair, puncak metanol diperhatikan pada minit ke 20 masa tahanan mengikut larutan 
piawai metanol. Oleh itu, produk akhir yang diperoleh daripada tindak balas metana mangkin Sm/Mn/Ru (60:35:5)/Al2O3 ialah 
CH4, CH3OH dan H2O. 
 
Kata kunci:  metanasi, penghidrogenan, samarium oksida, pemangkin, mekanisma 

 
 

Introduction 

Nowadays, catalytic methanation reaction has been 
widely explored in order to convert CO2 gas to CH4 gas 
by reducing emission of greenhouse gases using metal 
oxide. The most conventional metal oxide catalyst used 
are nickel, cobalt, manganese, copper, iron and 
lanthanide element. The catalytic ability of metal oxide 
catalyst deteriorates after several hours of reaction time 
due to the carbon forming process. The formation of 
carbon can be avoided by adding a dopant to the metal 
oxide catalyst [1]. Rosid et al. revealed that dopants 
and metal-based oxides have varying functions in 
hydrogenation reactions [2]. The metal-based oxide 
incites the reaction via combining with CO2 molecules 
to form carbonate species on the surface, while the 
dopant split the H2 molecules and provides the H atoms 
required for further hydrogenation of the carbonate to 
form methane [3]. 
 
Carbon dioxide (CO2) adsorption happens during 
carbonate species and carrier-related formate formation 
in H2 presence [4, 5]. Many studies have proposed 
varying CO2 methanation mechanisms. The first 
proposed mechanism refers to CO2 reaction in a carrier, 
while H (ads) species generated in metals yield formate 
intermediate (COOH) at the interface of metal support. 
The CO (ads) species generated by formate are 
hydrogenated to methane [6]. Meanwhile, on second 
proposed mechanism, CO2 (ads) and O (ads) 
dissociated directly on the metal surface. Subsequently, 
CO (ads) become hydrogenated to CH4. The 
dissociation of CO (ads) denotes the rate determining 
step of the reaction [7].  
 
Other than that, Marc. et al. also pointed out that the 
methanation process consists of three steps, of which 
the first step is to adsorb CO2 on the catalyst 
chemically [8]. The second step is to separate CO2 into 
surface-absorbed CO and O, and the final step is 
species reaction to separate it from H2. The particular 

reaction process is known as Langmuir-Hinselwood 
mechanism [9]. However, most of the proposed 
mechanism involved alkaline earth metal dan transition 
metal which showed the formation of carbonate and 
formate species during reaction. Therefore, in this 
study the mechanistic study has been conducted over 
lanthanide element, which is samarium oxide catalyst 
in order to identify the mechanism pathway and 
product formed during the reaction occur. This study 
was conducted using FTIR, GC and HPLC for 
identification of product and by-product formed in 
methanation reaction. 
 

Materials and Methods 

Catalyst preparation 

The catalyst was prepared by aqueous incipient 
wetness impregnation method. 5 g of samarium(III) 
nitrate was firstly weighed in a beaker and dissolved in 
a small amountof distilled water, then mixed together 
with a solution of RuCl3.xH2O and Mn(NO3)2.4H2O 
salts according to the desired ratio. The catalyst 
solutions were stirred continuously for 30 minutes 
before 7 g of alumina was added to it. After that, the 
coated alumina was aging at  80 – 90 oC for 24 hours 
followed by calcination at 1000 oC for 5 hours using a 
ramp rate of 10 oC/min to remove all the metal counter 
ions and water present in the catalyst. Lastly, the 
sample was labelled as Sm/Mn/Ru (60:35:5)/Al2O3. All 
chemicals used in this study were purchased from 
Sigma Aldrich.  
 

Catalytic screening 

A gas mixture consisting of CO2 and H2 with a molar 
ratio of 1: 4 was continuously passed through the 
catalyst at a flow rate of 50.00 cm3/min. Prior to 
starting the catalyst test, the reaction gas was 
introduced into the microreactor system without 
passing through the catalyst as a calibration. Then, the 
reaction gas was passed through a catalyst and the 
temperature is raised from room temperature (RT) to 
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400°C using FTIR Nicolet Avatar 370 DTGS 
spectrophotometer. The percentage of CO2 conversion 

calculation is shown in Equation 1. 
 

 
                       Peak Area of CO2 calibration – Peak Area of CO2 conversion 

% of CO2 conversion =                                                                                                          × 100               (1) 
                                                                  Peak area of CO2 calibration                             

 
 

Mechanistic study  

First,  the catalyst was ground and placed in a glass 
tube, while air pre-treatment  was executed for 30 
minutes at 100 °C for catalyst sample activation. When 
the sample cooled to ambient temperature, H2/CO2 gas 
was installed into the microreactor system with the 
temperature increased to 400 °C. The product stream 
was gathered in a sample cell equipped with a KBr 
window and scanned through an in-situ Nicolet Avatar 
FTIR 370 DTGS spectrophotometer. Then, FTIR was 
used to analyze the catalyst powder to identify 
adsorbed materials on the catalyst surface. The liquid 
product of the reaction and methanol standard were 
analyzed by HPLC (Rezex ROA-Organic Acid), and 
methanol was detected using a 300 mm × 7.8 mm ID 
column with a refractive index (RI) detector. 
Meanwhile, gas products were analyzed by Hewlett 
Packard 6890 series gas chromatograph with Flame 
Ionization Detector (FID) and methane production was 
determined using an Equation 2. 
 
                                    [CH4] from GC 
% Yield of CH4  =                                   × 100%       (2) 
                               % Conversion of CO2 
 

Results and Discussion 

Marwood et al. and Sharma et al. confirmed the direct 
decomposition of CO2 into CO and O [10, 11]. In this 
study, it seems that the direct decomposition of CO2 is 
demonstrated. This proposal is very consistent with the 
fact that, as described by Solymosi et al. formate was 
not detected in excessive supports containing low 
concentrations of OH groups [12]. This was ascribed to 
hydrogen present in the reaction that hindered CO 
intermediates formation, thus yielding formate species.  
 
 
 

Products analysis  

Potential Sm/Mn/Ru (60:35:5)/Al2O3 catalyst reveal 
catalytic routes for methane as main product, methanol 
and water as a by-product. In this study, it seems that 
the direct decomposition of CO2 is demonstrated. The 
FTIR spectrum of the gaseous product is presented in 
Figure 1. The spectrum shows that the peak is close to 
2351 cm-1 due to the CO2 stretching mode. At the same 
time, the stretching mode of CH4 band at the 
wavenumber of 3014 cm-1 and C-H deformation mode 
at 1310 cm-1 [13]  can be clearly detected starting at 
250 oC reaction temperature. From the figure, it can be 
observed that no methane peak was appeared at room 
temperature (RT) and 100 oC indicating the absence of 
methane gas produced during the reaction. When the 
reaction temperature was raised to 400 oC, the highest 
CH4 gas was formed with around 69% detected by GC-
FID. This show that methane formation is 
advantageous at high reaction temperature [14]. No 
band of 3300-3600 cm-1 of water was observed in the 
FTIR spectrum because the silica trap system used in 
the reactor functions as adsorbed water. Interestingly, 
no CO intermediate was formed as there is no CO peak 
around 2080 cm-1 was detected. This shows that CO2 
gas is directly converted into CH4 gas without 
producing CO gas as an intermediate. 

 
As can be observed in Table 1, no methane gas was 
formed at room temperature (RT) and 100 oC of 
reaction temperature which agreed with the absence of 
methane peak (~3000 cm-1) in FTIR spectra in Figure 
1. However, when increasing reaction temperature to 
200 oC, about 6% of CH4 gas was formed from 65.52% 
of CO2 conversion. This means that 59.09% of the 
reacted CO2 was attained as a by-product. At a reaction 
temperature of 250 oC, the catalyst formed 20% CH4 
gas. Upon raising the reaction temperature to 400 °C 
(maximum value), the best 69% CH4 gas was formed 
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as detected by GC-FID. Although CO2 conversion is 
100%, but the CH4 gas formed only 69%. This might 
due to formation of methanol as side product for the 
catalysts (Refer Figure 2) as confirmed by HPLC 
analysis which showed the presence of peak at 20 
minutes compatible with the retention time of standard 

methanol. As qualitatively, the presence of methanol 
was confirmed in the water product. This is because the 
peak area of 1.708 x 106 at 20.038 minutes coincided 
with the peak of standard methanol (not shown) at 
19.122 minutes. 
 

 

 

Figure 1.    FTIR spectra of gaseous product at various reaction temperatures over calcined Sm/Mn/Ru 
(60:35:5)/Al2O3 catalyst 

 

 

Table 1.  Product analysis via in-situ reactions during methanation for Sm/Mn/Ru (60:35:5)/Al2O3 catalyst calcined 
on 1000 oC for 5 hours using GC-FID 

Reaction Temperature 

(oC) 

Converted CO2 (%)* 
Unreacted CO2 

(%) 
% Formation of 

CH4** 

% Formation of H2O + with/without 

CH3OH*** 

RT - 0.00 100.00 
100 - 0.31 99.69 
200 6.43 59.09 34.48 
250 20.85 71.67 7.48 
300 31.11 65.67 3.22 
350 48.91 49.95 1.14 
400 68.87 31.13 - 

*Converted CO2 and Unreacted CO2 was determined from FTIR as in Equation 1 
**Formation of CH4 was calculated from GC-FID as in Equation 2 
***The presence of CH3OH was confirmed with HPLC 
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Figure 2.  HPLC chromatogram of liquid product over calcined Sm /Mn/Ru (60:35:5)/Al2O3 catalyst 
 

 

Methanation mechanism  

The hydrogenation  methanation adhered to the 
Langmuir-Hinshelwood mechanism, which reflected 
CO2 and H2 gases adsorption on the surface of catalyst. 
All CO2 adsorption, dissociation, and reaction of the 
resolved species with H2 had been established from in-
situ FTIR experiments without any carbonate 
adsorption peak at 1760 and 1570 cm-1. The FTIR 
spectra for catalyst during reaction is depicted in 
Figure 3. The spectra exhibited two broad O-H peak 
around 3443 and 1637 cm-1 corresponded to stretching 
and bending of adsorbed water on Al2O3 support [15, 
16]. According to Narain et al., a peak band was noted 
at 1639 cm-1 for the similar temperature due to O-H 
bending derived from H2O [17]. Initially, CO2 and H2 
molecules were drawn to the catalyst surface (Step I) 
and directly coordinated the C atoms to generate 
inorganic carboxylate as proposed in Figure 4. The 
peak at 1116 cm-1 assigned to the CO species observed 
during the attachment of CO2 to the catalyst surface at 
reaction temperature, 100oC [10]. This suggested the 
arrangement of C atoms attached to the catalyst surface 
(Step II). The adsorbed H2 molecule was dissociated to 

active H atom species, and this was followed by CO2 
gas dissociation, as reported by Haldor [18] in Step III. 
The continuous flow of H2 gas on the catalyst connects 
with oxygen atoms at the lone pair of electrons with 
higher electronegativity to form water (step IVa). This 
was supported with intense peak in the FTIR at 
reaction temperature, 200oC. A little peak at 1397 cm-1 

was also observed at 200oC that correspond to the 
methoxy group (H3C-O) as suggested in step IVb. 
Solymosi et al. described the peak around 1397 cm-1 on 
the catalyst surface foremost to the formation of 
methanol as a by-product [12]. When increased the 
reaction temperature to 250 – 300oC, the peak at 2892-
2926 cm-1 was appeared which suggested free carbon 
from step III react directly with hydrogen to produce 
methane (step V). The intensity of C-H peak decreased 
at 350oC indicating that almost all CHx was released as 
CH4 gas. At a reaction temperature of 400oC, all peak 
C-H groups disappeared which resulted higher CH4 
formation at this reaction temperature with 69% as 
stated in Table 1. This signifying the conversion of all 
species to CH4, H2O, and CH3OH as the final yields. 
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Figure 3.  FTIR  spectra of Sm/Mn/Ru (60:35:5)/Al2O3 catalyst surface at (a) 100oC, (b) 200oC, (c) 250oC, (d) 
300oC, (e) 350oC, and (f) 400oC reaction temperature 

 

 

Figure 4.  Proposed mechanism of M/Mn/Ru (60:35:5)/Al2O3, (M= Sm) calcined for 5 hours at 1000 oC
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Conclusion 

This evaluation revealed compliance with the 
Langmuir Hinselwood mechanism, where CO2 gas is 
first adsorbed, and then H2-reactive gas is adsorbed on 
the catalyst surface. Based on the mechanistic 
approach, CH4 was formed at temperature of 250 oC 
and CO2 peak was gradually decrease when the 
reaction temperature increased. The CO2 conversion at 
400oC is 100%, with CH4 formation of 69%. The 
others percent conversion was side products which are 
water and methanol, as detected by HPLC. 
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Abstract 

Downstream processing of trypsin synthesis, which includes purification, is a major issue due to high complexity of the bio-
suspension itself and the stress sensitivity of the desired target molecules. Therefore, an affinity membrane was fabricated in this 
study using polysulfone polymers and modified by chitosan to enhance biofouling resistance. To determine the optimum 
conditions for maximum trypsin adsorption and desorption during affinity ultrafiltration process, elution buffers and pH were 
investigated using various types of displacing salts (potassium chloride, KCl; sodium chloride, NaCl; magnesium chloride, 
MgCl2; calcium chloride, CaCl2) and elution pH (pH 4, 5, 6, 7, 8). The result showed that the buffer using KCl was identified as 
the best displacing salt as it recovered the highest trypsin of 78.84%, with a purification fold of 1.31. Trypsin recovery increased 
to 92% and 1.20 purification fold when the experiments were at pH 8. These buffers dissolved the interference chemical bonds 
comprising trypsin-trypsin inhibitor interactions and restore target trypsin to the permeate stream in an active state for maximum 
trypsin recovery. The information provided in this study represents a possible future avenue for developing an affinity membrane 
system. 
 
Keywords:  affinity, ultrafiltration, trypsin, elution pH, displacing salt creator 
 

Abstrak 

Pemprosesan hiliran sintesis tripsin, yang termasuk penulinan, adalah isu utama kerana kerumitan bio-pengampaian itu sendiri 
dan kepekaan tekanan molekul sasaran yang dikehendaki. Oleh itu, membran afiniti telah direka dalam kajian ini menggunakan 
polimer polisulfon dan diubahsuai oleh kitosan untuk meningkatkan rintangan bio-kotoran. Untuk menentukan keadaan optimum 
untuk penjerapan tripsin maksimum dan penyahjerapan semasa proses ultrafiltrasi perkaitan, penimbal pengeluat dan pH telah 
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disiasat menggunakan pelbagai  jenis garam pengganti  (kalium klorida, KCl; natrium klorida, NaCl; magnesium klorida, MgCl2; 
kalsium klorida, CaCl2) dan pH pengeluatan (pH 4, 5, 6, 7, 8). Hasilnya menunjukkan bahawa penimbal menggunakan KCl 
dikenal pasti sebagai garam pengganti terbaik kerana ia perolehan tripsin tertinggi sebanyak 78.84%, dengan lipatan penulenan 
1.31. Perolehan tripsin meningkat kepada 92% dan 1.20 lipatan penulenan apabila eksperimen berada di pH 8. Penimbal ini telah 
melarutkan ikatan kimia yang menganggu yang terdiri daripada interaksi perencat tripsin-tripsin dan memulihkan tripsin sasaran 
ke aliran menelap dalam keadaan aktif untuk perolehan maksimum tripsin. Maklumat yang disediakan dalam kajian ini mewakili 
jalan masa depan yang mungkin untuk  membangunkan sistem membran afiniti. 
 
Kata kunci:  afiniti, ultrafiltrasi, tripsin, pH pengeluat, pencipta pengganti garam 

 
 

Introduction 

Affinity ultrafiltration membranes have unfolded a new 
avenue in membrane technology due to the ability of 
membranes to bind specifically to target 
molecules/proteins via a specific interaction. This type 
of membrane results from a combination of two 
separation processes, namely affinity adsorption and 
ultrafiltration. It comprises the use of affinity ligands 
attached to the crosslinked or activated membrane 
matrix covalently. Ligands are bound to the target 
enzyme with different adsorption mechanisms and 
degrees of specificity, depending on the type of ligand 
used. This system conducts affinity adsorption and 
ultrafiltration in stages in ultrafiltration modules or 
separate systems [1].  
 
The recent literature on the development of affinity 
chromatographic membranes describes highly diversity 
for proteins and enzyme purification in particular [2]. 
In fact, several recent studies have reported the rapid 
development of affinity membranes for protein 
recovery which increased gradually due to the need of 
this protocol to obtain high protein quality [3-6]. To 
meet the growing market demand for this enzyme, 
commercial production should focus either on 
innovating alternative procedures or modifying existing 
methods with slight improvement [7]. Based on the 
studies described above, affinity membrane 
chromatography  has great potential to isolate a single 
protein fraction from protein mixture.  
 
The target enzymes can be dissociated from the 
enzyme-ligand complex and passed through the affinity 
membranes by applying a suitable elution buffer on the 
system at the same operating pressure. Various buffers 
and conditions can be utilised for these studies; 

affinity-bound enzyme elution and elution using high-
concentration salt solution are widely used [8]. This 
elution buffer breaks the connections between the 
target enzyme and ligand, lowers its binding affinity 
and forces the desired enzyme into the permeate 
stream. 
 
Trypsin is one of the most well-known proteases and 
consists of serine endopeptidases [9]. Trypsin has a 
wide range of applications due to its strong proteolytic 
function and specificity of action, including its use as a 
critical intermediary in the manufacture of insulin, cell 
culture applications, research and production of 
recombinant proteins for clinical use, debriding agent 
in the wound care market, and oral treatment for 
inflammatory edema, hematoma and pain associated 
with diabetes [10, 11, 12]. 
 
In most cases, elution buffers were selected at random, 
most likely due to convenience or prior experience, 
although the final aim was to achieve a functional 
eluate [13]. However, several investigations have 
shown that elution conditions can substantially impact 
both the yield and specific activity of eluted products 
[14, 15]. The selected displacing salts are ensured to be 
soluble, non-denaturated, stable, transparent, ionic at 
relevant pH, pH stable, non-hazourdous and available 
[16]. 
 
The main benefit of ultrafiltration techniques over 
conventional separation methods such as 
chromatography, electrophoresis and conventional 
affinity separation is the high product throughput. 
Furthermore, ultrafiltration technologies are 
considerably easier to scale up, simple to clean and run, 
and relatively compact in design [17]. Although the use 



Malaysian Journal of Analytical Sciences, Vol 26 No 1 (2022): 16 - 28 

 

18 

of ultrafiltration is widespread, its potential in protein 
fractionation application has not been fully realised in 
the biotechnology industry due to lack of knowledge 
on the separation mechanism concepts and membrane 
fouling [18]. As a result, this study was conducted to 
determine the most efficient approach to increase the 
use of unltrafiltration in the biotechnology industry. 
 
This study provides fundamental knowledge in 
designing a highly specific affinity ultrafiltration 
membrane for trypsin purification under proper 
pressure to selectively eliminate target enzyme-ligand 
complex as a retentate and simultaneously, other 
unbound impurities flow through membrane pores. 
Selectivity of polysulfone as a membrane material was 
due to its strong and thermally stable characteristics. 
The integration of chitosan with polysulfone was 
hypothesized to produce a hydrophilic segment on the 
membrane surface which can be an ideal method to 
combine both the advantages of hydrophilic and 
hydrophobic membranes. The use of ligands to support 
materials using activator (glutaraldehyde) can enhance 
the performance of affinity membranes. It is crucial to 
determine the best conditions for the trypsin recovery 
protocol; therefore, this study was conducted to 
identify the effects of displacing salt and pH of the 
buffer solution in separation process. In conclusion, 
with the integration of affinity chromatographic and 
high-performance ultrafiltration concept, it is believed 
that affinity ultrafiltration membrane will become 
common in the near future especially for protein and 
enzyme recovery. 
 

Materials and Methods 

Chemicals and raw materials  

Membranes were produced using a ternary casting 
solution including polysulfone (PSf) as the polymer, N-
methyl-2-pyrrolidone (NMP) as the solvent (provided 
by Merck), and water (H2O) as the non-solvent. In this 
study, N-Methyl-2-Pyrrolidone (NMP) from MERCK 
Schuchard OHG, Germany, was used as a solvent for 
PES. As a coagulation medium, distilled water was 
employed. Fluka trypsin (Mw = 25 000 g/mol) was 
used as the target enzyme in this study. Trypsin 
inhibitor type III (ovomucoid) and trypsin (Mw = 25 
000 Dalton) purchased from Sigma Aldrich were used 

for affinity ligand and adsorption study, respectively. 
Chitosan particle (Sigma Aldrich) was used for 
hydrophilic modification of asymmetric PSF 
membrane. Glutraraldehyde (Sigma Aldrich ) was used 
for membrane activation to develop the affinity 
membranes. N-α-benzoly-L-arginine p-nitroanilide 
(BAPNA) was used for enzyme activity. Sodium 
acetate acetic acid buffer (solution), acetic acid 
solution, potassium chloride (KCl), sodium chloride 
(NaCl), calcium chloride (CaCl2), and magnesium 
chloride (MgCl2) were purchased from Sigma 
Chemical Co. (St Louis, Missouri) for affinity 
ultrafiltration experiments. All materials utilised in this 
study were of analytical grade. 
 

Preparation of affinity membrane  

For PSf membrane preparation, the weight of the 
binary dope was determined at 70 g. Then, 85 (wt.%) 
NMP was heated at 60 ˚C in a reactor flask for 10 

minutes. The solvent was then gently infused with 15 
(wt.%) polymer (PSf) until all polymers were dissolved 
and stirred at 300 to 400 rpm for about 8 hours at a 
constant temperature of 600 ˚C using a WiseStirTM 

Digital Overhead Stirrer from DAIHAN Scientific, 
Co., Ltd. To eliminate trapped air bubbles, the resulting 
polymer solution was immersed in an ultrasonic bath 
for about 3 hours. The prepared binary dope was then 
titrated with water as a non-solvent to produce the 
ternary dope and the stirrer was set to stir at a moderate 
speed. The presence of a drop of water that changed the 
colour of the binary dope solution indicated that the 
cloud point was achieved, and the volume of water 
titrated was recorded. The polymer solvent mixture 
was mixed again until all the components utilised were 
completely dissolved. Finally, the finished dope 
solution was put into a Schott bottle. 
 
The affinity membrane (CH/PSf-60) was prepared with 
simple dry/wet phase inversion technique using an 
electrically casting machine at shear rate of 200 s-1 and 
then immersed directly into a coagulation bath for 24 
hours. For surface modification, a native PSf 
membrane was immersed into the chitosan solution 
(0.1 wt.% in acetic acid with pH 5) for 60 minutes to 
deposit chitosan particles onto the membrane surface 
and dried in ambient air.  The dried membrane was 
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then neutralized with NaOH solution (0.1 M in 50% of 
water-ethanol mixture) for 30 minutes to ensure that all 
chitosan acetate was converted to chitosan. To prevent 
osmotic cracking and to remove the remaining NaOH, 
the membrane was rinsed with 50% v ethanol solution 
for 3 times, and followed by washing with distilled 
water and stored in distilled water before use. 
 
The membrane support (CH/PSf-60) was cut to an area 
of 14.6 cm2 and incubated in an incubation shaker for 
150 min in a reacting solution containing different 
amounts of 25 vol% glutaraldehyde (GTA) aqueous 
solution in 0.1 M sodium chloride and 0.1 M sodium 
acetate-acetic acid buffer (pH 7.4). From the reaction, 
excess glutaraldehyde was removed from the 
membrane by washing three times with 2 M acetic 
acid. The trypsin inhibitor was immobilized onto the 
active membrane for 180 minutes, and the adsorption 
capacity was measured every 30 minutes. The CH/PSf-
60 membrane was referred to as an affinity membrane.  
 
Affinity ultrafiltration experiment 

A dead-end cell with a processing volume of 300 mL, 
and an effective permeation membrane area of 14.6 
cm2 was used for affinity ultrafiltration. This solution 
was drawn across the membrane using compressed 
nitrogen at a pressure of 5 bar. A washing step with 0.1 
M phosphate buffer was used to eliminate unbound 
trypsin and contaminants. For the elution step, the 
bound trypsin was subsequently desorbed from the 
affinity membrane using 0.01 M Tris-HCl buffer with 
various displacing salts, namely KCl, NaCl, CaCl2 and 
MgCl2, and pH (pH 4, 5, 6, 7, 8). When the enzymes 
were firmly attached to the affinity membrane, it may 
be beneficial to pause the flow for 15 min after adding 
the eluent before proceeding with the elution. This 
phase allows additional time for dissociation to occur, 
which assists in the recovery of bound trypsin. The 
total protein content of the eluate was determined using 
the Bradford assay and trypsin activity. 
 
Determination of total protein and enzyme activity 

Protein concentration was calculated using Bradford 
method with Bovine Serum Albumin (BSA) as the 
standard. Using a UV-Vis spectrophotometer, 
absorbance and concentrations were determined by 

dissolving each 100 µL sample in 5 mL of Bradford 
reagent. The experiment was repeated with trypsin as 
the sample. Trypsin activity was assessed with minor 
changes [19] [12]. As a chromogenic substrate, 
BAPNA was utilised. Analiquot of the enzyme solution 
of 200 μL was added to the pre-incubated reaction 
mixture containing 1000 μL of BAPNA solution 

(dimethyl sulfoxide) and 200 μL of 0.05 M Tris-HCl. 
The mixture was incubated at 40°C for 10 min. The 
enzymatic process was halted by adding 200 μL of 

30% (v/v) acetic acid and then centrifuged at 8000x g 
for 3 min at room temperature. Due to the production 
of p-nitroaniline, absorbance was used to assess trypsin 
activity at 410 nm using Equation 1. 
                                       

A

 V C)-(C
 =  0q                               (1) 

where q is the amount of trypsin adsorbed onto the 
membrane (mg.ml-1), C0 and C are the total protein in 
the initial solution and the aqueous phase after 
adsorption, respectively (mg.ml-1), V is the volume of 
the aqueous solution (ml), and A is the area of the 
membranes in the adsorption medium (cm2). 
 

Results and Discussion 

Characteristics of affinity membrane 

As seen in Figure 1(a), affinity membrane generally 
employs two separation concepts, namely affinity 
adsorption and ultrafiltration. It comprises the use of 
affinity ligands attached to the crosslinked or activated 
membrane matrix covalently. Depending on the ligand 
utilised, the ligands are attached to the target enzyme 
through different adsorption methods and specificity. 
Then, for ultrafiltration separation, a buffer media with 
sufficient pressure selectively excludes the target 
enzyme-ligand complex as a retentate while allowing 
other unbound contaminants to flow through the 
membrane pores. The target enzymes can be separated 
from the enzyme-ligand combination and processed 
through an amplification process. By introducing an 
appropriate elution buffer to the system at the same 
operating pressure, the target enzymes can be 
dissociated from the enzyme-ligand complex and 
passed through the affinity membranes. Figure 1(b) 
shows the schematic diagram of the developed affinity 
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membrane consisting of 15% PSf membrane. The PSf 
membrane underwent surface modification with 
chitosan to produce membrane hydrophilicity followed 
by an activation process using glutaraldehyde and 
immobilised using trypsin inhibitor as ligand. 
 
The separation method of the affinity membrane is 
based on the affinity characteristics of the desired 
solute molecules. The selection of suitable membrane 
is one of the important elements influencing the 
separation performance of affinity ultrafiltration 
membrane. Large pore sizes and high porosity 
membrane matrix are necessary to avoid fouling while 
also allowing larger pollutants to flow through the 
membrane during the washing phase. The hydrophilic 
properties of the CH/PSf membrane enhances its ability 
to immobilise ligands and transmit trypsin during 

affinity ultrafiltration. Figure 2 depicts the surface 
morphology of native PSf 15 and affinity membrane 
after trypsin inhibitor was effectively adsorbed onto the 
CH/PSf membrane by glutaraldehyde activation. 
 
Membrane activation with glutaraldehyde results in 
crosslinking, stabilising the membrane structure during 
ligand immobilisation [20]. As a result, this affinity 
membrane has rough and porous surface structure 
which improves the surface area, minimises mass 
transfer resistance and facilitates enzyme molecule 
diffusion. This results in a low diffusional resistance 
situation in the membrane, which contradicts to the 
packed bed affinity column, in which significant 
pressure drops constantly occur [21]. 
 
 

 
 

                                                                                                

 

Affinity Membrane              Protein      

Affinity ligand                   Impurities 

        (a)       (b) 

Figure 1.  Graphical image of  (a) protein purification protocols using affinity chromatographic membrane 
developed, and (b) synthesis of affinity membrane 
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Figure 2.  Surface morphology of (a) native membrane (PSf 15), and (b) affinity membrane (CH/PSf-60) 

 

 

Figure 3 depicts the native membrane (PSf 15) and the 
affinity membrane by ATR-FTIR. The spectra 
represented the group of main compounds associated 
with the native membrane (PSf 15). After incorporating 
with chitosan, the band stretching was less intense due 
to the thin layer formation on the PSf 15 membrane. 
This band revealed the presence of O-H and N-H2 
groups in chitosan in affinity membrane (CH/PSf-60) 
ranging between 3200 and 3600 cm-1 [22,23]. The O–H 
stretching vibration peak (v=3200 to 3600 cm-1) was 
reduced by crosslinking CH/PSf with glutaraldehyde 
(Figure 2 (b)). The wavelength at 2873 cm-1 exhibited 
C-H stretching due to aldehyde as well as duplet 
adsorption with peaks ascribed to the alkyl chain [24]. 
The band at 1657 cm−1 could be attributed to >C=O 
stretching (amide I) of the N-acetyl group in chitosan 
particles and a wavelength of 1722 cm-1 may be 
attributed to the presence of ethylenic chain [7].  
 

The appearance of aldehyde peaks in the affinity 
membrane spectrum was due to the incomplete 
reactivity of glutaraldehyde with the chitosan OH 
groups during crosslinking network formation. As a 
bifunctional crosslinking, one aldehyde group may 
form a hemiacetal structure with hydroxyl groups of 
CH/PSf polymer chain while the other is unreacted 
associated with a certain conformation. The addition of 
a small amount of GTA may increase crosslinking 
chain with the formation of intermolecular covalent 
bonds between ligands and membrane (CH/PSf-60) via 
the availability of free amine group in affinity 
membrane (CH/PSf-60) [25]. Moreover, as a bi-
functional reactive agent capable of reacting with the 
surface –OH groups of membrane and the amines 
groups of enzyme inhibitor, GTA could efficiently 
alleviate strong interaction between ligand and matrix 
apart from its ability to sustain ligand immobilization 
to be more resistant to pH changes and ionic strength.  

 
 

(a) 
(b) 
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Figure 3.  ATR-FTIR spectra of  (a) native PSf15 and (b) affinity membrane 

 

 
Effect of displacing salt in elution buffer 

Other impurities and unbound molecules of the desired 
enzyme were removed using appropriate buffer 
solution during the washing stage. Although affinity 
chromatography membrane aims to target enzymes 
from their affinity ligands, an equally important aspect 
of this purification technique is the ability to release 
and recover isolated targets in active form.  
 

A list of buffers and conditions can be applied for this 
recovery process, or the elution of affinity-bound 
enzymes using high-concentration salt solution [8] is 
commonly used. This elution buffer disrupts the 
interactions between the target enzyme and the ligand 
to reduce the binding affinity between them and force 
the desired enzyme in the permeate stream. In most 
cases, elution buffer options are targeted to obtain a 
functional eluate [26]. However, a number of studies 
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have demonstrated that elution conditions can 
significantly influence both the yield and specific 
activity of the eluted products [27]. 
 
In this study, four displacing salts (KCl, NaCl, MgCl2 
and CaCl2) with 0.05 M ionic strength were added to 
the elution buffer to determine the ionic species that 
could enhance the dissociation of enzyme-ligand 
complex and trypsin transmission through affinity 
membrane. The results presented in Figures 4 and 5 
exhibited  a series of trypsin recovery in increasing 
order: CaCl2 < NaCl < MgCl2 < KCl. The main 
component in the adsorption mechanism is the affinity 
of positively charged trypsin and negatively charged 
sites on the membrane surface. The ionic bonding of 
this enzyme-ligand interaction can be affected by 
changing the physicochemical environment controlled 
by the displacing salts. 
 
The pH 7 condition provided a favorable environment 
for trypsin adsorption with the help of electrostatic 
interaction that has dominated the adsorption. Trypsin 
was best adsorbed onto the affinity membrane with low 
positive charge as the electrostatic interactions between 
enzyme molecules decreased as the membrane 
increased. Moreover, in this favourable 
physicochemical environment, the amine groups of the 
trypsin molecules can undergo protonation to NH3

+ [3], 
and these protonated amino groups on the surface of 
trypsin enhanced the electrostatic interaction between 
trypsin and affinity membrane. This observation is in 
agreement with the previous findings who found that 
the maximum adsorptive capacity of trypsin occureds 
around pH 7 [28]. 
 
The presence of displacing salts influenced the ionic 
strength of the elution buffer solution when KCl-HCl 
was added and then disrupted the electrostatic 

interaction of enzyme-affinity ligands, thus ionic 
exchange process occurred. K+ cation is more 
electropositive, then the enzyme-ligand complex was 
dissociated and permeated through the membrane. 
Therefore, the trypsin recovery by KCl-HCl was 
highest at 78.8% with 1.31 purification fold.  The 
properties of high chaotropic effect and salting of K+ 

may destabilize the bonding between trypsin and 
trypsin inhibitor, leading to enhanced trypsin 
transmission [16].  
 
The findings were attributed to different elution 
strengths of displacing ions during competition with 
trypsin in the affinity system. The trypsin recovery 
using the displacing salts such as NaCl-HCl, MgCl2 and 
CaCl2 were 65.0%, 69.3% and 40.6%, respectively. 
Compared to Ca2+, Mg2+ with higher charge density is 
a better charge acceptor, thus it is expected to bind 
more tightly to the protein binding sites [29]. From the 
experimental observations, the addition of CaCl2 

converted the buffer solution to a cloudy solution, 
resulting in lower total protein readings and trypsin 
activity. This finding may be explained due to the 
formation of metal-enzyme complexes interaction. 
Calcium is a cosmotropic ion that can promote 
hydrophobic interaction with trypsin and may retain 
this enzyme on the membrane surface after elution 
[30].. Moreover, trypsin was assumed to have two 
binding sites, and the primary site has high affinity for 
calcium ions. This interaction has considerably 
stabilized the enzyme against denaturation [31] and 
was achieved by a conformational shift in the trypsin 
molecule, resulting in a more compact structure [32]. 
This change broke the bonding between trypsin and its 
ligand, and reduced trypsin transmission during the 
elution process. 
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Figure 4.   Effect of displacing salts of membrane parameters and data are presented as mean ± standard error (SE),  

n = 3 
 

 

Figure 5.  Effect of displacing salts on trypsin recovery activity and data are presented as mean ± standard error 

(SE), n = 3 
 
 
Effect of elution pH 

The adsorption behaviour in this study occurred mostly 
due to electrostatic interaction, and it is important to 

consider electrostatic interaction between trypsin 
molecules as well as between trypsin and membranes.  
pH can induce alteration in spatial structure of the 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

KCl NaCl CaCl2 MgCl2

T
o
ta

l 
a
ct

iv
it

y
, 
T

o
ta

l 
p

ro
te

in
 a

n
d

 T
o
ta

l 
p

ro
te

in

Displacing salt

Total activity (U/ml)

Total protein (mg/L)

Purity(fold)

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

KCl NaCl MgCl2 CaCl2

T
ry

p
si

n
 r

ec
o
v
er

y
 (

%
)

Displacing salt

CaCl2  MgCl2 

  

                     

MgCl2  CaCl2

  

                    



Norhafiza Ilyana et al:    ENHANCING TRYPSIN RECOVERY USING POLYMER-BASED AFFINITY 
ULTRAFILTRATION MEMBRANE: EFFECTS OF ELUTION pH AND DISPLACING 
SALTS 

 

25   

trypsin to affect the affinity of trypsin [33]. A small 
change in the pH of the solution can alter the electrical 
charge on proteins as well as membrane due to 
ionization or deionization of various acidic/basic 
groups on protein and membrane surface, which can 
cause either repulsive or attractive interactions [34]. 
The protein activity can be observed in Figures 6 and 7. 
The ionization of the charged groups on the ligand 
and/or the bound trypsin alters as the pH changes. This 
transition may directly influence the binding sites, 
reduce their affinity, or cause indirect changes in 
affinity through conformational changes. 
 
Since the optimum adsorption of trypsin occurred at 
pH7, the trypsin recovery at this condition was 73.6%. 
This could be due to the fact that the electrostatic 
attraction of enzyme-ligand was strong and retained on 
the affinity membrane. Based on the optimum 
adsorption at pH 7, the pH of the elution buffer should 
be higher to break down the bonding of the enzyme 
and its ligand. Using an elution buffer at pH8, trypsin 
permeated into the membrane and resulted in about 
92.0% recovery and 1.2 purification fold. An increase 
in the pH of elution buffer (pH 8) increased the 
dissociation of the sulfonic functional group of 
membranes and created a negative charge of the 

membrane. Therefore, electrostatic repulsion between 
enzyme-ligand was disrupted and thus trypsin 
dissociation occurred. An increase in the surrounding 
negative charge will cause the trypsin-ligand instability 
on the affinity membrane, increase the electrostatic 
repulsion and lead to high protein (trypsin) in eluent 
[35]. High OH- anion will trigger enzyme aggregation 
as the net charge of the enzyme surface becomes zero. 
Therefore, there is no electrostatic repulsive force 
between trypsin-ligand [36]. The reduction of enzyme 
adsorption under alkaline pH could be attributed to the 
electrostatic repulsion between enzyme-membranes 
[37] and is responsible for lower adsorption, where 
thermodynamic entropy difference is the only force 
inducing the adsorption [38]. 
 
At lower pHs (6, 5 and 4), the decrease in protein 
activity due to trypsin recovery was 66.7%, 55.6%, and 
50%, respectively. However, at extreme pH (acidic), 
the protein will be denatured [39]. Therefore, during 
the measurement of trypsin activity, the conformational 
changes of the trypsin molecules (denatured trypsin) at 
acidic pH affect the proper binding of the enzyme to 
the substrate, resulting in loss of the activity of the 
recovered trypsin in the permeate [40].       
 

 
 
 

 

Figure 6.  Effect of different pH on total protein, total activity and purity of affinity membranes using KCl buffer 
and data are presented as mean ± standard error (SE), n = 3 
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Figure 7. Effect of pH on trypsin recovery of affinity membranes using KCl buffer and data are presented as 
mean ± standard error (SE), n = 3 

 
 

Conclusion 

To conclude, this study suggests that the CH/PSf-60 
membrane is the most appropriate membrane for 
trypsin separation. Furthermore, the modification of 
membrane with chitosan solution is a potential 
technique to mitigate fouling and improvemembrane 
lifespan as an excellent matrix material for developing 
an affinity membrane for trypsin separation and 
purification. Although the affinity membrane was well 
prepared, the physicochemical environment of the 
enzyme solution  was also considered to obtain the 
greatest adsorption capacity. KCl as the displacing salt 
in the elution buffer solution was the optimum 
condition for trypsin recovery (78.8%). The recovery 
increased to 92% by setting the elution buffer pH at 
pH8. This study proved that the condition of elution 
buffer significantly influenced the degree of 
dissociation between the target enzyme and the affinity 
ligand, and enhanced the separation and purification 
performance. Thus, the fundamental chemical 
properties involved in the adsorption and desorption of 
proteins should be prioritized to develop affinity 
membrane protocols. The knowledge proposed in this 

study could be a good pathway for developing affinity 
membrane systems in the future.  
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Abstract 

The biomimetic method, which relies on natural resources such as plant extracts, bacteria, and fungi, offers an alternative for 
synthesizing silver nanoparticles (AgNPs). The use of biomimetic method for synthesizing AgNPs have various benefits including 
cost effectiveness, low toxicity, and suitabiity for biomedical application. This study synthesizes plant mediated nanoparticle using 
Eleusine indica to determine its antibacterial activity. Eleusine indica methanol extract is treated with 1 mM of silver nitrate at 
room temperature (25-27 °C) for 24 hours. The resulting product is characterized using UV-Vis spectroscopy and transmission 
electron microscope (TEM). UV-Vis absorption spectroscopy displays a strong resonance centered on the surface of AgNPs at 
approximately 413 nm. Physical appearance of AgNPs as characterized by transmission electron microscopy (TEM) showed 
formation of AgNPs with average particle size of 20 nm. In the antibacterial activity of the synthesized AgNPs, minimum inhibitory 
concentration (MIC) and minimum bactericidal concentration (MBC) assays are performed. The plant mediated AgNPs has 
predicted bacteriocidal activity according to the ratio of MBC to MIC values against selected Gram-positive and Gram-negative 
bacteria. In this study, plant mediated AgNPs has been successfully synthesized by reduction of silver nitrate with Eleusine indica 
leaves methanol extract. 

 
Keywords:   Plant-mediated silver nanoparticles, Eleusine indica, UV-Vis analysis, transmission electron microscope, 

antibacterial activity 
 

Abstrak 

Kaedah biomimetik yang bergantung kepada sumber alam seperti ekstrak tumbuhan, bakteria dan kulat, menawarkan alternatif 
dalam sintesis nanopartikel perak (AgNPs). Penggunaan kaedah biomimetik dalam sintesis AgNPs mempunyai pelbagai kelebihan 
termasuk keberkesanan kos, ketoksikan yang rendah, dan kesesuaian dalam kegunaan biomedik. Objektif kajian ini adalah untuk 
mensintesis nanopartikel perak diperantara tumbuhan menggunakan Eleusine indica dan menentukan aktiviti antibakteria. Ekstrak 
metanol Eleusine indica telah dirawat dengan 1 mM larutan perak nitrat pada suhu bilik (25 – 27 °C) selama 24 jam. Sampel telah 
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dicirikan menggunakan spektroskopi UV-Vis dan mikroskopi transmisi elektron (TEM). Spektroskopi penyerapan UV-Vis 
menunjukkan resonans berpusat yang kuat atas permukaan AgNPs pada kira-kira 413 nm. Rupabentuk fizikal AgNPs yang 
dicirikan melalui mikroskopi transmisi elektron (TEM) menunjukkan pembentukan AgNP dengan purata saiz partikel 20 nm. 
Aktiviti antibakteria nanopartikel perak perantaraan-tumbuhan yang disintesis telah diasai melalui penentuan kepekatan perencatan 
minimum (MIC) dan kepekatan bakterisidal minimum (MBC). Gabungan nanopartikel perak perantaraan-tumbuhan diramal 
mempunyai aktiviti bacteriosidal berdasarkan nisbah nilai MBC kepada MIC terhadap bakteria Gram positif dan Gram negatif 
bakteria. Dalam kajian ini, AgNPs perantaraan-tumbuhan telah berjaya disintesis melalui penurunan perak nitrat dengan ekstrak 
metanol daun Eleusine indica. 

 
Kata kunci:  nanopartikel perak perantaraan-tumbuhan, Eleusine indica, analisa UV-Vis, mikroskopi transmisi elektron, aktiviti 

antibakteria 

 
 

Introduction 

Nanotechnology is developing - rapidly in the growing 
field with the applications of science and technology for 
the purpose of making new nanoscale materials [1]. 
Communication, electronics, chemistry, physics, 
robotics, biology, and medicine can benefit from 
nanotechnology research [2]. Different forms of 
nanoparticles (NPs) such as copper, zinc, titanium, 
magnesium, gold, alginate and silver have emerged, but 
silver NPs have proven to be the most effective since 
they have strong antimicrobial efficiency against 
bacteria, viruses and other eukaryotic microorganisms 
[1] 
 
Conventional methods for synthesizing AgNPs, such as 
physical and chemical procedures, involved the usage of 
heavy equipment, substantial amounts of energy 
consumption, highly toxic and hazardous chemical 
compounds that can cause biological hazards and 
therefore, they are not environmentally sustainable and 
they are unsafe [3]. As a result, biomimetic nanoparticle 
syntheses or plant-mediated silver nanoparticles are 
often used because they are simple, cost-effective, 
environmentally friendly, and they are easily reproduced 
[4]. AgNPs synthesized in a biomimetic method - useful 
in a variety of fields, including optoelectronic devices 
[5], catalytic activities [6], and the food packaging 
industry [7]. AgNPs is has also be regarded as the agent 
of wound-healing, antioxidant, antimicrobial, antiviral, 
and anticancer [8]. 
 
Synthesis methods using either plant extract or fruit 
extract have several advantages over other biological 
approaches. This includes no requirement in cell culture 

that can take more time to produce which can scale up 
the synthesis process [9]. Plant extracts contain a wide 
range of metabolites that can act as capping and 
stabilizing agents and thus avoids the need to add these 
agents from other sources [3]. There are other studies 
whereby plant-mediated AgNPs have been investigated 
for the antibacterial properties such as using Rhazya 

stricta [10] and Azhadirachta indica [11] to synthesis 
AgNPs. This study aims to add the possibility of 
Eleusine indica as a plant candidate to synthesize 
AgNPs. Eleusine indica or locally known as sambau has 
been known to possess antioxidant, antibacterial and 
antiviral activities among others [12,13]. Thus, it is a 
good potential for producing AgNPs against bacterial 
candidates known to be pathogenic. The strategy 
involves the reduction of silver nitrate and the methanol 
extract of Eleusine indica which can be used as a 
reductant as well as a stabilizer. The synthesized AgNPs 
is evaluated for its physical characteristics and 
antibacterial activity against four pathogenic 
microorganisms. 
 
In this study, an extract of Eleusine Indica is used in the 
synthesis of plant-mediated AgNPs, and the relation 
between AgNPs and the extract's metabolites, and 
evaluate its antibacterial properties The characterization 
of synthesized AgNPs is analyzed with the use of UV-
Vis spectroscopy and transmission electron microscopy 
(TEM). 

 
Materials and Methods 

All the reagents purchased were of laboratory grade and 
used as received. Silver nitrate (AgNO3) were purchased 
from R&M Chemicals, US. Methanol was purchased 
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from Sigma Aldrich, Germany. (3-[4,5-dimethylthiazol-
2-yl]-2,5 diphenyl tetrazolium bromide) (MTT), 
Mueller Hinton agar and nutrient broth was obtained 
from Universiti Kebangsaan Malaysia. The fresh leaves 
of Eleusine indica were collected in Kuala Pilah, Negeri 
Sembilan. Authentication of this species was done by 
Forest Research Institute Malaysia (FRIM) where 
voucher specimen (FRI-51486) was deposited. 
Deionized water was used throughout the experiment. 
 
Extractions of Eleusine indica 

About 250 g of ground dried Eleusine indica leaves was 
soaked in 2500 mL of methanol for 72 hours at room 
temperature by using maceration technique [14]. The 
sample was filtered and concentrated by using rotary 
evaporator. The extract was placed in a fume hood until 
almost dried to obtain Eleusine indica methanol extract 
and kept in a vial for further analysis.  
 
Biomimetic synthesis and characterization of silver 

nanoparticles 

The biomimetic method was followed by Lee and Jun 
[15] with some modification. About 10 mL of Eleusine 

indica methanol extract was added drop by drop into 30 
mL of 1 mM silver nitrate solution and was allowed to 
be reacted at room temperature for 24 hours at 25-27 ºC. 
The appearance of yellowish-brown color of the solution 
indicates the formation of silver nanoparticles [16]. The 
formation of plant-mediated AgNPs was analyzed using 
UV-Vis spectroscopy and TEM. 
 
Characterization of plant-mediated silver 

nanoparticles  

Physicochemical properties of the synthesized plant-
mediated silver nanoparticles were characterized using 
UV-Vis spectra and TEM analysis. The UV-Vis spectra 
analysis was conducted using a UV 2450 Shimadzu 
double-beam spectrophotometer, operated at a 
resolution of 2 nm in the range from 300 to 500 nm. The 
formation of AgNPs was confirmed by transmission 
electron microscopy (TEM). TEM analysis of AgNPs 
was performed using a Philips CM12 instrument 
operated at an accelerating voltage at 80 kV. The size 
distribution of the AgNPs was calculated from the TEM 
images by measuring the diameter in nm of 
approximately 50 nanoparticles.  

Evaluation of antibacterial activity 

The antibacterial potential of the synthesized plant-
mediated silver nanoparticles was determined using 
minimum inhibitory concentration (MIC) and Minimum 
Bactericidal Concentration (MBC) assays [17]. In the 
assay, four bacteria were tested with two Gram-positive 
bacteria (Staphylococcus aureus, Bacillus subtilis) and 
another two Gram-negative bacteria (Escherichia coli, 
Enterobacter aerogenes). MIC assay was performed in 
triplicate in a 96-well microtiter plate. Serial double 
dilutions of plant-mediated silver nanoparticles 
(AgNPs) varying from 100% to 1.562 % in nutrient 
broth were prepared in the MIC assay. Each dilution 
(100 μL) was dispensed into the wells and then 100 μL 

of the bacterial suspension in nutrient broth was 
incubated at 37ºC for 24 hours. After 24 hours, 10 μL of 

0.2 mg/mL (MTT) solution was added into each well 
and incubated for another 2 hours. The solution color 
change from pale yellow to red/purple, which indicated 
biologically active bacteria [18]. MBC is the 
determination of the lowest concentration without 
colony growth on the agar plates. This was determined 
by plating 10 μL from each well that showed no growth 

on a Mueller Hinton agar plate. Plates was then 
incubated for further 24 hours at 37°C. Lowest 
concentration that shows no colony growth was 
determined as MBC. 

 
Results and Discussion 

Extractions of Eleusine indica 

Dried ground Eleusine indica leaves was used in this 
study in order to enhance the surface area and optimize 
the extraction process (Figure 1). The percentage yield 
of the crude extract was calculated and presented in 
Table 1.  
 
Methanol extraction resulted in moderate weight and 
percentage yield of Eleusine indica. Methanol is a polar 
solvent that can extract most of the key phytochemical 
compounds [19]. Compared with aqueous solvent, 
methanol solvent has less polarity which gives more 
efficiency in term of extraction because of its capability 
in degradation of cell wall. Thus, methanol provides 
excellent capability in extraction of secondary 
metabolites such as phenolics, glycosides, tannins, 
flavonoids, saponins, steroids and alkaloids [20, 21]. 
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These secondary metabolites have polyhydroxy group 
that are suitable in reducing metal ions to nanoparticles 
[22]. According to Iberahim et al. [23], Eleusine indica 
methanol extract have several groups of metabolites 
including phenolics, glycosides, flavonoids and 

terpenoids. These metabolites substantiate the selection 
of Eleusine indica in this study to potentially act as 
reducing and stabilizing agent in the synthesis of 
AgNPs.  
 

 

 

Figure 1. (a) Eleusine indica plant, (b) the dried ground leaves, (c) Eleusine indica methanol extract 
 
 

Table 1. Percentage yield of Eleusine indica crude extract 

Type of  

Crude Extract 

Weight of Sample 

(g) 

Weight of Crude 

(g) 

Percentage of Crude Extract 

(%) 

Methanol 250 13.3 5.32 

 
 
Biomimetic synthesis and characterization of silver 

nanoparticles 

Formation of silver nanoparticles in this study is 
monitored by color change. Figure 2 shows the color 
changes when the Eleusine indica methanol extract was 
mixed with a 1 mM AgNO3 solution and treated at room 
temperature for 24 hours. The appearance of a yellowish 
solution in the reaction vessel indicated the formation of 
AgNPs due to excitation of surface plasmon resonance 
in the AgNPs [24,25]. 
 
Characterization of silver nanoparticles 

Ultraviolet-visible spectroscopy (UV-Vis) and 
transmission electron microscopy (TEM) were used to 
characterize the synthesized AgNPs. As illustrated in 
Figure 3, the surface plasmon resonance of the AgNPs 
is centered at approximately 413 nm, indicating the 
presence of AgNPs in the solution. AgNPs are known to 

exhibit a UV-Visible absorption maximum in the range 
of 400-500 nm because of surface plasmon resonance 
[26]. The conduction band and valence band in AgNPs 
are relatively close to one other, allowing the electrons 
to travel freely. The collective oscillation of electrons of 
silver nano particles in resonance with the light wave 
produces a surface plasmon resonance (SPR) absorption 
band, which is caused by these free electrons [27]. 
According to Kerker [28], the absorbance of AgNPs 
depends mainly upon size and shape. thus, this will 
affect the absorbance of AgNPs that obtained. 
 
The morphology and size distribution of plant-mediated 
AgNPs was analyzed using TEM micrograph. The TEM 
image in Figure 4 (left) shows that the particles are 
almost spherical. The particles size histograms of the 
plant-mediated AgNPs (Figure 4-right) suggest that the 
particles diameter is within the range of 10 nm to 55 nm 
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with an average size of 20 nm. Silver nanoparticles, in 
particular, have varying scale sizes depending on the 
type of plant extracts used [16]. For example, the silver 
nanoparticles synthesized using Plumbago auriculata 
leaves has average size between 15 to 30 nm [29]. [30] 
found that AgNPs synthesized using Datura stramonium 
leaf extract has average size of 15 to 20 nm. Based on 
the theory of quantum restraint, a smaller wavelength 
leads to a higher energy of the wave and a smaller 
particle size [31]. 
 
It has been reported that Eleusine indica extract contains 
12 metabolites such as hydroxycinnamic acid, 
naringenin (flavanones), 2(3,4-dihydroxyphenyl)-7-

hydroxy-5-benzenepropanoic acid, antraquinone, 
caffeic acid derivative, caffeoyl glucose, 

hydroxybenzoic acid derivatives methyl 2-[cyclohex-2-
en-1-yl(hydroxy)methyl]-3-hydroxy-4-(2-hydroxy 
ethyl)-3-methyl-5-oxoprolinate (aglycone) from the 
flavonoid and phenolic groups [12]. Active oxygen 
found in phenols, flavonoids, and triterpenoic acid can 
donate electrons into AgNPs to reduce silver precursors 
[32]. This reduction of silver ions to silver nanoparticles 
could be possibly due to -OH groups in flavonoids such 
as quercetin, which can be released during the 
tautomeric change of flavonoids from the enol to keto 
type that releases reactive hydrogen atoms that are 
responsible for the reduction of silver nanoparticles 
[33]. Figures 5 show the possible mechanism of 
reduction of silver ions to AgNPs by naringenin 
(flavonone) molecule.

 

 

Figure 2.  (a) Eleusine indica extract, (b) Eleusine indica extract mixed with silver nitrate after 24 hours 
 

 
Figure 3. (a) UV-Vis absorption spectrum of Eleusine indica extract (EI-MeOH) and (b) synthesized silver 

nanoparticles (EI-MeOH-AgNPs) 
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Figure 4. TEM micrograph and particle histogram 
 
 

 

Figure 5.  The proposed mechanism for the formation of plant-mediated AgNPs 
 
 

 

Antibacterial activity of silver nanoparticles 

The efficacy of AgNPs as promising antimicrobial has 
been experimentally tested against a wide range of 
medically important planktonic and sessile pathogenic 
microorganisms including bacteria, viruses, 
champignons, lichens and yeasts [34, 35]. In this study, 
the plant-mediated silver nanoparticles were tested 
against Gram-positive bacteria and Gram-negative 
bacteria. Table 2 shows the MIC and MBC test of 
synthesized silver nanoparticles against Staphylococcus 

aureus, Bacillus subtilis, Escherichia coli and 
Enterobacter aerogenes. 
 
Based on the MIC and MBC values, the synthesized 
nanoparticle suggest the display of bacteriocidal 
potentials. The formal definition of a bactericidal agent 
is the ratio of MBC to MIC is ≤ 4, while a bacteriostatic 

agent has an MBC to MIC ratio of > 4 (CLSI). AgNPs 
antibacterial effects may be determined by the 
characteristics of certain bacterial species and the type 
of metabolite present in the plant [36] as well as the size 
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ranges and shapes of the AgNPs [27]. Theoretically, 
upon interaction with bacteria, nanoparticles bind with 
bacterial membrane which causes changes to both its 
physical and chemical nature. Nevertheless, the normal 
physiological process such as respiration and 
permeability of cells will be compromised [37]. Besides, 

the formation of various reactive nitrogen and oxygen 
species can be induced by nanoparticles that generates 
oxidative stress on DNA, and other important cell 
constituents which disrupt the overall functioning of 
bacterial cells. 
 

 

 

Table 2.  MIC and MBC test of silver nanoparticles synthesized by Eleusine indica against four bacteria 

Bacteria  MIC 

(μg/mL) 

MBC 

(μg/mL) 

MBC to MIC 

Ratio 

Staphylococcus aureus 12.5 12.5 1 

Bacillus subtilis 1.56 1.56 1 

Escherichia coli 6.25 12.5 2 

Enterobacter aerogenes 3.13 6.25 2 

 

 

Conclusion 

In conclusion, the biomimetic method was demonstrated 
as a simple, safe, cost-effective, and ecofriendly 
preparation of AgNPs using Eleusine indica methanol 
extract. The synthesized plant-mediated AgNPs gave 
UV-Vis reading at 413 nm and have an average particle 
size of 20 nm. They showed potential antibacterial 
activity against Gram-positive and Gram-negative 
bacteria including Staphylococcus aureus, Bacillus 

subtilis, Escherichia coli and Enterobacter aerogenes. 
Thus, application of these synthesized AgNPs based on 
the findings may lead to valuable discoveries in various 
fields, including medical devices and in the 
pharmaceutical and biomedical industries. Toxicity 
studies of these AgNPs using human pathogens may 
open the door to a new range of antibacterial agents and 
the possibility to the use of AgNPs as antiviral agents. 
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Abstract 

Solvents are an unavoidable part of pharmaceutical and chemical manufacturing/synthesis, most of them are toxic or hazardous. 
The study on toxic solvent replacement is ongoing over the world. Researchers are trying to overcome the hazardous issues that 
can be possible using the mixture of hydrogen bond donor (HBD) and hydrogen bond acceptor (HBA) solvent as a 
safe/recommended solvent mixture. This study presents the possibility for the replacement/limitation of dipolar aprotic solvent in 
drug synthesis using solvent-pair mixture where the Kamlet-Taft (KT) parameter works as a tool to alternate the uses of such types 
of toxic solvents. It has been simplified here among the many methods and equations of the KT approach. The polarity (π*), 
basicity (β), and acidity (α) of 10 pure solvents and 16 solvent-pair mixtures were measured spectroscopically, utilizing well-suited 
dyes or indicators. The highest absorption wavenumber value of indicators in the solution was selected and the simplified KT 
equations were used to determine the solvent properties (π*, β, α). Solvent mixtures were classified as per the solvent selection 
guideline of GSK2016 and CHEM21. Four pure solvents (tetrahydrofuran, dimethylformamide, dimethylsulfoxide, and acetone) 
exhibited low KT acidity, high KT basicity, and high KT polarity. Eight aqueous solvent mixtures (water-acetone, water-ethanol, 
water-isopropyl alcohol, water-dimethylsulfoxide, water-dimethylformamide, water-tetrahydrofuran), and two non-aqueous 
solvent mixtures (ethanol-dimethylformamide, ethanol-dimethylsulfoxide) showed low KT acidity and high KT basicity. Solvent 
classification by composite score showed that four solvent mixtures were as recommended and 5 mixtures were near to 
recommended solvent among 16 solvent mixtures. KT parameter was a simplified approach to determine which mixture can bind 
with active pharmaceutical ingredients (API) that is indicated by KT solvatochromic properties and solvent classification.  

 
Keywords:  Kamlet-Taft parameters, hazardous solvent, solvent-pair mixture, dipolar aprotic solvent, drug synthesis 

 

Abstrak 

Pelarut adalah bahagian yang tidak dapat dielakkan dalam pembuatan/sintesis farmaseutikal dan kimia, kebanyakannya beracun 
atau berbahaya. Kajian mengenai penggantian pelarut toksik sedang dijalankan di seluruh dunia. Penyelidik berusaha mengatasi 
masalah berbahaya yang mungkin dilakukan dengan menggunakan campuran pelarut penderma ikatan hidrogen (HBD) dan pelarut 
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ikatan hidrogen (HBA) sebagai campuran pelarut yang selamat/disyorkan. Kajian ini menunjukkan kemungkinan 
penggantian/pembatasan pelarut aprotik dipolar dalam sintesis ubat dengan campuran pasangan pelarut di mana parameter Kamlet-
Taft (KT) berfungsi sebagai alat untuk mengganti penggunaan jenis pelarut toksik tersebut. Ini telah dipermudahkan di sini antara 
banyak kaedah dan persamaan pendekatan KT. Kekutuban (π*), asas (β), dan keasidan (α) daripada 10 pelarut tulen dan 16 

campuran pasangan pelarut telah diukur dengan menggunakan spektroskopi, berdasarkan pewarna atau indikator yang sesuai. Nilai 
penyerapan gelombang tertinggi dari indikator dalam larutan dipilih dan persamaan KT digunakan untuk menentukan sifat pelarut 
(π*, β, α). Campuran pelarut dikelaskan mengikut garis panduan pemilihan pelarut GSK 2016 dan CHEM21. Empat pelarut tulen 

(tetrahidrofuran, dimetilformamida, dimetilsulfoksida, dan aseton) menunjukkan keasidan KT rendah, asas KT tinggi, dan 
kekutuban KT tinggi. Lapan campuran pelarut berasaskan air (air-aseton, air-etanol, air-isopropil alkohol, air-dimetilsulfoksida, 
air-dimetilformamida, air-tetrahidrofuran), dan dua campuran pelarut tidak berasaskan air (etanol-dimetilformamida, etanol-
dimetilsulfoksida) menunjukkan keasidan KT rendah dan asas KT yang tinggi. Penggolongan terhadap 16 campuran pelarut 
berdasarkan skor komposit menunjukkan empat campuran pelarut adalah seperti yang disyorkan dan 5 campuran pelarut hampir 
dengan yang disyorkan. Parameter KT adalah pendekatan yang dipermudah untuk menentukan campuran mana yang dapat 
mengikat dengan bahan aktif farmaseutikal (API) yang ditunjukkan oleh sifat solvatochromic KT dan klasifikasi pelarut. 

 
Kata kunci:  parameter Kamlet-Taft, pelarut berbahaya, campuran pasangan pelarut, pelarut aprotik dipolar, sintesis ubat  

 
 

Introduction 

In 1976, Kamlet and Taft introduced a model to measure 
the solvatochromic properties, known as Kamlet-Taft 
parameters [1]. In 1997, Marcus brought some 
modifications in the measurement of KT parameters [2]. 
Various equations and indicators were used to calculate 
the KT parameters (KT acidity, KT basicity, and KT 
polarity) so that the appropriate result is obtained by 
averaging [3]. The most used indicators were N, N-
dimethyl-4-nitroaniline, 4-nitro anisole, and N,N-
dimethyl-3-nitro  aniline for  π* value;  4-nitroaniline, 
4-nitrophenol, 4-aminoacetophenone and (tetramethyl 
ethylenediamine)(acetylacetonato)copper(II) 
perchlorate for β value; Cis-bis-(1,10-phenan 
throline)dicyanoiron(II), 2,6-dichloro-4-(2,4,6-
triphenyl-1-pyridinio) phenolate, and 2,6-diphenyl-4-(2, 
4, 6-tripheny-1-pyridinio) phenoxide/ phenolate for α 

value. The indicators were utilized in KT measurement 
because their UV variations are higher than the UV-Vis 
cutoff (310 nm) of the cyclic ketone [4]. In analysis, 
many specific equations are used to calculate the KT 
parameters that were prepared based on the indicators 
[2,5], and the concentration of the indicator greatly 
affects the result [6]. 
 
Solvents are categorized into four major types; 
recommended, problematic, hazardous, and highly 

hazardous based on health, safety, environment, and 
global harmonized system (GHS) hazards statements 
[7]. Most used solvents are hazardous as per the 
recommendation of the international conference on 
harmonization (ICH), Pfizer, GSK, and Sanofi [8,9], as 
shown in Table 1. Recently, KT parameters have been 
used to investigate the replacement/limitation of 
hazardous solvents using solvent-pair mixtures in 
synthetic chemistry. Most of the HBD-HBA solvent 
mixtures exhibit as solvent of recommended and 
problematic category [7,10,11], they can be applied in 
API [4,11] and non-API chemical [5,12,13] synthesis. 
The maximum use of safe solvents can minimize the 
health risks and negative impacts on the environment, 
which can be the most effective way to limit the use of 
hazardous solvents [14-17]. However, many methods; 
KT solvatochromic parameters using COSMO-RS [18], 
KT parameters using solvate ionic liquids [19] were 
more complex. Taking into consideration the 
advancement of the KT parameters in synthetic 
chemistry, the measurement technique has been 
simplified for determining the solvatochromic 
parameters. The 16 solvent-pair mixtures and 10 pure 
solvents were analyzed to determine the probability of 
application in replacing dipolar aprotic solvents 
(dimethylformamide, dimethylacetamide, N-methyl-2-
pyrrolidone, pyridine etc.). 
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Table 1.  Recommendation from Pfizer, GSK, Sanofi, and ICH regarding the use of the following solvents 

Most Used Organic 

Solvents 

Concern in Use (Comment) [8, 9] 

Pfizer GSK Sanofi ICH 

Dimethylformamide  
(DMF) 

Undesirable Major issues Substitution requested To be limited 

Dimethylacetamide  
(DMAC) 

Undesirable Major issues Substitution requested To be limited 

N-methyl-2-
pyrrolidone(NMP) 

Undesirable Major issues Substitution requested To be limited 

Dichloromethane  
(DCM) 

Undesirable Major issues Substitution advisable To be limited 

Chloroform Undesirable Major issues No comment To be limited 

1,4-Dioxane Undesirable Major issues Substitution requested To be limited 

Pyridine Undesirable No comment Substitution advisable To be limited 

Diisopropyl ether  
(IPE) 

Undesirable Major issues Substitution advisable Unknown 

 
 

Materials and Methods 

Materials  

Analytical reagent (AR) grade methanol (MeOH 
99.9%), acetone (Ace 99.8%), tetrahydrofuran (THF 
99.8%), dimethyl sulfoxide (DMSO 99.9%), and 
calcium chloride anhydrous (99.9%) were received from 
Merck KGaA, Germany. Ethanol (EtOH 99.8%) was 
purchased from HmbG chemicals, Malaysia. HPLC 
grade acetonitrile (ACN 99.99%), AR grade 
dichloromethane (DCM 99.9%) were purchased from 
QREC (Asia), Malaysia. AR grade dimethylformamide 
(DMF 99.99%), and isopropyl alcohol (iPrOH 99.99%) 
were received from Fisher Scientific, UK. Three 
solvatochromic indicators were purchased: N, N-
dimethyl-4-nitroaniline 98% as indicator 1 from Alfa 
Aesar through Permula chemicals, Malaysia; 4-nitro 
aniline 99% (Indicator 2) and Reichardt’s dye 90% or 

2,6-diphenyl-4-(2,4,6-triphenyl-1-pyridinio) phenolate 
90% as indicator 3 from Sigma-Aldrich. To avoid 
humidity contamination or light degradation, the 
samples and indicators were weighted cautiously. A 
microbalance (Brand: Mettler Toledo; model: AX-205) 

was used to prepare the samples by mass with an 
uncertainty of ±1×10-4 g. 
 

Analytical condition of KT parameters 

Organic solvents were dried to free residual water before 
analysis using calcium chloride anhydrous. Indicator 
concentration in the solvent was from 0.03 mM to 0.05 
mM (for indicator 1 & 2) and 0.1 mM (for indicator 3). 
The indicator and solvent were mixed properly before 
analysis to limit a variety of UV absorption to 0.5-1.2. 
The desired UV spectra of the solution were determined 
at a resolution of 0.2 nm using a double beam UV-Vis 
spectrophotometer (Shimadzu, UV-1800). Every UV-
Vis spectrum was performed in triplicate. During the 
UV analysis, the temperature has been controlled at 
25±0.1 °C using a temperature controller (Shimadzu, 
TCC-240A).
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Figure 1.  Measurement overview of solvatochromic parameters (π*, β, α) using the KT theory 
 

 

Measurement equation of KT parameters 

Three solvatochromic parameters i.e., KT polarity, KT 
basicity, and KT acidity were measured according to the 
original approach of KT theory using three equations 
(equation S1 to equation S3) [3,4]. The absorption 
wavenumber (Vmax) from the highest wavelength value 
of the analytical sample was converted into KiloKaiser 
unit (1KK = 1000 cm-1) to calculate the equations (1-3).  

 
Statistical analysis 
Experimental results were expressed as mean (n = 3) 
with uncertainty values and the data was analyzed using 
ANOVA and Dunnett's t-test in SPSS (version 20). *P 
values of 0.05 or less were regarded as significant. 
 

Results and Discussion 

The values of the measured wavenumbers (Vmax) and 
the obtained KT parameters have been expressed in 
Table 2 and Table 3. The absorbance range was 
established among the samples confined within 0.5 to 
1.2. A total of ten pure solvents were analyzed to 
determine π*, β, and α. At the same time, sixteen mixed 

(HBD-HBA) solvents were also analyzed, involving 
eight aqueous and eight non-aqueous solvent pairs. In 
pure solvents, EtOH, MeOH, H2O, iPrOH showed a 
high KT acidity and low KT polarity, whereas, DCM, 
ACN showed a low KT basicity. On the other hand, Ace, 
ACN, DMSO, DMF, and THF showed low acidity. In 
other words, the recommended solvents showed a high 
KT acidity, low KT basicity, and low KT polarity. In 

contrast, maximum problematic and hazardous solvents 
showed low KT acidity, high KT basicity, and high KT 
polarity except for DCM, iPrOH, and MeOH. Almost 
similar  findings  have  been reported in the literature 
[20, 21].  
 
Among the 16 mixed solvents, only four solvent 
mixtures i.e., H2O-EtOH, H2O-iPrOH, H2O-DMSO, 
EtOH-DMSO were exhibited as recommended solvents, 
and the other 12 solvent mixtures were demonstrated as 
problematic in which 5 solvent mixtures (H2O-Ace, 
EtOH-Ace, MeOH-Ace, H2O-CAN, EtOH-CAN) 
showed as near to recommended solvent, as shown in 
Table 4. Eight aqueous (H2O-MeOH, H2O-Ace, H2O-
EtOH, H2O-CAN, H2O-iPrOH, H2O-DMSO, H2O-
DMF, H2O-THF) and two non-aqueous solvent mixtures 
(EtOH-DMF, EtOH-DMSO) showed a low KT acidity, 
low KT basicity, and high KT polarity. On the contrary, 
other non-aqueous solvent mixtures (EtOH-CAN, 
EtOH-Ace, EtOH-THF, MeOH-Ace, MeOH-DMF, 
MeOH-THF) showed a high KT acidity, low KT 
polarity, and low KT basicity, tabulated (Table 3). 
Similar results were found in the literature and previous 
work [6,11,12]. The solvent ranking was required for the 
application of mixed solvents that was prepared based 
on the GSK2016 and Innovative Medicines Initiative 
CHEM21 (IMI-CHEM21) solvent selection guideline 
[22]. The ranking of mixed solvents was ascertained 
from the minimum value of the GSK health and safety 
scores of HBA solvent using the equation (S4) [22]. 
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Prat et al.  and Byrne et al. stated that the commonly used 
solvents in drug synthesis and processing are hazardous, 
such as DMF, DMSO, NMP, DMAC, and pyridine, 
which are from dipolar aprotic solvents (HBA). IMI-
CHEM21, GSK, Pfizer, ICH guidelines suggested that 
those solvents should be substituted/limited with safe 
solvents due to their toxic activities [7-9]. American 
Chemical Society (ACS) and Green Chemistry Institute 
(GCI) were investigating to replace such solvents in 
synthetic chemistry [23]. Duereh et al. stated that API 
has both HBD and HBA sites and dipolar aprotic (HBA) 
solvents have low KT acidity, high KT basicity, and 
high KT polarity. HBA solvents could easily create a 
strong chemical binding with the HBD site of API for 
these chemical properties [5]. 
 
Duereh et al. studied with 52 solvent mixtures and they 
reported that combinations of HBD-HBA allow the 

binding with API because solvent mixtures show low 
KT acidity, high KT basicity, and high KT polarity 
properties. For that, the solvent mixture can be used for 
the replacement of dipolar aprotic solvent. Although 
strong binding with API depends on physicochemical 
properties of solvent mixture. All mixtures who 
exhibited low KT acidity and high KT basicity, they are 
also capable to bind with the HBD site of API, can be 
selected for drug synthesis [4, 11, 13]. The solvent 
ranking was prepared to know which mixture is 
hazardous or problematic and which is recommended 
before being applied in synthesis. However, pure 
recommended solvents typically showed high acidity 
that is not capable to bind with the API. Therefore, when 
the solvent-pair mixtures show low KT acidity (α ≈ 0), 

high KT basicity (β > 0.6), and high KT polarity (π* > 

0.6), they offer a strong binding with the API [3, 11]. 

 
Indicator 1:  Polarity (π*) = (28.10 – Vmax1) / 3.52                      (1) 
Indicator 2:  Basicity (β) = (0.984Vmax1 + 3.49 – Vmax2) / 2.759              (2) 
Indicator 3:  Acidity (α) = (1.318Vmax1 – 47.7 + Vmax3) / 5.47                   (3) 
Composite score = √ (Safety score x Health score)                      (4)  

 
Table 2  The properties of pure solvents from the wavenumber average (Vmax) using the original approach 

of KT equations 

Solvent 

*Vmax 

 

*Polarity 

(π*) 

*Vmax 

 

*Basicity 

(β) 

*Vmax 

 

*Acidity 

(α) 

(Mean ± SD) (Mean) (Mean ± SD) (Mean) (Mean ± SD) (Mean) 

EtOH 25.92 ± 0.06 0.62 25.80 ± 0.03 0.70 25.80 ± 0.02 0.82 
MeOH 25.64 ± 0.02 0.70 25.66 ± 0.05 0.64 25.66 ± 0.02 1.00 

Ace 25.66 ± 0.04 0.69 25.59 ± 0.03 0.49 25.59 ± 0.02 0.24 

CAN 25.41 ± 0.02 0.76 25.39 ± 0.03 0.33 25.39 ± 0.01 0.38 

i-PrOH 25.94 ± 0.02 0.61 25.91 ± 0.07 0.56 25.91 ± 0.01 0.60 

DMSO 24.55 ± 0.02 1.01 24.57 ± 0.05 0.69 24.57 ± 0.01 0.10 

 DMF 25.07 ± 0.02 0.86 25.07 ± 0.02 0.71 25.07 ± 0.01 0.09 

THF 26.05 ± 0.05 0.58 25.95 ± 0.05 0.48 25.95 ± 0.11 0.00 

DCM 25.48 ± 0.03 0.74 25.43 ± 0.04 0.00 25.43 ± 0.06 0.04 

H2O 23.68 ± 0.02 1.26 23.64 ± 0.03 0.16 23.64 ± 0.14 1.27 

Key: *P values (P<0.05)  were  regarded  as  significant.  Uncertainty  value  of   π* = ± 8×10-3, β = ± 6×10-3, and  
         α =  ± 8×10-3 
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Table 3.  The properties of mixed solvents from the wavenumber average (Vmax) using the original approach of KT 
equations 

HBD-HBA 

Mixture 

*Vmax *Polarity 

(π) 

*Vmax *Basicity 

(β) 

*Vmax *Acidity 

(α) 

(Mean ± SD) (Mean) (Mean ± SD) (Mean) (Mean ± SD) (Mean) 

Aqueous solvent mixture 

H2O-MeOH 24.14 ± .02 1.12 24.14 ± 0.05 0.40 24.14 ± 0.03 0.82 
H2O-Ace 24.39 ± 0.03 1.05 24.39 ± 0.03 0.48 24.39 ± 0.01 0.68 
H2O-EtOH 24.31 ± 0.02 1.08 24.31 ± 0.03 0.48 24.31 ± 0.01 0.67 
H2O-CAN 24.51 ± 0.02 1.02 24.51 ± 0.04 0.41 24.51 ± 0.01 0.82 
H2O-iPrOH 24.62 ± 0.02 0.99 24.62 ± 0.03 0.57 24.62 ± 0.01 0.65 
H2O-DMSO 23.88 ± 0.02 1.20 23.88 ± 0.02 0.43   0.58 
H2O-DMF 24.08 ± 0.01 1.14 24.08 ± 0.02 0.48 24.08 ± 0.03 0.62 
H2O-THF 24.98 ± 0.02 0.89 24.98 ± 0.02 0.60 24.98 ± 0.01 0.64 

Non-aqueous solvent mixture 

EtOH-CAN 25.46 ± 0.02 0.75 25.46 ± 0.05 0.51 25.46 ± 0.001 0.82 
  25.64 ± 0.02 0.70 25.64 ± 0.03 0.59 25.64 ± 0.01 0.76 
EtOH-DMF 25.36 ± 0.02 0.78 25.36 ± 0.04 0.65 25.36 ± 0.02 0.67 
EtOH-DMSO 25.17 ± 0.02 0.83 25.17 ± 0.04 0.74 25.17 ± 0.01 0.60 
EtOH-THF 25.81 ± 0.02 0.65 25.81 ± 0.02 0.64 25.81 ± 0.02 0.70 
MeOH-Ace 25.54 ± 0.02 0.73 25.54 ± 0.03 0.56 25.54 ± 0.02 0.88 
MeOH-DMF 25.32 ± 0.02 0.79 25.32 ± 0.02 0.63 25.32 ± 0.02 0.81 
MeOH-THF 25.71 ± 0.05 0.68 25.71 ± 0.03 0.61 25.71 ± 0.02 0.84 

Key: *P values (P<0.05) were regarded as significant. Uncertainty value of π* = ± 7×10-3, β = 8×10-3, and α = ± 3×10-3 

 
 

Table 4.  Ranking of the solvent-pair mixture from the minimum values of GSK health and safety score [22] 

Solvent-pair 

(HBD-HBA) 

GSK Scores of HBA Solvent Composite 

Score (Rank) Safety  Health  Environmental  Waste  

H2O-EtOH 7.7 8.9 6.7 4.2 8.3 

H2O-iPrOH 6.9 7.7 7.5 4.4 7.3 

H2O-DMSO 6.7 7.9 6.9 4.6 7.3 

EtOH-DMSO 6.7 7.9 6.9 4.6 7.3 

H2O-Ace 6 7.7 7.7 3.3 6.8 

EtOH-Ace 6 7.7 7.7 3.3 6.8 

MeOH-Ace 6 7.7 7.7 3.3 6.8 

H2O-ACN 7.7 5.9 8.9 2.8 6.7 

EtOH-ACN 7.7 5.9 8.9 2.8 6.7 

H2O-MeOH 7.1 4.9 8.4 4.0 5.9 
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Table 4 (cont’d).  Ranking of the solvent-pair mixture from the minimum values of GSK health and safety score 
[22] 

Solvent-pair 

(HBD-HBA) 

GSK Scores of HBA Solvent Composite 

Score (Rank) Safety  Health  Environmental  Waste  

H2O-THF 4.9 5.9 5.2 3.5 5.4 

EtOH-THF 4.9 5.9 5.2 3.5 5.4 

MeOH-THF 4.9 5.9 5.2 3.5 5.4 

H2O-DMF 9 2.4 6.3 4.6 4.6 

EtOH-DMF 9 2.4 6.3 4.6 4.6 

MeOH-DMF 9 2.4 6.3 4.6 4.6 

Keys: Recommended solvent-pairs (green highlight) = score 7-10, problematic solvent-pairs (yellow highlight) = score 4-7,   
hazardous solvent-pairs (red highlight) = score 0-4 are score ranges adopted from IMI-CHEM21 [7] 

 
 

Conclusion 

The Kamlet-Taft analytical approach was simple and 
efficient to measure the KT acidity, basicity, and 
polarity of solvents or solvent mixtures. However, the 
proper mixing and temperature control of the solvent 
and indicator was the prerequisite to get the correct 
result in KT analysis. The ranking of HBD-HBA 
combinations facilitated to find out a suitable solvent 
mixture to substitute hazardous solvents in drug 
synthesis. The highest yield was found when the solvent 
creates a strong interaction with the HBD site of API. It 
is possible if the solvent mixture carries low KT acidity 
and high KT basicity. The maximum use of this 
methodology could bring a revolutionary change in 
synthetic chemistry.  
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Abstract 

The dengue virus (DENV) has posed a serious global threat to human health for the past few decades. However, there are still no 
clinically approved antiviral drug available for the treatment of DENV. Cinnamic acid and its derivatives have attracted great 
attention due to their broad range of pharmacological properties. The present study aimed to synthesize and investigate the 
affinity of cinnamic acid derivatives against DENV. Six cinnamic acid derivatives (AC1-AC6) were synthesized by the reaction 
of substituted cinnamoyl chloride with the corresponding alcohol and amine. The structures of the compounds were confirmed 
by using 1H and 13C Nuclear Magnetic Resonance (NMR) and mass spectrometry. The synthesized compounds were then 
simulated for molecular docking to investigate their binding affinity to the protein target of DENV-2 NS2B/NS3 protease. The 
in-silico study reveals that the compound AC5 has the highest binding affinity and fit into the allosteric pocket of DENV-2 
NS2B/NS3 serine protease with van der Waals interaction, C-H bonding and a few pi interactions such as π-cation, π-lone pair, 
π-π T-shaped as well as π-alkyl interaction. 
 
Keywords:  cinnamic acid, synthesis, anti-dengue virus, docking  
 

Abstrak 

Virus denggi (DENV) memberikan ancaman sejagat yang serius dalam kesihatan manusia sejak beberapa dekad yang lalu. 
Walau bagaimanapun, masih belum ada ubat anti-virus yang diluluskan secara klinikal bagi rawatan DENV. Asid sinamik dan 
terbitannya telah menarik banyak perhatian oleh kerana sifat farmakologi yang mempunyai julat yang luas. Kajian ini bertujuan 
untuk mensintesis dan menyiasat afiniti terbitan asid sinamik terhadap DENV. Enam terbitan asid sinamik (AC1-AC6) telah 
disintesis dengan tindakbalas penukargantian sinnamoil klorida dengan alkohol dan amina. Struktur sebatian telah disahkan 
dengan menggunakan 1H dan 13C Resonans Magnet Nukleus (NMR) dan spektrometer jisim. Sebatian yang telah disintesis 
kemudian disimulasikan dengan mengedok molekul untuk mengkaji sifat afiniti dengan protein sasaran iaitu protease DENV-2 
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NS2B / NS3. Kajian in-siliko mendedahkan bahawa sebatian AC5 mempunyai afiniti pengikatan tertinggi dan dapat memasuki 
poket alosterik DENV-2 NS2B / NS3 protease serin dengan interaksi van der Waals, ikatan C-H dan beberapa interaksi pi seperti 
π-cation, π -lone pair, π-π berbentuk T dan juga interaksi π-alkil. 
 
Kata kunci:  asid sinamik, sintesis, anti-virus denggi, mengedok 

 
 

Introduction 

Dengue virus (DENV), the most significant virus in the 
Flaviviridae family with the highest morbidity and 
mortality rates, has been a serious global threat in the 
past few decades. The latest statistics from the World 
Health Organization (WHO) has shown an increasing 
trend of DENV infection throughout Malaysia with 
127,407 reported cases in 2019. Despite this alarming 
issue, there is currently no effective vaccine nor 
antiviral treatment available for dengue patients. 
Prevention against DENV infection largely depends on 
controlling the mosquito vectors as well as on the use 
of the natural remedies. This underscores an urgent 
need to discover and develop a novel antiviral agent 
that is safe and effective in controlling dengue 
infection. 
 
Cinnamic acid has gained a lot of interest due to its 
simple structure with great potential of 
pharmacological properties. It is a group of aromatic 
carboxylic acids, appearing naturally in the plant 
kingdom. Cinnamic acids occur in all green plants as 
well as the reproductive organs of flowering plants [1]. 
Cinnamic acids with varied substitution on the aryl 
ring, and their esters have been identified in natural bee 
products including honey and propolis [2]. It is also 
readily available from coffee beans, tea, cocoa, apples, 
tomatoes, and cereals [3]. It is a safe and extensive 
source of material due to its natural and low toxicity 
properties. 
 
Cinnamic acid and its related molecules have a variety 
of biological activities, such as anticancer, antimalarial, 
antimicrobial and antioxidant [4,5]. Recently, cinnamic 
acid was reported to be an effective antiviral drug 
against Zika virus (ZIKV) [6]. It was found that 
cinnamic acid possessed anti-ZIKV properties against 
the post-entry stage of the ZIKV replication cycle, and 
inhibited RNA-dependent RNA polymerase (RdRp) 
activity. Additionally, cinnamic acid was also reported 

to have an excellent activity against Tobacco mosaic 

virus (TMV) in which most target compounds in this 
research exhibited good anti-plant virus activities [7]. 
One of the cinnamic acid derivatives also significantly 
inhibits hepatitis C virus (HCV) replication via the 
induction of oxidative stress [8]. 
 
Despite their rich medicinal tradition and remarkable 
biological activities, cinnamic acid derivatives and 
their potentials remained underutilized for several 
decades. Currently, the antiviral activity of cinnamic 
acid related molecules against dengue virus infection 
has never been experimentally addressed despite of its 
well-known therapeutic potential. In this study, six 
cinnamic acid derivatives have been synthesized and 
simulated for molecular docking to investigate their 
binding interactions to the protein target of DENV-2 
NS2B/NS3 protease. Overall, this study demonstrated 
that cinnamic acid would be an excellent potential 
candidate for the development of antiviral drugs 
against DENV. 

 
Materials and Methods 

Chemicals and instrumentations 

Ferulic acid, cinnamoyl chloride, anthranilic acid, 3-
aminobenzotrifluoride, 2,6-dimethylaniline, 4-bromo 
benzyl alcohol, thymol, eugenol, anhydrous 
dichloromethane (DCM), triethylamine, hydrochloric 
acid (HCl), sodium bicarbonate (NaHCO3), magnesium 
sulphate (Mg2SO4), hexane, ethyl acetate and acetone 
were purchased from standard commercial suppliers 
such as Sigma-Aldrich, Merck, Acrós Organics, Fisher 
Scientific, HmbG® Chemicals and R & M Chemical. 
All chemicals and solvents used in this study were of 
reagent grade (AR) and were used without further 
purification. Column chromatography was performed 
using silica gel 60 (230-400 mesh, Merck). Analytical 
thin-layer chromatography (TLC) was done on 
precoated silica gel 60 (F254, Merck) plates and 
visualized under UV 254 nm without treatment. 
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1H and 13C nuclear magnetic resonance (NMR) spectra 
were determined by Bruker Avance II 400 
spectrometer in deuterated dimethyl sulfoxide (DMSO-
d6). The chemical shifts were reported in a ppm scale. 
The synthesized compounds were dissolved in 
dichloromethane (DCM) and analysed using Perkin 

Elmer GC-MS (Clarus 500 Chromatography/Mass 
Spectrometry). 
 
Chemistry 

The synthetic route of the synthesized compounds is 
described in Scheme 1. 

 
 

 

Scheme 1.  The synthetic work of cinnamic acid amide and ester derivatives 
 
 
Synthesis of cinnamoyl amide derivatives (AC1-

AC3) 

Cinnamoyl chloride (0.40 g, 2.4 mmol) in anhydrous 
DCM (5 mL) was added dropwise at 0 ℃ to a stirred 

solution of 3.6 mmol of amine (anthranilic acid, 3-
aminobenzotrifluoride and 2,6-dimethylaniline) in 
anhydrous DCM (10 mL). The mixture was stirred at 
0℃ for 30 min and then at RT for 3 hours. After 

completion of the reaction, 10 mL of DCM was added. 
The solution was washed 3 times with 1 N HCl and 2 
times with 1 N NaHCO3. The separated organic layer 
was dried over Mg2SO4 and the solvent was evaporated 

completely to obtain a residue. The residue was 
purified by silica gel column chromatography to afford 
the desired products of AC1-AC3 by using a solvent 
system of hexane and ethyl acetate.  
 
2-cinnamamidobenzoic acid (AC1) 

Colorless powder (0.34 g, 53 %), AC1 was prepared 
from the reaction of cinnamoyl chloride (0.40 g, 2.4 
mmol) with anthranilic acid (0.49 g, 3.6 mmol) in the 
same manner as described in Scheme 1, 1H NMR 
(400MHz, DMSO-d6): δH ppm, 11.38 (1H, s, NH) , 
8.61 (1H, d, J = 7Hz, H-ar), 8.02 (1H, d, J = 6Hz, H-
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ar), 7.74 (1H, t, J = 7Hz, H-ar), 7.66 (1H, d, J = 7Hz, 
CH), 7.62 (1H, t, J = 9Hz, H-ar), 7.44 (4H, m, H-ar), 
7.19 (1H, t, J = 14Hz, H-ar), 6.89 (1H,d, J = 15Hz, 
CH); 13C NMR (100MHz, DMSO-d6): δC ppm, 117.5, 
120.9, 123.4, 128.6, 129.4, 130.5, 131.6, 134.4, 134.8, 
141.26 (CH-aromatic), 141.7 & 122.9 (C=C), 169.9 
(C=O). HRESIMS (positive mode) m/z calculated for 
[C16H13NO3]+ : 267, [M+H]+ ; found: 268.2639. 
 
N-(3-(trifluoromethyl)phenyl)cinnamamide (AC2) 

Colorless powder (0.42 g, 61 %), AC2 was prepared 
from the reaction of cinnamoyl chloride (0.40 g, 2.4 
mmol) with 3-aminobenzotrifluoride (0.58 g, 3.6 
mmol) in the same manner as described in Scheme 1, 
1H NMR (400MHz, DMSO-d6): δH ppm, 10.57 (1H, s, 
NH) , 8.22 (1H, s, H-ar), 7.87 (1H, d, J = 8Hz, H-ar), 
7.66 (2H, m, H-ar), 7.62 (1H, d, J = 4Hz, CH), 7.58 
(1H, t, J = 8Hz, H-ar), 7.45 (4H, m, H-ar), 6.82 (1H, d, 
J = 16Hz, CH); 13C NMR (100MHz, DMSO-d6): δC 
ppm, 115.7, 120.1, 123.2, 125.9, 128.3, 129.8, 1130.1, 
130.5, 134.9, 140.4 (CH-aromatic), 141.4 & 122.1 
(C=C), 164.5 (C=O). HRESIMS (positive mode) m/z 
calculated for [C16H12NOF3]+ : 291, [M+H]+ ; found: 
292.0951. 
 
N-(2,6-dimethylphenyl)cinnamamide (AC3) 

Colorless powder (0.28 g, 46 %), AC3 was prepared 
from the reaction of cinnamoyl chloride (0.40 g, 2.4 
mmol) with 2,6-dimethylaniline (0.44 g, 3.6 mmol) in 
the same manner as described in Scheme 1, 1H NMR 
(400MHz, DMSO-d6): δH ppm, 9.52 (1H, s, NH) , 7.64 
(2H, d, J = 7.0 Hz, H-aromatic), 7.57 (1H, d, J = 16.0 
Hz, CH), 7.45 (3H, m, H-aromatic), 7.09 (3H, s, H-
aromatic), 6.89 (1H, d, J = 16.0 Hz, CH), 2.00 (6H, s, 
CH3); 13C NMR (100MHz, DMSO-d6): δC ppm, 18.6 
(CH3), 126.9, 128.1, 129.4, 130.1, 135.2, 135.5 (CH-
aromatic), 163.9 (C=O), 140.1 & 122.2 (C=C). 
HRESIMS (positive mode) m/z calculated for 
[C17H17NO]+ : 251, [M+H]+ ; found: 252.1391. 
 
Synthesis of cinnamoyl ester derivatives (AC4-AC6) 
Triethylamine (3 eq) was added into a stirred solution 
of 1 eq of alcohol (4-bromobenzyl alcohol, thymol, and 
eugenol) in anhydrous DCM (20 ml). The mixture was 
magnetically stirred for 0.5h at 0-5°C. Then, cinnamoyl 
chloride (1 eq) was slowly added to the mixture within 

a 15 min period. The reaction mixture was continued 
stirring for 0.5h at 0-5°C before being slowly removed 
to room temperature. Then, the stirring continued for 
another 24 h. The completion of the reaction was 
monitored by TLC. The solvent was evaporated by 
using a rotary evaporator and the compound was 
purified via column chromatography. Hexane/ethyl 
acetate was used as the eluent to afford the title ester 
products of AC4-AC6.  
 
4-bromophenyl cinnamate (AC4) 

Colorless powder (0.32 g, 43 %), AC4 was prepared 
from the reaction of cinnamoyl chloride (0.40 g, 2.4 
mmol) with 4-bromobenzyl alcohol (0.44 g, 2.4 mmol) 
in the same manner as described in Scheme 1, 1H NMR 
(400MHz, DMSO-d6): δH ppm, 7.69 (2H, m, H-
aromatic) , 7.61 (1H, d, J = 16.0 Hz, H-aromatic), 7.52 
(1H, d, J = 8.4 Hz, H-aromatic), 7.42 (3H, m, H-
aromatic), 7.28 (1H, d, J = 8.4 Hz, CH), 6.55 (1H, d, J 
= 16.0 Hz, CH), 4.46 (1H, s, H-aromatic), 2.51 (1H, s, 
H-aromatic); 13C NMR (100MHz, DMSO-d6): δC ppm, 
128.6, 129.0, 129.3, 130.7, 131.3, 134.7 (CH-
aromatic). 142.4 &119.6 (C=C), 144.4 (C-O), 168.0 
(C=O). HRESIMS (positive mode) m/z calculated for 
[C15H11O2Br]+ : 303, [M+H]+ ; found: 304.3010. 
 
2-isopropyl-5-methylphenyl cinnamate (AC5) 

Colorless powder (0.24 g, 35 %), AC5 was prepared 
from the reaction of cinnamoyl chloride (0.40 g, 2.4 
mmol) with thymol (0.36 g, 2.4 mmol) in the same 
manner as described in Scheme 1, 1H NMR (400MHz, 
DMSO-d6): δH ppm, 9.11 (1H, s, H-aromatic) , 7.92 
(1H, d, J = 16.0 Hz, CH), 7.83 (3H, m, H-aromatic), 
7.27-7.05 (2H, d, J = 8 Hz, H-aromatic), 6.97-6.61 
(2H, m, H-aromatic), 6.56 (1H, d, J = 7.6 Hz, CH), 
3.42 (3H, s, CH3), 1.17 (6H, m, CH3); 13C NMR 
(100MHz, DMSO-d6): δC ppm, 27.1-21.1 (CH3), 123.2, 
126.0, 126.8, 127.4, 129.1, 129.4, 135.7, 136.6, 137.2 
(CH-aromatic), 146.8 & 116.0 (C=C), 148.1 (C-O), 
165.6 (C=O). HRESIMS (positive mode) m/z 
calculated for [C19H20O2]+ : 280, [M+H]+ ; found: 
281.1537. 
 
4-allyl-2-methoxyphenyl cinnamate (AC6) 

Colorless powder (0.33 g, 43 %), AC6 was prepared 
from the reaction of cinnamoyl chloride (0.40 g, 2.4 
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mmol) with eugenol (0.39 g, 2.4 mmol) in the same 
manner as described in Scheme 1, 1H NMR (400MHz, 
DMSO-d6): δH ppm, 8.72 (1H, s, H-aromatic) , 7.54 
(2H, m, H-aromatic), 7.48 (1H, d, J = 4.0 Hz, CH), 
7.35 (3H, m, H-aromatic), 6.71 (2H, m, H-aromatic), 
6.56 (1H, d, J = 4.0 Hz, CH), 3.74 (3H, s, CH3) 3.25 
(2H, d, J = 8.0 Hz, CH2); 13C NMR (100MHz, DMSO-
d6): δC ppm, 23.4 (CH3), 115.9, 116.0, 123.3, 126.2, 
148.3, 149.5 (CH-aromatic), 144.9 & 116.0 (C=C), 
148.3 (C-O), 168.4 (C=O). HRESIMS (positive mode) 
m/z calculated for [C18H18O3]+ : 282, [M+H]+ ; found: 
282.0887. Structures of synthesized cinnamic acid 
derivatives are shown in Figure 1. 
 
Computational study  
The synthesized derivatives (AC1-AC6) were 
simulated for molecular docking to investigate their 
binding affinity to the protein target of DENV type 2 
(DENV-2) NS2B/NS3 protease, with Ser135, His51 
and Asp75 as their catalytic triad amino acid residues. 
The virtual screening was carried out on the homology 
model of the DENV non-structural protein, 
NS2B/NS3pro developed by Wichapong et al. [16]. 
The DENV-2 NS2B/NS3pro model was built based on 
the DENV-2 complex cofactor-protease using the 
crystal structure of NS2B/NS3pro West Nile Virus 
(WNV) as the template. The protein structure was 
prepared as a macromolecule prior to docking using 
AutoDock version 1.5.6 package 
(www.autodock.scrips.edu). Briefly, the protein 
preparation was done by removing the native ligand, 
tetrapeptide inhibitor (Bz-Nle-Lys-Ar-H) and water 
molecules, the addition of polar hydrogen and 
Kollmann charges. 
 
The 3D structures of all cinnamic acid derivatives were 
constructed and energetically optimized using 
ChemDraw Professional 16.0. The minimized 
structures were saved in sdf format before converted 
into pdb format using OpenBabel-3.1.1 software. The 
validation of the docking protocol was done by re-
docking the inhibitor tetrapeptide (Bz-Nle-Lys-Ar-H) 
with the RMSD value not greater than 2.0 Å. The 
ligands were prepared by merging non-polar hydrogen 
and assigned a Gasteiger charge. The center of the grid 
box was employed around the protease active site at 

23.038, 43.372, -0.316 in x, y, and z coordinates, 
respectively, with a box size of 60 × 60 × 60 
dimensions and grid spacing 0.375 Å. The docking of 
ligands was run with the Lamarckian Genetics 
Algorithm (GA) search program applied to generate 
100 runs. The binding modes of compounds were 
analyzed using Discovery Studio Client 2020 
(www.accelrys.com). The identification of hit 
compound was identified based on the conformations 
with the ones of lowest free binding energy and of the 
most populated cluster. 
 
Preparation of enzyme and ligand for docking 
The structure of available DENV2, which is a complex 
of NS2B-NS3 protease (PDB code: 2FOM), is devoid 
of any ligand. Thus, to get an insight into the binding 
cavity we used coordinates of co-crystallized ligand 
from West Nile virus (PDB code: 2FP7) belonging to 
the same family as that of DENV and that shares the 
structural similarity of the catalytic triad. It is available 
in complex with the inhibitor tetrapeptide Bz-Nle-Lys-
Arg-Arg-H. The structure of DENV2 complexed with 
the inhibitor tetrapeptide Bz-Nle- Lys-Arg-Arg-H was 
constructed by homology modelling method. 
 

Results and Discussion 

Chemistry 

Six cinnamic acid derivatives (Figure 1) were 
successfully synthesized in moderate yield (35-61%) 
by modification of established methods [9]. The 
synthesis of the target compounds was straightforward, 
and the general synthetic pathway is illustrated in 
Scheme 1. Cinnamoyl chloride was reacted with 
various amines; anthranilic acid, 3-
aminobenzotrifluoride and 2,6-dimethylaniline to 
produce  the  titled compounds of cinnamic acid 
amides (AC1, AC2 and AC3). For the synthesis of 
cinnamic acid ester derivatives, different alcohols; 4-
bromobenzyl alcohol, thymol and eugenol were reacted 
with cinnamoyl chloride in DCM to afford the title 
compounds AC4, AC5 and AC6. To optimize the 
reaction conditions, the polarity of the solvent medium 
from polar to non-polar was adjusted using DMSO, 
ethanol and tetrahydrofuran (THF) in the reaction of 
substituted cinnamoyl chloride with the corresponding 
alcohol and amine. 
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1H and 13C nuclear magnetic resonance (NMR) 
analysis confirmed the identity of all synthesized 
cinnamic acid derivatives. The presence of NH 
resonance peaks as observed in all three 1H NMR 
spectra of AC1-AC3 prove that the cinnamoyl amide 
derivatives were successfully synthesized. NH 
resonance which appears as singlet is found to be at the 
most downfield region (δH 11.38-9.52 ppm) for AC1 to 
AC3. There is also a high-intensity singlet resonance in 
the upfield region at δH 2.17 ppm representing two 
methyl moieties presented in the AC3 compound. For 
cinnamoyl ester derivatives, in the range of δH 7.41-
7.70 ppm, multiple peaks can be observed in AC4 
indicating the presence of aromatic groups. Meanwhile, 
for AC6 the peaks are in the range of δH 6.55-6.70 
ppm. There are other high-intensity singlet resonances 
at δH 1.13-2.29 ppm and at δH 3.73 ppm respectively, 

representing methyl moieties presented in both 
compounds AC5 and AC6. The alkene groups for all 
three compounds of AC4-AC6 can be observed in the 
peak range of δH 6.51-6.57 ppm. 
 
The resonance of the C=O group was clearly observed 
for all synthesized compounds at δ 169.9-163.8 ppm. 
The alkene group is also presented in all compounds 
which are in the range of δ 146.8-116.0 ppm. For the 
aromatic ring, the resonance carbon was found at the 
range between δ 129.8-123.3 ppm. Furthermore, the 
resonance for CH3 moieties can also be observed for 
the compounds of AC3, AC5 and AC6 which are in 
the region δ 27.1-18.7 ppm. 
 

 

 
 

 

Figure 1.  Structure of synthesized cinnamic acid derivatives 
 
 
Molecular docking 
The in-silico studies were conducted to investigate the 
binding interactions of the synthesized compounds 
AC1-AC6 towards DENV-2 NS2B/NS3 protease and 
search for the best orientation of ligand-protease 

complex with the lowest free energy of binding (FEB). 
This step serves as a good tool to predict and match the 
desired binding site, understanding possible 
conformation of the compounds and further clarifies 
the binding interactions in the binding pocket [10]. 
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DENV is a single-stranded RNA genome that encodes 
a single open reading frame (5-C-prM-E-NS1-NS2A-
NS2B-NS3-NS4A-NS4B-NS5-3) with three structural 
and seven non-structural proteins [11]. The N-terminal 
of NS3 is a trypsin-like serine protease, which when 
combined with its co-factor can cleave the viral 
polyprotein [12]. Disruption of NS2B-NS3 protease 
inhibits viral replication [13]. This poses NS2B-NS3 
protease of DENV-2 as a promising target for antiviral 
drug design [14]. 
 
The three catalytic triad amino acid residues were 
located in NS3 serine proteases namely His51, Asp75 
and Ser135. The NS2B protease acted as an NS3 serine 
protease co-factor for an optimal catalytic activity [15]. 
The homology protein crystal structure generated by 
Wichapong et al., (2010) was used due to the lack of 
DENV-2 NS2B/NS3 serine protease inhibitor-bound 
3D structures. Moreover, some of the protease database 
structures were found to have missing amino acid 
residues [16]. 
 
The Lamarckian genetic algorithm was employed in 
AutoDock version 1.5.6 to determine the binding 
modes and compounds conformation towards DENV-2 
NS2B/NS3 protease homology protein crystal 
structure. In the preparation for docking simulation, 
only protease was retained as a part of the 
macromolecule file, while the Bz-Nle-Lys-Arg-Arg-H 
was extracted and saved as a positive control ligand. 
The ligand was extracted and re-docked into the 
binding site to evaluate the success of the docking 
method in reproducing the experimentally known 
complex.  
 
The covalent map parameter was used during positive 
control docking simulation to constrain the molecular 
geometry of the peptide inhibitor. After that, all the 
synthesized compounds were docked with Wichapong 
et al., [16] homology crystal structure using the same 
parameter. The re-docked was carried out successfully 
with the root mean square deviation (RMSD) value of 
1.23 Å. Henever et al. stated that the programs that able 
to poses the RMSD value in the range of 1.5-2 Å, 
depending on the ligand size, are considered to have 
performed successfully [17]. 

The synthesized compounds, AC1-AC6 fit into the 
allosteric pocket of NS2B/NS3 serine protease. The 
free energy of binding (FEB) obtained was tabulated in 
Table 1. Figure 2 shows the overlay docked 
conformation of the cinnamic acid derivatives between 
the Wichapong et al. [16] homology model and Bz-
Nle-Lys-Arg-Arg-H referenced ligand. The image was 
generated using Discovery Studio Visualizer 4.5. 
 
The detailed ligand-binding site interaction in 2D 
structural views of all the compounds are shown in 
Figure 3 below. Compound AC5 shows the lowest free 
energy of binding (-6.53 kcal mol-1) indicating the 
highest binding affinity towards NS2B/NS3 protease of 
DENV-2 compared to the other five compounds [18]. 
Figure 3 also shows the poses and non-covalent 
interactions involved between the ligands and the 
protease-binding site.  This compound showed a few 
van der Waals interaction, one C-H bonding 
interaction, one π-cation interaction, one π-lone pair 
interaction, one π-π T-shaped interaction, and two π-
alkyl interactions with the amino acid residue in the 
DENV-2 NS2B/NS3 protease. 
 
The presence of the aromatic group in the synthesized 
cinnamic acid derivatives enhances the possibilities of 
van der Waals interaction. Hence, we can see this 
interaction in all the synthesized compounds of AC1-
AC6. Individually, van der Waals interaction was also 
observed in compound AC5, involving Ser135 (one of 
the catalytic triads) and other residues namely Asp129, 
Ser131, Gly151 and Thr134. Pi interactions such as π-π 

T-shaped interaction and π-lone pair interaction were 
also observed between the ester moiety of the 
synthesized compound with Tyr161 and Phe130, 
respectively. Meanwhile, another aromatic ring at 
cinnamic moiety of compound AC5 appeared to have a 
π-cation interaction with the His51 (from the catalytic 
triad) and π-alkyl interactions with Val52. The π-cation 
interaction with the His51 suggested that the DENV-2 
NS2B/NS3 replication was affected as His51 is one of 
the catalytic triads of NS2B required for replication 
activities [19]. 
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Table 1.  The free energy of binding (FEB) of compounds AC1-AC6 

Compound FEB (kcal mol-1) 

Positive Control 
(peptide inhibitor) 

-6.58 

AC1 -6.11 

AC2 -6.36 

AC3 -6.45 

AC4 -6.33 

AC5 -6.53 

AC6 -6.50 

 
 
 

 

Figure 2. The overlay docked conformation of the cinnamic acid between the Wichapong et al. [16] homology 
model and Bz-Nle-Lys-Arg-Arg-H referenced ligand (red: original ligand conformation, blue: docked 
ligand conformation). 
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Figure 3.  The 2D structural views of ligand-binding site interactions for synthesized compounds AC1-AC5 
 
 

Conclusion 

The present work has demonstrated that six cinnamic 
acid derivatives were successfully synthesized by the 
reaction of cinnamoyl chloride with various amines and 
alcohols. All synthesized compounds were 
characterized by 1H and 13C-NMR, and mass 
spectrometry. The significant molecular interaction 
between the synthesized compounds and DENV2 
NS2B/NS3 protease were revealed by molecular 
studies indicating their potential activity as a protease 
inhibitor. The compound AC5 is predicted to have a 
higher DENV-2 NS2B/NS3 protease inhibitor as it has 
the highest binding affinity, with a significant van der 
Waals force and pi interactions between the 
synthesized compound and the amino acid residues. 
Further verification studies such as in-vitro, toxicity 

analysis, and in-vivo analysis are required for 
identifying the possibilities of the cinnamic acid 
derivatives to be a lead molecule for anti-dengue drug 
development. 
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Abstract 

Pectin has excellent potential as a main source of bioplastic due to its biodegradability. However, the neat pectin-based film has 
poor chemo-physical properties and low mechanical performance. In this study, the pectin-based film is successfully modified by 
adding eggshell and deep eutectic solvent (DES), comprising choline chloride and malonic acid, as a filler and plasticiser to 
enhance the performance of bioplastic. Five pectin-based bioplastics were prepared: pectin/eggshell (without DES) and 
pectin/eggshell with each 1%, 2%, 3%, and 4% of DES. The bioplastics were characterised by the Fourier-transform infrared 
(FTIR) spectroscopy and inverted camera analysis. The presence of filler and the effect of different DES concentrations were 
studied based on mechanical properties, biodegradability, and water uptake. The results showed that the addition of different 
percentages of DES had decreased the tensile strength and increased the flexibility of the bioplastic. Biodegradability testing 
using compost soil demonstrated an increased degradation rate when a high concentration of DES (4%) was added. The DES of 
choline chloride and malonic acid shows high potential as a plasticiser in pectin/eggshell bioplastic. 
 
Keywords:  pectin, plasticiser, deep eutectic solvent, eggshell filler, bioplastic  

 

Abstrak 

Pektin berpotensi sebagai sumber utama bioplastik kerana sifat biodegradasinya. Walau bagaimanapun, bioplastik yang hanya 
berasaskan pektin sahaja mempunyai sifat kimia-fizikal yang lemah dan prestasi mekanikal yang rendah. Dalam kajian ini, filem 
bioplastik berdasarkan pektin telah berjaya diubah suai dengan menambahkan cangkang telur dan pelarut eutektik (DES), yang 
mengandungi kolin klorida dan asid malonik, sebagai pengisi dan pemplastik yang bertujuan untuk meningkatkan prestasi 
bioplastik. Lima bioplastik berasaskan pektin disediakan: pektin/cangkang telur (tanpa DES) dan pektin/cangkang telur dengan 
masing-masing 1%, 2%, 3%, dan 4% DES. Bioplastik yand dihasilkan dicirikan secara fizik menggunakan spektroskopi Fourier-
penukaran inframerah (FTIR) dan analisis kamera terbalik. Kehadiran pengisi dan kesan kepekatan DES yang berbeza dikaji 
berdasarkan sifat mekanik, kebolehbiodegradasian, dan pengambilan air. Hasilnya menunjukkan bahawa penambahan peratus 
DES yang berbeza telah menurunkan kekuatan dan meningkatkan fleksibiliti bioplastik. Ujian biodegradasi menggunakan tanah 
kompos menunjukkan peningkatan kadar degradasi apabila peratus DES yang tinggi (4%) digunakan. DES bagi kolin klorida 
dan asid malonik menunjukkan potensi yang tinggi sebagai pemplastik di dalam bioplastik pektin/cangkang telur. 
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Kata kunci:  pektin, pemplastik, pelarut eutektik, pengisi cangkang telur, bioplastik 

 
 

Introduction 

Petrochemical plastic materials are important in our 
daily lives. However, the vast amounts of plastic waste 
materials generated contribute to worldwide 
environmental concerns [1]. About 34 million tons of 
plastic trash is produced each year, with 93% ending in 
landfills and the seas. Furthermore, the disposal of non-
biodegradable plastic leads to significant global 
warming, ozone depletion, eco-toxicity, eutrophication, 
and long-lasting decomposition [2]. Improper 
management of plastic causes a severe effect on the 
ecosystem. Thus, biodegradable plastic is the best 
alternative to reduce plastic waste, save the 
environment and sustain green global issues. The use 
of natural sources, such as cellulose, pectin, starch, 
chitosan, and alginate as food packaging materials has 
slowly replaced petrochemical plastics [3, 4, 5]. Pectin 
is a polysaccharide found abundantly in fruits like 
apple, orange, lemon, mango, grapes, and peach [1, 6]. 
It is very compatible as a biodegradable and edible 
biopolymer for food packaging. However, due to its 
poor chemo-physical properties and low mechanical 
performance, the pectin biofilm must be improvised by 
adding a plasticiser and organic filler accordingly to 
meet the food packaging requirements [1]. Like most 
polysaccharides, pectin is glassy at room temperature, 
causing defects such as cracking or curling in a film 
due to its shrinking, followed by water evaporation or 
rapid drying [7]. Gennadios et al. [8] asserted that these 
films are often fragile and rigid due to extensive 
interactions between the polymer molecules. Therefore, 
a filler is commonly used to improve the rigidity and 
strength of the biofilm [9, 10]. A natural bio filler such 
as eggshell has grown popular since they are 
environmentally friendly, renewable, cheap, and 
abundantly available [11, 12].  
 
However, a biofilm made of pectin with eggshells is 
mostly brittle. A plasticiser is a useful compound in 
minimising film brittleness by reducing intermolecular 
forces among polymer chains, increasing their 
mobility, and improving mechanical properties [13] by 
holding the polymer bonds together [14]. Deep eutectic 

solvent (DES) is a new category of plasticiser that has 
been competently tested for polysaccharide biofilms in 
various methods [15, 16, 17, 18]. The two most 
common plasticisers in the polymer industry are o-

hydroxyphenyl (HBP) and di-2-ethylhexyl phthalate 
(DEHP), known for their ability to disrupt the 
endocrine system, with carcinogenic and mutagenic 
properties [19]. Phthalate is not bonded to plastic; 
therefore, it will easily leak out into the human body, 
causing major health effects [20]. According to 
Mekonnen et al. [21], an ideal plasticiser significantly 
reduces the glass transition temperature (Tg), 
biodegradable, non-volatile, non-toxic, and have 
minimal leaching or migration properties. DES, 
comprising two self-associating components, met the 
requirements as a plasticiser in bioplastic [22, 23]. The 
ability of DES to swell inside biopolymers has enabled 
bioplastic plasticisation [19], as well as improved 
thermal stability and decreased the glass transition 
temperature (Tg) of bioplastics [24]. Previously, Shafie 
et al. [17] have successfully used DES as a plasticiser 
in pectin extracted from Momordica charantia or 
known as peria. According to their findings, DES 
caused different degrees of plasticisation via hydrogen 
bonds and ionic bonds with the polymer chains, 
which improved thermal stability, tensile properties, 
percentage of moisture absorption, and water vapour 
transmission rate of bioplastic. However, the strength 
of biofilm is reduced without fillers. Hence, this study 
investigates the compatibility of pectin/DES with 
eggshells as a natural filler. The pectin/eggshell 
bioplastic was developed with different concentrations 
of DES (choline chloride: malonic acid) to analyse 
bioplastic performance based on tensile strength, 
biodegradability, and water uptake. 

 
Materials and Methods 

Material and reagents  

The commercial pectin from citrus was purchased from 
Sigma Aldrich, Malaysia. The choline chloride (ChCl), 
malonic acid, and sodium hypochlorite were purchased 
from Acros, Belgium, with 99% purity. All chemicals 
used are of analytical grade. The DES was prepared as 
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suggested by Abbot et al. [15], with a 1:1 ratio of ChCl 
and malonic acid. The mixture was magnetically stirred 
at 80 °C until the colourless liquid was formed and 
maintained as a liquid after 24 hours at room 
temperature. The eggshell powdered filler was 
prepared according to Kasmuri et al. [14]. The 
eggshells were crushed using a mortar and pestle and 
placed in a beaker. Sodium hypochlorite was added 
until all the eggshells were soaked and stirred using a 
glass rod until heat and bubble were released. The 
beaker was covered using aluminium foil and left for 
24 hours before filtering and washing using distilled 
water. The dried eggshell sample was then dried in the 
oven and left to cool at room temperature. The eggshell 
sample was then ground into powder to obtain the size 
of 58 µm.  
 

Preparation of pectin-based bioplastic 

The pectin-based bioplastic was prepared according to 
Cataldo et al. [25] and Almeida et al. [26]. A volume of 
3% (w/v) aqueous pectin was stirred at 70 °C until 
completely dissolved. About 1% to 4% wt of DES was 
added to the pectin solution and stirred to homogenise 
and form film-forming solutions. Approximately 3% 
wt of eggshell filler was added until completely 
dissolved. The well-dispersed aqueous dispersions 
were poured into Petri dishes and dried in the oven at 
50 °C for 24 hours. The control was prepared without 
DES, i.e., 3% of aqueous pectin with 3% wt of eggshell 
as the filler. 
 
Characterisation of DES 

The thickness of the bioplastic was measured using a 
Digimatic thickness gauge (Model 547-301, Mitutoyo). 
At least five measurements were performed at different 
positions for each bioplastic, and the average thickness 
was calculated. The mechanical properties, including 
tensile strength, Young’s modulus, and elongation at 

break, were determined using the Instron Universal 
Testing Instrument (Instron 3365, Instron, USA) 
equipped with a 1 kN load cell. The sample was cut 
into a rectangular shape with the size of 7 cm × 1 cm. 
The initial grip separation was 50 mm, with a 
crosshead speed of 5 mm min-1. At least five replicates 
were performed for each film formulation. The soil 
burial test was conducted according to the ASTM 

D6003-96 standard method to determine the ability of 
bioplastics to degrade in compost soil. The initial mass 
of each bioplastic was weighed and recorded. The 
bioplastic was buried in compost soil, and the mass 
was recorded daily until fully degraded. The Wo (g) is 
the average of the initial bioplastic weight before being 
buried in soil samples, and the Wt (g) is the average 
weight of bioplastic at the time of measurement. 
 
The following equation was used to calculate the 
weight loss of the sample:  
 

Weight Loss(%)=
Wo-Wt

Wo
×100                            (1) 

 
The synthetic seawater was prepared by dissolving 35 
g of sodium chloride in a total mass of 1000 g distilled 
water in a beaker. The bioplastic with the size of 1.5 
cm × 2 cm was weighed before being immersed in the 
synthetic seawater. The samples were dried and 
reweighed at three days intervals. The percentage 
weight loss of the bioplastic was calculated using the 
following formula, where M0 is the average initial mass 
of the sample, and M1 is the average residual mass of 
the bioplastic after the test. 
 

Weight Loss (%)=
M0-M1

M0
×100                            (2) 

 

The water uptake method was conducted according to 
Zárate-Ramírez et al. [27]. A 1.5 cm × 2 cm sample 
was cut, dried in the oven at 50 °C for 24 hours, and 
weighed as Wo. The sample was then immersed in 
distilled water for 10 seconds at room temperature and 
reweighed as Wt. The experiment was conducted in 
triplicate. Water uptake was calculated using the 
following equation: 
 

Water Uptake (%)=
Wt-Wo

Wo
×100                            (3)
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Results and Discussion 

FTIR analysis was carried out to analyse the functional 
group present in pure pectin, eggshell, and 
pectin/eggshell (P-E) composites (Figure 1). The O-H 
stretching, C=O stretching, and C-O stretching at 3440 
cm-1, 1746 cm-1, and 1018 cm-1 characterise the 
structure of pectin.  
 
According to Bichara et al. [28], the main peaks 
observed at 3436 cm-1, 1743-1640 cm-1, and 1103-1146 
cm-1 represented the O-H, C=O, and C-O glycosidic 
bonds in pectin. Meanwhile, the pure eggshell showed 
peaks at 712, 876, and 1425 cm-1, as similarly reported 
by Li et al. [29], who characterised calcite by an in-
plane bending, out-of-plane bending, and asymmetric 
CO3

2-  stretching at the peaks of 713, 875, and 1424 
cm-1. Similar findings were also reported by Siriprom 
et al. [30] and Pradhan et al. [31]. The combination of 
pectin with eggshell in the composite film shows all 
peaks  in  individual pectin and eggshell. However, a 
C-O peak from CO3

2- at 1424 cm-1 disappeared in the 
composite as the formation of new bonding is expected 
between the calcite of eggshell with the glycosidic 
bond of pectin. The pectin/eggshell composite is 
enhanced with the addition of DES as a plasticiser. 
Figure 1(b) shows the FTIR analysis on the increasing 
concentration of DES from 1% to 4% on the 
pectin/eggshell composite. As observed, the intensity 
peaks at 3350 cm-1 and 1000 cm-1 are slightly 
decreased when the concentration of DES increases. 
The IR spectra of all films are dominated by vibration, 
related to the presence of the pectin compound. A 
similar result was also reported by Gouveia et al. [32], 
indicating the interaction between pectin and the 
additives. 
 
The images of bioplastic sample surfaces were 
analysed using an Olympus CKX53 inverted 

microscope (Figure 2). The bubbles trapped in the 
pectin/eggshell biofilm surfaces are due to the agitation 
process and the addition of the eggshell powder with 
pectin solution during sample preparation. The number 
of bubbles is reduced with the addition of a high 
percentage of DES, as shown in Figures 2(b) to 2(e). In 
general, it is also observed that the solubility of 
eggshell powder increases with the concentration of 
DES, especially at 3% to 4% of DES (Figure 2(d) and 
2(e)). Kong et al. [33] stated that the addition of 
plasticiser might modify polymer chain intermolecular 
forces and reduce viscosity in the system. Thus, the 
DES enhances the dispersion of the added eggshells 
within the polymer matrices, which is expected to 
affect the mechanical performance of the bioplastics. 
 
The thickness of the biofilms is an important 
characteristic that determines its purpose and function. 
A thin biofilm can lead to fragility and easily be torn, 
while  a  very  thick  biofilm  has  less  flexibility. 
Table 1 shows the thickness of the pectin/eggshell 
biofilms. According to ASTM D885, the standard 
maximum thickness for plastic is 1 mm. Meanwhile, 
the pectin/eggshell bioplastic is the thinnest bioplastic 
with 0.0985 ± 0.01 mm. The thickness of bioplastic 
increases as the plasticiser is added from 1% to 4%, 
i.e., 0.0991 ± 0.01mm to 0.2687 ± 0.06 mm. The film 
tends to be thicker as the amount of DES increases. 
The result is congruent with Esposito et al. [34], which 
showed that the pectin film thickness increased as 
polyamines were added as a new cationic plasticiser for 
pectin-based edible (PEC) films. In this work, the 
thickness of the PEC films is doubled in the absence of 
glycerol.  
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Figure 1. FTIR spectrum for (a) Pectin/Eggshell composite, pure eggshell, and pure pectin (b) Pectin/Eggshell 
composite with different DES concentrations 
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Figure 2.  Bioplastic surface images in 4× magnification of (a) Pectin/Eggshell; (b) Pectin/Eggshell in DES 1%; (c) 

Pectin/Eggshell DES 2%; (d) Pectin/Eggshell DES 3%; and (e) Pectin/Eggshell DES 4% 
 

Table 1.  Thickness of pectin-based bioplastic 

Sample Bioplastic Thickness (mm) 

Pectin/Eggshell (P-E) 0.0985 ± 0.01 

P-E + DES 1% 0.0991 ± 0.01 

P-E + DES 2% 0.1448 ± 0.02 

P-E + DES 3% 0.2146 ± 0.02 

P-E + DES 4% 0.2687 ± 0.06 

 
 
The mechanical properties of the prepared bioplastic in 
1% to 4% DES concentration were determined via 
tensile testing analysis. Figures 3(a-c) show the trend 
of tensile stress, strain, and modulus of the bioplastic at 
different DES concentrations. The results indicated that 
the pectin/eggshell bioplastic is the most rigid with 
high tensile stress at 33.30 MPa. As a filler, eggshells 
fill the space in the pectin polymer and increase the 
stiffness of bioplastic. The tensile strain of 
pectin/eggshell bioplastic is observed at 1.87%, with 
the modulus reaching 2754.00 MPa. A study by Kong 
et al. [33] stated that the addition of eggshell powder to 
polylactic acid (PLA) yielded a more rigid plastic than 
PLA only. The PLA/eggshell had superior tensile stress 
with 200% strain at break and a high modulus. Hence, 
a similar effect is observed in this study, where the 
addition of eggshells resulted in substantial 
improvement in the tensile strength and modulus of the 
pectin/eggshell bioplastic. 
 
The DES was later added to pectin/eggshell as a 
plasticiser. The tensile stress and modulus are reduced 

from 33.30 to 16.47 MPa and 2754.00 to 774.00 MPa, 
with the addition of 1% DES to the pectin/eggshell. 
However, the addition of 1% DES caused the tensile 
strain to increase from 1.87% to 14.32%. The continual 
addition of DES from 1% to 3% has decreased the 
tensile stress from 16.47 to 2.18 MPa. A similar effect 
was observed on the modulus, which is reduced from 
774.00 to 14.00 MPa with 1% to 3% DES. The 
opposite happened to tensile strain, which increased 
from 14.32% to 31.95% DES. The addition of 
plasticiser creates substantial intermolecular interaction 
between the polymer chains, preventing them from 
gathering close to each other, restricting the molecular 
chains to compact and cohesive strength in the sample. 
Thus, it can be concluded that DES has reduced the 
tensile stress of pectin/eggshell by subsequently 
weakening the hydrogen bonds between the pectin 
chains. Eggshells that caused the films to break after a 
certain force is applied. Muscat et al. [35], who 
previously used starch to make a film, stated that 
plasticisers diminish the strong intramolecular 
attraction between the starch chains. A similar 

(d) 
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observation by Sanyang et al. [36] found that the 
tensile strength decreases with an increasing 
percentage of mixture glycerol/sorbitol/glycerol-
sorbitol as the plasticiser increased from 15% to 45% 
on sugar palm starch films. However, the tensile strain 
value remains at the same range with 4% DES, which 
is 2.26 MPa. Similar results are observed for tensile 
strain and tensile modulus, i.e., constant at the addition 
of 4% DES. The addition of plasticiser did not 
significantly change the properties of bioplastic after 
3%, indicating that at 3%, the liquid has swelled and 
filled up the free volume within polymer chains to 
prevent intermolecular interaction. Hence, the study 
only conducted only up to 4% of DES. 
 
The biodegradability test was carried out to determine 
the weight loss of the pectin/eggshell after ten days in 
soil. The biodegradation process mainly depends on the 
moisture content and the presence of microorganisms 
in the ground. Figure 4 indicates the biodegradability 

behaviour in the weight loss of the bioplastic at a 
different DES percentage. All bioplastics show a 
continuous weight loss increase, with the bioplastic 
with 4% DES fully degraded (100%) on the third day 
and bioplastic with 1%, 2%, and 3% DES fully 
degraded on the fifth day. The pectin/eggshell 
composite without DES showed the highest percentage 
loss on the first day, but only 93% degraded on the 
fifth day and remained around 97% on the tenth day of 
the test. The higher percentage of DES concentration in 
bioplastic, led to a higher weight loss of the bioplastic. 
The bioplastic at 4% DES degrades faster than lower 
DES concentration. Kasmuri et al. [14] stated that the 
presence of the eggshell filler reduced the 
biodegradability rate since 95% of the eggshell is made 
up of calcium carbonate compounds, which mostly 
remained in the soil after the bioplastic had degraded. 
However, as proven by the tests, DES enhanced the 
biodegradability properties of bioplastic.  
 

 
 

 

 

(a) 

(b) 
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Figure 3.  The properties of bioplastic in (a) tensile stress; (b) tensile strain and (c) modulus 
 
 
 

 

Figure 4.  The percentage of weight loss of bioplastic in 10 days of biodegradability test in soil 
 
 
Another biodegradability test was conducted in 
synthetic seawater. All bioplastics immediately swelled 
and curved when immersed in seawater. After one day 
in seawater, the pectin/eggshell bioplastic was fully 
degraded, but not the pectin/eggshell/DES bioplastics. 
Figure 5 shows the degradation of bioplastics in 
seawater. The result is contrary to the biodegradability 

test conducted in soil. In seawater, the bioplastic with a 
high DES concentration takes longer to degrade than 
those without DES. The inclusion of electrolytes from 
NaCl in synthetic seawater influenced bioplastic 
breakdown. According to Trindade et al. [37], ionic 
liquid shows the effect of salting out in salt solution. 
The same effect might be seen in the biofilm 
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containing DES. The added salt (NaCl) might compete 
with the ions in DES, causing the migration of NaCl 
molecules from the DES ions, decreasing the hydration 
and solubility of bioplastic-containing DES.  
 

The analysis of water uptake was performed to 
measure the ability of bioplastic to absorb water with 
the addition of different concentrations (%) of DES. 
Figure 6 shows that the highest percentage of water 
uptake is at 1% concentration of DES, with 85% of 

water uptake. According to Suppakul et al. [38], the 
presence of hydroxyl group in plasticiser is strongly 
interacted with water molecules by forming hydrogen 
bonds. DES (choline chloride: malonic acid) consists 
of O-H bonds that interact directly with water, 
increasing the volume of the water uptake. However, 
when the percentage concentration of DES is more 
than 1%, the water absorption is reduced since the 
holding ability is weakened.  
 

 

 

 

 

 

 

 
Figure 5.  The images of (a) complete degradation of pectin/eggshell bioplastic and (b) incompleted degradation of 

pectin/eggshell/DES bioplastic in seawater 
 
 

 

Figure 6.  Percentage water uptake of bioplastics test in different concentration (%) of DES 
 

 
Conclusion 

The pectin/eggshell bioplastics with different 
concentrations of DES were successfully prepared. The 
eggshell and choline chloride: malonic acid are 
compatible with pectin, and no crystallisation occurred 
during the formation of biofilm. DES allowed the 

bioplastic to become more flexible by disrupting the 
polymer chains, causing an increase in elongation and a 
decrease in tensile strength of pectin/eggshell/DES. 
The higher concentration of DES leads to more 
flexibility and higher biodegradation in soil but with 
lower water uptake. These results indicated that 

(b) (a) 
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Choline chloride:malonic acid could be used as a 
potential plasticiser for pectin/eggshell bioplastic. 
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Abstract 

Supramolecular interactions such as hydrogen bonding, 𝜋-𝜋 stacking, Van der Waals interactions, and metal-ligand are important 

in stabilising the structure of molecules. In order to determine the presence of supramolecular interactions in two novel 

compounds, 1,2-disubstituted cyclohexane amide ligands, namely 1,2-bis[N,N’-6-(3-pyridylmethylamido)pyridyl-2-

carboxyamido]cyclohexane (L1) and 1,2-bis[N,N’-6-(4-pyridylmethylamido)pyridyl-2-carboxyamido]cyclohexane (L2) were 

successfully synthesised and fully characterised by FTIR, 1H and 13C NMR and mass spectrometry, while the molecular formula 

was determined by elemental analysis. X-ray crystallography revealed that the folded conformations of both ligands were 

stabilised by intramolecular N-H···O=C and N-H···N hydrogen bonds at the pre-organised amide moieties. The crystal’s 

structure was stabilised by weak face-to-face -stacking interaction or centroid-centroid -stacking interaction involving the two 

pendant pyridine rings. In the crystal structure of one-dimensional coordination polymer, there are two intermolecular hydrogen 

bonding interactions (N-H···O=C, d = 2.094 Å, D = 2.946 Å and d = 2.090 Å, D = 2.938 Å, N-H···O angle = 161.52) formed 

between the pre-organised NH amide donors of a molecule of L1 in one coordination polymer and the amide carbonyl group of a 

molecule of L1 in an adjacent polymer that leads to the formation of 2-D hydrogen-bonded sheets extend in the ac diagonal. 

 

Keywords:  supramolecular, coordination polymer, cyclohexane, hydrogen bonding, racemic 

 

Abstrak 

Interaksi supramolekul seperti ikatan hidrogen, susunan 𝜋-𝜋, interaksi Van der Waals dan logam-ligan adalah penting dalam 

menstabilkan struktur molekul. Dalam usaha mengenalpasti kehadiran interaksi supramolekul dalam dua sebatian baharu, ligan 

amida sikloheksana 1,2-tertukar ganti, iaitu 1,2-bis[N,N’-6-(3-piridilmetilamido)piridil-2-karboksiamido]sikloheksana (L1) dan 

1,2-bis[N,N’-6-(4-piridilmetilamido)piridil-2-karboksiamido]sikloheksana (L2) telah disintesis dan dicirikan sepenuhnya dengan 

FTIR, 1H dan 13C NMR serta spektrometri jisim, manakala formula molekul ditentukan melalui analisis unsur. Kristalografi 
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sinar-X menunjukkan bahawa konformasi bagi kedua-dua ligan distabilkan oleh ikatan hidrogen intramolekul N-H···O=C dan 

N-H···N pada kawasan amida separa tersusun. Struktur hablur juga distabilkan oleh interaksi lemah susunan muka ke muka atau 

titik pusat ke titik pusat di antara gelang aromatik piridina. Dalam struktur hablur polimer koordinatan satu dimensi, terdapat dua 

ikatan hidrogen intermolekul (N-H···O=C, d = 2.094 Å, D = 2.946 Å dan d = 2.090 Å, D = 2.938 Å, N-H···O sudut = 161.52) 

yang terbentuk di antara NH amida dari molekul L1 dalam polimer koordinatan dan karbonil amida dari molekul L1 dalam 

polimer bersebelahannya dan menghasilkan lapisan 2-D ikatan hidrogen yang bersambung ke diagonal ac. 

 

Kata kunci:  supramolekul, polimer koordinatan, sikloheksana, ikatan hidrogen, rasemik 

 

 

Introduction 

Supramolecular chemistry is often defined as ‘the 

chemistry beyond the molecule’ [1]. This term was 

introduced by Jean-Marie Lehn who won the Nobel 

Prize in Chemistry in 1987 together with Donald J. 

Cram and Charles J. Pedersen. They received the prize 

for their contributions to the synthesis of shape-

selective and ion-selective receptors, in particular, the 

development of selective ‘host-guest’ complexes. In 

broader terms, supramolecular chemistry is defined as 

the self-assembly of small molecular subunits into 

large aggregates via weak intermolecular forces or 

reversible covalent bonding. The interactions 

commonly involved in the self-assembly process are 

hydrogen bonds, - interactions (stacking of aromatic 

rings), Van der Waals forces, cation-interactions, and 

metal-ligand (M-L) interactions [2]. The order of 

strength for the intermolecular interactions from very 

weak to very strong is broadly as follows: 

hydrophobic/hydrophilic interactions, Van der Waals 

forces, H-bonding interactions, electrostatic forces and 

metal coordination [3].  

 

In general, the intermolecular interactions are 

individually weak, but by using multiple weak 

intermolecular forces within the assemblies, robust 

structures can be generated. Besides, the dynamic 

nature of noncovalent interactions endows 

supramolecular polymeric systems with many 

fascinating properties and functions, such as 

reversibility, adaptability, self-healing, and stimuli-

responsiveness [4]. Hydrogen bonding interactions are 

commonly employed in supramolecular chemistry [5]. 

Hydrogen bonding occurs between a proton donor 

attached to an electronegative atom such as O, N, S, F 

or C (D-H) and an acceptor (A). The donor is partially 

positive hydrogen while the acceptor is a partially 

negative atom with unshared valence electrons or 

polarisable  electrons. The strength of hydrogen 

bonds is typically around 20 kJmol-1, but can even be 

as strong as 163 kJmol-1 as has been reported for the 

F···HF interaction [6,7]. Weak interactions involving 

-systems such as -stacking interactions (···) are 

observed in many supramolecular systems [8]. Other 

weak interactions involving -systems are C-H···, 

cation··· and anion··· interactions. The C-H··· 

interaction is classified as weak H-bonding and have 

similar properties to the weak hydrogen bonds. 

Cation··· interactions occur between metallic or 

organic cations and -bonded systems of the molecule.  

 

Open chain molecules such as amide, thiourea, and 

urea are of interest because intermolecular amide-

amide hydrogen bonding can promote the fabrication 

of well-defined assemblies of supramolecular 

chemistry [9]. Furthermore, amide ligands with the 

presence of pyridyl as one of the outstanding N or O-

donor organic linkers have been effectively selected 

because they can connect metal centres through their 

pyridyl groups or the amide groups [10]. Thus, in this 

research, two novel amide compounds containing 1,2-

disubstituted cyclohexane spacer were prepared (Figure 

1). Compounds 1,2-bis[N,N’-6-(3-pyridylmethyl 

amido)pyridyl-2-carboxyamido]cyclohexane (L1) and 

1,2-bis[N,N’-6-(4-pyridylmethylamido)pyridyl-2-

carboxyamido]cyclohexane (L2) were synthesised 

from a racemic mixture of trans-1,2-diamino 

cyclohexane in two steps. The incorporation of a 

cyclohexyl spacer was anticipated to limit the relative 

arrangements of the two 2,6-pyridine dicarboxamide 

moieties as compared to common approaches of using 

aliphatic alkyl chains spacer [11].  
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The advantages of the pyridyl-amide ligands are the 

amide groups with both N-H hydrogen donor and C=O 

hydrogen acceptor can enhance the formation of 

hydrogen bonds and supramolecular structures. The 

isomerism and flexibility of ligands play important 

roles in permitting guest molecules such as anions to 

interact with the host molecules by using weak 

hydrogen bonding. The presence of aromatic rings 

from 1,2-disubstituted cyclohexane amide moieties and 

pyridine pendant groups is important to achieve well-

defined frameworks with higher stability contributed 

by  the  supramolecular interactions of - stackings. 

In a work by Yusof et al. [12] the conformation of 

cyclohexane derived compound was stabilised by 

intramolecular hydrogen bonds and intermolecular N-

H···O and C-H···O hydrogen bonds, which led to 

centrosymmetric dimers arrangement [12]. 

 

 

 

Figure 1.  The structure of 1,2-bis[N,N’-6-(3-pyridylmethylamido)pyridyl-2-carboxyamido]cyclohexane (L1) and 

1,2-bis[N,N’-6-(4-pyridylmethylamido)pyridyl-2-carboxyamido]cyclohexane (L2)  

 

Materials and Methods 

Synthesis of 1,2-bis[N,N’-6-(3-pyridylmethyl 

amido)pyridyl-2-carboxyamido]cyclohexane (L1) 

1,2-bis[6-methoxycarbonyl)pyridyl-2-carboxyamido] 

cyclohexane  (0.50 g, 1.1 mmol) and 3-

aminomethylpyridine (0.22 mL, 2.3 mmol) were 

suspended in toluene (20 mL).  The reaction mixture 

was heated at reflux for 72 hours, during which time a 

white solid precipitated. After cooling to room 

temperature, the solvent was removed in vacuo, the 

residue re-dissolved in dichloromethane (40 mL), 

washed with saturated aqueous sodium bicarbonate 

solution (2 × 100 mL), and the chlorinated extract was 

dried over magnesium sulphate. The solvent was 

removed in vacuum to give a sticky off-white solid. 

The solid was washed with diethyl ether, dried, and 

recrystallised from ethanol to give L1 as a white solid 

(0.55 g, 82%). Mp 250-252 °C. Anal. found: C, 64.19; 

H, 5.52; N 18.70. (C32H32N8O4) requires C, 64.84; H, 

5.45; N 18.90%. 1H (300 MHz; CDCl3; Me4Si)  = 

1.32 (2H, m, CH2), 1.65 (1H, m, CH2), 2.17 (1H, m, 

CH2), 3.87 (1H, s, CH), 4.15 (2H, d, J = 11.43 Hz, 

CH2), 7.23 (1H, m, pyH5), 7.82 (2H, m, pyH3, pyH4’, 

pyH4), 8.28 (2H, m, pyH5’), 8.54 (2H, d, J = 4.81 Hz, 

pyH6’), 8.65 (2H, m, NH, pyH2’)  and 9.07 (1H, d, J = 

8.38 Hz, NH). 13C (75.1 MHz; CDCl3; Me4Si)  = 23.1, 

28.3, 45.1, 54.6, 123.9, 125.7, 125.9, 134.8, 136.7, 

139.2, 148.1, 149.5, 149.9, 150.8, 161.1, 162.4. m/z 

(ES-MS) 592.2 (MH+, 100), 593.6 (MH+, 50%), 614.5 

(MNa+, 65%), 1204.2 (M.H2O+H)+, 30%). Selected IR 

bands (KBr disk, cm−1): 3368 (m), 3267 (m), 2916 (s) 

1627 (m), 1650 (s), 1527 (s), 1424 (m), 1306 (s). 

Crystals were obtained by slow evaporation of a 

methanol solution of L1 and copper nitrate. 

 

Synthesis of 1,2-bis[N,N’-6-(4-pyridylmethyl 

amido)pyridyl-2-carboxyamido]cyclohexane 

hydrate L2·H2O (L2) 

1,2-bis[6-methoxycarbonyl)pyridyl-2-

carboxyamido]cyclohexane  (0.52 g, 1.2 mmol) and 4-

aminomethylpyridine (0.24 mL, 2.4 mmol) were 

dissolved in hot toluene (20 mL) and heated at reflux 

for 72 hours.  During the course of the reaction, a 

yellow solid precipitated. The solvent was removed in 

vacuum to give a yellow solid. The solid was re-

dissolved in dichloromethane (40 mL), washed with 

saturated sodium bicarbonate solution (2 × 100 mL), 

and the chlorinated layer was dried over magnesium 

sulphate. The solvent was removed in vacuum to give a 

yellow oil which was triturated with hot ethyl acetate 

(5 mL) to give a brown solid. This solid was purified 

by column chromatography, eluting with 1:9 

methanol–CH2Cl2 to give L2·H2O as a brown solid 

(0.24 g, 33%). Mp 220 – 225 °C. Anal. found: C, 
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64.67; H, 5.89; N, 18.90. (C32H34N8O5) requires C, 

64.84; H 5.45; N, 18.91%. 1H (300 MHz; CDCl3; 

Me4Si)  = 1.43 (2H, m, CH2), 1.93 (2H, d, J = 6.73 

Hz, CH2), 2.14 (2H, d, J = 13.29 Hz, CH2), 3.77 (1H, s, 

CH), 4.72 (2H, m, CH2), 7.25 (2H, m, pyH3’, pyH5’), 

7.74 (2H, m, pyH3, pyH5), 8.32 (1H, m, pyH4), 8.54 

(2H, d, J =5.70 Hz, pyH2’, pyH6’), 9.15 (1H, d, J = 

6.25 Hz, NH) and 9.75 (1H, t, J = 6.40 Hz, NH). 13C 

(75.1 MHz; CDCl3; Me4Si)  = 22.5, 28.9, 45.6, 54.0, 

124.3, 125.6, 125.9, 139.8, 147.3, 148.9, 149.2, 149.9, 

160.5, 161.8. m/z ES-MS) 592.3 (MH+, 100%), 593.1 

(MH+, 75%). Selected IR bands (KBR disk, cm-1): 

3282 (m), 2923 (s), 1652 (s), 1671 (s), 1529 (s), 1444 

(m), 672 (s). Crystals were obtained by slow 

evaporation of a methanol solution of L2 and copper 

perchlorate. 

 

Synthesis of {[CdBr2(L1)4]·4H2O}n 

CdBr2 (0.0026 g, 0.010 mmol) was dissolved in water 

(5 mL), heated for 5 minutes, before being added 

dropwise to a solution of L1 (0.0120 g, 0.020 mmol) 

dissolved in methanol (15 mL). The resulting slightly 

cloudy solution was heated for 45 minutes to re-

dissolve the precipitate and was left to evaporate at 

room temperature. The solution afforded 

{[CdBr2(L1)4]·4H2O}n as colourless crystals in low 

yields (0.009 g, 24%). Mp 230-235ºC.  

 

Results and Discussion 

Compounds 1,2-bis[N,N’-6-(3-pyridylmethyl 

amido)pyridyl-2-carboxyamido]cyclohexane (L1) and 

1,2-bis[N,N’-6-(4-pyridylmethylamido)pyridyl-2-

carboxyamido]cyclohexane (L2) were synthesised 

from a racemic mixture of trans-1,2-

diaminocyclohexane in two steps (Scheme 1). To 

synthesise the ligand, firstly, pyridine-2,6-dicarboxylic 

acid monomethyl ester (i) was reacted with thionyl 

chloride to produce 6-(methoxycarbonyl)pyridine-2-

carboxylic acyl chloride (ii). Then, compound (ii) was 

reacted with 1,2-diaminocyclohexane (iii) with a 2:1 

mol ratio to provide 1,2-bis[6-methoxy 

carbonyl)pyridyl-2-carboxyamido]cyclohexane (iv). At 

the second step, precursor (iv) and 3-

aminomethylpyridine were suspended in toluene and 

heated at reflux for approximately 72 hours to give 1,2-

bis[N,N’-6-(3-pyridylmethylamido)pyridyl-2-carboxy 

amido]cyclohexane (L1) (Scheme 1). The crude 

product of L1 was obtained as an off-white solid after 

being isolated after re-dissolved in hot ethanol. The 

insoluble solids were removed by filtration, and the 

filtrate was left to evaporate to afford L1 as a 

colourless powder in an 82% yield.  

 

Ligand L2 was prepared with a similar procedure, but 

the 3-aminomethylpyridine was replaced with 4-

aminomethylpyridine. The coordination chemistry of 

these ligands was investigated with a range of late 

transition metals, including cadmium(II), copper(II), 

cobalt(II), silver(I), and zinc(II). The focus of this 

synthesis was to produce coordination polymers that 

display anion coordinating pockets (Figure 2). 

Compounds L1 and L2.H2O were found to 

preferentially crystallise from solutions containing 

metal salts. It showed that the ligands were insoluble in 

the metal salts solution and caused limitations to obtain 

metal complexes. Rectangular block-shaped colourless 

crystals of both compounds were obtained from several 

different reactions and were suitable for X-ray 

crystallography. 

 

The FTIR spectra for the three compounds showed 

distinctive peaks for v(N-H), v(O-H), v(C=N), v(C=O), 

v(Cd-N), and v(N-O). As for compound L1, the v(N-H) 

stretching displayed a broad peak due to the water 

molecule and the weak hydrogen bond interactions 

interrupted the chemical changes. The low frequency 

(N-H) stretching appeared at 3267 cm-1 showing that 

the steric effect occurred with the presence of methyl 

located near the amino group [13]. Meanwhile, the 

v(N-H) bending was interpreted at 1527 cm-1 because 

of the hydrogen bond donor. The strong frequency 

band at 2916 cm-1 referred to v(C-H) aromatics 

vibration respective to the formation of sp3 

hybridisation. The carbonyl v(C=O) band shifted to the 

low frequency at 1650 cm-1 suggested the involvement 

of hydrogen bonds formed between the amide moieties 

and pendant pyridyl group [14].  In the IR spectrum, 

the high frequency above 3000 cm-1 regions is a 

signature area for recognition phenyl C-H stretching 

vibrations. The region below 2000 cm-1 showed very 

sharp and strong peaks [15]. The spectrum of L2 

showed a close resemblance of the absorbance pattern 
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compared with L1. Compound L2 observed the 

appearance of amide stretching, νstr(N-H) at 3282 cm-1.  

A significant stretching vibration of vstr(C-H) aromatics 

band attributed at 2923 cm-1. Nevertheless, the 

wavenumbers captured in both compounds for v(C=O) 

amide revealed a significant difference. Compound L2 

recorded the appearance of the carbonyl stretching at 

wavenumbers 1647 cm-1. The compounds showed 

bands at 1529 cm-1 which was ascribed to the N-H 

bending.  

 

 

 

 

Scheme 1.  The synthesis of L1 and L2 

 

 

 

Figure 2.  Coordination polymers that display anion coordinating pockets, where A in the circle represents anion 

 

  

The 1H NMR spectra of L1 were recorded in deuterated 

chloroform (Table 1). A signal that appears as a triplet 

at 9.09 ppm corresponding to the N-H protons of the 

pyridine core amide [16,17]. The signals for the 

cyclohexyl amide and the pendant pyridyl H2’ are 

overlapped to give a broad singlet at 8.65 ppm. 

Another two signals (H6’ at 8.54 and H5’at 8.28 ppm) 

were assigned to the pendant pyridine protons H6’ and 

H5’, while the multiplet near 7.82 ppm corresponded to 

the overlap between one triplet and doublets from the 

pyridine carboxamide H4 proton and the H4’ of the 

pendant pyridine ring. The nearby doublet was 

assigned as the H3 and H5 hydrogen atoms from the 

pyridine core. The multiplets at 4.15 ppm arise from 

the CH2 protons from the methylene linker adjacent to 

the pyridine rings. The cyclohexane protons are 

doublets that appear upfield at 3.87, 2.17, 1.65 and 1.32 

ppm.  The ESI-MS obtained on a methanol solution of 
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L1 revealed peaks for the parent ion [L1+H]+ at m/z 

591.2. Meanwhile, a peak at m/z 1204.2 corresponded 

to the hydrated dimeric species, [(L1)2·H2O+H]+, while 

a hydrated trimeric species [(L1)3·H2O+H]+ was 

observed at m/z 1793.2 in low relative abundance. 

There is also a peak observed for a sodium-containing 

ion, [L1+Na]+, at m/z 614.5 (25%).  

 

Based on the conditions employed for the synthesis of 

L1, the reaction of 6-(methoxycarbonyl)pyridine-2-

carboxylic acyl chloride with a greater than two-fold 

excess of 4-aminomethylpyridine gave L2. Similar to 

the synthesis of L1, the reaction was heated at reflux 

for approximately 72 hours, and the formation of the 

product was monitored by TLC and NMR 

spectroscopy. Compound L2 was isolated by flash 

column chromatography techniques using the mixture 

of dichloromethane-methanol (9:1) as the eluting 

solvent system. Unfortunately, L2 was isolated in a 

much lower yield (33%) compared to L1. This is a 

consequence of the reduced nucleophilicity of the 

amine nitrogen compared to the 3-substituted 

precursor, as reported by Ikawa et al., 2011 [18]. 

Elemental analysis of the product obtained supports the 

isolation of the hydrate, L2·H2O. In the 1H NMR 

spectrum of L2.H2O, the amide protons were observed 

downfield compared to L1, with a doublet at 9.75 ppm 

and a doublet at 9.15 ppm. The remaining signals 

between 7.25-8.54 ppm corresponded to the protons 

from the pyridine ring and the pyridine core. The 

methylene linker had a resonance at 4.72 ppm, while 

the cyclohexane protons showed signals at 3.77, 2.14, 

1.93, and 1.43 ppm. The mass spectrometry indicated 

the presence of a dominant molecular ion 

corresponding to [L2+H]+ at m/z 592.3 (100%). 

 

 

Table 1.  1H NMR data for L1 and L2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

X-ray crystallography 

Crystal structure of L1 

The particular crystals of L1 studied here were readily 

obtained from a methanol solution of copper nitrate 

and L1, consistent with the poor solubility of these 

compounds. Compound L1 crystallises in the triclinic 

space group P-1 with one molecule of L1 in the 

asymmetric unit. The structure reveals that this 

compound retained the two pre-organised amide 

hydrogen bond donor regions in the anticipated 

conformation (Figure 3), but as observed in molecule 

L1, these were arranged to form two separate pockets 

rather than one larger pocket. This arrangement is 

attributed to the planar arrangement of the substituents 

on the cyclohexane ring at the 1 and 2 positions. 

 

In the conformation of L1 observed in the crystal 

structure, it appears there were intramolecular N-

Proton signals L1 Proton signals L2 

2H, m, CH2 1.32  1.43 

1H, m, CH2 1.65 2H, d, CH2 1.93 

1H, m, CH2 2.17 2H, d, CH2 2.14 

1H, s, CH 3.87  3.77 

2H, d, CH2 4.15 2H, m, CH2 4.72 

1H, m, pyH5 7.23 2H, m, pyH3’, pyH5’ 7.25 

2H, m, pyH3, pyH4’, pyH4 7.82 2H, m, pyH3, pyH5 7.74 

2H, m, pyH5’ 8.28 1H, m, pyH4 8.32 

2H, d, pyH6’ 8.54 2H, d, pyH2’, pyH6’ 8.54 

2H, m, NH, pyH2’ 8.65 1H, d, NH 9.15 

1H, d, NH 9.07 1H, t, NH 9.75 
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H···O=C and N-H···N hydrogen bonds that stabilised 

the folded conformation. Figure 3 shows these 

hydrogen bonds have the following distances, N15-

H15···O14 (d = 2.201 Å, D = 2.953 Å), N49-

H49···O14 (d = 2.333 Å, D = 3.157 Å), N49-

H49···N41 (d =2.308 Å, D = 2.697 Å), and N15-

H15···N41 (d = 2.251 Å, D = 2.663 Å). The N-H···N 

angles are 106.78° and 108.41°, respectively.  

 

Figure 4 shows that several intermolecular interactions 

were responsible for the formation of a dimeric 

arrangement of L1 in the solid state.  The dimer was 

stabilised by four N-H···O=C hydrogen bonds between 

each molecule of L1 (N12-H12···O17, d = 2.158 Å, D 

= 3.000 Å; and N29-H29···O17 d= 2.111 Å; D = 2.951 

Å).   

 

The structure was further stabilised by - stacking 

interactions between the pyridine rings [19]. In the 

dimer, the pendant pyridyl group and the central 

pyridine core interact in an edge-to-face interaction, in 

which the C-H···(centroid) distance is 2.912 Å. 

Adjacent dimers were then further involved in the -

stacking interactions involving one 2,6-pyridine 

dicarboxamide core of each molecule of L1 (Figure 5). 

The two pyridine cores formed a weak face-to-face -

stacking interaction (centroid-centroid distance 4.20 Å; 

angle 47.46°; centroid offset 1.32 Å). This ultimately 

resulted in a 1-D chain-like arrangement of the dimers.  

 

Crystals of L2 were obtained from a methanol solution 

of copper perchlorate and compound L2. Like 

compound L1, compound L2 also crystallised in the 

triclinic space group P-1 but with two molecules of 

compound L2 in the asymmetric unit. The two 

molecules of L2 have similar conformations, with the 

major distinction between the two molecules being 

differences in bond lengths and angles. As observed in 

compound L1, intramolecular hydrogen bonding (d = 

2.249-2.445 Å; N-H···N angles = 107.7 and 105.60°) 

pre-organised the NH functionalities of the compound 

to provide two anion pockets (Figure 6).   

 

Like L1, one of these pockets was occupied by 

carbonyl oxygen of the other 2,6-pyridine 

dicarboxamide moiety (N-H···O, d = 2.380 Å ; D = 

3.234 Å). Once again, intermolecular hydrogen 

bonding between the carbonyl oxygen (N-H···O) (d = 

2.107 Å and D = 2.135 Å) and the pre-organised amide 

led to the formation of a dimer in the solid-state 

(Figure 7). Both molecules in the asymmetric unit 

demonstrated the same hydrogen bonding motifs with 

slightly different hydrogen bond distances (Table 2). 

One of the dimers had N-H···O hydrogen bond lengths 

of d = 2.109 - 2.137 Å, while the second dimer had 

hydrogen bond lengths of 2.106-2.153 Å.  As observed 

in compound L1, the structures were also stabilised by 

intermolecular - stacking interactions. In the crystal 

packing, compound L2 was stabilised a centroid-

centroid -stacking interaction involving the two 

pendant pyridine rings (centroid-centroid distance 

3.731 Å). The presence of excessive hydrogen-bonds 

networks in the compounds explains the huge range in 

the melting points for both compounds L1 and L2. 

 

 
 

Figure 3.   The asymmetric unit of compound L1, 

showing the presence of intramolecular N-

H···O=C and N-H···N hydrogen bonds 
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Figure 4.  A perspective view of a dimer of L1 showing the weak intramolecular and intermolecular hydrogen 

bonds responsible for the conformation of L1 and the formation of the dimeric aggregate 

 

 

Figure 5.  A perspective view of the - stacking interactions observed between the two pyridine cores of 

molecules of L1 that are involved in forming dimers 

 

 

Figure 6.  A perspective view of one of the molecules of L2 in the asymmetric unit, showing the pre-organizing  

intramolecular hydrogen bonding interactions that provided two potential anion pockets marked by A. 

Intermolecular interaction 

Intramolecular interaction 

Edge-to-face 

𝜋 − 𝜋 stacking 

 

A 

A 
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Figure 7.  A perspective view of one of the dimers of compound L2, showing the intramolecular and intermolecular 

interactions, including the -stacking interactions 

 

 

Table 2.  The asymmetric unit of hydrogen bond distances for L1 and L2 

 L1 

N15-H15···O14  d = 2.201 Å, D = 2.953 Å 

N49-H49···O14  d = 2.333 Å, D = 3.157 Å 

N49-H49···N41  d =2.308 Å, D = 2.697 Å 

N15-H15···N41  d = 2.251 Å, D = 2.663 Å 

L2 

N-H···O d = 2.380 Å ; D = 3.234 

N-H···O d = 2.107 Å ; D = 2.135 Å 

N-H···O d = 2.109 - 2.137 Å 

N15-H15···O14 d = 2.249 -2.445 Å 

 

 

Crystal structure of CP-L1 

Crystals of {[CdBr2(L1)2]·4H2O}n were obtained from 

a methanol-water solution of L1 and cadmium bromide 

upon slow evaporation in 24% yield. Complex 

{[CdBr2(L1)2]·4H2O}n was crystallised in the triclinic 

space group P-1 with one ligand L1, one cadmium 

atom (on a centre of inversion), two water molecules, 

and one bromide in the asymmetric unit (Figure 8). The 

cadmium atom adopts an octahedral coordination 

environment, with two bromide atoms in the axial 

positions and the equatorial positions occupied by four 

pyridyl donors from four separate molecules of L1. The 

Cd-N bond length is 2.453(4) Å and the Cd-Br bond 

length is 2.6805(5) Å, which is typically observed [20]. 

The  Cd-Br  bond  distance was approximately 0.08-0.1 

Å longer than the Cd-Br distance in compound 4.27, 

while the Cd-Cd distance in this compound is 16.765 

Å.  

 

The extended structure of compound CP-L1 is shown 

in Figure 9. Within the ligand, the pendant 4-pyridyl 

rings twisted backwards and forward relative to the 

1,2-cyclohexane core with an -N-CH2-CH2-N- torsion 

angle of 56.3(2) (Figure 9). This enabled the ligand to 

coordinate with two different cadmium centres which 

are also linked by a second molecule of L1.  

 

Each cadmium is coordinated by four molecules of the 

ligand to generate a necklace-type 1-D coordination 

polymer. This coordination polymer was also 

𝜋-stacking 
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constructed from a dinuclear metallo-macrocylic 

repeating unit (Figure 9). Two types of ligand derived 

hydrogen bonding interactions are responsible for the 

internal conformation of the coordination polymers and 

the packing of adjacent 1-D coordination polymers in 

the solid-state. In the inter-polymer packing there are 

two intermolecular hydrogen bonding interactions in 

(N-H···O=C, d = 2.094 Å, D = 2.946 Å and d = 2.090 

Å, D = 2.938 Å, N-H···O angle = 161.52) formed 

between the pre-organized NH amide donors of a 

molecule of L1 in one coordination polymer and the 

amide carbonyl group of a molecule of L1 in an 

adjacent polymer (Figure 10(a)).  The intermolecular 

hydrogen bonding led to the formation of 2-D 

hydrogen bonded sheets of the 1-D coordination 

polymers that extended in the ac diagonal (Figure 

10(b)). Internally, each ligand within the coordination 

polymer adopts a conformation whereby the amide 

C=O forms a moderately strong N-H···O=C 

intramolecular hydrogen bonding interaction (d = 1.862 

Å, D= 2.911 Å). This blocked one of the anion binding 

pockets of the ligand (Figure 10 (a)).  In the 2-D crystal 

packing, the 1-D coordination polymers in each 2-D 

layer form C-H··· stacking interactions with 1-D 

coordination polymers in adjacent layers. These 

interactions occur between the pendant pyridyl rings of 

molecules of L1 in the adjacent layers (C-H-centroid 

distance 2.73 Å; angle 95.30, centroid offset 1.39 Å 

Figure 10 (c). Weak intramolecular hydrogen bonding 

interactions of CP-L1 is shown in Table 3 while crystal 

data for CP-L1 is shown in Table 4.  

 

 

 

 

Figure 8.  A perspective view of the asymmetric unit of compound CP-L1 

 

  

Figure 9.  A perspective view of the extended structure of complex CP-L1 
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Figure 10.  (a) A perspective view of intra- and the intermolecular hydrogen bonding in CP-L1 (b) The packing of 

1-D coordination polymers into 2-D hydrogen bonded sheets (c) A perspective view of the crystal 

packing 

 

Table 3.  Weak hydrogen bonding of CP-L1 

 CP-L1 

N15-H15···O14  d = 2.201 Å, D = 2.953 Å 

N49-H49···O14  d = 2.333 Å, D = 3.157 Å 

N49-H49···N41  d =2.308 Å, D = 2.697 Å 

N15-H15···N41  d = 2.251 Å, D = 2.663 Å 

N-H···O d = 2.380 Å ; D = 3.234 

N-H···O d = 2.107 Å ; D = 2.135 Å 

N-H···O d = 2.109 - 2.137 Å 

N15-H15···O14 d = 2.249 - 2.445 Å 

 

 

 

(c) 

(a) (b) 
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Table 4.  Crystal data for L1, L2 and the CP-L1 

Compound L1 L2 CP-L1 

Empirical formula C32H32N8O4 C32H32N8O4 C33H36BrCd0.50N8O5 

Formula weight 592.66 592.66 760.81 

Crystal system Triclinic Triclinic Triclinic 

Space group P-1 P-1 P-1 

a (Å) 9.0155(10) 13.0319(15) 9.4207(5)  

b (Å) 12.1413(9) 15.1859(13) 11.4609(7) 

c (Å) 13.7390(16) 16.7954(16) 16.1643(9)  

 (º) 81.057(8) 111.971(8) 103.151(5) 

 (º) 81.067(9) 103.352(9) 103.088(5)  

 (º) 78.114(8) 101.168(8) 97.360(5) 

Volume (Å3) 1441.9(3) 2965.8(5) 1625.38(16) 

Z 2 4 2 

Density (calculated) (Mg/m3) 1.365 1.327 1.555 

Absorption coefficient (mm-1) 0.094 0.091 1.638 

F(000) 624 1248 778 

Crystal size (mm3) 0.30x0.13x0.09 0.35x0.08x0.04 0.20x0.08x0.04 

Theta range for data (º) 2.91 – 29.86 2.47 – 28.24 2.57 – 29.94 

Reflections collected 27261 34643 8454 

Observed reflections [I>2s(I)] 7549 12267 5156 

Data/restraints/parameters 7549/0/397 12267/0/793 8454/0/432 

Goodness-of-fit on F2 0.819 1.044 1.33 

R1 [I>2s(I)] 0.0604 0.0336 0.0485 

wR2 (all data) 0.2629 0.2629 0.1369 

Largest diff. peak and hole (e.Å-3) 0.194 and -0.213 1.369 and -0.775 1.049 and -0.727 

    

 

 

Conclusion 

In conclusion, two new 1,2-disubstituted cyclohexane 

amide ligands and one-dimensional coordination 

polymer were successfully prepared. L1 and L2 still 

maintained the pre-organisation of the 2,6-pyridine 

dicarboxamide in the solid states. X-ray 

crystallography also revealed that these three 

compounds crystallised in a triclinic crystal system 

with space group P-1. Several supramolecular 

interactions such as intramolecular and intermolecular 

hydrogen bonding interactions, - stacking 

interactions, C-H··· stacking interactions, and metal 

to ligand interactions were observed in the crystal 

structure in order to form a stable molecular 

architecture.  
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Abstract 

Pesticide detection for organic produce authentication requires laboratory work involving sample testing, which is generally 

arduous and time-consuming. In this study, a simple and reliable technique to produce an instant result for the pesticide 

screening of organic chili was developed, using attenuated total reflection-Fourier transform infrared (ATR-FTIR) spectroscopy. 

The resultant spectra observed in the region between 600-1800 cm-1 were further analyzed using principal component analysis 

(PCA) and orthogonal partial least square-discriminant analysis (OPLS-DA). Accordingly, the outcomes underline the potential 

for distinguishing chili samples sprayed with pesticides, such as cypermethrin, fenobucarb, and malathion, versus their organic 

counterparts. Furthermore, the models constructed by OPLS-DA were capable of classifying chili samples, yielding high-

classification rates ranging between 91.67-100%. Thus, ATR-FTIR combined with chemometrics may be utilized as a potentially 

reliable screening tool for 'front-line' organic produce screening, where only flagged samples need to undergo further 

confirmation testing.  

 

Keywords:  chili, organic produce, pesticide screening, ATR-FTIR spectroscopy, principal component analysis 

 

Abstrak 

Pengesanan racun perosak untuk tujuan pengesahan hasil organik memerlukan kerja makmal yang melibatkan ujian sampel, yang 

biasanya sukar dan memakan banyak masa. Dalam kajian ini, satu teknik yang mudah dan berkesan dijalankan dengan 

menggunakan kaedah spektroskopi inframerah transformasi Fourier-pantulan keseluruhan dikecilkan (ATR-FTIR) bagi tujuan 

saringan racun perosak untuk sayuran cili organik. Spektrum yang dihasilkan dalam lingkungan antara 600-1800 cm-1 dianalisis 

dengan lebih lanjut dengan analisis komponen prinsipal (PCA) dan analisis ortagonal kuasa dua terkecil separa-diskriminan 

(OPLS-DA). Hasil kajian menunjukkan potensi yang baik dalam membezakan sampel cili yang disembur dengan racun perosak 

seperti cypermethrin, fenobucarb, dan malathion daripada sampel organik. Model yang dibina oleh OPLS-DA dapat 
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mengklasifikasikan sampel cili dengan kadar klasifikasi yang tinggi dalam lingkungan antara 91.67-100%. Oleh itu, 

penggabungan spektroskopi ATR-FTIR bersama aplikasi kimometrik dapat digunakan sebagai alat saringan yang berpotensi 

tinggi untuk pengesahan hasil organik, di mana hanya sampel yang dikenal pasti sahaja perlu menjalani ujian pengesahan dengan 

lebih lanjut. 

 

Kata kunci:  cili, hasil organik, saringan racun perosak, spektroskopi ATR-FTIR, analisis komponen prinsipal 

 

 

Introduction 

The demand for organic fruits and vegetables is 

growing in domestic and global markets alike, 

following consumers perceiving them as a healthier, 

safer, and more environmentally friendly option than 

non-organic types. Subsequently, there people have 

become increasingly apprehensive about the safety of 

the food that they consume on a daily basis. 

Accordingly, pesticide-free production is one of the 

most important factors influencing consumer 

preference for organic food options. Contrary to 

popular belief, however, some pesticides are permitted 

in organic farming as long as they have natural 

substances, such as hydrogen peroxide, lime sulfur, and 

copper sulfate, as ingredients [1]. Besides this, certain 

fairly low-risk synthetic pesticides are allowed in 

limited circumstances to manage pests and weeds, 

whereby their use markedly differs from the approach 

employed in non-organic farming. 

 

It should be noted that organic fruits and vegetables 

may contain residues of synthetic pesticides, due to 

drift from neighboring non-organic farms or to 

irrigation contamination, originating at streams and 

groundwater polluted by synthetic fertilizers and 

pesticide runoff. According to the U.S. National 

Organic Program, the U.S. Environmental Protection 

Agency defines a level of tolerance in which organic 

claims are allowed for products containing synthetic 

pesticide residues as no more than 5% of said specified 

tolerance level [1]. In general, major manufactured 

pesticides are classified based on their chemical 

composition; examples include carbamates and 

dithiocarbamates, organophosphorus, and pyrethroids 

[2]. Malathion, an organophosphate insecticide, is 

especially prevalent as one of the oldest and widely-

used active ingredients for pest control in fruits and 

vegetables [3]. Cypermethrin belongs to the class of 

pyrethroid insecticides, which are more effective and 

less toxic compared to organophosphates. Fenobucarb 

is a carbamate insecticide extensively implemented in 

controlling plant hopper, thrips, aphids, and whiteflies. 

 

The increased utilization of pesticides has been 

associated with various health and environmental 

effects. Hence, maximum residue limits (MRLs) are 

defined by respective countries to monitor the level of 

pesticide chemical residues allowable in their food 

crops. The MRL represents the highest level of 

pesticide residue legally permitted in food crops [4]. In 

particular, the Malaysia Food Regulation 1985 in the 

16th Schedule (Regulation 41) provides the MRLs for 

selected pesticides, as shown in Table 1. Standard 

techniques used for pesticide detection in fruits and 

vegetables, such as gas chromatography and high-

performance liquid chromatography (HPLC), are often 

time-consuming and laborious. These methods 

necessitate sample destruction, lengthy test duration, 

controlled test conditions and expert lab skills, 

rendering them unsuitable for on-site analysis [5]. 

 

Therefore, a robust and quick technique capable of 

providing immediate results during organic produce 

screening for pesticides is currently necessary in the 

commercial world, particularly for the fast-moving 

consumer goods (FMCG) industry. As an alternative 

technique, attenuated total reflection-Fourier transform 

infrared (ATR-FTIR) spectroscopy represents an 

attractive option for pesticide detection in organic 

produce authentication, due to its non-destructive 

capability and portability, as well as its reliability in 

producing accurate results in a matter of minutes when 

combined with chemometrics [6]. Previous studies 

have shown that ATR-FTIR could be used to confirm 

the presence of organophosphate insecticides in 

vegetables [7]. Furthermore, data from several works 

also demonstrate the potential of ATR-FTIR, combined 
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with chemometrics, to solve adulteration and 

authentication issues for various food products, such as 

green tea, rice, and fruits [8, 9, 10].  

 

Principal component analysis (PCA) is the most 

widely-used statistical procedure for interpreting large 

spectral data. As an unsupervised technique, it provides 

an overview of any patterns and groupings observable 

in studied samples, via a graphical representation in the 

form of 2D or 3D scatter plots [10]. However, it is not 

always possible to obtain differentiating features and 

adequate information directly from PCA models. On 

the other hand, supervised techniques such as 

orthogonal partial least squares-discriminant analysis 

(OPLS-DA) are often utilized to build classification 

models for further exploration of the data generated 

[11]. The combination of PCA and OPLS-DA may 

offer remarkable information for the classification and 

discrimination of the considered samples. 

 

Chili (Capsicum annuum L. var Kulai) is one of the 

most widely cultivated and consumed vegetables in 

Malaysia [12]. The chili plant is highly susceptible to 

many diseases caused by insects, such as mites and 

thrips, resulting in the routine use of chemical 

insecticides to combat the problem. Therefore, this 

study aims to develop a screening method for the 

detection of pesticide presence in chili samples by 

using ATR-FTIR combined with chemometrics (PCA 

and OPLS-DA). The developed procedure can, thus, be 

utilized as a ‘front-line’ detection tool by food 

regulators prior to advanced laboratory testing, 

reserved only for flagged samples, resulting in cost and 

time-saving opportunities.  

 

Table 1.  The maximum residue limit for selected pesticides used in chili plant 

Pesticide Molecular Formula Classification Maximum Residue Limit (mg/kg) 

Malathion C10H19O6PS2 Organophosphate (OP) 2 

Cypermethrin C22H19Cl2NO3 Synthetic Pyrethroid (SP) 2 

Fenobucarb C12H17NO2 Carbamate 0.5 

 

 

Materials and Methods 

Sample preparation 

Three types of pesticides that were selected contained 

different concentrations and were in liquid form. The 

commercial pesticides, namely Wesco Malathion 57 

(malathion, 57% w/w), Wesco Cyperin 550 

(cypermethrin, 5.5% w/w), and Hoppergone 

(Fenobucarb, 50% w/w), were purchased from Volcano 

Agribusiness Sdn. Bhd. These pesticides were selected 

as they are frequently quantified in fruit and vegetable 

samples, and can be easily obtained from pesticide 

distributors [13]. The pesticides were diluted using 

distilled water, according to commercial formulations 

under Pesticides Act 1974, to replicate actual field 

conditions (Table 2). The prepared solutions were kept 

at room temperature and used within one week. 

 

A total of 120 samples of organic chili (Capsicum 

annuum L. var Kulai) were purchased directly from a 

local certified farmer in Pulau Pinang. The farmer was 

aware of the aim of this study; hence the chance of 

including any fraudulent or inauthentic organic 

products in the dataset is minimized. The chili samples 

were left unwashed and randomly divided into four 

groups. In the first group, the chili samples were not 

treated and marked as group O (Organic). In the 

second, third and fourth groups, the chili samples were 

evenly sprayed with different pesticide solutions and 

marked as group M (Malathion), C (Cypermethrin), 

and F (Fenobucarb), respectively. All samples were left 

to dry for 2 hours so that the pesticide solution was 

evenly distributed over the surface of the chili prior to 

analysis.  

 

Infrared spectroscopy measurements 

The chili samples were scanned using a Perkin-Elmer 

Spectrum ATR-FTIR spectrophotometer. The 

equipment was connected to computer software 
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(Spectrum for Windows, Perkin-Elmer), and mid-

infrared spectra were recorded in the wavenumber 

range of 4000-600 cm-1, with a spectral resolution of 4 

cm-1 at 16 scans. To simulate the on-site pesticide 

screening analysis, the whole chili was placed on the 

sample stage for direct measurement with no sample 

preparation. As a reference, the background spectrum 

of air was collected. Prior to each analysis, the ATR 

crystal surface was thoroughly cleaned with ethanol 

and wiped with clean tissue paper. The spectra for each 

of the three pesticide samples (cypermethrin, 

fenobucarb, and malathion) were also measured in 

ATR mode. Spectrum acquisition of each sample was 

repeated in triplicate under the same conditions, and an 

average spectrum was obtained. 

 

Data pre-processing and chemometrics 

Experimental data were subjected to chemometrics 

using SIMCA software (version 14.1, Umetrics, 

Sweden), wherein both unsupervised PCA and 

supervised OPLS-DA were performed for sample 

classification. The usual spectral region for mid-IR 

(4000-600 cm-1) was observed and taken into account 

for the analysis; however, the fingerprint region 

between 1800-600 cm-1 was scrutinized further, due to 

this being the primary region where biomolecules 

absorb IR radiation [14]. Spectral pre-processing, such 

as first derivative transformation with third-degree 

polynomial, and standard normal variate (SNV) was 

applied to the IR data matrices to increase the 

predictive ability and accentuate any subtle features 

[15]. All variables were scaled and normalized using 

UV-scaling (unit variance) and log-10, respectively. 

The assessment of PCA's ability to detect and 

discriminate organic from pesticide-contaminated chili 

samples was made based on score plots observations, 

in which the principal component (PC) score plots 

were constructed using the first two resultant principal 

components. The OPLS-DA models were presented 

with several components based on the predictive 

performance from the internal sevenfold cross-

validation by default, as suggested by the SIMCA 

software. 

 

Table 2.  Pesticide preparation according to commercial formulations 

Pesticide Amount Taken 

(mL) 

Total Volume 

(solvent, mL) 

Wesco Cyperin 550 (cypermethrin 5.5% w/w) 5 1000 

Hoppergone (fenobucarb 50% w/w) 1.5 1000 

Wesco Malathion 57 (malathion 57% w/w) 1.5 1000 

 

 

Results and Discussion 

ATR-FTIR spectral analysis of organic chili 

The mid-FTIR spectrum of organic chili in the range of 

4000-600 cm-1 is shown in Figure 1. As expected, the 

spectrum showed absorption bands corresponding to 

the vibrations of functional groups belonging to 

carotenoids, phenolic compounds and ascorbic acid, 

which corresponded to previously reported studies [16, 

17]. A strong absorption band was observed at 3342.05 

cm-1, corresponding to characteristic stretching 

vibrations of O-H from amino acids. The small sharp 

cluster of peaks at 2900-2800 cm-1 was assigned to the 

C-H stretching band of methyl and methylene groups 

from the carboxylic acid structure. The medium-

intensity peak at 1635 cm-1 corresponded to the C=O 

stretching, indicating the characteristic amide I band, 

while a low-intensity band at 1454 cm-1 was observed 

for the characteristic bending vibrations of C-H. The 

presence of polyphenols could be identified by the 

intense bands in the region of 1260-1180 cm-1, caused 

by the stretching vibration of C-C-O and low-intensity 

C-H bending [16]. The functional groups associated 

with the absorption peaks identified from the spectra of 

the organic chili samples are summarized in Table 3. 
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ATR-FTIR spectral analysis of pesticides 

The IR spectra of the three pesticides were also 

recorded to identify functional groups with unique 

absorption bands. As depicted in Figure 2, the green 

spectrum represents cypermethrin, the blue spectrum 

represents fenobucarb, and the red spectrum represents 

malathion. Each peak was contributed by a particular 

functional group present in the compound. In general, 

the pesticides revealed similar spectral patterns with a 

minimal shift of absorption band positions and 

intensity across the samples. 

 

The C-H stretching in the two benzene rings of 

cypermethrin contributed to the stronger peaks within 

the wavenumber range of 3080–2820 cm-1; thus, 

distinguishing this from the other two pesticides. The 

other, stronger peak which was more obvious for 

cypermethrin is the peak at 806 cm-1, which is 

contributed by the C-Cl functional group, present in 

cypermethrin but not in fenobucarb or malathion. The 

peaks contributing to the fenobucarb cluster were 

mainly the N-H stretching at 3346 cm-1, C=O 

stretching at 1718 cm-1, C-O-C stretching at 1216 cm-1, 

and C-N stretching at 1183 cm-1. Malathion has a 

strong peak at 1013 cm-1, mainly due to the presence of 

two P-O-C stretches. The P-O-C stretching was only 

observed in malathion as compared to cypermethrin 

and fenobucarb. Another prominent strong peak 

present only in malathion was observed at 654 cm-1, 

mainly due to S=P-S-C stretching.  

 

 

Figure 1.  The FTIR spectrum of chili at wavenumber 4000-600 cm-1

Table 3.  The functional groups associated with absorption peaks identified in organic chili 

Absorption Peak (cm-1) Possible Functional Group 

3342.05 O-H stretching from amino acids 

2921.48 and 2852.56 C-H stretching (from CH3 and CH2 groups) 

1635.3 C=O stretching of amide I band 

1461.45 C-H bending 

1164.46 C-C-O stretching 

C-H bending 1104.74 
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Figure 2. Full range FTIR spectra at wavenumber 4000–600 cm-1 (top) and the FTIR spectra enlarged at 

wavenumber 1900-600 cm-1 (bottom) for the three pesticides 

 

Principal component analysis 

Prior to analysis, the IR spectra of the chili samples 

were pre-processed to minimize data variation and 

overcome the dominating effect of strong peak 

absorbance over weaker absorbance intensity [18]. 

Selecting a proper spectral range may be beneficial in 

reducing the computational burden of the software in 

terms of variables. Hence, the spectral region 1800–

600 cm-1 was selected for further analysis, due to the 

high positive correlations between changes in the 

composition and spectral response observed, which 

may be due to biomolecules’ absorption of IR radiation 

occurring primarily in this region [14, 17]. 

 

As an unsupervised method, PCA was adopted for the 

initial exploratory data analysis, whereby the score plot 

reflected separation among the samples. PCA was 

applied to the dataset of 120 chili samples to detect 

outliers, as well as to predict possible patterns and 

trends of clustering. For a visual illustration and 

understanding, different classes of organic and 

pesticide samples were mapped and labeled with 

representative symbols. Figure 3(a) shows the score 

scatter plot for PCA overview using the first two 

principal components, PC1 (as in t1) and PC2 (as in 

t2). Most samples fell within Hotelling's T2 ellipse at 
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95% confidence intervals, with a few outliers. The 

combination of PC1 and PC2 explained 43.6% of the 

variation in the dataset. However, the organic and 

pesticide-contaminated samples could not be distinctly 

classified into two clusters, as some samples 

overlapped with each other. The presence of outliers 

may indicate experimental error due to sample 

preparation. Direct measurement of the samples 

without additional preparation may cause possible 

background noise, leading to inconsistencies. 

 

PCA was performed further by plotting the individual 

score plots of each pesticide and organic sample, to 

allow better qualitative discrimination between sample 

groups. Results showed that a distinct separation into 

two clusters was observed in each of the scatter plots, 

meaning that PCA adequately captured relevant 

information  within  the  dataset. As illustrated in 

Figure 3(b), the organic samples were well-segregated 

from cypermethrin-containing samples, with clearly 

defined clusters along PC2. When both PC1 and PC2 

were combined, they contributed about 56.7% of the 

total variance, with some samples overlapping with 

each other. As for the outcome of PCA on organic 

samples and fenobucarb-containing samples (Figure 

3(c), the result shows that the samples were well-

distinguished, also mostly based on PC2. When both 

PC1 and PC2 were combined, these accounted for 

57.5% of the total variance. Likewise, as shown in 

Figure 3(d), partially overlapping samples were 

observed in the score plot of organic and pesticide 

malathion-sprayed samples, with a total variance of 

56.7%. This may be due to a low concentration of 

spiked malathion, making it difficult to differentiate 

between the IR spectra of both organic and pesticide-

containing samples. 

 

 

 

 

 

Figure 3.  PCA score scatter plot based on PC1 and PC2 (a) organic and pesticide-contaminated samples, (b) 

organic and cypermethrin-contaminated samples, (c) organic and fenobucarb-contaminated samples, and 

(d) organic and malathion-contaminated samples 

  

(a) (b) 

(d) (c)

)) 
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PCA was also performed on the IR spectra of neat 

cypermethrin, fenobucarb and malathion samples, to 

investigate the main variance among the three 

pesticides used in this study (Figure 4). The first two 

principal components explained 90.6% of data 

variation and showed observable clustering of the 

samples, according to the main active compound for 

the three pesticides.  
 
Predictive models 

As PCA had successfully distinguished the dataset into 

the observable cluster, a supervised OPLS-DA method 

was later performed using each dataset separately: 

organic with cypermethrin, organic with fenobucarb, 

and organic with malathion. The original dataset was 

divided into a training set and testing set, using an 

80:20 ratio. Initially, 80% of the samples from the 

original dataset (24 samples from each class) were 

randomly selected as a training dataset, to build the 

predictive models aimed at differentiating organic and 

pesticide-contaminated chili samples. Classification 

rates were obtained from the internal sevenfold cross-

validation by default in the SIMCA software. The 

remaining 20% of the samples (6 samples from each 

class) were set aside as an external validation test set, 

to evaluate the robustness of the predictive models. The 

overall efficiency of the models was assessed by 

observing the numbers of correctly and incorrectly 

assigned members of different classes for training and 

test datasets. 
 
The score scatter plots displayed the samples by 

specific color-coded classes are shown in Figure 5. The 

four classes in the training set were organic chili 

(denoted as Organic Training Set), and organic chili 

that had been sprayed with pesticides: cypermethrin 

(denoted as Cypermethrine Training Set), fenobucarb 

(denoted as Fenobucarb Training Set), and malathion 

(denoted as Malathion Training Set). The scatter plots 

in OPLS-DA showed better separation between classes 

compared to PCA. As depicted in Figure 5, the samples 

in each cluster were more tightly grouped in OPLS-DA 

than in PCA. 

 

The predictive model for organic and cypermethrin has 

a fitness of data (R2) of 64.6%. The predictive ability 

(Q2) was above moderate at 79.6%, with a total sum of 

variation (R2(Y)) of 84.2%. The model for organic and 

fenobucarb has an R2 of 62%, high predictive ability 

(Q2) of 80.3%, and R2(Y) of 85.8%. For organic and 

malathion-contaminated samples, the predictive model 

has an R2 of 78.1%, moderate Q2 of 70.6%, and R2(Y) 

of 88.9%. The cross-validated analysis of variation 

(CV-ANOVA) for cypermethrin, fenobucarb, and 

malathion models reported P-values of 1.10 × 10-12, 

5.70 × 10-13, and 3.15 × 10-7, respectively. The results 

showed that the discrimination between organic and 

pesticide-contaminated  chili samples was significant 

(p <0.05). 

 

The classification of the samples has been accurately 

performed (100% accuracy) for organic and 

cypermethrin models (Table 4), as well as organic and 

fenobucarb models (Table 5). In the case of organic 

and malathion models (Table 6), a single sample was 

misclassified into the organic class (91.67% accuracy), 

while all six organic chili samples fell accurately into 

their right cluster (100% accuracy). These results 

demonstrate the reliability of the models as a primary 

screening tool to detect the presence of pesticides in 

organic produce. It may help food regulators to 

ascertain whether the fruits or vegetables require 

further testing using more sophisticated 

instrumentation. 

 

 

Figure 4.  PCA score scatter plot according to the main  

active compound for the three pesticides 
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Figure 5.  OPLS-DA scatter plots by the class of organic and pesticide-contaminated samples (a) training set for 

organic and cypermethrin, (b) predicted plot for organic and cypermethrin, (c) training set for organic and 

fenobucarb, (d) predicted plot for organic and fenobucarb, (e) training set for organic and malathion and 

(f) predicted plot for organic and malathion 

 

 

 

(a) (b) 

(f) (e) 

(d) (c) 
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Table 4.  Misclassification table for organic and cypermethrin samples 

 Members Correct 

(%) 

Organic 

Training Set 

Cypermethrine 

Training Set 

Organic Training Set 24 100 24 0 

Cypermethrine Training Set 24 100 0 24 

Test Set 12 100 6 6 

Total 60 100 30 30 

 

 

Table 5.  Misclassification table for organic and fenobucarb samples 

 Members Correct 

(%) 

Organic 

Training Set 

Fenobucarb 

Training Set 

Organic Training Set 24 100 24 0 

Fenobucarb Training Set 24 100 0 24 

Test Set 12 100 6 6 

Total 60 100 30 30 

 

 

Table 6.  Misclassification table for organic and malathion samples 

 Members Correct 

(%) 

Organic 

Training Set 

Malathion 

Training Set 

Organic Training Set 24 100 24 0 

Malathion Training Set 24 100 0 24 

Test Set 12 91.67 7 5 

Total 60 100 31 29 

 

 

Conclusion 

The combination of ATR-FTIR and chemometrics can 

be utilized for preliminary screening of pesticides in 

organic produce, yielding benefits such as high speed, 

non-invasiveness, and simplicity of sample preparation. 

In general, distinguishing each pesticide was possible 

according to its functional groups, as analyzed by 

ATR-FTIR. Cypermethrin, for example, revealed 

stronger peaks contributed by C-H (from benzene 

rings) and C-Cl functional groups, whereas fenobucarb 

was identifiable by N-H stretching, C-O-C stretching, 

and C-N stretching. Malathion had strong peaks 

contributed by two P-O-C stretches and S=P-S-C 

stretching. The results also showed clear discrimination 

and classification between organic and pesticide-

contaminated chili samples through PCA, and can be 

considered as a successful attempt, despite a few 

outliers observed in the process. With the use of OPLS-

DA, it is possible to classify samples according to 

organic and pesticide-contaminated classes and predict 
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the residues of unknown pesticides. This study serves 

as an approach for pesticide screening of organic 

produce, thereby suggesting further investigation, 

based on the detection limit of pesticide residues for 

various fruit and vegetables, in ensuring more robust 

classification models. 
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Abstract 

Endophytes including bacteria and fungi produce an array of biologically active secondary metabolites. Different approaches 

have been applied in order to increase the probability production of new metabolites including mimicking the environment, 

media and the microbes. However, the use of single culture usually re-produces known compounds with known bioactivities. 

Therefore, co-culturing between Streptomyces sp. strain SUK10 and Fusarium sp. in the same media at different growth stages 

leads to direct interaction which may trigger the expression of “silent” biosynthetic pathway to produce novel secondary 

metabolites. In this study, we elicited the production of the unknown secondary metabolites from co-culture extracts by using 

high resolution liquid chromatography-mass spectrometry, while data was processed by utilizing the quantitative expression 

analysis software MZmine 2.40.1 and SIMCA P+ 15.0 coupled with macro analysis and supported with DNP database for 

dereplication studies. The results showed that only the extract from co-culture of F7S15 showed enhances antibacterial activity 

on the Gram-positive bacteria with minimum inhibition concentration (MIC) values of 5 mg/mL and 10 mg/mL against 

Micrococcus sp. and Staphylococcus aureus, respectively, compared with their independent and other co-culture extracts were 

non-active. However, all extracts were non-active on the Gram-negative bacteria. Our preliminary results showed that the 

potential of co-culture method leading the production of novel metabolites which could be explored for future antibacterial 

agents. 
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Abstrak 

Endofit termasuk bakteria dan fungus menghasilkan satu tatasusunan metabolit sekunder yang mempunyai keaktifan biologi. 

Pelbagai pendekatan telah digunakan bagi tujuan meningkatkan kebarangkalian penghasilan metabolit baru termasuk mengajuk 

persekitaran, media dan mikrob. Walaubagaimanapun, penggunaan kultur tunggal selalumya menghasilkan semula sebatian 

dengan bioaktiviti yang telah diketahui. Oleh itu, satu pengkulturan bersama di antara Streptomyces sp. strain SUK10 dan 

Fusarium sp. di dalam media yang sama di peringkat pertumbuhan yang berbeza, memacu kepada interaksi yang mungkin 

pencetus kepada ungkapan laluan biosintetik senyap untuk menghasilkan metabolit sekunder baru. Dalam kajian ini, kami telah 

memperolehi penghasilan metabolit sekunder yang belum diketahui daripada ekstrak kultur bersama dengan menggunakan 

kromatografi cecair-spektrometri jisim resolusi tinggi, sementara itu data telah dianalisis menggunakan perisian analisis 

ungkapan kuantitatif MZmine 2.40.1 dan SIMCA P+ 15.0 beserta analisis makro dan disokong oleh pengkalan data DNP bagi 

kajian dereplikasi. Keputusan telah menunjukkan bahawa hanya ekstrak daripada kultur bersama F7S15 telah menunjukkan 

peningkatan aktiviti antibakteria ke atas bakteria Gram-positif dengan nilai minimum kepekatan perencatan (MIC) 5 mg/mL dan 

10 mg/mL melawan Micrococcus sp. dan Staphylococcus aureus, masing-masing, berbanding ekstrak kutur bebas dan kultur 

bersama yang lain adalah tidak aktif. Walaubagaimanapun, semua ekstrak tidak aktif ke atas bakteria Gram-negatif. Keputusan 

awal kajian kami telah menunjukkan potensi kaedah kultur bersama memacu penghasilan metabolit baru yang boleh diterokai 

bagi agen antibakteria masa hadapan. 

 

Kata kunci:  kultur bersama, metabolomik, kromatografi cecair-spektrometri jisim, analisis multivariat, dereplikasi 

 

 

Introduction 

Natural products have been rich sources of therapeutic 

agents as they inspire the advancement of synthetic 

methodologies to allow the possibility of making 

analogues of original lead compounds with improved 

pharmaceutical properties. For example, the secondary 

metabolites obtained from endophytic microbes are 

found to have antimicrobial, antiviral, anticancer, 

antioxidants, antidiabetic and immunosuppressant 

properties. The endophytic fungi and bacteria are 

known to produce these types of natural products that 

are potent for antibiotics [1]. They live inside the living 

plant tissues for at least a part of their life without 

causing any apparent disease symptoms in the host. 

Various bioactive metabolites are produced by 

endophytes that are proven to have potential to be 

anticancer, antioxidant, antifungal, antibacterial, 

antiviral and anti-insecticidal [2]. The induction of 

secondary metabolites is triggered by the interaction 

between the microorganisms, simulating the microbial 

competition for nutrition and space. Besides, the 

cultivation of the microbes is sustainable and 

reproducible in laboratory conditions. A well-known 

drugs-producer Streptomyces sp. belonging to 

actinobacteria varies  in structures and has a great 

potential to be developed as therapeutic drugs for 

human use [3]. Streptomyces sp. is an aerobic, Gram-

positive mycelial bacteria that disperse sporse as a 

method of reproduction and can develop branching 

vegetative hyphae in which the mycelium helps in 

scavenging nutrients from the surroundings [4]. 

Streptomyces sp. is able to synthesise potent secondary 

metabolites for medical applications such as antibiotics, 

herbicidal, antiparasitic, antitumor, antifungal and 

enzyme inhibiting agents as well as having the ability 

to inhibit various human pathogens including gancidin 

W [5], divergolides A-D [6], polycyclic anthraquinones 

[7], cyclic dipeptide [8-10] and xiamycin [11]. 

Meanwhile, a pathogenic fungus Fusarium sp. produces 

metabolites including naphthoquinones [12, 13], 

pyrones [14-16] and indole-acetic acids [17], 

naphthalenone derivatives [18] and aminobenzamide 

[19].  

 

However, the discovery of new potential bioactive 

metabolites from independent cultures is challenging 

due to re-isolation of the known compounds with the 

same reported bioactivity. The re-occurrence of the 

known metabolites from an independent culture either 

of Streptomyces sp. SUK10 or Fusarium sp. may lead to 

similar bioactivities. Therefore, a co-culture method is 

introduced to challenge different strains instead of 
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individual strains. A co-culture is a process of culturing 

of two or more different microorganisms that mimic 

the complex microbial habitat in nature where they co-

exist, leading to competition among them due to 

limited source and antagonism. Microbial community 

is a complex and dynamically changing consortium in 

which metabolic interactions between microbial 

species take place. The interaction between microbial 

communities often involves exchange of molecules for 

nutritional purposes that may benefit one or both 

species, which is known as symbiosis [20]. The co-

cultures of different microbes in comparison to mono-

cultures are increasingly being used in microbial 

natural product research as the interaction of two 

different microbes can increase the availability of 

existing natural products or may induce the expression 

of silent biosynthetic pathways resulting in new 

metabolites that are useful in the medical field [21]. 

 

A co-cultivation between Streptomyces sp. SUK10 and 

Fusarium sp. at different growth stages was carried out.  

Present study, the metabolomics approach was used to 

predict and identify potential novel bioactive 

components from the crude extracts, leading to the 

rapid and high-throughput assessment of metabolites. 

Metabolite profiling of the active metabolites in crude 

extracts of natural sources was supported by 

dereplication in which the novel compounds from the 

active groups were differentiated from known 

compounds that have been studied previously [22]. The 

dereplication method is a process for screening the 

known metabolites from the crude extracts before 

further scale-up or isolation work is undertaken, in 

order to avoid repetitive work.  

 

High-resolution electrospray ionisation-liquid 

chromatography-mass spectrometry (HRESI-LCMS) 

data from both positive and negative ionisation modes 

were subjected to multivariate statistical analysis 

including unsupervised principal component analysis 

(PCA) and orthogonal partial least squares- 

discriminant analysis (OPLS-DA) to establish the 

optimal position of the discriminating plane, which 

would best separate classes. The high-resolution mass 

spectral data generated predicted molecular formulas 

used for dereplication of the secondary metabolites 

found in the crude extracts. Later in the final step of the 

metabolomics approach, the selected unique 

biomarkers were interpreted to putatively identify the 

novel metabolite using databases like Dictionary of 

Natural Products (DNP). The ultimate aim of this study 

was to fast track the identification of the metabolites 

from the co-culture extracts, which can lead to the 

decision-making of the optimum parameter for up-

scaling of targeted metabolites responsible for 

biological activities. In future, the targeted metabolites 

will be isolated and absolute elucidation and 

identification of the molecule structures will be 

achieved using one and two dimensional-nuclear 

magnetic resonance (NMR) and high-resolution mass 

spectrometry (MS). 

 

Materials and Methods 

Preparation of microbial samples 

A stock culture of Streptomyces sp. strain SUK10 was 

obtained from the Novel Antibiotics Laboratory, 

Programme of Biomedical Sciences, Faculty of Health 

Sciences, Universiti Kebangsaan Malaysia (UKM), 

Kuala Lumpur, while Fusarium sp. was obtained from 

the culture collection of Fungus Laboratory, Central 

Laboratory, Universiti Malaysia Terengganu (UMT). 

Streptomyces sp. SUK10 was originally isolated from 

the barks of Shorea ovalis [5] and Fusarium sp. was 

isolated from the roots of Avicennia lanata collected 

from Setiu Wetlands, Terengganu [13]. A 5 mm x 5 

mm diameter plug containing Fusarium sp. mycelium 

was cut from the edge of the colony and placed in the 

middle of a new malt agar plate to establish a fresh and 

pure colony. The plates were incubated at 27 ± 2 °C 

(Vindon Scientific Ltd., UK) for 7-15 days. 

Meanwhile, Streptomyces sp. SUK10 was streaked 

onto fresh ISP2 agar plates and incubated at room 

temperature for 7-15 days. 

 

Independent cultures 

The International Streptomyces Project (ISP) medium 

was prepared by adding 10.0 g of malt extract, 4.0 g of 

D-(+)-glucose monohydrate, 4.0 g of yeast extract and 

1 L of distilled water, vigorously shaken until 

completely mixed and dissolved. The pH was adjusted 

ranging at 7.2-7.4 using 10% NaOH or 36.5% HCl, and 

autoclaved at 121 ℃ for 15 minutes.  The independent 
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cultures of Streptomyces sp. strain SUK10 and 

Fusarium sp. were achieved in which each active 

growing strain on the agar plate was cut into small 

cubes and transferred separately into seven 500 mL 

Erlenmeyer flasks containing 100 mL of ISP medium. 

The cultures were incubated in an orbital shaker and 

shaken at 150 rpm and 28 °C for 7 and 15 days (seven 

replicates). The metabolites were extracted twice with 

equal volumes of ethyl acetate, homogenised and 

filtered. The organic layer was discarded into a 500 mL 

round bottom flask using liquid-liquid extraction 

technique to obtain an organic solvent that was then 

concentrated under vacuum using a rotary evaporator 

(Büchi, Switzerland) to afford crude extracts ± 10.0 

mg. The crude extracts were kept at 4 °C prior to 

analysis. 

 

Co-cultivation between Streptomyces sp. strain 

SUK10 and Fusarium sp. 

The co-cultivation between Streptomyces sp. strain 

SUK10 and Fusarium sp. was achieved including sets 

FS7, FS15, F7S15, and S7F15. The co-cultivation of 

sets FS7 and FS15 were obtained by mixing the agar 

cubes containing active growing Streptomyces sp. 

strain SUK10 and Fusarium sp. at initial incubation in 

the ISP broth. The incubation of co-cultivation of set 

FS7 was continued until day 7, while the co-cultivation 

of set FS15 was incubated until day 15. The co-

cultivation of set F7S15 was obtained in which the agar 

plugs containing Streptomyces sp. strain SUK10 were 

introduced into the Fusarium sp. culture after 7 days of 

incubation, and the incubation was continued until day 

15. The co-cultivation of set S7F15 was obtained in 

which the agar plugs containing Fusarium sp. mycelia 

were introduced into the Streptomyces sp. strain 

SUK10 culture after 7 days of incubation, and the 

incubation was also continued until day 15. A 100 mL 

of ISP broth was used for each culture and the 

incubation was done in an orbital shaker at 150 rpm 

and 28 °C (seven replicates). The metabolites were 

extracted twice with equal volumes of ethyl acetate, 

homogenised, and filtered. The organic layer was 

discarded into a 500 mL round bottom flask using 

liquid-liquid extraction technique to obtain an organic 

solvent that was then concentrated under vacuum using 

a rotary evaporator (Büchi, Switzerland) to afford 

crude extracts ± 15.0 mg. The crude extracts were kept 

at 4 °C prior to analysis. 

 

Dereplication using HRESI-LCMS 

The dereplication strategy on the crude extracts was 

performed using HRESI-LCMS and processed with the 

MZmine software 2.40.1, an in-house macro coupled 

with the Dictionary of Natural Products (DNP) 2015 

and SIMCA P+ 15.0 (Umetrics AB, Umeå, Sweden). 

The procedure and programme for HRESI-LCMS was 

set up as described here [23]. 1 mg/mL of each extract 

was dissolved in methanol and analysed on an Accela 

HPLC (Thermo Scientific, UK) coupled with a UV 

detector at 280 and 360 nm and an Exactive-Orbitrap 

high-resolution mass spectrometer (Thermo Scientific, 

UK). A methanol blank was also analysed. The mass 

spectral data was processed using the procedure by 

MacIntyre et al. [23] which was established in the 

Natural Products Metabolomics Group Laboratory at 

Strathclyde Institute of Pharmacy and Biomedical 

Sciences (SIPBS) as described here [13, 23]. The LC-

MS chromatograms and spectra were viewed using 

Thermo Xcalibur 2.1 or MZmine 2.40.1. 

 

Antibacterial activity using agar disk-diffusion 

An antibacterial activity of the extracts from 

independent and co-cultures was conducted using the 

agar disk-diffusion method as described here [24]. 

Each extract was diluted with 2-fold dilutions in 

dimethyl sulfoxide (DMSO) with concentration values 

of 0.156 mg/mL, 0.313 mg/mL, 0.625 mg/mL, 1.25 

mg/mL, 2.50 mg/mL, 5.00 mg/mL and 10 mg/mL. The 

inhibition zone diameter (IZD) was measured to the 

nearest millimetres. Minimum inhibitory concentration 

(MIC) was taken as the lowest concentration of the 

extracts that shows the inhibition zone. MIC values of 

the extracts against the Gram-positive and Gram-

negative bacteria were determined by averaging the 

results of three independent assays. Six strains of 

Gram-positive bacteria namely Staphylococcus aureus, 

Bacillus cereus and Micrococcus sp. and Gram-

negative bacteria - Vibrio cholera, Salmonella sp. and 

Escherichia coli from glycerol stock were obtained 

from the Microbiology Laboratory, Institute of Marine 

Biotechnology, UMT.  
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Statistical analysis 

All data were presented as mean + SD and statistically 

analysed with One-Way ANOVA in the comparison 

between selected fractions using statistical analyses 

software PRISM ver. 5.  Data were significantly 

different at p < 0.05. 

 

Results and Discussion 

Dereplication study on crude extracts 

Each extract was screened on antibacterial activity at 

different concentrations: 10 mg/mL to 0 mg/mL. The 

inhibition zone diameter (IZD) was measured to the 

nearest millimetres. The results showed that the 

minimum inhibition concentration (MIC) values of the 

extracts against the Gram-positive and Gram-negative 

bacteria were determined by averaging the results of 

three independent assays (Table 1). The co-culture 

extract F7S15 revealed marginal antibacterial activity 

on Micrococcus sp. and S. aureus with MIC values of 5 

mg/mL and 10 mg/mL, respectively, as compared to 

the non-active independent and other co-culture 

extracts. Meanwhile, the antibacterial activity on the 

Gram-negative bacteria showed that all extracts were 

non-active in this screening test, thereby supporting 

further investigation of the biologically-active 

compounds from the co-cultivation extracts. 

 

Total ion chromatogram for the extract of co-

cultivation between Streptomyces sp. strain SUK10 and 

Fusarium sp. F7S15 (Figure 1) showed the distribution 

of known and unknown compounds present in the 

extract (Table 2). The dereplication studies revealed 

that the co-culture extract F7S15 possessed certain 

types of compounds including macrocylic aromatic 

compounds such as macrolide- oligomycin A and 

cyclic peptolides-icosalide A1 and A3, which have also 

been previously isolated from different Streptomyces 

and fungi species, respectively (Table 2). The values 

and predicted formulas of unknown compounds are 

also shown (highlighted rows). The extracts of co-

cultivation between Streptomyces sp. strain SUK10 and 

Fusarium sp. as well as the independent cultures were 

preliminarily screened on antibacterial activity and 

subjected to HRESI-LCMS prior to multivariate 

analysis. A dereplication study was performed to 

obtain the metabolomic profile of each extract. 

 

The relationship between the occurrence of the 

metabolites in the independent and co-cultivation 

extracts and their bioactivity on antibacterial activity 

were evaluated through multivariate analysis. The PCA 

scores plot showed strong separation of the extracts 

(Figure 2a). There was clear separation between the co-

culture extract of F7S15 from other extracts. The PCA 

loadings plot (Figure 2b) predicted the metabolites in 

the extracts. Meanwhile, a supervised multivariate 

OPLS-DA score plot analysis (Figure 2c) exhibited a 

distinctive separation between the active extract F7S15, 

while other extracts were the non-active group. These 

predicted antibacterial active compounds by MVA 

were indicated with their MZmine IDs as listed in 

Table 2. Peak IDs used in this table corresponded to 

those designated for the chromatogram as shown in 

Figure 1.  
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Table 1.  Antibacterial activity for independent and co-culture extracts (calculated as mean value percentage 

viability) at different concentrations ranging at 10 mg/mL to 0 mg/mL. Highlighted rows showed enhanced 

antibacterial activity 

Extracts 

Concentration of Crude Extract (mg/mL) 

Micrococcus sp. 

0.156 0.313 0.625 1.25 2.50 5.00 10.00 

Diameter of inhibition (mm) 

F7 n.d n.d n.d n.d n.d n.d n.d 

F15 n.d n.d n.d n.d n.d n.d n.d 

S7 n.d n.d n.d n.d n.d n.d n.d 

S15 n.d n.d n.d n.d n.d n.d  

FS7 n.d n.d n.d n.d n.d n.d n.d 

FS15 n.d n.d n.d n.d n.d n.d n.d 

F7S15 n.d n.d n.d n.d n.d 7.5 ± 0.6 8.7 ± 0.5 

S7F15 n.d n.d n.d n.d n.d n.d 8.0 ± 0 

Oxytetracycline (30 µg) 35.7 ± 0.2 

 Staphylococcus aureus 

F7 n.d n.d n.d n.d n.d n.d n.d 

F15 n.d n.d n.d n.d n.d n.d n.d 

S7 n.d n.d n.d n.d n.d n.d n.d 

S15 n.d n.d n.d n.d n.d n.d n.d 

FS7 n.d n.d n.d n.d n.d n.d n.d 

FS15 n.d n.d n.d n.d n.d n.d n.d 

F7S15 n.d n.d n.d n.d n.d n.d n.d 

S7F15 n.d n.d n.d n.d n.d n.d 8.0 ± 0 

Oxytetracycline (30 µg) 26.0 ± 1.4 

*Legend: extracts F7 = mono-culture Fusarium sp. incubation day 7; F15 = mono-culture 

Fusarium sp. incubation day 15; S7 = mono-culture Streptomyces sp. SUK10 incubation day 7; 

S15 = mono-culture Streptomyces sp. SUK10 incubation day 15; F7S15 = co-cultivation between 

Fusarium sp. and Streptomyces sp. SUK10 in which  Streptomyces sp. SUK10 was added into 

Fusarium sp. culture after 7 days incubation and the incubation was continued until day 15; 

S7F15 = co-cultivation between Fusarium sp. and Streptomyces sp. SUK10 in which Fusarium 

sp. was added into Streptomyces sp. SUK10 culture after 7 days incubation and the incubation 

was continued until day 15; n.d: not detected; n=3. 
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Figure 1.  Total ion chromatogram for the extract of co-cultivation between Streptomyces sp. strain SUK10 and 

Fusarium sp. F7S15 (blue and red represent positive and negative ionization modes of F7S1 extract, 

respectively; green and pink represent positive and negative ionization modes of blank methanol, 

respectively). Dereplication of numbered peaks is shown on Table 1. Boxed in blue are the metabolites 

putatively identified using DNP database. 

 

 

Table 2.  List of compounds indicated on the total ion chromatogram for the extract of co-cultivation between 

Streptomyces sp. strain SUK10 and Fusarium sp. F7S15 that were putatively identified using DNP 

database. Peak IDs used in this table correspond to those designated for the chromatogram shown on 

Figure 1. Highlighted rows represent the unknown compounds as indicated with their MZmine IDs. 

Peak 

ID 

ESI Modes/ 

MZmine ID 

Rt 

(min) 

MS 

(m/z) 

Molecular 

Weight 

Chemical 

Formula 

Chemical 

Name 

Tolerance 

(ppm) 
Sources 

Peak 

Area 

1 P_22521 14.58 274.2015 273.1943 C14H27NO4 No hits   1.27E+08 

2 N_2411 16.03 795.5293 796.5361 C41H80O12S 
bovine 

seminolipid 
-1.1324 

bovine 

spermatozoa 
6.10E+08 

3 P_21220 16.04 779.5308 778.5235 C44H74O11 narasin D 0.5015 
Strep.  

aureofaciens 
2.75E+08 

4 N_2409 16.19 633.4391 634.4464 C30H64N6O4P2 No hits   3.81E+08 

 N_2441 16.33 777.5188 778.5258 CH5NO15P4S12 No hits   8.40E+08 

6 P_21679 16.35 801.5129 800.5056 C10N3O6PS16 No hits   3.80E+08 

7 N_2435 16.36 759.5081 760.5154 C6HN5O3P6S12 No hits   3.00E+08 

8 P_21649 16.45 761.5204 760.5135 C44H72O10 

oligomycin A; 26-

Demethyl, 12-

deoxy 

1.2529 S. aureofaciens 8.62E+08 

9 N_2422 17.26 659.4550 660.4622 C40H70OP2S No hits   1.89E+08 

10 P_21450 17.28 793.5469 792.5396 C2H18NO3P15S7 No hits   4.10E+08 

11 P_22522 17.32 833.5393 832.5320 C5H9N3O8P14S5 No hits   3.36E+08 

12 N_2495 17.33 809.5449 810.5525 C2H2N3O19P9S5 No hits   2.12E+08 

13 N_2496 17.58 777.5192 778.5264 C38H72N10O3P2 No hits   1.69E+08 
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Table 2 (cont’d).  List of compounds indicated on the total ion chromatogram for the extract of co-cultivation 

between Streptomyces sp. strain SUK10 and Fusarium sp. F7S15 that were putatively identified using DNP 

database. Peak IDs used in this table correspond to those designated for the chromatogram shown on Figure 1. 

Highlighted rows represent the unknown compounds as indicated with their MZmine IDs. 

Peak 

ID 

ESI Modes/ 

MZmine ID 

Rt 

(min) 

MS 

(m/z) 

Molecular 

Weight 

Chemical 

Formula 

Chemical 

Name 

Tolerance 

(ppm) 
Sources 

Peak 

Area 

14 P_22523 19.10 783.5023 782.4957 C2H4N5O5P3S16 No hits 
  

1.90E+08 

15 N_2511 20.79 1556.0436 1557.0510 C46H88N9O2P9S15 No hits   1.11E+08 

16 N_2549 21.62 1589.0730 1590.0803 C41H74N14O20P4S12 No hits   4.41E+07 

17 P_22525 22.74 685.4392 684.4319 C34H60N4O10 icosalide A3 1.3669 
fungus OSI 

74159 
9.07E+07 

18 N_2408 25.38 711.4578 712.4649 C38H56N12O2 No hits   4.31E+08 

19 P_21186 25.48 713.4698 712.4622 C36H64N4O10 icosalide A1 -0.1214 

Aureobasidium 

sp. fungus OSI 

59166 

1.27E+09 

20 N_2410 25.46 681.4474 682.4547 C34H63N6O6P No hits   2.87E+08 

21 P_21721 26.85 471.4048 470.3975 C23H51N8P No hits   8.99E+08 

22 P_23269 31.03 523.3828 522.3755 C27H54O9 

1-Heptacosene-

4,6,8,10,12,14,16,

18,24-nonol 
-2.3912  4.07E+05 

 

 

    
 

 

(a) (b) 
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Figure 2. (a) Unsupervised PCA scores plot of mono- and co-cultivation extracts showed distinctive separation 

between the datasets. (b) PCA loadings plot showed the discriminating metabolites within the extracts. 

(c) OPLS-DA scores scatter plot of the extracts (R2(Y) = 1.00; Q2 =0.998); Q2(Y intercept). (d) 

Supervised OPLS-DA loadings plot showed the discriminating metabolites of the active co-culture 

extract F7S15 within the extracts. Asterisk specifies the identified metabolites from where the respective 

active extract F7S15. Legend: set F7.1-F7.7 = mono-culture Fusarium sp. incubation day 7; set F15.1-

F15.7 = mono-culture Fusarium sp. incubation day 15; set S7.1-S7.7 = mono-culture Streptomyces sp. 

SUK10 incubation day 7; S15.1-S15.7 = mono-culture Streptomyces sp. SUK10 incubation day 15; set 

F7S15.1-F7S15.7 = co-cultivation between Fusarium sp. and Streptomyces sp. SUK10 in which  

Streptomyces sp. SUK10 was added into Fusarium sp. culture after 7 days incubation and the incubation 

was continued until day 15; set S7F15.1-S7F15.7 = co-cultivation between Fusarium sp. and 

Streptomyces sp. SUK10 in which Fusarium sp. was added into Streptomyces sp. SUK10 culture after 7 

days incubation and the incubation was continued until day 15, n=7. 
 

 

 

The OPLS-DA loadings plot (Figure 2d) exhibited the 

discriminating metabolites in the active group F7S15 in 

which the ion peaks at m/z [M+H]+ 713.469, 761.521, 

and 801.513 as well as m/z [M-H]- 777.519, 795.529, 

and 633.439 were outliers, indicating the presence of 

unique chemical profiles in the F7S15 extract. From 

the DNP database, it was putatively determined that the 

F7S15 extract contained polyketide and aromatic 

compounds [25-28] that perhaps contributed towards 

the antibacterial activity of F7S15. Some of the ion 

peaks in the F7S15 extract have been dereplicated as 

presented in Table 1. Characteristic metabolite for co-

culture F7S15 extract observed at m/z [M+H]+ 713.469 

were putatively identified as icosalide A1, which has 

been identified from an Aureobasidium sp. fungus OSI 

59166 [26, 29]. The ion peaks at m/z [M+H]+ 761.521 

and 779.531 were putatively identified as oligomycin 

A; 26-demethyl, 12-deoxy, and narasin D, respectively. 

Both compounds were isolated from Streptomyces 

aureofaciens [30, 31]. The m/z [M-H]- 795.529 was 

putatively identified as bovine seminolipid, which has 

been isolated from bovine spermatozoa [32]. 

Meanwhile, the ion peaks at m/z [M+H]+ 801.513 and 

m/z [M-H]- 777.519 and 633.439 were the unidentified 

metabolites that were only produced in the active co-

culture extract F7S15. The relative occurrence of the 

targeted putatively identified and unknown metabolites 

in the bioactive extract F7S15 is shown in Figure 3. 

Based on the predicted chemical formula of the 

unknown compounds, they may consist of at least one 

nitrogen atom that contributes to the presence of 

macrocyclic polyketide-membered rings. Isolation of 

polyketide compounds from Streptomyces sp. under 

normal condition is widely known [5, 33-35], and 

perhaps the discovery of most antibiotics in the market 

are from this species. However, the world is facing a 

multidrug resistant against bacteria. Thus, dual 

cultivation of different strains used in our preliminary 

study may enlighten the opportunity to discover more 

potential new drug candidates that could be further 

(c) (d) 
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explored. The optimization works in this study showed 

that the co-cultivation of F7S15 produced promising 

metabolites with enhanced antibacterial activity, which 

can be further scaled up to obtain larger volume 

extracts for isolation and identification of target 

metabolites that were absent in their parent culture.  

Our future study will focus on the identification of 

molecule structures of the unknown metabolites by 

using tandem mass spectrometry (MS/MS) analysis 

and one/two-dimensional nuclear magnetic resonance 

(1D/2D NMR) spectroscopy. 

 

 

 

    
 

    

(a) (b) 

(c) (d) 
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Figure 3.  Relative abundance of target metabolites (a-f) which only present in the active co-culture extract of 

F7S15. Asterisk specifies the identified metabolites from where the respective active extract F7S15. (a) 

P_21186: m/z = 713.469, RT = 25.48 min; (b) P_21649: m/z = 761.521, RT = 16.45 min; (c) N_2496: 

m/z = 777.519, RT = 17.58 min; (d) N_2411: m/z = 795.529, RT = 16.03 min; (E) P_21679: m/z = 

801.513, RT = 16.35 min; (F) N_2409: m/z = 633.439, RT = 16.19 min 

 

Conclusion 

The main aims in this study were to establish an 

optimum parameter to target and pinpoint the bioactive 

secondary metabolites directly from the extracts that 

were absent in the independent culture and 

subsequently imply the same parameter in the scale-up 

of the co-cultivation. By means of high-resolution 

liquid chromatography-mass spectrometry, the extracts 

obtained from mono- and co-cultivation were 

preliminarily screened for bioactive molecules and 

analyzed by multivariate analysis such as PCA and 

OPLS-DA. Dereplication study was used to screen the 

known metabolites and predict the novelty metabolites 

from the extracts which were not detected in single 

cultures, to avoid repetitive work on the same 

compounds with known bioactivity. Our future study 

will focus on the scale-up and isolation works of the 

targeted active metabolites from co-culture extract 

F7S15. In addition, identification of the molecule 

structures will be achieved using 1D and 2D-nuclear 

magnetic resonance (NMR) and high-resolution mass 

spectrometry (MS). 
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Abstract 

Poly (N-isopropylacrylamide) (PNIPAAm) is a well-known thermoresponsive polymer that shows a reversible coil-to-globule 
transition at the lower critical solution temperature (LCST) (32°C) in aqueous solution. Chemically modified PNIPAAm with 
hydrophilic/hydrophobic compound will tune its LCST. Below the LCST, PNIPAAm and its conjugate behave as an extended 
coil form in an aqueous solution, whereas it shrinks into a globule form above the LCST. In this study, a direct conjugate of 
PNIPAAm with a ternatin biomolecule and their physicochemical characterizations were investigated. Ternatin biomolecule is 
an anti-adipogenic cyclic peptide that has a potential as a new treatment approach for obesity and metabolic disorders. Poly (N-
isopropylacrylamide)-chain transfer agent (PNIPAAm-CTA) was synthesized through reversible addition fragmentation chain 
transfer (RAFT) polymerization using 2-(Dodecylthiocarbonothioyltho)-2-methylpropanoic acid (DDMAT) as chain transfer 
reagent. One end-group of PNIPAAm-CTA was subsequently modified with maleimide to form PNIPAAm-Maleimide through 
aminolysis reaction. Thereafter, a carboxylic end-group of PNIPAAm-Maleimide was directly conjugated with a hydroxyl group 
of ternatin biomolecule (PNIPAAm-Ternatin) through esterification method. The chemical structure, molecular weight (Mw) and 
molecular weight distribution (Mw/Mn) of PNIPAAm were determined through the proton nuclear magnetic resonance (1H-
NMR), Fourier transform infrared (FTIR) and size exclusion chromatography (SEC) measurements. Moreover, the LCST of 
PNIPAAm and its conjugate were determined through light scattering intensity analysis. The results indicated that upon heating 
the solutions of PNIPAAm and its conjugates in 10 mM HEPES solution pH 7.4 at 25°C-40 °C, PNIPAAm-CTA, PNIPAAm-
Maleimide and PNIPAAm-Ternatin solutions started to increase their light intensities at 32 °C, 34 °C and 35 °C, respectively. In 
conclusion, chemical structure modification of PNIPAAm could tune their LCST.  
 

Keywords:  poly (n-isopropylacrylamide), raft polymerization, ternatin biomolecule, conjugation, lower critical solution 
temperature  

 
Abstrak 

Poli (N-isopropilakrilamida) (PNIPAAm) adalah polimer termoresponsif terkenal yang menunjukkan peralihan gegelung-ke-
globule yang boleh berbalik pada suhu larutan kritikal rendah (LCST) (32°C) dalam larutan akueus. PNIPAAm yang diubahsuai 
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secara kimia dengan sebatian hidrofilik/hidrofobik akan mengubahkan LCSTnya. Pada suhu di bawah LCST, PNIPAAm dan 
konjugatnya berbentuk gegelung di dalam larutan akueus, manakala ia akan mengecut menjadi bentuk globul pada suhu di atas 
LCST Dalam kajian ini, konjugasi secara langsung PNIPAAm dengan biomolekul ternatin dan sifat fizikokimianya dikaji. 
Biomolekul ternatin adalah peptida siklik anti-adipogenik. Ia berpotensi sebagai rawatan baharu untuk obesiti dan gangguan 
metabolik. Poli (N-isopropilakrilamida)-agen pemindahan rantai (PNIPAAm-CTA) disintesis melalui polimerisasi radikal hidup 
menggunakan asid 2-(dodekilthiokarbonothioiltho)-2-metilpropanoik(DDMAT) sebagai reagen pemindahan rantai. Selepas itu, 
satu kumpulan akhir pada PNIPAAm-CTA diubahsuai dengan maleimida untuk membentuk PNIPAAm-Maleimida melalui 
tindak balas aminolisis. Kemudian, kumpulan akhir karboksilik PNIPAAm-Maleimida dihubungkan secara langsung dengan 
kumpulan hidroksil pada biomolekul ternatin (PNIPAAm-Ternatin) melalui kaedah esterifikasi. Struktur kimia, berat molekul 
(Mw) dan taburan berat molekul (Mw/ Mn) bagi PNIPAAm dikaji melalui analisis proton resonans magnetik nuklear (1H-NMR), 
spektroskopi inframerah Fourier transformasi (FTIR) dan kromatografi ekslusi saiz (SEC). Seterusnya, sifat LCST bagi 
PNIPAAm dan konjugatnya dikaji melalui analisis intensiti penyerakan cahaya. Hasilnya, setelah larutan PNIPAAm dan 
konjugat dalam larutan HEPES 10 mM pH 7.4 dipanaskan pada suhu 25-40 °C, intensiti cahaya bagi PNIPAAm-CTA, 
PNIPAAm-Maleimida dan PNIPAAm-Ternatin mula meningkat pada 32 °C, 34 °C dan 35 °C. Kesimpulannya, pengubahsuaian 
struktur kimia PNIPAAm dapat mengubah sifat LCST polimer.  
 
Kata kunci:  poli (n-isopropilakrilamida), pempolimeran raft, biomolekul ternatin, konjugasi, suhu larutan kritikal rendah 

 
 

Introduction 

Over the years, a great deal of effort has been devoted 
to the development of stimuli-responsive smart 
polymers that can provide a variety of applications for 
cosmetic, agriculture, biomedical and biotechnology 
[1-4]. Smart polymers are polymeric materials, in 
which the structure, function, and stability drastically 
change by slight changes in external stimuli. These 
stimuli could be temperature, pH, light, redox and/or 
photo [5-9].  In the case, whereby the external stimulus 
is the temperature change, the polymers are often 
referred as thermoresponsive polymers. Poly(N-
isopropylacrylamide (PNIPAAm) is one of the well-
known thermoresponsive polymer. PNIPAAm displays 
a lower critical solution temperature (LCST) of 33 °C 
[10-12]. PNIPAAm remains in coil conformation in 
water below LCST, meanwhile, it collapses into 
globule conformation above LCST [13, 14]. The LCST 
of PNIPAAm chain could be tuned by several 
approaches, such as modification of end-group with 
hydrophilic or hydrophobic compound, adding 
comonomers and/or changing its tacticity [15-17]. The 
introduction of hydrophilic compound into PNIPAAm 
chain leads to an increase of LCST, meanwhile, 
PNIPAAm incorporated with hydrophobic compound 
tends to decrease LCST. Moreover, a reported study 

demonstrated that PNIPAAm conjugated with a small 
interfering of ribonucleic acid (RNA) (siRNA) 
biomolecule using click chemistry tools tuned the 
LCST of PNIPAAm conjugates [18]. 
 
In the present study, a facile synthetic route for the 
conjugation of PNIPAAm with ternatin biomolecule 
was prepared to investigate the thermoresponsive 
behaviour. Ternatin biomolecule is a natural compound 
that is extracted from a plant, known as butterfly pea, 
or its scientific name Clitoria ternatea [19]. Ternatin is 
an anti-adipogenic cyclic peptide containing one or 
more N-methyl (or N-alkyl) amino acids [20, 21]. 
Furthermore, this study hypothesised that the 
modification of PNIPAAm chain with hydrophilic 
compound end-group and ternatin biomolecule would 
tune the thermoresponsive behaviour of PNIPAAm. 
Concisely, this study prepared PNIPAAm and its 
conjugate through controlled living radical 
polymerisation and esterification techniques (Figure 1). 
It is expected that the prepared facile synthetic route 
for the conjugation of thermoresponsive polymer with 
biomolecule and the resulted thermoresponsive 
behaviour in this study would be useful for further 
related field studies. 
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Figure 1.  Synthetic route of PNIPAAm-Ternatin conjugation 
 

 

Materials and Methods 
Materials 

N-Isopropylacrylamide (NIPAAm), 2-
(Dodecylthiocarbonothioyltho)-2-methylpropanoic acid 
(DDMAT), 2,2’-Azobis(2-methylpropionitrile) 
(AIBN), 1,4-dioxane, diethyl ether, ethanolamine, 
maleimide, tributylphosphine (TBP), HEPES solution, 
N-ethyl-N’-(3-dimethylaminopropyl) carbodiimide 
(EDC), 1-Hydroxybenzotriazole (HOBt), 
tetrahydrofuran (THF) and acetonitrile were purchased 
from Sigma-Aldrich, Malaysia. NIPAAm was purified 
by recrystallisation from n-hexane and dried in a 
vacuum. AIBN purification was performed by 
recrystallisation from cold methanol. Prior to the usage, 
1,4-dioxane was purified using reflux condenser. 
Ternatin was purchased from Cayman Chemical (Ann 
Arbor, Michigan, USA). Deuterated methanol (MeOD) 
was purchased from Merck and it was used without 
further purification. 
 

Synthesis of PNIPAAm–CTA 

PNIPAAm-CTA was synthesised by dissolving 
NIPAAm (3.0 g, 30.0 mmol), DDMAT (110 mg, 0.3 
mmol), AIBN (2.5 mg, 0.015 mmol) in 1,4-dioxane (10 
mL) ([NIPAAm]: [DDMAT]: [AIBN] = 100: 1: 0.05, 
respectively). The solution was stirred at room 
temperature until a homogeneous mixture was formed. 
Next, the nitrogen gas was purged into the reaction for 

15 minutes. The mixture was stirred and heated in an 
80 °C oil bath for 12 hours. After 12 hours, the reaction 
solution was precipitated into cold diethyl ether to 
remove the unreacted monomer. The produced polymer 
was filtered using vacuum pump and dried in a 
desiccator for a day. Finally, the polymer was 
collected, weighted and stored in the refrigerator.  
 

Synthesis of PNIPAAm–maleimide  

PNIPAAm–Maleimide was synthesised by dissolving 
PNIPAAm-CTA (1.5 g, 0.27 mmol), ethanolamine (1.6 
g, 27.20 mmol) and maleimide (0.26 g, 2.72 mmol) 
into the 1,4-dioxane (5 mL). The solution was stirred at 
room temperature until a homogeneous mixture was 
formed. Next, the nitrogen gas was purged into the 
reaction for five minutes. After five minutes, TBP 
(0.10 mL, 0.54 mmol) was added to the mixture 
([PNIPAAm–CTA]: [maleimide]: [TBP]: 
[ethanolamine] = 1: 10: 2: 100, respectively).  The 
mixture was stirred at room temperature for six hours. 
After six hours, the reaction solution was precipitated 
into cold diethyl ether to remove the unreacted 
monomer. The produced polymer was filtered using a 
vacuum pump and dried in a desiccator for a day. The 
polymer was collected, weighted and stored in the 
refrigerator. 
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Synthesis of PNIPAAm–ternatin 

PNIPAAm–Maleimide solution was prepared by 
dissolving PNIPAAm-Maleimide (33.33 mg, 0.02 
mmol) into 4 mL of 10 mM HEPES pH 7.4 buffer 
solution. The mixture was stirred for 20 hours at room 
temperature. After 20 hours, EDC (3 mg, 0.02 mmol) 
and HOBt (1 mg, 0.01 mmol) were added to the 
mixture and stirred continuously for three hours at 
room temperature to activate the carboxylate group. 
Next, the nitrogen gas was purged into the reaction for 
15 minutes and 0.5 mL of 10 ppm ternatin was slowly 
added to the mixture. After 15 minutes, the mixture 
was stirred for 20 hours at room temperature. 
Thereafter, 4 mL of 10 mM HEPES pH 7.4 buffer 
solution was added to the mixture and cooled at room 
temperature. After two days, it was purified by 
centrifugation using ultra centrifugal filter (MWCO 
3kDa, Millipore) to remove the unreacted molecules. 
Finally, the produced PNIPAAm-Ternatin was 
collected and stored in the refrigerator. 
 

Molecular weight and molecular weight distribution 

The polymer molecular weight and molecular weight 
distribution (Mw/Mn) was measured by using Waters® 
ACQUITY® Advanced Polymer 
Chromatography™ (APC) with THF, which was used 
as an eluent at a flow rate of 1.0 mL/min at 40°C using 
the standard polystyrene. The ACQUITY UPLC 
Refractive Index Detector ACQUITY APC Column 
were used. 
 

Chemical structure characterisations 

Fourier transform infrared (FTIR) spectra of the 
PNIPAAm-CTA and PNIPAAm-Maleimide were 
recorded with FTIR Nicolet 510 spectrometer in the 
4,000 cm-1 – 400 cm-1 range. The samples were 
prepared by grinding the polymer with KBr pellets and 
compressing the mixture to form disks. For PNIPAAm-
Ternatin, FTIR spectra was recorded with Shimadzu 
FTIR-8300 instrument in the 4,000 cm-1 - 600 cm-1 

range. The polymer chemical structure and the 
conjugated polymers were also characterised using 1H 
NMR spectra. It was conducted on a Bruker 
Spectrospin 400 MHz UltraShield Spectrometer. 
Chloroform-d (CDCl3) and methanol-d (MeOD) were 
used as solvents. 

Reversed-phase high-performance liquid 

chromatography analysis  

Reversed-phase high-performance liquid 
chromatography (RP-HPLC) analysis was used to 
separate, identify and quantify each component in the 
produced polymer conjugated with ternatin. For 
polymer-peptide conjugate, the HPLC gradients 
consisted of eluent A with 0.1% formic acid in water 
and eluent B with 0.1% formic acid in acetonitrile. The 
flow rate was maintained at 0.5 mL/min, detected at 
200 nm and the column temperature was at room 
temperature. 
 

Light scattering intensity analysis 

Light scattering intensity analysis was performed to 
determine the LCST of polymer by using Zetasizer 
Nano (Malvern Instrument Ltd.) at a detection angle of 
173°. The sample solutions were prepared by 
dissolving the polymer, ternatin and its polymer 
conjugates in 10 mM HEPES solution (pH 7.4) (sample 
solution concentration at 0.5 mg mL-1). It was 
measured at various temperatures from 25°C to 40°C. 
The results were presented as mean value of count rate 
in kilo counts per second (kcps) and the standard 
deviation was obtained from three times repetitions.  
 

Results and Discussion 

Chemical structure characterisation of PNIPAAm-

CTA and PNIPAAm-Maleimide  

 The synthesised PNIPAAm-CTA possessed molecular 
weight, Mw at 20140 g/mol and had a narrow 
molecular weight distribution (Mw/Mn) of 1.26. The 
obtained molecular weight of PNIPAAm-CTA was 
purely theoretical. Furthermore, a quite narrow 
molecular weight distribution suggested that a 
successful controlled polymerization of PNIPAAm.  
 
The chemical structure of PNIPAAm-CTA and 
PNIPAAm-Maleimide were characterised by 1H NMR 
and FTIR analysis. The 1H NMR spectrum of 
PNIPAAm-CTA in Figure 2 showed the presence of 
signal characteristic of PNIPAAm at  = 3.9 ppm for 
CH connected to the NH, 1.15 ppm for CH3, 1.61 ppm 
(-CH2-) and 2.13 ppm (-CH-) [22, 23]. The formation 
of PNIPAAm-CTA was proven by the existence of 
trithiocarbonate functionality at the PNIPAAm-CTA 
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end-group, which was demonstrated in the 1H NMR 
spectrum through the peak at 0.88 ppm (CH3–(CH2)10–

CH2–S–) [24]. Furthermore, the 1H NMR spectrum of 
PNIPAAm-Maleimide (Figure 3) confirmed the 
existence of maleimide at the peak of 8.55 ppm which 
belong to the -NH group in maleimide [25]. The 
disappearance of the peak at 0.88 ppm for 
trithiocarbonate group in the spectrum suggested the 
successful conversion into PNIPAAm-Maleimide 
through aminolysis reaction [26].   
 
PNIPAAm-CTA and PNIPAAm-Maleimide chemical 
structures were further confirmed through FTIR 
analysis. In Figure 4, the FTIR spectrum for 
PNIPAAm-CTA showed that the formation was proven 
by the C=S stretching band of the chain at 1,065 cm-1 
[27]. The C=S group was belong to the trithiocarbonate 
end in PNIPAAm-CTA. The FTIR spectra for 
PNIPAAm-CTA also represented the N-H stretch at 

3,414 cm-1, carbonyl group (C=O) at 1,554 cm-1 and 
1,643 cm-1, and C–N stretching at 1,462 cm-1 [28]. The 
FTIR spectrum for PNIPAAm–Maleimide showed that 
the aminolysis reaction was succeeded because the 
C=S stretching band (1,050 cm-1 – 1,080 cm-1) of the 
trithiocarbonate end was no longer being observed after 
the aminolysis reaction [29]. Furthermore, there was a 
peak at 1,743 cm-1 for maleimide C=O stretching. For 
symmetric C-N-C stretch, the peak was situated at 
1,457 cm-1, which affirmed the existence of maleimide 
[30].  The FTIR absorption band, which was around 
3,300 cm-1 – 3,500 cm-1 covered N-H stretching group 
bands in PNIPAAm and maleimide [31]. These results 
confirmed the polymerisation of PNIPAAm-CTA and 
the modification of its end-group to produce 
PNIPAAm-Maleimide.   
 
 

 
 

 

Figure 2.  1H NMR spectrum of PNIPAAm-CTA 

 

 

  Figure 3.  1H NMR spectrum of PNIPAAm-Maleimide 
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Figure 4. FTIR analysis for PNIPAAm-CTA (dash-line) and PNIPAAm-Maleimide (straight-line) 
 
 

Characterisations of PNIPAAm-Ternatin conjugate 

The esterification method was used to synthesise the 
PNIPAAm-Ternatin. The chemical structure of 
PNIPAAm-Ternatin was confirmed by the FTIR. In 
Figure 5 (a) showed the FTIR analysis for PNIPAAm-
Ternatin, whereby the band at 1,635 cm-1 and 1,185 cm-

1 were attributed to the C=O and C-O stretching 
frequencies of ester linkage, respectively [32]. 
Therefore, it was suggested that the PNIPAAm-
Ternatin was successfully synthesised through 
esterification method. A broad stretch at 3,286 cm-1 
was indexed to the NH group in ternatin [33]. The NH 
stretching group in PNIPAAm and maleimide at 3,300 
cm-1 – 3,500 cm-1 were overlapped by the broad stretch 
of OH group in the ternatin [34]. 
 

The HPLC chart for PNIPAAm-Ternatin is shown in 
Figure 5 (b). The purpose of this analysis was to 
identify the retention time of ternatin, PNIPAAm-
Maleimide and PNIPAAm-Ternatin and also to 
calculate the concentration and  conjugation 
percentages of ternatin biomolecule to PNIPAAm 
chain. As a result, it was confirmed that the peak at the 
retention time of 2.57 minutes and 3.06 minutes for 
ternatin and PNIPAAm-Ternatin, respectively, clearly 
appeared in the HPLC chart. The concentration and 
conjugation percentages of PNIPAAm-Ternatin were 
obtained at 8.75 ppm and 87.5%, respectively, which 
was calculated based on ternatin calibration. 
Consequently, the collected PNIPAAm-Ternatin 
through RP-HPLC was purified using centrifugation 
against 10 mM HEPES pH 7.4 buffer solution and 
conducted for further analysis. 
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Figure 5. (a) FTIR analysis and (b) HPLC analysis for PNIPAAm-Ternatin 
 

 

Thermoresponsive behaviour of PNIPAAm and its conjugate 

The LCST of PNIPAAm and its conjugate were determined by light scattering intensity analysis. The resulting light 
scattering intensity of PNIPAAm and its conjugate are shown in Figure 6(a) for PNIPAAm-CTA, Figure 6(b) for 
PNIPAAm-Maleimide and Figure 6(c) for PNIPAAm-Ternatin. Upon heating solutions of PNIPAAm-CTA, 
PNIPAAm-Maleimide and PNIPAAm-Ternatin in 10 mM HEPES pH 7.4 from 25 °C to 40 °C, it could be seen that 
light scattering intensity of PNIPAAm-CTA started to increase at a temperature of 32 °C, whereas the change was 
shifted to the temperature at 34 °C in the case of PNIPAAm-Maleimide and at 35 °C for PNIPAAm-Ternatin. The 
increased light scattering intensity of PNIPAAm and its conjugate were due to the aggregation of globule form of 
PNIPAAm chain above the LCST [35]. The modification of chemical structure of PNIPAAm with hydrophilic or 
hydrophobic compound tuned the LCST of PNIPAAm [36]. Based on this study, the LCST for PNIPAAm-
Maleimide and PNIPAAm-Ternatin were higher when compared to the LCST of PNIPAAm-CTA. This was due to 
the addition of hydrophilic maleimide compound and ternatin biomolecule at end-group of PNIPAAm chain that 
improved the LCST of the polymer. Therefore, the results indicated that the addition of hydrophilic compound 
increased the LCST of PNIPAAm. The small changes of LCST for PNIPAAm-Ternatin solution upon heating 
suggested that the conjugation of PNIPAAm with ternatin biomolecule did not contribute any effect on the 
thermoresponsive behaviour of PNIPAAm chain.  
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Figure 6.  Light scattering intensities of (a) PNIPAAm-CTA, b) PNIPAAm-Maleimide and c) PNIPAAm-Ternatin 
solution at an indicated temperature in 10 mM HEPES pH 7.4 buffer solution 

  
Conclusion 

A thermoresponsive PNIPAAm conjugate was 
designed with ternatin biomolecule through controlled 
living radical polymerisation and esterification 
techniques. The synthesised PNIPAAm-CTA 
possessed molecular weight, Mw of 20140 g/mol and 
had quite a narrow molecular weight distribution 
(Mw/Mn) of 1.26, which revealed that the synthesised 
PNIPAAm through RAFT polymerisation was in a 
controlled structure. Moreover, PNIPAAm-Ternatin 
with conjugation percentage of 87.5% was successfully 
prepared through esterification technique. The 
synthesised PNIPAAm-CTA had a LCST at 32 °C. 
Meanwhile, the modification of PNIPAAm chain end-
group by the addition of hydrophilic compound of 
maleimide (PNIPAAm-Maleimide) and the 
introduction of ternatin biomolecule (PNIPAAm-
Ternatin) increased the LCST of PNIPAAm to 34 °C 
and 35 °C, respectively. Therefore, reported 
synthesised PNIPAAm and its chemical modifications 
are expected  to provide a fundamental knowledge for 
further design and an excellent flexibility in tailoring 
for specific usage, particularly in the bioengineering 
and biomedical studies. Further studies on this topic are 
now in progress. 

 
Acknowledgements 

The authors thank the Ministry of Higher Education 
(MOHE) Malaysia for the financial support provided 

via the Fundamental Research Grant Scheme [ref no. 
FRGS/1/2018/STG05/UNIKL/02/5]. The authors also 
thank Universiti Kuala Lumpur Malaysian Institute of 
Chemical and Bioengineering Technology, Melaka, 
Malaysia for providing resources and necessary 
facilities for FTIR, HPLC and Light Scattering 
Intensity analyses. The authors also thank the Nuclear 
Magnetic Resonance Laboratory, University Industry 
Research Laboratory, Universiti Teknologi Malaysia, 
Johor, Malaysia for 1H NMR analysis. 

 
References 

1. Hoffman, A. S. and Stayton, P. S. (2007). 
Conjugates of stimuli-responsive polymers and 
proteins. Progress in Polymer Science, 32(8-9): 
922-932. 

2. Martens, P. J., Bryant, S. J. and Anseth, K. S. 
(2003). Tailoring the degradation of hydrogels 
formed from multivinyl poly (ethylene glycol) and 
poly (vinyl alcohol) macromers for cartilage tissue 
engineering. Biomacromolecules, 4(2): 283-292.  

3. Tan, L., Liu, J., Zhou, W., Wei, J. and Peng, Z. 
(2014). A novel thermal and pH responsive drug 
delivery system based on ZnO@PNIPAM hybrid 
nanoparticles. Materials Science and Engineering: 

C, 45(1): 524-529.  
4. Tian, Y., Wei, X., Wang, Z. J., Pan, P., Li, F., 

Ling, D., Wu, Z. L. and Zheng, Q. (2017). A facile 
approach to prepare tough and responsive ultrathin 



Malaysian Journal of Analytical Sciences, Vol 26 No 1 (2022): 109 - 118 

 

  117 

physical hydrogel films as artificial muscles. ACS 

Applied Materials & Interfaces, 9(39): 34349-
34355.  

5. Bajpai, A., Shukla, S. K., Bhanu, S. and Kankane, 
S. (2008). Responsive polymers in controlled drug 
delivery. Progress in Polymer Science, 33(11), 
1088-1118.  

6. Xiong, X., Del Campo, A. and Cui, J. (2019). 
Photoresponsive polymers. Smart Polymers and 

Their Applications, 1: 87-153.  
7. Swift, T., Swanson, L., Geoghegan, M. and 

Rimmer, S. (2016). The pH-responsive behaviour 
of poly (acrylic acid) in aqueous solution is 
dependent on molar mass. Soft Matter, 12: 2542-
2549.  

8. Elbert, J., Mersini, J., Vilbrandt, N., Lederle, C., 
Kraska, M., Gallei, M., Stuhn, B., Plenio, H. and 
Rehahn, M. (2013). Reversible activity modulation 
of surface-attached grubbs second generation type 
catalysts using redox-responsive 
polymers. Macromolecules, 46(11): 4255-4267. 

9. Lustig, S. R., Everlof, G. J. and Jaycox, G. D. 
(2001). Stimuli-responsive polymers. 5. 
Azobenzene modified polyaramides containing 
atropisomeric binaphthyl linkages: Tuning 
chiroptical behavior with light and 
heat. Macromolecules, 34(7): 2364-2372.  

10. Schild, H. (1992). Poly(n-isopropylacrylamide): 
Experiment, theory and application. Progress in 

Polymer Science, 17(2): 163-249. 
11. Abbott, L. J., Tucker, A. K. and Stevens, M. J. 

(2015). Single chain structure of a poly(n-
isopropylacrylamide) surfactant in water. The 

Journal of Physical Chemistry B, 119 (9): 3837-
3845.  

12. Hirokawa, Y. and Tanaka, T. (1984). Volume 
phase transition in a nonionic gel. The Journal of 

Chemical Physics, 81 (12): 6379-6380.  
13. Cook, M. T., Haddow, P., Kirton, S. B. and 

McAuley, W. J. (2020). Polymers exhibiting lower 
critical solution temperatures as a route to 
thermoreversible gelators for healthcare. Advanced 

Functional Materials, 31(8): 2008123.  
14. Irani, C. A. and Cozewith, C. (1986). Lower 

critical solution temperature behavior of ethylene 
propylene copolymers in multicomponent 

solvents. Journal of Applied Polymer 

Science, 31(6): 1879-1899.  
15. Maeda, Y., Higuchi, T. and Ikeda, I. (2000). 

Change in hydration state during the coil−globule 

transition of aqueous solutions of poly(n-
isopropylacrylamide) as evidenced by FTIR 
spectroscopy. Langmuir, 16(19): 7503-7509.  

16. García-Peñas, A., Biswas, C. S., Liang, W., Wang, 
Y., Yang, P. and Stadler, F. J. (2019). Effect of 
hydrophobic interactions on lower critical solution 
temperature for poly (n-isopropylacrylamide-co-
dopamine methacrylamide) 
copolymers. Polymers, 11 (6): 991.  

17. Ashbaugh, H. S. and Paulaitis, M. E. (2006). 
Monomer hydrophobicity as a mechanism for the 
LCST behavior of poly (ethylene oxide) in 
water. Industrial & Engineering Chemistry 

Research, 45(16): 5531-5537. 
18. Che Harun, N., Takemoto, H., Nomoto, T., 

Tomoda, K., Matsui, M. and Nishiyama, N. 
(2016). Artificial control of gene silencing activity 
based on siRNA conjugation with polymeric 
molecule having coil-globule transition behavior. 
Bioconjugate Chemistry, 27(9): 1961-1964. 

19. Nair, V., Bang, W. Y., Schreckinger, E., 
Andarwulan, N. and Cisneros-Zevallos, L. (2015). 
Protective role of ternatin anthocyanins and 
quercetin glycosides from butterfly pea (Clitoria 

ternatea Leguminosae) blue flower petals against 
lipopolysaccharide (LPS)-induced inflammation in 
macrophage cells. Journal of Agricultural and 

Food Chemistry, 63(28), 6355-6365. 
20. Carelli, J. D., Sethofer, S. G., Smith, G. A., Miller, 

H. R., Simard, J. L., Merrick, W. C., Jain, R. K., 
Ross, N. T. and Taunton, J. (2015). Ternatin and 
improved synthetic variants kill cancer cells by 
targeting the elongation factor-1a ternary 
complex. eLife, 4: e10222.  

21. Kobayashi, M., Kawashima, H., Takemori, K., Ito, 
H., Murai, A., Masuda, S., Yamada, K., Uemura, 
D. and Horio, F. (2012). Ternatin, a cyclic peptide 
isolated from mushroom, and its derivative 
suppress hyperglycemia and hepatic fatty acid 
synthesis in spontaneously diabetic KK-AY 
mice. Biochemical and Biophysical Research 

Communications, 427(2): 299-304.  



Adrina et al:    THE CONJUGATION AND CHARACTERISATION OF THERMORESONSIVE POLY (N-
ISOPROPYLACRYLAMIDE) WITH TERNATIN BIOMOLECULE 

 
 

118   

22. Kuo, S.-W., Hong, J.-L., Huang, Y.-C., Chen, J.-
K., Fan, S.-K., Ko, F.-H. and Chang, F.-C. 
(2012). Star poly(n-isopropylacrylamide) tethered 
to polyhedral oligomeric silsesquioxane (POSS) 
nanoparticles by a combination of ATRP and click 
chemistry. Journal of Nanomaterials, 2012: 1-10. 

23. Coronado, R., Pekerar, S., Lorenzo, A. T. and 
Sabino, M. A. (2010). Characterization of thermo-
sensitive hydrogels based on poly(n-
isopropylacrylamide)/hyaluronic acid. Polymer 

Bulletin, 67(1): 101-124.  
24. Ma, Y.-M., Wei, D.-X., Yao, H., Wu, L.-P. and 

Chen, G.-Q. (2016). Synthesis, characterization 
and application of thermoresponsive 
polyhydroxyalkanoate-graft-poly(n-isopropylacryl 
amide) Biomacromolecules, 17(8): 2680-2690. 

25. Avila, A., Chinchilla, R. and Nájera, C. (2012). 
Enantioselective Michael addition of α,α-
disubstituted aldehydes to maleimides 
organocatalyzed by chiral primary amine-
guanidines. Tetrahedron: Asymmetry, 23(24): 
1625-1627. 

26. Ho, T. H., Levere, M., Soutif, J.-C., Montembault, 
V., Pascual, S. and Fontaine, L. (2011). Synthesis 
of thermoresponsive oxazolone end-functional 
polymers for reactions with amines using Thiol-
Michael addition “click” chemistry. Polymer 

Chemistry, 2(6): 1258.  
27. Lai, J. T., Filla, D. and Shea, R. (2002). Functional 

polymers from novel carboxyl-terminated 
trithiocarbonates as highly efficient RAFT 
agents. Macromolecules, 35(18): 6754-6756. 

28. Roach, P., McGarvey, D., Lees, M. and Hoskins, 
C. (2013). Remotely triggered scaffolds for 
controlled release of pharmaceuticals.  
International Journal of Molecular 

Sciences, 14(4): 8585-8602.  
29. Willcock, H. and O'Reilly, R. K. (2010). End 

group removal and modification of RAFT 
polymers. Polymer Chemistry, 1(2): 149-157.  

30. Shen, G. (2004). X-ray photoelectron spectroscopy 
and infrared spectroscopy study of maleimide-
activated supports for immobilization of 
oligodeoxyribonucleotides. Nucleic Acids 

Research, 32(20): 5973-5980.  
31. Icriverzi, M., Rusen, L., Sima, L. E., Moldovan, 

A., Brajnicov, S., Bonciu, A., Mihailescu, N., 
Dinescu, M., Cimpean, A., Roseanu, A. and Dinca, 
V. (2018). In vitro behavior of human 
mesenchymal stem cells on poly (n-
isopropylacrylamide) based biointerfaces obtained 
by matrix assisted pulsed laser 
evaporation. Applied Surface Science, 440: 712-
724.  

32. Smith, B. (2020). The C=O bond, Part VI: Esters 
and the rule of three. Access from 
https://www.spectroscopyonline.com/view/co-bon-
part-vi-esters-and-rule-three. [Access online on 12 
August 2021]. 

33. Ludin, N. (2018). Utilization of natural dyes from 
zingiber officinale leaves and Clitoria ternatea 
flowers to prepare new photosensitisers for dye-
sensitised solar cells. International Journal of 

Electrochemical Science, (1): 7451-7465.  
34. Ramesh, S., Sivasamy, A. and Kim, J. (2012). 

Synthesis and characterization of maleimide-
functionalized polystyrene-SiO2/TiO2 hybrid 
nanocomposites by sol–gel process. Nanoscale 

Research Letters, 7(1): 350.  
35. Chung, J., Yokoyama, M., Yamato, M., Aoyagi, 

T., Sakurai, Y. and Okano, T. (1999). Thermo-
responsive drug delivery from polymeric micelles 
constructed using B lock copolymers of poly(n-
isopropylacrylamide) and 
poly(butylmethacrylate). Journal of Controlled 

Release, 62(1-2), 115-127.  
36. Yang, L., Fan, X., Zhang, J. and Ju, J. (2020). 

Preparation and characterization of 
thermoresponsive poly (n-isopropylacrylamide) 
for cell culture applications. Polymers, 12(2): 389.

 
 
 
 
 
 



Malaysian Journal of Analytical Sciences, Vol 26 No 1 (2022): 119 - 129 

 

  119 

 
 

CATALYTIC CONVERSION OF CELLULOSE TO LEVULINIC ACID USING 

SUPPORTED NOBLE METAL PALLADIUM CATALYST 

 

(Penukaran Bermangkin dari Selulosa ke Asid Levulinik Menggunakan Mangkin Disokong 

Logam Adi Paladium) 

 

Puteri Nurain Syahirah Megat Muhammad Kamal, Norzahir Sapawe, Amin Safwan Alikasturi* 

 

Universiti Kuala Lumpur Branch Campus Malaysian Institute of Chemical and Bioengineering Technology, 

Lot 1988 Vendor City, Taboh Naning, 78000 Alor Gajah, Melaka, Malaysia 

 

*Corresponding author:  aminsafwan@unikl.edu.my 

 

 

Received: 15 September 2021; Accepted: 30 December 2021; Published:  25 February 2022 

 

 

Abstract 

In resolving the current energy crisis, it is vital to effectively use the abundant biomass to produce platform chemicals, for 

instance levulinic acid (LA). LA is very flexible for the formation of high value-added chemicals as it belongs to the family of 

carboxyl and ketone. This valuable platform chemical can be produced from cellulose (the most abundant biomass in nature). 

Palladium (Pd) as a noble metal  was  incorporated  with  catalyst  supports  (silica-alumina; SiO2-Al2O3  and  gamma-alumina; 

γ-Al2O3) by using wet impregnation method, aiming for 4 wt.% of noble metal on supports followed by catalyst calcination at 

500 ˚C. The catalyst was characterized using Fourier-transform infrared spectroscopy (FTIR) and Brunauer–Emmett–Teller 

(BET). The effects of reaction parameters such as agitation speed, reaction temperature, and cellulose loading were investigated 

using this catalyst in a semi-batch reactor for 8 hours. The highest conversion of cellulose (73.9%) and yield of LA (43.3%) was 

achieved under these conditions: agitation speed of 1100 rpm, reaction temperature of 200 ˚C, and cellulose loading of 1.5 g with 

pre-reduction of Pd/SiO2-Al2O3  catalyst (surface  area and  pore  volume up to 485.6 m2/g and 0.2459 cm3/g, respectively) at 

150 ˚C and agitation speed of 1300 rpm (in 5 bars of hydrogen, H2 for 1 hour).  

 

Keywords:  Pd/SiO2-Al2O3, cellulose, hydrolysis, levulinic acid 

 

Abstrak 

Dalam menyelesaikan krisis tenaga semasa, adalah sangat penting untuk menggunakan biojisim yang berkesan dalam 

menghasilkan bahan kimia platform seperti asid levulinik (LA). LA sangat fleksibel untuk pembentukan bahan kimia bernilai 

tinggi, kerana ia tergolong dalam keluarga karboksil dan keton. Bahan kimia platform yang berharga ini boleh dihasilkan dari 

selulosa (biojisim yang paling banyak terdapat di alam semula jadi). Paladium (Pd) sebagai logam adi boleh digabungkan dengan 

penampung mangkin (silica-alumina; SiO2-Al2O3 and gamma-alumina; γ-Al2O3) yang dihasilkan menggunakan kaedah 

impregnasi basah yang bertujuan untuk 4% logam adi pada penampung mangkin diikuti oleh kalsinasi mangkin pada suhu 500 

˚C. Mangkin dicirikan menggunakan spektroskopi inframerah transformasi Fourier (FTIR) dan Brunauer–Emmett–Teller (BET). 

Kajian mengenai pengaruh parameter reaksi seperti kelajuan pengadukan, suhu tindak balas, dan pemuatan selulosa disiasat 

menggunakan mangkin ini dalam reaktor semi-kelompok selama 8 jam. Penukaran selulosa tertinggi (73.9%) dan hasil LA 

(43.3%) dicapai dalam keadaan ini; kelajuan pengadukan 1100 rpm, suhu tindak balas 200 ˚C, dan pemuatan selulosa 1.5 g 
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dengan pra-pengurangan mangkin Pd/SiO2-Al2O3 (luas permukaan dan isi pori 485.6 m2/g dan 0.2459 cm3/g, masing masing) 

pada suhu 150 ˚C dan kelajuan pengadukan 1300 rpm (dalam 5 bar hidrogen, H2 selama 1 jam). 

 

Kata kunci:  Pd/SiO2-Al2O3, selulosa, hidrolisis, asid levulinik 

 

 

Introduction 

Cellulose, a part of biomass, is a major component of 

lignocelluloses as it comprises 40-50% of 

lignocellulose composition. It is formed by dehydration 

and condensation of glucose produced from 

photosynthesis [1]. Starch, which is likewise created by 

photosynthesis but having a different characteristic 

than cellulose, can be classified as biomass. Starch, a 

polymer with α-1→4 glycosidic linkages, is soluble in 

hot water and is the main constituent of corn, potato, 

and rice. Even though considerable attention has been 

given to the production of fuels and chemicals, starch 

should be prioritized as a dietary source [2]. 

 

Furthermore, the amount of cellulose is so enormous 

that it is wasteful to simply let it decompose without 

exploring its potential benefits. The commercial 

feasibility of producing sugar alcohols such as sorbitol 

and mannitol, which are particularly valuable in the 

food sector as sweeteners and preservatives, by using 

hydrogenation method is one way to utilize this 

enormous resource [3]. When it comes to catalytic 

cellulose hydrolysis, LA is the main product produced 

after cellulose undergoes a few processes; 1) hydrolysis 

2) dehydration and 3) rehydration [4]. Figure 1 shows 

the reaction pathway for the production of LA from 

cellulose. 

 

 

 

 

  

     

Figure 1.  Reaction pathway for the production of LA from cellulose 

 

 

 

LA is a water-soluble, organic compound that comes 

from the family of carboxylic acid and ketone, 

possessing a wide range of reactivity and functionality 

[5]. These two functional groups cause LA to be a very 

versatile building block for a vast chemical 

transformation of high-value organic chemicals, resin 

precursors, polymers precursors, and fuel additives 

with plenty of potential industrial applications [4]. 

Succinic acid and maleic anhydride are two high value-

added chemicals that can be synthesized from LA and 

are useful in the food and textile industries, 

respectively. Aside from that, LA can be utilized as a 

starting material for the production of γ–valerolactone, 

as well as ethyl and methyl levulinate, making it a 

potential alternative to petroleum-based fuels or 

chemicals [6]. Aside from choosing LA as the final 

product, the reaction can be tuned up to produce 

various products with high yields, such as 5-

hydroxymethylfurfural (HMF) and formic acid (FA). 

 

Over the past decade, homogeneous catalysts have 

been used in many applications, including LA 

synthesis (using acids). Despite its efficiency, there are 

a few drawbacks to use this type of acid in the system, 

including the generation of additional wastes due to the 

difficulties of separation and recovery (environmental 

pollution). Besides that, this catalyst leads to 

equipment corrosion [7]. As a result, many researchers 

nowadays prefer to use heterogeneous catalysts in their 

systems, especially solid catalysts to overcome the 

issues that arise from the homogenous catalyst. Metal 

oxides, supported metals (nickel, Ni), H-form zeolites, 

carbonaceous acids, heteropoly acids, acid resins, 

magnetic acids, and functionalized silicas are the 
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examples of solid catalysts that have garnered attention 

as promising and appealing catalysts for the hydrolysis 

of cellulose [8]. 

 

Recently, there has been a noticeable growth towards 

employing cheap, non-noble metal-based catalysts such 

as Ni, yet the study on this catalyst’s stability and 

recyclability needs to be emphasized as leaching and 

sintering can be mainly responsible for the decreasing 

catalytic activity [9]. Hence, in this research study, 

Palladium (Pd), a noble metal that can be regenerated 

and recycled up to 20 times without observing any 

significant loss of activity [10] was utilized as a 

catalyst. Even though Pd is relatively expensive when 

used individually, Pd can be incorporated into high 

dispersion and narrow sizes distribution of catalyst 

support such as silica (SiO2) and alumina (Al2O3). 

Despite the high cost of Pd, it is widely acknowledged 

for its high chemical stability and catalytic abilities 

[11]. 

 

Therefore, this research was conducted to study the 

effects of various reaction conditions such as agitation 

speed, temperature, and substrate loading on the 

production of LA from cellulose using noble metal, Pd 

supported on different catalyst supports such as silica-

alumina (SiO2 -Al2O3) and gamma-alumina (γ-Al2O3). 

As a result, the most suitable catalyst that was effective 

in the conversion of cellulose to LA (under the 

conditions studied) could be determined throughout the 

experiments. 

 

Materials and Methods 

Materials 

For the synthesis of catalyst, palladium (II) nitrate 

(Pd(NO3)2) with 40% w/w of Pd, SiO2-Al2O3 grade 135 

( 100%), and γ-Al2O3 (99.9%) were purchased from 

Sigma Aldrich and Alfa Aesar, respectively. As for the 

experimental work, microcrystalline cellulose (extra 

pure, 100%) from Acros Organics was used as 

substrates. In addition, glucose (>99.9%), HMF 

(>98%), LA (>98%), FA (>98%), and furfural 

(>99.9%) were used for standard reference calibration 

purposes. All the chemicals were analytical grade 

without further purification and distilled (DI) water 

was used for all the experiments. 

Catalyst preparation 

The solid noble catalyst was prepared using wet 

impregnation method. This method aimed to provide 5 

g of 4 wt.% Pd on SiO2-Al2O3 support. About 4.8 g of 

SiO2-Al2O3 was weighed and spread on a petri dish. 

Then, 0.5 g of Pd(NO3)4 was dissolved in the minimum 

amount of DI water necessary to wet the SiO2-Al2O3 

support; this was found to be 3.3 ml of DI for 4.8 g of 

SiO2-Al2O3. The diluted Pd(NO3)4 was dropped to the 

spread SiO2-Al2O3 carefully using a syringe. The 

dropping was done in a circular motion where each 

Pd(NO3)4 droplet was at different point. After that, the 

Pd(NO3)4 was pressed using a spatula to achieve a 

homogenous mixture between Pd(NO3)4 and SiO2-

Al2O3. The prepared catalyst was dried using an oven 

at 110 ˚C for 12 hours to remove the excess moisture 

prior to calcination. The catalyst was then calcined at 

500 ˚C for 5 hours. The catalyst was stored in a vial 

sealed with parafilm, and stored in desiccator prior to 

analysis and experimental work. The method was 

repeated to prepare 4 wt.% Pd on γ-Al2O3 support. 

 

Catalyst characterization 

The Fourier-transform infrared spectroscopy (FTIR) 

analysis was conducted with a Nicolet iS10 FTIR with 

a spectral resolution of 8 cm-1 at room temperature and 

accumulation of 5 scans in an open beam air 

background [12]. The spectrum ranged from 4000 cm-1 

to 400 cm-1. The Brunauer–Emmett–Teller (BET) 

method was used to determine the surface area and 

pore volume using Micromeritics 3Flex where the 

catalyst was degassed at 150 ˚C for 12 hours in N2 prior 

to analysis. 

 

Experimental procedure 

The pre-reduction of catalyst and the experimental 

work for the catalytic conversion of cellulose to LA 

were carried out in a 100 ml stainless steel semi-batch 

reactor. The pre-reduction of catalyst was conducted 

with 5 bar of hydrogen gas (H2). The desired 

temperature (130 ˚C and 150 ˚C) and agitation speed 

(600 rpm and 1300 rpm) were set according to the 

parameters studied for 1 hour. As for the reaction work, 

after the pre-reduction of catalyst, cellulose was loaded 

into the reactor containing catalyst and distilled water. 

The air inside the reactor was purged out using N2 
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about three times. Once the desired temperature (170 

˚C and 200 ˚C) had been achieved, the stirring speed 

(1300 rpm) and timer were set accordingly. The 

reaction took place for 8 hrs. The samples were 

collected at the time interval of 0 min, 30 min, 60 min, 

120 min, 180 min, and 480 min by opening the valve of 

the sample port. After releasing the gas inside the 

reactor, to stop the reaction, the reactor was quenched 

into a beaker with cold water. 

 

The remaining solid product was collected and filtered 

using filter paper before drying in the oven at 100 ˚C 

overnight. The weight was recorded regularly until a 

constant weight of ±0.005 g was achieved. This data 

was essential for the calculation of cellulose conversion 

to products. The final weight of cellulose and cellulose 

conversion was calculated using Equations 1 and 2, 

respectively.  

The weight of the cellulose could only be obtained at 

the end of the experiment because the reactor used was 

a semi-batch reactor. Thus, the remaining solid product 

could not be collected during the reaction process. 

 

Product analysis 

The liquid products were filtered to remove any 

impurities and analyzed using a High-Performance 

Liquid Chromatography (HPLC) system: Sugar 

SH1011 (SHODEX, Japan) with ion exclusion mode 

(column’s physical size: 8.0 mm I.D X 300 mm) and 

UV as column and detector, respectively. An aqueous 

solution of sulphuric acid (0.05 M) at a flow rate of 1 

ml/min was used as mobile phase and the column 

temperature was set at 40 ˚C [8]. 

 

 

 

Weightfinal cellulose (a) = Weightsolid product after drying - Weightfilter paper – Weightcatalyst                                    (1) 

 

Cellulose conversion (%) =  x 100%                                                       (2) 

 

 

Results and Discussion 

Catalyst characterization (FTIR) 

The validation of the decomposition of precursor 

(nitrate) in the synthesized catalyst after calcination at 

500˚C was verified by FTIR analysis. A FTIR 

spectrum comparison between catalysts before and 

after calcination was conducted, and the findings are 

presented in Figures 2 and 3. Table 1 shows the 

summary of the functional group present in this study.  

 

Based on Figures 2 and 3, a similar trend of FTIR 

spectrum was obtained for each of the catalysts. The 

spectral range of 3600-3200 cm-1 and 1700-1600cm-1 

were assigned to the stretching and bending modes of 

absorbed water molecules through hydrogen bonding, 

respectively [13,14]. The presence of C-O stretching 

band at the spectral range of 2400-2300 cm-1 

represented atmospheric carbon dioxide (CO2), an 

impurity and sign that contamination might have 

occurred [15,14]. 

 

The FTIR spectrum around 1450-1300 cm-1 proved the 

presence of nitrate precursor (NO3
-) in the catalyst 

(before calcination) [16,17]. The diminishing intensity 

of the catalyst’s peak after calcination implied that the 

decomposition of nitrate was successful at the 

calcination temperature of 500 ˚C [14]. As a result, it 

can be concluded that calcination temperature of 500 

˚C is effective in removing nitrate precursor. On the 

other hand, an extra peak was discovered from the 

FTIR spectra analysis for Pd/SiO2-Al2O3 (Figure 2) at 

the range of 1200-1000 cm-1, showing the presence of 

Si-O-Si [18,19]. 
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Table 1.  Summary of the functional group present in this study 

Region Wavelength (cm-1) Peak Assignment 

I 3600-3200 O-H stretching, strong, broad 

II 2400-2300 C-O stretching 

III 1700-1600 O-H bending 

IV 1450-1300 NO3
- (nitrate) 

V 

 

1200-1000  

(for Pd/SiO2-Al2O3) 
Si-O-Si 

 

 

 

Figure 2.  FTIR spectra before and after calcination for catalyst Pd/SiO2-Al2O3 

 

 

Figure 3.  FTIR spectra before and after calcination for catalyst Pd/γ-Al2O3 

II 
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Catalyst characterization (BET) 

In heterogeneous catalysts, specific area and pore 

volume are significant factors to consider especially for 

the supported catalyst. The BET surface area and pore 

volume  of raw supports and catalysts are listed in 

Table 2. 

 

Based on Table 2, an increasing trend of surface area 

and pore volume was observed from raw SiO2-Al2O3 to 

catalyst Pd/SiO2-Al2O3 (after calcination). The surface 

area increased from 217.6 m2/g to 485.6 m2/g and the 

pore volume increased from 0.1068 cm3/g to 0.2459 

cm3/g, which could be explained by the elimination of 

organic matters where many new pores were formed 

during the calcination [20]. However, for catalyst Pd/γ-

Al2O3, the trend of the result was converse from that of 

the Pd/SiO2-Al2O3 (after calcination) as the surface 

area and pore volume decreased from raw γ-Al2O3 to 

Pd/γ-Al2O3 possibly due to aggregation of catalyst, 

resulting in losing the surface area and decreasing the 

pore volume [21]. 

 

Catalyst Pd/SiO2-Al2O3 possessed a high pore volume 

(0.2459 cm3/g) and surface area (485.6 m2/g) compared 

to catalyst Pd/γ-Al2O3 (pore volume and surface area of 

0.0296 cm3/g and 79.4 m2/g, respectively) (Table 2). 

This could be due to the combination of materials such 

silica (SiO2) and alumina (Al2O3) that significantly 

increased the porosity and surface area [22]. Moreover, 

this observation could be related to the findings 

according to Table 2 where the pore volume and 

surface area of the combined materials (SiO2-Al2O3) 

were two times larger than raw γ-Al2O3. 

 

 

Table 2.  BET surface area, pore volume and particle size of raw supports and catalysts 

Sample 
Surface Areaa 

(m2/g) 

Pore Volumeb 

(cm3/g) 

SiO2-Al2O3  217.6 0.1068 

Pd/SiO2-Al2O3 (After calcined) 485.6 0.2459 

γ-Al2O3  101.3 0.0504 

Pd/γ-Al2O3 (After calcined) 79.4 0.0296 

a: Surface area is obtained from BET method,  
b: Pore volume is obtained from BET method 

 

 

Effects of agitation speed during pre-reduction 

of catalyst and reaction work 

Based on Figure 4, at higher agitation speed, an 

increasing trend in the yield of LA was observed for 

both of the catalysts. This increasing trend of yield 

was also seen for HMF and FA, except for glucose 

possibly because glucose was converted to other 

products (HMF, LA, and FA). LA produced from 

cellulose was at the highest (33.5%) when the 

reaction agitation speed was at 1100 rpm with pre-

reduction of Pd/SiO2-Al2O3 catalyst at 1300 rpm. Up 

to 20.6% of cellulose was successfully converted to 

products. This high conversion of cellulose and 

production of LA might be due to the high agitation 

speed during the reaction; increasing the agitation 

speed increases the contact area and relative velocity 

between the two phases, and hence diminishes any 

external diffusion limitations [23]. Furthermore, the 

higher surface area and pore volume of Pd/SiO2-

Al2O3 catalyst (485.6 m2/g and 0.2459 cm3/g, 

respectively) caused the high conversion of cellulose 

and yield of LA as these properties led to the high 

availability of catalytic activity sites [24]. Thus, high 

catalytic activity could occur during the reaction 

compared to the usage of Pd/γ-Al2O3 catalyst, which 

possessed a smaller surface area and pore volume of 

79.4 m2/g and 0.0296 cm3/g, respectively. Owing to 

these properties, an increment of only 6.4% of LA 
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yield was observed for catalyst Pd/γ-Al2O3 when an 

increase of reaction speed from 200 rpm to 1100 rpm 

was employed, with 12.2% of cellulose being 

converted to products. 

 

Even though the usage of high agitation speed during 

the pre-reduction catalyst (activation) is not as crucial 

as high temperature [25], increasing agitation speed 

during the pre-reduction of catalyst might improve 

the performance of the catalyst by increasing the 

surface contact of the catalyst with H2 which can 

activate the catalyst prior to the reaction [26]. The 

pre-reduction for both of the catalysts was aimed to 

reduce palladium oxide to metallic Pd. As a result, it 

can be concluded that the reaction agitation speed of 

1100 rpm with the catalyst pre-reduction agitation 

speed at 1300 rpm was the most ideal condition in 

this study for further experimentation. 

 

 

Figure 4.  Effects of agitation speed on the conversion of cellulose to LA at 8 hours. Note: a) Catalyst pre-reduction 

condition: 0.5 g of catalyst, and 5 bar of H2 at 130 ˚C for 1 hour; b) Reaction condition: 4 g of cellulose, 

0.5 g of catalyst, reaction temperature of 170 ˚C, and reaction time of 8 hours. 

 

 

Effects of temperature during pre-reduction of 

catalyst and reaction work 

Temperature plays a significant role in the production 

of LA from cellulose, particularly at higher 

temperatures as demonstrated in a previous study [27]. 

The effects of temperature on the production of LA 

from cellulose at different cellulose loading is shown in 

Figure 5. 

 

Based on Figure 5, a significant increment in the 

conversion of cellulose and production of LA was 

observed when the reaction temperature increased from 

170 ˚C to 200 ˚C with catalyst pre-reduction at 150 ˚C. 

Except for glucose, the production of intermediate 

products and by-products such as HMF and FA, 

respectively also increased as the reaction temperature 

rose. According to this study, as the temperature 

increased (from 170 ˚C to 200 ˚C), the cellulose 

conversion increased gradually from 20.6% to 73.9% 

when Pd/SiO2-Al2O3 catalyst (pre-reduction of catalyst 

at the temperature of 150 ˚C) was employed in the 

system where the highest LA was produced (up to 

43.3%) possibly since the higher reaction temperature 

accelerated the rate of chemical reaction and provided 

a faster route for the cellulose to convert to products 

[8]. Furthermore, a higher reaction temperature 

promotes greater contact between cellulose and water 

molecules, resulting in a complete process of cellulose 

bond breaking to form LA [28]. A similar trend of 

results was observed with Pd/SiO2-Al2O3 catalyst when 

Pd/SiO2-Al2O3 Pd/SiO2-Al2O3 Pd/γ-Al2O3 Pd/γ-Al2O3 
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Pd/γ-Al2O3 catalyst was employed in the system; the 

conversion of cellulose and yield of LA increased as 

the reaction temperature increased. However, the 

conversion of cellulose and yield of LA were lower 

using Pd/γ-Al2O3 catalyst in the system compared to 

Pd/SiO2-Al2O3 catalyst. The conversion of cellulose 

and yield of LA were only up to 37.1% and 9.5%, 

respectively. 

 

Moreover, one of the parameters that improved the 

catalyst efficiency was increasing the temperature from 

130 ˚C to 150 ˚C during the pre-reduction of the 

catalyst. It is advised to heat the catalyst at a high 

temperature during the catalyst pre-reduction for the 

metal to finely disperse on the support. Under these 

high temperatures during heating the catalyst, the 

mobility of the catalyst can be enhanced, increasing the 

active site of the catalyst, and thus greatly influencing 

the catalytic activity [25]. 

 

 

Figure 5. Effects of temperature on the conversion of cellulose towards LA at 8 hours. Note: a) Catalyst pre-

reduction condition: 0.5 g of catalyst, agitation speed of 1300 rpm, and 5 bar of H2 for 1 hour; b) 

Reaction condition: 0.5 g of catalyst, agitation speed of 1100 rpm, and reaction time of 8 hours 

 

 

Effects of substrate loading 

Based on Figure 5, the yield of LA increased gradually 

for all the catalysts (Pd/SiO2-Al2O3 and Pd/γ-Al2O3) 

when 1.5 g of cellulose was used in the reaction (under 

high-temperature conditions). Increasing the substrates 

loading might lead to the increasing cellulose 

availability for the conversion, with a high 

concentration of LA being produced; however, the 

yield of LA was shown to eventually decrease as the 

cellulose loading increased. This might be due to the 

reactivity diminution or insufficient catalyst dosage for 

the additional cellulose [4]. 

 

Moreover, a blank experiment (without catalyst) was 

conducted for reference purposes. It was conducted 

under the ideal condition highlighted in this study. LA 

produced was at its lowest (5.3%) compared to the 

other reactions that used catalyst. This might be due to 

the side reaction that occurred during the reaction 

where it resulted in the production of furfural [29]. 

According to Figure 5, it can be highlighted that the 

production of HMF was more favorable if no catalyst 

was employed in the system.  

 

 

Pd/SiO2-Al2O3 Pd/SiO2-Al2O3 Pd/γ-Al2O3 Pd/γ-Al2O3 
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Figure 6 shows the reaction profile of reaction using 

Pd/SiO2-Al2O3 under the high condition in cellulose 

depolymerization, leading to the formation of LA. 

According to Figure 6, the yield of all products (HMF, 

LA, and FA) increased overtime except for glucose. An 

increasing yield of glucose was reported until 2 hours 

of reaction, then the yield subsequently decreased. This 

might be due to the glucose already being used up in 

converting to other products. Since the hydrolysis of 

cellulose to glucose was the rate-determining step, 

once glucose was formed, it was much easier to break 

down the glucose bond to other products. Hence, it 

resulted in the formation of HMF (5.73%), LA 

(17.4%), and FA (0.77%) at the 30 min of reaction 

time. As a result, 73.9% of cellulose was converted to 

products, and 43.4% of LA yield was produced at the 

end of the reaction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

              

Figure 6.  Reaction profile for catalyst Pd/SiO2-Al2O3. Note: Reaction condition: 1.5 g of cellulose, 0.5 g of catalyst 

(pre-reduction  at an  agitation speed of 1300 rpm in H2 at 150˚C for 1 hour),  reaction  temperature  of 

200 ˚C, agitation speed of 1100 rpm, and reaction time of 8 hours. 

 

 

Conclusion 

From this research, it can be concluded that the 

conversion of cellulose to LA is highly influenced by 

the reaction parameters: agitation speed (1100 rpm), 

temperature (200 ˚C), and substrate loading (1.5 g) 

with catalyst pre-reduction at the temperature of 150 ˚C 

and stirred at 1300 rpm for 1 hour. It was observed that 

under these conditions, the LA produced was at the 

highest which was 43.3% and the conversion of 

cellulose was up to 73.9%. Moreover, the higher 

surface area (485.6 m2/g) and pore volume (0.2459 

cm3/g) of Pd/SiO2-Al2O3 catalyst showed better 

performance to produce LA from cellulose compared 

to Pd/γ-Al2O3. 
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Abstract 

Illicit methamphetamine seizures have risen significantly worldwide, and its widespread use threatens societal well-being. Thus, 
attention from various parties is required to stem methamphetamine trafficking; however, routine forensic analysis is generally 
limited to identifying and quantifying the controlled substances according to standard operating procedures. Although further 
analytical characterization and drug profiling via physical and chemical methods is not routinely conducted, it warrants further 
exploration for forensic comparison and intelligence. In this study, the physical and chemical profiles of seized illicit 
methamphetamine tablets were obtained employing various analytical techniques, including physical examination, attenuated 
total reflectance-Fourier transformed infrared (ATR-FTIR) spectroscopy, thin layer chromatography (TLC), and gas 
chromatography (GC). Physical characterization did not enable the identification of methamphetamine, but sample 
discrimination based on unique logos and dimensions was achieved. Based on ATR-FTIR and principal component analysis 
results, caffeine was found to be the most common adulterant, while the dyes used in the composition were identified via TLC 
analysis. GC analysis results confirmed the presence of methamphetamine and its quantity. Overall, a methamphetamine tablet 
profiling strategy was implemented to gather important information regarding the similarities and differences among illicit 
methamphetamine tablets, potentially beneficial for sample-to-sample, case-to-case, and seizure-to-seizure comparisons.  
 
Keywords:  forensic science, methamphetamine, drug profiling, physical examination, chemical analysis 

 

Abstrak 

Rampasan metamfetamin haram telah meningkat dengan ketara di seluruh dunia and penggunaannya secara meluas telah 
mengancam kesejahteraan masyarakat. Justeru, perhatian daripada pelbagai pihak adalah diperlukan untuk mengurangkan 
penjualan metamfetamin. Namun begitu, analisis forensik rutin secara umumnya dihadkan kepada pengenalpastian dan 
pengkuantitian bahan terkawal berdasarkan prosedur operasi standard. Sungguhpun pencirian analitikal dan pemprofilan dadah 
seterusnya melalui kaedah fizikal dan kaedah kimia tidak dilaksanakan secara rutin, hal ini membolehkan penerokaan 
selanjutnya untuk perbandingan dan perisikan forensik. Dalam kajian ini, profil fizikal and profil kimia pil metamfetamin haram 
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yang dirampas telah diperoleh dengan menggunakan pelbagai teknik analitikal, termasuk pemeriksaan fizikal, spektroskopi 
transformasi inframerah Fourier dengan pantulan keseluruhan dikecilkan (ATR-FTIR), kromatografi lapisan nipis (TLC) dan 
kromatografi gas (GC). Pencirian fizikal tidak membolehkan pengenalpastian metamfetamin tetapi diskriminasi sampel 
berdasarkan logo dan dimensi unik telah dicapai. Berdasarkan keputusan ATR-FTIR dan analisis komponen utama, kafien 
dinampakkan sebagai bahan adukan yang paling lazim, manakala pewarna yang digunakan dalam kandungan telah dikenal pasti 
melalui analisis TLC. Keputusan analisis GC telah memastikan kehadiran metamfetamin and kuantitinya. Secara 
keseluruhannya, satu strategi pemprofilan pil metamfetamin telah dilaksanakan untuk mengumpulkan maklumat penting 
berkenaan dengan kesamaan dan perbezaan antara pil metamfetamin haram. Hal ini berpotensi dalam memanfaatkan 
perbandingan sampel kepada sampel, kes kepada kes, dan rampasan kepada rampasan. 
 
Kata kunci:  sains forensik, metamfetamin, pemprofilan dadah, pemeriksaan fizikal, analisis kimia 

 
 

Introduction 

Methamphetamine acts on the central nervous system 
by stimulating excessive dopamine secretion [1]; thus, 
it has become one of the most abused stimulants 
worldwide, as evidenced by a sevenfold increase in 
global seizures thereof over the past two decades [2]. 
Although methamphetamine possession, trafficking, 
and manufacture is strictly enforced and punishable by 
law worldwide, cases of its abuse are increasing 
globally, especially in the United States, Europe, 
Australia, and New Zealand [2]. Users in East and 
South-East Asia account for more than 30% of the total 
estimated worldwide users of amphetamine-type 
stimulant (ATS) [2]. The severe societal well-being 
deterioration associated with illicit methamphetamine 
use necessitates collective strategic action, both 
domestically and internationally.  
 
In recent years, methamphetamine manufacture in the 
United States, China, and the Islamic Republic of Iran 
has reportedly decreased, but a significant expansion of 
illicit methamphetamine drug trafficking has been 
encountered in Mexico, as well as in East and South-
East Asia [3,4], suggesting a gradual shift in this illicit 
black market from North America to East and South-
East Asia. Malaysia, the country where the present 
study was based, has reported a sharp increase in 
seized methamphetamine since 2015, wherein 
approximately 5.8 tons of crystalline 
methamphetamine and more than 1.6 million illicit 
methamphetamine tablets had been seized law 
enforcement authorities in 2019 alone [2]. Recent 
statistics and trend analyses have indicated that the 
expansion of the methamphetamine black market in 

East and South-East Asia has been driven by supply, as 
the organized crime groups have adapted their 
trafficking routes in response to law enforcement 
operations [5,6]. In fact, the growing 
methamphetamine manufacture in the region has also 
been supported by an increase in the diversion and 
trafficking of precursors and related chemicals [6].  
 
Methamphetamine can appear in various forms: as an 
oily paste consisting of methamphetamine free-base, as 
a solid, which is the methamphetamine salt form, 
whereby high-purity methamphetamine salt can appear 
in crystalline form, commonly termed as “crystal” or 

“ice”. Methamphetamine is also commonly processed 

into tablet form known as “Yaba” tablets in Asia, 

especially in the golden triangle region bounded by 
Thailand, Laos, and Myanmar. Countries such as 
Malaysia, Australia, and China are inundated by 
transnational drug trafficking [7]. Transnational efforts 
to identify and disrupt the supply chain are therefore 
crucial. In routine forensic analysis, testing is 
frequently limited to identifying and quantifying the 
controlled substance in the illicit drug sample. 
However, limited information is retrieved regarding the 
source of origin, supply, trafficking, and distribution 
network thereof without further post-seizure profiling 
studies. Studies focused on the profiling of 
methamphetamine have been conducted, generally 
employing gas chromatographic techniques [8-10]. 
However, analytical characterization via physical and 
chemical methods is less likely to be conducted in 
forensic laboratories, and therefore gathering further 
information is required for subsequent forensic 
comparisons and intelligence. In non-ideal clandestine 
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laboratory production, the chemical composition of 
illicit drugs can vary significantly [11]. Illicit drug 
profiling involving the characterization of seized 
samples in a systematic manner should be conducted to 
elucidate the connection between suppliers, 
distributors, and users [11]. In this study, the physical 
and chemical profiles of illicit methamphetamine 
tablets were investigated employing various analytical 
techniques. Integrated approach for profiling illicit 
drugs could potentially support forensic intelligence 
[11-13] and be particularly useful for law enforcement 
authorities. 

 
Materials and Methods 

Standards and samples 

Illicit methamphetamine tablets (164 samples) seized 
between January 2019 and December 2020 were used 
in this study. Methamphetamine, ephedrine, and 
caffeine standards were sourced from certified 
reference material suppliers, while various sugars, 
including glucose, lactose, dextrose, maltose, and 
mannitol were obtained from Merck (Whitehouse 
Station, NJ). For thin layer chromatography (TLC) 
analysis, various dye standards, including Amaranth, 
Rhodamine B, Erythrosine BS, Carmoisine, Red 2G, 
Ponceau 4R, Tartrazine, Sunset Yellow, Fast Green, 
Green S, and Brilliant Blue were sourced from Merck 
(Whitehouse Station, NJ). All solvents used, including 
glacial acetic acid, 25% w/w ammonia (S.G. 0.880), 
acetone, methanol, 2-propanol, n-butanol, and 
butanone, were of analytical grade. Nortriptyline HCl 
was used as the internal standard (IS) for gas 
chromatography (GC) analysis. Chloroform and 
methanol used to dissolve the standards and samples 
were of GC grade and were sourced from Merck 
(Whitehouse Station, NJ). 
 
Physical examination 

Physical examination was performed on the seized 
tablets by observation of the stamp or logo on each 
tablet, and that of their respective colors. The diameter 
and thickness of each sample (± 0.02 mm) were also 
measured using vernier calipers, while the weight (± 
0.01 mg) was determined using an analytical balance. 
All physical characteristics were recorded and 
compared. 

Attenuated total reflectance-fourier transform 

infrared spectroscopy 

Various drug and adulterant standards, and the illicit 
methamphetamine samples in powdered form were 
analyzed directly using a Bruker Fourier transformed 
infrared (FTIR) Tensor 27 instrument (Bruker 
Corporation, Billerica, MA) equipped with a single-
reflection zinc selenide attenuated total reflectance 
(ATR) sampling accessory, at a controlled ambient 
temperature (≈25˚C). Approximately 10 mg of the 

standard or sample was placed onto the ATR crystal to 
obtain their ATR-FTIR profiles. A background 
spectrum was recorded before each analysis run and 
absorbances were measured in the wavelength range 
between 4000 and 600 cm-1. The resolution was set at 4 
cm-1 and 16 scans were performed. The built-in 
software, OPUS 7.0.122 (Bruker Corporation, 
Billerica, MA) was utilized for spectrum acquisition. 
All spectra were recorded in duplicate, compared, and 
the differences evaluated. A repeatability test was 
performed by analyzing a representative sample thrice. 
A reproducibility test was also performed by analyzing 
a representative sample on three consecutive days. All 
spectral data were reported as absorbance values at 
each data point for subsequent interpretation and 
comparison.  
 
It is often the case that the illicit drugs seized in 
forensic cases are normally in the form of mixture, 
which not only contain the drug alone but also 
adulterants and/or diluents. The influence of mixture 
composition on the respective ATR-FTIR profiles was 
investigated. Mixture samples consisting of 
methamphetamine and different adulterants in varying 
quantities were prepared. Based on the literature 
search, caffeine, ephedrine, and various sugars are 
more common [14,15]. Caffeine is a legal substance, 
inexpensive and readily available. The stimulant 
properties of caffeine could also create milder but very 
similar effect of methamphetamine. Ephedrine is the 
precursor during manufacturing, usually through Nagai 
pathway. On the other hand, sugars do not contribute to 
any additional effects on the methamphetamine but 
used to dilute or add the bulk of the illicit drugs. Being 
legal and readily available, sugars give greater margin 
to the illicit drug manufacturers [14,15]. In this study, 
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four commonly reported adulterants were used, namely 
caffeine, ephedrine, lactose, and mannitol. The 
mixtures (w/w) of methamphetamine and the 
respective adulterant were prepared at 100%, 90%, 
75%, 50%, 25%, 10%, and 0%. All the prepared 
mixtures then underwent ATR-FTIR analysis.  
 
For statistical analysis, data points of regions with 
noticeable variations, in the ranges of 3200-2550 cm-1 
and 1800-600 cm-1, were used. Data points of all ATR-
FTIR spectra were transferred into Microsoft Excel® 
(Redmond, WA) and normalized to remove any 
possible variation resulting from inconsistent sample 
quantity. This was done by dividing the absorbance 
value at each data point to the total absorbance under 
the spectrum of the standards and samples. The 
normalized data were then analyzed using Minitab 18 
software (Minitab Inc., State College, PA). Principal 
component analysis (PCA) was implemented for the 
characterization of illicit methamphetamine samples, 
and any potential differences among the samples were 
evaluated. 
 
Thin layer chromatography 

Prior to TLC analysis, the dye was extracted from the 
tablets to remove any sugars, fats, or other substances 
contained in a tablet [16,17]. The presence of any sugar 
might cause blurring of the spots upon TLC analysis 
[18]. Therefore, acidification coupled with alkaline 
treatment on the samples was suggested for the 
extraction of dye from tablet-coating formulations [17-
19].  
 
Dyes present in the samples were extracted for TLC 
analysis according to the following procedure. 
Approximately 10 mg of powdered sample was 
transferred into a vial. Acetic acid (5% v/v) was added 
to the vial, followed by the introduction of a knotted 
piece of white knitting wool, 5 cm in length. Knitting 
wool was knotted to avoid disassembling of the thread. 
Note that the wool was firstly washed with dilute 
ammonium hydroxide and water to minimize the effect 
of possible interference and to enhance the absorption 
of dye onto the treated wool. Warming of the mixture 
in a temperature range of 70-80ºC allowed the transfer 
of dye onto the knitting wool, and the entire procedure 

was complete within approximately 15 min. Then, the 
wool was carefully removed using tweezers and 
washed thoroughly with distilled water. The treated 
wool, now visibly colored, was dried and then placed 
into another vial. Dye extraction was performed by 
adding 1 mL of a solution consisting of equal volumes 
of acetone and 3N ammonia and warming for 15 min 
between 70-80ºC, after which time the wool was 
removed from the vial. Finally, the resultant dye 
solution was gently warmed in a water bath to 
evaporate the solvent and concentrate the solution. All 
the targeted dye standards were prepared following the 
above-described procedure for comparison.  
 
TLC separation was performed using silica gel 60 F254 
(Merck, Darmstadt, Germany). Four solvent systems 
were evaluated to select the optimal system for the 
separation of dyes possibly contained in illicit 
methamphetamine tablets. The four solvent systems 
were as follows:  
 

(1) Solvent system A- isopropanol: 
ammonia (4:1) 

(2) Solvent system B- n-butanol: glacial 
acetic acid: water (10:5:6) 

(3) Solvent system C- acetone: butanone: 
ammonia: water (60:140:1:60) 

(4) Solvent system D- isopropanol: 
ammonia: water (7:2:1) 

 
The various dye solutions obtained from the samples 
were analyzed using the optimal solvent system. All 
the visible bands were compared to those of the 
reference dye standards. The TLC plates were also 
visualized under UV light to detect the presence of 
fluorescent spots. Any potential differences among the 
illicit drugs samples were evaluated based on their 
TLC profile and the respective dyes contained in the 
tablets were identified. 
 
Gas chromatography 

A methamphetamine standard containing a precisely 
known concentration thereof was used in both 
qualitative and quantitative analyses using gas 
chromatography-mass spectrometry (GC-MS) and a 
gas chromatography-flame ionization detector (GC-



Malaysian Journal of Analytical Sciences, Vol 26 No 1 (2022): 130 - 151 

 

  134 

FID), respectively. Prior to sample analysis, a 
calibration curve was constructed using the data 
obtained from the GC-FID analysis of 
methamphetamine calibration standards in a 
concentration range of 0.10 – 1.40 mg/mL. Such 
calibration range had allowed the determination of 
concentration of the target substance within an illicit 
tablet. Note that the GC method was adapted from 
United Nations Office on Drugs and Crime [20] and is 
utilized in the country of study for routine forensic 
analysis. 
 
A Perkin Elmer Clarus 600 Gas Chromatographic 
system coupled with Mass Spectroscopy (MS) (Perkin 
Elmer, Waltham, MA) was used to confirm the 
presence of methamphetamine using a HP-5 capillary 
column (30 m × 0.25 mm i.d., 0.25 µm film thickness) 
(Agilent Technologies, Santa Clara, CA). Purified 
helium gas (99.99%) was used as the carrier gas at a 
constant flow rate of 1.5 mL/min. The front injection 
temperature was set to 270°C. The initial temperature 
was 80°C, and it was held for 1 min. The temperature 
was then increased to 200°C at 30°C/min, followed by 
a further increase to 270°C at 50°C/min. The final 
temperature was held for 1.0 mins. The temperature of 
the transfer line of the MS detector was set to 280°C. 
The data acquisition rate was 1.0 sec/scan and mass 
fragments were collected in the 50–500 m/z range. 
Turbomass Ver 5.4.2 Properties (Perkin Elmer, 
Waltham, MA) was used for data analysis. The spectra 
of the target compounds were interpreted, evaluated, 
and the resultant peaks were identified using the mass 
spectral library (NIST MS 2014 version 2.2) (National 
Institute of Standards and Technology, Gaithersbury, 
MD). 
 
An Agilent 7890B Gas Chromatography system 
equipped with a split/splitless injector, and an FID 

(Agilent Technologies, Santa Clara, CA) was used for 
methamphetamine quantification upon positive 
identification based on GC-MS results. Liquid injection 
was performed at a constant inlet temperature of 
270°C. Chromatographic separation was achieved 
using a HP-5 capillary column (30 m × 0.32 μm i.d., 

0.25 µm film thickness). Purified helium gas (99.99%) 
was used as the carrier gas at a constant flow rate of 0.6 
mL/min. The initial oven temperature was set at 150°C 
and held for 1 min. A temperature ramp of 30°C/min 
was selected to reach the maximum of 270°C and held 
for 2.5 min. Hydrogen flow, air flow, and the make-up 
flow were supplied to the detector at 30, 400, and 29.4 
mL/min, respectively. Standard solution (1 µL) was 
introduced into the injector port. Chemstation software 
(Rev. B.04.02, Agilent, Santa Clara, CA) was used for 
GC automation and data analysis. All standards and IS 
were identified by comparison of the retention times. 
 
The drug samples were prepared by weighing an 
accurately weighed amount of the powdered sample 
into a 10 mL volumetric flask. The sample was then 
dissolved using the IS solution to the levelling of mark 
and ultrasonicated for five minutes to allow for 
complete dissolution. An IS solution with a 
concentration of 0.60 mg/mL nortriptyline HCl was 
used. The solution formed upon the sonication was 
transferred into GC vial and properly labelled. All 
prepared samples were then introduced into the GC 
systems.  
 
Upon analysis by GC-FID, the area under the 
chromatogram of each peak was integrated and the 
peak area ratio of the target substance was determined. 
The percentage of methamphetamine was calculated 
using Equation 1. 
 

 
% methamphetamine = [(Concentration × 10)/weight of sample taken] × 100%                                         (1) 

   
where concentration is in mg/mL; 10 is the volume of 
dissolved sample in a 10 mL volumetric flask, and 
weight of sample taken is measured in mg. The purity 
among all the samples tested in this study was then 
compared. 

Drug profiling strategy 

A drug profiling scheme involving the physical 
characterization and chemical analyses of illicit 
methamphetamine tablets was conducted in that order. 
A comparative study was performed on the samples 
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and possible differences were determined on a case-by-
case basis. 

Results and Discussion 

A total of 164 seized illicit methamphetamine tablets 
were analyzed in this study. Among them, six were 
green in color (3.7%), differing from the commonly 
encountered red tablets (96.3%). Therefore, the six 
green samples were labelled as G01-G06, while the 
remaining 158 samples were labelled as S001–S158. 
 
Physical examination 

Color 

The samples analyzed in this study were predominantly 
red. However, the red color of each tablet differed 
slightly in terms of the hue, likely due to the use of 
different dyes. Some tablets appeared cherry-red, while 
some were maroon in color. Such variation in color 
could be due to the presence of different dyes or 
combinations of dyes that had been used in the 
manufacturing process, which can be determined by 
chemical analysis of the dye composition. In addition 
to the red tablets, six tablets were green in color. 
Generally, only one or two such green tablets are 
encountered in larger packages of seized samples 
containing 100 or 200 tablets.  
 
Logo variant 

All the methamphetamine tablets were round in shape 
with a deep convex center. A specific logo was 

observed on one of the sides, consisting of the letter’s 

“w” and “y”, as shown in Figure 1. However, different 

variations of the logo were noted, whereby “wY”, 

“WY,” or “wy” were present. In our case, the “wY” 

logo was dominant with 155 out of 164 samples 
(94.5%) being stamped with it [Figure 1(a)-(d)]. A 
slight variation in the size and positioning of the 
markings was also noted among the “wY”-labelled 
tablets, likely due to the use of different tableting 
machines. Some of the tablets exhibited deeply 

stamped logos, whereby the two letters could be seen 
clearly (Figure 1(a)-(b)), while most of the logos 
appeared very faint (Figure 1(c)-(d)).  
 
Previous studies have indicated that such variations are 
a result of manufacture by different drug syndicates 
[21]. Tablets with the “wY” insignia were the most 

common in the sample set, and it is believed that they 
are produced by the United Wa State Army [21]. The 
other two variants, that is tablets bearing the “WY” and 

“wy” logos, were not common, being noted on only 

two (1.2%) [Figure 1(e)] and one sample (0.6%), 
respectively, [Figure 1(f)]. Reportedly, the former 
variant likely originated from the Myanmar National 
Defense Alliance Army, while the latter was produced 
by the Shah United Army 15. The “Wy” insignia was 

not observed among our seized samples; neither were 
other less common variants, such as “R”, “OK”, “888”, 

and “Ã/99” [21,22]. None of the tablets bore an imprint 

on the reverse side.  
 
The presence of a logo indicated the unique physical 
characteristics of the methamphetamine tablets, as it 
appeared on most of our tested samples. However, drug 
syndicates and trafficking groups other than those 
mentioned above reportedly stamp the same logos on 
their tablets, essentially counterfeiting illicit 
methamphetamine tablets [21,23]. As the samples 
tested in this study had all been seized, they could have 
been exposed to unknown physical and environmental 
conditions; thus, the faintness of the markings and/ or 
the rough texture of some tablets possibly resulted 
from exposure to moisture or due to transport and 
handling practices. Tablets whereby the logo on the 
surface could not be clearly determined through visual 
observation accounted for 3.7% of the total samples, or 
six out of 164 samples. 
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Figure 1.  Physical observation of illicit drug tablets encountered in this study. 
 
 
Dimensions 

In terms of size, all of the tablets appeared very similar 
to each other, and the average diameter and thickness 
were 6.21 ± 0.21 mm and 3.06 ± 0.14 mm, 
respectively. Four of the samples were slightly larger in 
diameter, especially S077, measuring 8.16 mm in 
diameter. On the other hand, the diameter of S001 was 
relatively smaller at only 5.60 mm. The weight of each 
tablet was directly related to its dimensions. In this 
study, the average weight of the tablets was 97.63 ± 
32.52 mg, but the range was from 26.50 mg to 474.95 
mg, showing significant variation. The heaviest sample 

was S017, although its diameter and thickness were 
within the dimension range of the dominant group. 
Figure 2 illustrates the number and percentage of 
samples with a certain diameter, thickness, and weight.  
 
In most instances, drug tablets produced using the same 
tableting machine present uniform dimensions and 
thickness [24]. A tableting machine compresses 
pharmaceutical powder with a specific formulation into 
tablet form, resulting in the production of tablets with 
uniform size, shape, and weight [24,25]. Thus, the 
variation in the physical characteristics could be as a 



Noor Azlina et al:    PHYSICAL AND CHEMICAL DISCRIMINATION OF METHAMPHETAMINE TABLETS 
FOR FORENSIC INTELLIGENCE 

 

137   

result of the use of different tableting machines in the 
production step [21,23]. Any differences in terms of 
the punches and dies of a tableting machine could 
potentially produce tablets that differ in diameter [21]. 
Tablet thickness could be affected by the compressive 
force, even when a consistent ingredient fills of the die 
is practiced [21,26]. Tablet weight is governed by the 
volume of the ingredient filling the die cavity in a 
tableting machine, and the size of the granule and void 
space would influence the weight [21].  
 

For forensic intelligence, our findings suggested that 
the majority of illicit drug samples were likely to have 
similar physical characteristics, but several samples 
that showed significant variation from the dominant 
group were identified. Taking note of such variation 
could be beneficial for differentiating between batches 
and manufacturers, at least for sample-to-sample, case-
to-case, and seizure-to-seizure direct comparisons [27]. 
The physical examination would additionally be 
supported by the information obtained from the 
chemical analyses for forensic characterization. 

 

 

Figure 2.  The number and percentages of samples in term of their (a) diameters, (b) thicknesses and (c) weights 
 
 
ATR-FTIR analysis 

ATR-FTIR spectral comparison of illicit drug 

samples and standards  

ATR-FTIR spectroscopy is a useful technique for 
analyzing and identifying samples, as well as for 
comparing various samples in numerous forensic 
applications [28,29]. All 164 illicit drug samples (158 
red-colored and 6 green-colored samples) were 
analyzed using ATR-FTIR spectroscopy to determine 
their structure, compare their spectra with that of the 
methamphetamine standard, and to differentiate the 
seized samples. Prior to determination and comparative 
studies, repeatability and reproducibility tests were 
performed. A representative sample (S001) from the 
same seizure was used in the repeatability study, 

showing close agreement between three successive 
measurements under the same conditions [Figure 3(a)]. 
In the reproducibility study, no differences were 
observed in ATR-FTIR spectra when S100 was 
analyzed thrice on three consecutive days [Figure 
3(b)], indicating that ATR-FTIR spectroscopy is 
capable of generating comparable results from multiple 
analyses and preparations of the same sample. For both 
repeatability and reproducibility tests, the intensity of 
three major peaks appearing at 1691, 1653 and 743 cm-

1 were respectively measured, and their relative 
standard deviations were determined to be less than 
5%.  
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Complex interacting vibrations were evident in the 
ATR-FTIR spectra of both the standards and samples. 
Figure 4 depicts the ATR-FTIR spectra of the 
methamphetamine standard and common adulterants, 
including caffeine, ephedrine, and various sugars 
[14,15], added during the manufacture of illicit 
methamphetamine tablets.  
 
With reference to (Figure 4(a)), the absorbance pattern 
of methamphetamine contained major peaks in regions 
ranging from 3200 to 2550 cm-1 and 1800 to 650 cm-1 
[29-31]. Broad absorbance bands were observed at 
2972, 2726, and 2457 cm-1, and were attributed to C-H 
(C-CH3), NH2, and C-N-C stretching vibrations, 
respectively. Meanwhile, two sharp absorbance peaks 
were also observed at 699 cm-1 and 747 cm-1, likely 
arising from the aromatic C-H out-of-lane bending 
vibration. The existence of an aromatic ring stretching 
vibration (C=C-C) at 1602 cm-1 could be unique to 
aromatic ring bonding, while the absorbances at 1454, 
1386, and 1046 cm-1 likely arose due to C-H bond 
deformation in the chemical structure. Absorbance 
peaks in the region of 1192 cm-1 possibly represented 
C-N stretching in a secondary amine structure of 
methamphetamine.  
 
The ATR-FTIR profile of ephedrine (Figure 4(c)) 
appeared very similar to that of methamphetamine due 
to their similar structure. However, the distinguishing 
feature of the ephedrine spectrum was the presence of 
additional absorbance bands at 3400 and 3200 cm-1 
ascribed to hydroxyl stretching. Additionally, the 
absorbance peaks of ephedrine appeared weaker than 
those of methamphetamine in the region of 2400-3100 
cm-1. 
 
In the spectrum of caffeine (Figure 4(b)),  prominent  
absorbance  peaks were evident in the region of 1655-
1705 cm-1, attributed to C=O bond vibration, C=C 
bonds of cyclic hydrocarbons, and/or C=N bond 
stretching. The ketone group present in caffeine gave 
rise to peaks at 1025 and 1237 cm-1. Additionally, C-N 

stretching gave rise to an absorbance peak at 1359 cm-

1, while C=C vibration contributed to the peak at 1486 
cm-1.  
 
From the ATR-FTIR spectra of the five types of sugars 
tested in this study, glucose [Figure 4(d)] and dextrose 
(Figure 4(h)) had very similar profiles. As 
disaccharides, the spectra of lactose [Figure 4(e)] and 
maltose [Figure 4(f)] also appeared very similar to each 
other. Lastly, the spectrum of mannitol [Figure 4(g)], a 
type of sugar alcohol used as sweetener, was distinct, 
containing two intense absorbances at 1074 and 1015 
cm-1. Absorbance peaks in the ATR-FTIR profiles of 
sugars arise predominantly from skeletal C-C 
vibrations (1300-700 cm-1), methyne C-H bending 
(1350-1330 cm-1), and H-bonded OH stretching (3570-
3200 cm-1). 
 
Visually, two unique ATR-FTIR spectral patterns were 
observed for the illicit drug samples tested in this 
study, as depicted in Figures 4(i) and 4(j). Careful 
analysis suggested that pattern A (Figure 4(i)) 
contained peaks similar to those of caffeine, while 
pattern B (Figure 4(j)) resembled the spectrum of 
mannitol. In this study, only one sample, namely S077, 
showed ATR-FTIR profile of pattern B. Experimental 
results can be used to determine the major adulterant 
added to the composition of illicit drug tablets during 
the manufacturing process. It was noted that the choice 
of adulterants can differ among the drug distributors 
and manufacturers, due to factors such as user 
preference, drug syndicate “trade-marks,” the 

availability of these substances, and differing strategies 
for increasing the profit margin [32,33]. The ATR-
FTIR profiles of the six green tablets did not differ 
from those of the red tablets, suggesting that the tablets 
had a similar composition, with the exception of the 
dye. 
 
 
 

 
 
 
 



Noor Azlina et al:    PHYSICAL AND CHEMICAL DISCRIMINATION OF METHAMPHETAMINE TABLETS 
FOR FORENSIC INTELLIGENCE 

 

139   

 

Figure 3. (a) Repeatability test using sample S001 as representative sample, and (b) reproducibility test using 
sample S100 as representative sample 

 

 

Figure 4.  ATR-FTIR spectra of drug standards and seized illicit drug samples in the region of 4000 to 600 cm-1 
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ATR-FTIR spectral comparison of adulterated 

methamphetamine at varying percentages  

To further evaluate the inclusion of adulterants and 
their influence on the resultant ATR-FTIR profiles, 
varying ratios of methamphetamine and adulterants 
were prepared, and the spectra of the mixtures were 
examined. Figure 5 illustrates the comparison of the 
ATR-FTIR profiles of the methamphetamine 
standard containing varying adulterant amounts. 
 
As evident in Figure 5, the ATR-FTIR profile of 
methamphetamine changed upon the addition of 
adulterants, regardless of the choice of adulterant. 
With increasing adulterant content, the prominent 
methamphetamine absorbance peaks gradually 
reduced in intensity or became concealed by the 
intense peaks originating from the adulterant. For 
instance, an increase in caffeine content in a mixture 
led to a gradual decrease in the intensity of the main 
absorbance peak at 699 cm-1. When 
methamphetamine content reached 25% in the 
mixture, the peak was no longer detectable. 
Additionally, the broad absorbances within the 
wavenumber region of 3100-2400 cm-1 also 
underwent significant changes. On the other hand, 
absorbance peaks arising from caffeine were evident 
in the range of 1655-1705 cm-1 for a mixture 
containing 25% caffeine. Absorbance peaks in this 
region became more intense with increasing caffeine 
content. From Figure 5(a), the absorbance peaks 
attributed to methamphetamine were virtually absent 
for a mixture containing > 75% caffeine, and the 
spectrum resembled that of the pure caffeine 
standard. Based on the ATR-FTIR spectra of the 
methamphetamine and ephedrine standards, the 
spectrum  of  their mixture  contained  an    additional 

peak at 3340 cm-1 due to the presence of a hydroxyl 
group in ephedrine (Figures 5(b)). When sugars were 
added to the composition, the dominant peaks from 
methamphetamine also decreased in intensity, 
gradually being replaced by the peaks arising from 
the sugars. In other words, the ATR-FTIR profile of 
the mixture started to resemble that of the sugars with 
increasing sugar concentration (Figures 5(c) and (d)).  
 
Regardless of the adulterant added, the peaks 
ascribed to methamphetamine remained prominent in 
the ATR-FTIR spectrum when methamphetamine 
content was 75% and above. However, with the 
addition of 50% or more of any adulterant, the 
presence of methamphetamine was challenging to 
confirm using the ATR-FTIR profile of the mixture. 
A previous study has suggested the potential of using 
ATR-FTIR spectra to identify methamphetamine 
when the concentration thereof is >30% [34]; 
however, the presence of adulterants impeded the 
determination of methamphetamine in our study. In 
our case, at least 75% methamphetamine content was 
required for confident determination of its presence 
in a mixture. Thus, the ATR-FTIR technique has 
several limitations, particularly when the screening 
for the presence of methamphetamine as a controlled 
substance. However, the ATR-FTIR technique could 
be applied in clandestine laboratory settings where 
illicit drugs of very high purity have been synthesized 
prior to the packaging stage. In such cases, ATR-
FTIR spectroscopic analysis would allow for rapid 
determination and portable on-site detection. 
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Figure 5.  ATR-FTIR profiles of methamphetamine with varying percentage of adulterants 
 
 
PCA decomposition of ATR-FTIR profiles  

Our findings indicated that the determination of 
methamphetamine presence in illicit drug tablets using 
ATR-FTIR spectroscopy could be challenging. 
However, the identity of the adulterant in an illicit drug 
pill could be determined via this technique based on the 
obtained spectrum, and consequently, samples of 
differing composition can be differentiated. PCA was 
performed to decompose the large dataset into a 
smaller set that represented the variability of all the 164 
samples tested in this study. Prior to the PCA, the 
ATR-FTIR spectra were pre-treated and normalized. 
From the ATR-FTIR spectra in Figure 4, the regions 
with noticeable variations among the standards and 
samples, namely those ranging from 3200 to 2550 cm-1 
and 1800 to 650 cm-1, were subjected to PCA. Figure 6 
illustrates the two-dimensional score plot upon PCA 
decomposition of data for the 164 illicit drug samples 
and related standards.  
 
The majority of the  illicit drug samples tended to 
locate closely, as seen for cluster P in the score plot 

(Figure 6). These samples were clustered together with 
the caffeine standard, suggesting the similarity in their 
ATR-FTIR profiles. This observation was supported by 
the visual comparison of their ATR-FTIR spectra, 
wherein they appeared very similar, as demonstrated in 
Figures 4(b) and 4(i). On the other hand, the S077 
sample was located away from the cluster P, while 
being close to the sugar standards, denoted as cluster 
Q. S077 could have been adulterated with any sugar, 
most likely mannitol, based on the similarities of its 
ATR-FTIR profile with that of mannitol (Figure 4(g)). 
The PCA grouped the green samples into cluster P, as 
the color did not contribute to significant changes in 
the ATR-FTIR profile.  
 
The PCA score plot indicated that all the illicit drug 
samples were located very far away from the 
methamphetamine standard data point, found in the 
right bottom corner. This observation implied that the 
absorbance peaks comprising the ATR-FTIR profile of 
the methamphetamine standard were not useful for 
determining its presence in the illicit drug tablets, as 
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they were concealed by the peaks originating from the 
adulterants. It was noted that the ephedrine standard 
was located close to methamphetamine (cluster R), 
indicating significant similarities between their ATR-
FTIR profiles. Generally, PC1 (52.8%) discriminated 
the majority of the samples from the standards and 
adulterants, including methamphetamine, ephedrine, 
and various sugars. PC2 (26.9%) further separated the 
methamphetamine and ephedrine standards from the 
data points consisting of various sugars. The presence 
of adulterant had modified the ATR-FTIR profiles of 
methamphetamine. As evident in Figure 7 
demonstrating the score plot decomposing drug 
samples and the standard-adulterant mixtures, data 
points of the mixture carrying greater percentage of 
adulterant, in this case caffeine, had been dispersed 
away from cluster R to cluster P. Majority of the drug 
sample tested in this study could have contained less 
than 25% active compound and adulterated with 
caffeine. The sample S077 might have also contained a 
percentage of methamphetamine at a level of less than 

10% and adulterated with sugar, probably mannitol 
based on the ATR-FTIR spectrum.  
 
In this study, the discrimination of illicit drug samples 
was possible through the use of ATR-FTIR 
spectroscopy by recognizing the corresponding pattern 
and comparing it to that of the standards and 
adulterants. PCA allowed for more objective clustering 
and discrimination. The majority of the illicit drug 
samples tested in this study were adulterated with 
caffeine, except for one sample, namely S077, that 
likely contained mannitol. The literature has suggested 
the preference for utilizing caffeine as the adulterant 
during illicit drug production probably due to the 
similar stimulant effect of caffeine as in 
methamphetamine [15,23]. Perhaps more samples from 
different regions of the country should be included in 
future profiling activities to evaluate if the choice of 
caffeine was restricted to the east coast of the country, 
or generally, across the country and in nearby 
countries. 

 
 

 

Figure 6.  Decomposition of 164 samples and standards into two-dimensional score plot 
 
 
 
 



Noor Azlina et al:    PHYSICAL AND CHEMICAL DISCRIMINATION OF METHAMPHETAMINE TABLETS 
FOR FORENSIC INTELLIGENCE 

 

143   

 

Figure 7.  Decomposition of drug samples and standard-adulterant mixture into two-dimensional score plot 
 
 
TLC analysis 

Choice of Solvent System  

Prior to TLC analysis, the dye was extracted from the 
tablets to remove any sugars, fats, or other substances 
contained therein [16,17] that could potentially cause 
blurring of the spots upon analysis [18]. Thus, the dye 
was transferred to a piece of wool via acidification and 
subsequently stripped from the wool by alkaline 
treatment [17-19,35]. All the dye standards used in this 
study underwent the same procedure as did the 
negative control. Upon TLC analysis, all the standards 
developed colored spot(s) on the plate when various 
solvent systems were applied, and their respective 
retention factor (Rf) values are given in Table 1.  
 
Among the dye standards, the Rhodamine B dye 
standard exhibited strong fluorescence under long-
wave UV light illumination; Erythrosine BS fluoresced 
weakly. Adequate separation of the dye standards 
could not be achieved using solvent systems B or C for 
TLC analysis. These solvent systems were excessively 
polar, and the dye components moved high up the plate 
due to insufficient interaction with the stationary phase. 
Solvent system A consisting of isopropanol and 
ammonia (4:1 v/v) reportedly achieves effective 

separation of synthetic food colorants with minimum 
tailing effects [17]. However, it was found that certain 
dye standards were not adequately separated using 
solvent system A, as evident from the very close Rf 
values of the color spots formed by Tartrazine and 
Brilliant Blue. The color spot generated from Brilliant 
blue dye was also very close to those formed by the 
two green-colored dye standards used in this study, 
namely Fast Green and Green S. These occurrences 
hamper interpretation, especially in the analysis of 
green tablets. In fact, the green color may be the result 
of a blue and yellow dye mixture. 
 
Favorable separation among the dye standards was 
achieved with silica gel plates eluted with solvent 
system D consisting of isopropanol, ammonia, and 
water in a volume composition of 7:2:1, especially in 
the case of the red dyes. Furthermore, the greater 
separating distance between the spots formed by 
Tartrazine and Sunset Yellow dye standards resulting 
from the use of solvent system D would allow for more 
confident discrimination between these two dyes 
potentially found in the green tablets. Thus, solvent 
system D was used for the subsequent determination of 
dye components in the illicit drug samples. 
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Table 1.  Rf values of the color dye standards upon TLC analysis 

Standard Solvent system A Solvent system B Solvent system C Solvent system D 

Amaranth 0.81 0.81 1.00 0.64 

Carmoisine 0.88 0.91 1.00 0.70 

Erythrosine BS (0.93) (0.94) (1.00) (0.82) 

Ponceau 4R 0.81 0.87 1.00 0.65 

Rhodamine B (0.90) 

(0.74) 

(0.71) 

(0.90) 

(0.87) 

(1.00) 

(0.88) 

(0.80) 

(0.82) 

(0.76) 

(0.65) 

Red 2G 0.84 0.90 1.00 0.73 

Tartrazine 0.78 0.87 1.00 0.64 

Sunset Yellow 0.83 0.88 1.00 0.73 

Fast Green 0.83 

0.80 

0.88 

0.86 

1.00 0.68 

0.65 

Green S 0.78 

0.72 

0.64 

0.81 1.00 0.64 

Brilliant Blue 0.77 0.87 0.95 0.73 

         ( ) indicates fluoresced colored spot under UV illumination 

 
 
Determination of dye components in illicit drug 

samples  

In pharmaceutical products, the addition of color aids 
in enhancing drug acceptability, discrimination among 
different drugs, and prevents counterfeiting 18. In illicit 
drugs, dyes are used to improve their external 
appearance, and to render them readily identifiable on 
the drug scene [36]. Figure 8 illustrates the percentages 
of drug samples that contained specific dye 
components. Upon examination, a total of 151 samples 
(95.6%) contained Ponceau 4R as the only dye. In 
addition to Ponceau 4R, Erythrosine BS (0.6%), Sunset 
Yellow (1.9%), and Tartrazine (0.6%) were also 
concurrently detected in certain drug samples, 
suggesting that the dye used during the manufacturing 
of certain drug samples was not restricted to a single 
type. Only two samples were found to be unique and 
not to contain Ponceau 4R (1.3%), namely S001 and 
S002, which contained Rhodamine B and Erythrosine 

BS. The six green-colored illicit drug samples were 
classified into two separate groups, according to 
whether they contained Tartrazine and Brilliant Blue 
(66.7%), or Ponceau 4R as well (33.3%). However, the 
presence of Ponceau 4R in the two green-colored 
samples possibly originated from contamination by 
red-colored tablets as they were all placed in the same 
packaging.  
 
TLC analysis contributed significantly to the 
identification of the various dyes contained in the illicit 
drug samples. Importantly, the dye must be carefully 
extracted from the samples to ensure satisfactory TLC 
separation. Ponceau 4R was the most commonly used 
dye in red-colored samples, but a mixture of dyes was 
also encountered. Based on TLC analysis results, at 
least seven different groups of illicit drug samples were 
determined.  
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Figure 8.  Percentages of samples of varying dye composition in (a) red-colored and (b) green colored illicit drug 
samples tested in this study 

 
 

Gas chromatographic analysis 

Confirmation of methamphetamine presence 

Due to the excellent sensitivity of GC-MS, it was 
chosen to confirm the presence of methamphetamine 
[8,11]. Figure 9 shows a representative chromatogram 
showing methamphetamine and IS peaks upon sample 
analysis. The methamphetamine and IS peaks appeared 
at 3.72 and 7.27 min, respectively. The presence of 
caffeine was also evident in the majority of samples, 
supporting the findings of ATR-FTIR analysis. The 
caffeine peak dominated the chromatogram, appearing 
at a retention time of 6.33 min. The mass spectrum of 
methamphetamine displayed an M-1 peak with an m/z 

ratio of 148. The base peak was found at m/z 58, 
followed by m/z 91 and 134. 
 
Of the 164 samples tested in this study, 162 of them 
were found to contain methamphetamine; samples 
S077 and G02 did not. A probability index of greater 
than 80% was considered for a positive determination 
of methamphetamine. It was noted that physical 
examination alone could not confidently indicate the 
presence of methamphetamine. As evident in these two 
samples, the target substance was not detected using 
our analytical method, either because it was absent, or 
its content was too low for detection. 
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Figure 9.  Representative chromatogram showing the peaks of methamphetamine, caffeine, and IS upon GC-MS 
analysis of sample S001 (Inset: mass spectrum of methamphetamine) 

Quantification of methamphetamine in illicit drug 

tablets  

A calibration curve was constructed using the GC-FID 
analysis results obtained for methamphetamine 
solutions of varying concentrations and linear least 
regression analysis, and the percentage of 
methamphetamine (w/w) in each illicit drug tablet was 
determined, as shown in Figure 10.  
 
The mass of methamphetamine in individual samples 
was found to vary. Most of the samples contained 
15.01% – 17.50% w/w of methamphetamine, 
accounting for 64.8% of the total samples. In fact, > 
98% of the samples (159 samples) were found to 
contain < 20% methamphetamine. Our experimental 
data indicated that most of the tablets had been 
adulterated with caffeine to add bulk during the 
manufacturing and tableting processes; however, 
caffeine quantification was not pursued in this study. 
Considering the w/w ratios and the tablet weight, 
approximately 16 mg of methamphetamine was 
generally present in a single tablet.  
 
Several samples were distinct in terms of their 
methamphetamine content, which was either 
significantly higher or lower than the average, allowing 
for their discrimination from the majority groups. The 

two samples with a relative higher percentage of 
methamphetamine were S082 (35.04% 
methamphetamine) and S094 (56.60% 
methamphetamine). In other words, they contained 
significantly lower amounts of adulterant. The empty 
space between the granules may have been larger, 
reducing their measured weights [21]. On the other 
hand, five samples (3.08%) were found to contain 
<10% methamphetamine. The lowest 
methamphetamine content was found in sample S002, 
wherein only 10 mg methamphetamine was detected 
for all 300 tablets encountered in a single packaging. 
The remaining w/w percentage of each tablet was 
principally made up of the adulterant. Samples with 
such low methamphetamine content are not commonly 
encountered as their effects upon consumption would 
be diminished. The other four samples within the same 
group contained approximately 7% methamphetamine.  
 
Thus, the presence methamphetamine in seized drug 
samples was confirmed based on GC-MS analysis 
results and its quantity was determined through the 
GC-FID analysis. In this study, 98.7% of the samples 
contained methamphetamine, and only several tablets 
contained either very high or very low levels of 
methamphetamine. 
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Figure 10.  Percentages of methamphetamine (w/w) of 162 illicit drug tablets positively confirmed by GC-MS 
 
 
General discussion 

Based on physical characterization and chemical 
analyses results, valid information was retrieved 
regarding the composition of illicit drug samples [37]. 
In routine forensic analysis, the ultimate objective is to 
detect the presence of a controlled substance and 
quantify it. However, more in-depth analysis of illicit 
drug samples could contribute to a greater comparative 
study to gather information regarding sample-to-
sample, case-to-case, seizure-to-seizure connections, 
especially when a large number of samples are 
encountered by the enforcement authorities [38-41]. To 
a certain extent, this approach could contribute to 
establishing the origins of illicit drug samples, the 
possible manufacturing pathway, as well as the 
potential trafficking and distribution network [42-43], 
enabling the tracking of drug syndicates or 
manufacturers.  
 
In this study, illicit drug samples from various seizures 
were profiled for possible clustering or discrimination 
among them. Although physical characterization did 
not provide information on the identity of the substance 
in the illicit drugs, it allowed for the discrimination of a 
few samples from the major groups due to their unique 

physical appearance, especially in relation to their 
respective logos, diameter, thickness, and weight. 
ATR-FTIR analysis coupled with PCA indicated that 
the majority of the illicit drug samples were adulterated 
with caffeine. TLC analysis enabled the identification 
of the dyes that had been added to the tablets, whereby 
Ponceau 4R was found to be the most commonly used 
dye. Lastly, GC-MS analysis enabled the determination 
of the presence of methamphetamine as well as that of 
its content in each tablet through GC-FID. All the 
analytical results are summarized in Figure 11; the 
classification of samples into several groups was based 
on the drug profiling results. The proposed strategy can 
be used by law enforcement agencies and forensic 
laboratories to profile illicit drugs, in this case, 
methamphetamine tablets. Illicit methamphetamine 
samples tested in this study had demonstrated certain 
degree of physical and chemical differences. 
Differentiation among drug samples would be 
advantageous for sample-to-sample and seizure-to-
seizure comparison. It was noted that this profiling 
study could have been restricted by the availability of 
methamphetamine samples, limited to the east coast 
region of Malaysia. A greater number of samples, 
perhaps from different regions of the country, would 
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provide information of the current situation of illicit 
methamphetamine in the country. Nonetheless, data 
from such analytical endeavors should be further 
collated as it is necessary for wider forensic 

intelligence to provide information on the possible 
connection among seized samples to law enforcement 
authorities.

 
Figure 11.  Drug profiling strategy and grouping of illicit drug samples 

 

Conclusion 

Forensic drug profiling was conducted with the aim of 
benefiting forensic investigation and intelligence. In 
this study, samples were differentiated based on several 
physical and chemical characteristics, allowing sample-
to-sample comparison. With a greater number of illicit 
drug samples being processed, the linkages between 
seizures could be revealed, beneficial for tracking 
down the sources of these illicit drugs on the black 
market and their related distribution chain. Drug 
profiling strategies on a global level in accordance with 
comparative analyses of illicit drug samples would be 
advantageous for uncovering complex trafficking 
networks. This information could advance the body of 

knowledge useful to drug-related investigations and 
intelligence. 
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Abstract 

The presence of naphthenic acid (NA) in crude oil leads to corrosion problems within oil refineries which may increase the 

maintenance cost and produce lower quality of crude oil. The objective of this study is to reduce the total acid number (TAN) of 

Petronas Penapisan Melaka (PPM)’s crude oil (TAN = 2.43 mgKOH/g) using 2-methylimidazole with the aid of Cu/Ce 

(10:90)/Al2O3 catalyst through the catalytic neutralization technique. A 10% of 2-methylimidazole in ethanol solution was used 

as the acid removal agent. Cerium oxide based catalysts with copper as a dopant were supported onto alumina and calcined at 

different calcination temperatures of 800 ℃, 900 ℃ and 1000 ℃. The potential catalyst was characterized by using TGA-DTG, 

FTIR and XRD for its physicochemical properties. The results showed TAN was reduced to 0.53 mg KOH/g with 78.2% 

reduction at catalyst calcination temperature of 900 ℃, 0.5% catalyst loading, reaction temperature of 27 ℃ and 10 minutes 

reaction time. The small particle size of catalyst calcined at 900 ℃ which was 18.02 nm led to bigger surface areas that enhanced 

the neutralization process. These structural properties contributed to the excellent catalytic performance which removed the NAs 

in the PPM’s crude oil and concurrently reduced the TAN value below than one.  

 

Keywords:  catalyst, catalytic neutralization, crude oil, naphthenic acid 
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Abstrak 

Kehadiran asid naftenik (NA) dalam minyak mentah membawa kepada masalah kakisan dalam kilang penapisan minyak yang 

boleh meningkatkan kos penyelenggaraan dan menghasilkan minyak mentah yang berkualiti rendah. Objektif kajian ini adalah 

untuk mengurangkan jumlah asid (TAN) minyak mentah Petronas Penapisan Melaka (PPM) (TAN = 2.43 mgKOH/g) 

menggunakan 2-metilimidazol dengan bantuan mangkin Cu/Ce (10:90)/ Al2O3 melalui teknik peneutralan pemangkin. 10% 

daripada 2-metilimidazol dalam larutan etanol digunakan sebagai agen penyingkiran asid. Pemangkin berasaskan serium oksida 

dengan kuprum sebagai dopan disokong pada alumina dan dikalsinkan pada suhu pengkalsinan berbeza 800 ℃, 900 ℃ dan 1000 

℃. Mangkin berpotensi dicirikan dengan menggunakan TGA-DTG, FTIR dan XRD untuk sifat fizikokimianya. Keputusan 

menunjukkan TAN dikurangkan kepada 0.53 mg KOH/g dengan pengurangan 78.2% pada suhu pengkalsinan mangkin 900 ℃, 

0.5% pemuatan mangkin, suhu tindak balas 27 ℃ dan 10 minit masa tindak balas. Saiz zarah kecil pemangkin yang dikalsinkan 

pada 900 ℃ iaitu 18.02 nm membawa kepada kawasan permukaan yang lebih besar yang meningkatkan proses peneutralan. Ciri-

ciri struktur ini menyumbang kepada prestasi pemangkin yang sangat baik yang mengeluarkan NA dalam minyak mentah PPM 

dan secara serentak mengurangkan nilai TAN di bawah satu. 

 

Kata kunci:  mangkin, peneutralan pemangkin, minyak mentah, asid naftenik 

 

 

Introduction 

Nowadays, crude oil had become one of the most 

important source of energy in the world. Since raw 

petroleum is an important source of energy, it is 

imperative to overcome the issue of acidic crude oil to 

have better oil production [1]. In recent years, acidic 

crude oil production has raised by 0.3% per year 

worldwide. The naphthenic acid (NA) compound 

present in crude oil leads to the high acidity of oil. The 

term “naphthenic acids” is used to account for all 

carboxylic acids present in crude oil including acyclic 

and aromatic acids, which is also referred to as 

complicated mixtures [2]. 

 

The acidity of petroleum crude oil is measured by its 

total acid number (TAN), which refers the number of 

milligrams of KOH required to reduce the 

corrosiveness in one gram of oil [3]. Currently, the 

treatment for acidic oil either relies upon weakening or 

caustic washing techniques to decrease the TAN 

number of overwhelming rough oils. Moreover, neither 

of these method is altogether attractive. For example, 

even though mixing high TAN unrefined petroleum 

with a low TAN unrefined petroleum might decrease 

the NAs content to a worthy level, the acidic mixes still 

remain [1]. Burning treatment can also considerably 

evacuate NAs, but the procedure creates critical 

measures of wastewater and emulsion that are 

problematic to treat. Specifically, once an emulsion is 

formed, it is exceptionally hard to evacuate [4, 5]. A 

series of homogeneous basic catalysts are widely used 

in the petroleum industry such as KOH and NaOH but 

these types of catalysts would induce an emulsion 

problem and no catalyst recovery.  Solid acid catalysts 

have attracted a lot of attention in recent years in 

various industrial organic transformations, owing to 

their non-toxicity, non-corrosiveness, low cost, easy 

handling, recovery, and reusability. Among the several 

mesoporous materials, such as MCM-41 and SBA-16, 

the most important amphoteric substance is ɣ-alumina 

(ɣ-Al2O3), which is commercially accessible. It has 

been employed directly as a catalyst and as a catalyst 

support material in the automotive and petroleum 

industries due to its combination of textural features 

such as surface area, pore volume, and pore size 

dispersion. 

 

Due to the fact that crude oil upgrading is important to 

ensure the crude oil produced is in a high quality with a 

good price, an extensive treatment will be carried out 

for the high acidic crude oil. In this study, the catalytic 

neutralization technique was introduced utilizing a 2-

methylimidazole in ethanol solution with the aids of 

copper doped cerium based catalyst with alumina as a 

support. 

 

Materials and Methods 

Catalyst preparation and characterization 

In this study, cerium oxides were used as catalysts of 

interest and supported onto alumina with copper as a 

dopant. Cerium nitrate and copper nitrate were chosen 

as the metal precursor as it is easily soluble in water. 
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The ratio of based-dopant used was 10 (dopant) to 90 

(base) according to the metal precursor molar ratio and 

then calcined at a temperatures of 800 ℃, 900 ℃, and 

1000 ℃ [6]. An aqueous Incipient Wetness 

Impregnation (IWI) method was used to prepare the 

catalyst. According to the desired ratio, each of the 

metal salts was weighted in a beaker and it was 

dissolved in small amount of distilled water. To 

homogenize the mixture, the solutions were mixed 

together and the mixture solution was stirred 

continuously by magnetic bar for 30 minutes at 27 ℃. 

The alumina (Al2O3) beads as a support material were 

immersed into the catalysts solution for 1 hour and the 

supported catalysts were transferred onto an 

evaporating dish covered with glass wool [7, 8]. 

 

To remove water and allow good coating of catalyst 

solution on the surface of alumina, it was then aged 

inside an oven at 80-90 ℃ for 24 hour. To eliminate all 

the metals precursor, excess water and impurities, this 

steps were followed by calcination in the furnace at 

800 ℃ for 5 hours using a ramp rate of 5℃/min [9]. 

The preparation of the best catalyst was further 

optimized at temperatures of 900 ℃ and 1000 ℃ [4]. 

To study its physicochemical properties, the potential 

catalyst was characterized by a several methods. The 

data obtained were exceedingly valuable to 

comprehend the relationship between catalyst 

properties and its catalytic performance towards the 

neutralization activity. The characterization techniques 

that were used are X-ray Diffraction Spectroscopy 

(XRD), Fourier Transform Infrared Spectroscopy 

(FTIR), and Thermal Gravimetry Analysis (TGA-

DTG) [10]. 

 

Feedstock and basic chemical 

The materials were purchased from QReCTM and used 

as supplied. Feedstock used in this study was obtained 

from Petronas Penapisan Melaka (PPM), Malaysia with 

TAN of 2.43 mg KOH/g. In this study, the 2-propanol 

and toluene was used as titration solvents. The 

indicator used in the neutralization reaction is a 

phenolphthalein solution, 1% (w/v) in ethanol. 

Potassium hydroxide pellets and barium hydroxide 

were utilized as titrants [11, 12]. 

 

Catalytic neutralization reaction 

Crude oil and 2-methylimidazole solution in ethanol by 

a certain mass ratio was stirred. A total of 10% (w/w) 

of imidazole derivative solutions in ethanol and cerium 

oxide as catalyst were added to Petronas Penapisan 

Melaka (PPM)’s crude oil. Then the mixture solution 

was put into 2 neck round bottom flask equip with a 

magnetic stirrer and thermometer to control the 

constant temperature. Parafin oil was used to ease the 

maintaining of the constant temperature that was 27 ℃, 

40 ℃, 50 ℃ and 60 ℃ [13]. The mixture then was 

stirred at the various temperatures for 5, 10 and 15 

minutes to study the effect of reaction time [2]. After 

the extraction process, the mixture was put into a 

centrifuge container and was centrifuge with a speed of 

50×106 rpm for 30 minutes. The mixture was 

centrifuged to achieve the gravity separation of the 

reagent with the acidic compounds extracted from the 

crude oil sample. The reagent with ionic liquid was on 

top of the centrifuge tube, while the neutralized crude 

oil was collected at the bottom of the tube [9]. 

 

Total acid number (TAN) determination 

A 0.2 g Melaka crude oil sample after neutralization 

treatment was measured and placed in a titration 

beaker. The titration solvent, 40 mL with a mixture of 

2-propanol: toluene: distilled water (50:49.5:0.5) was 

poured into the crude oil sample in the titration beaker. 

Then, the petroleum crude oil sample was titrated with 

potassium hydroxide and barium hydroxide solution 

(0.01 mol/L). 

 

TAN value for Melaka’s crude oil (TAN = 2.43 mg 

KOH/g) was determined by semi-micro colour 

indicator titration method. The indicator used was 

phenolphthalein solution, 0.1 mL where the stable red 

colour was observed and indicated the end-point for the 

titration method. The titration method was performed 

on Melaka’s crude oil before and after the catalytic 

neutralization reaction. In order to express the results, 

the TAN of the sample was calculated in milligrams of 

potassium hydroxide per gram of sample (mg KOH/g) 

by using Equation  1. 

                                  ( VKOH – VB ) 

TAN =  56.1 x c x                                                     (1) 

                                           m 
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where 56.1 is the molecular mass of KOH (g/mol), c is 

the concentration of the standard volumetric potassium 

hydroxide solution (mol/L), VKOH is the volume of 

titrant used to reach the equilibrium point (mL), VB is 

the volume of titrant required for the blank titration 

(mL), and m is the sample mass (g). 

 

Results and Discussion 

Thermogravimetry analysis-differential thermal 

gravimetry (TGA-DTG) 

TGA-DTG analysis was studied to obtain thermal 

stability of potential catalyst after being aged overnight 

in an oven at 80-90 ℃ [1]. TGA profile exhibited some 

well-defined sections of weight loss accompanied by 

different slopes of thermogravimetric trace (weight loss 

rate). The thermogram of the Cu/Ce(10:90)/Al2O3 

catalyst showed three phases of weight loss as depicted 

in Figure 1 while the Table 1 tabulated the type of 

species deduction corresponding to the heating 

temperature. 

 

The weight loss in the range of 100-200 ℃ was due to 

the loss of physisorbed water molecules and was 

assigned to the evaporation of chemically adsorbed 

water molecules[14]. Between the temperature of 200–

380℃, the weight loss was attributed to the loss of 

hydroxyl molecules and lastly the weight loss at the 

range of 380–650℃ was due to the decomposition of 

nitrate precursors as shown in equation  

 

2Ce(NO3)3 → 2CeO2 + 6NO2 + O2                            (2) 

 

The theoretical mass loss when the nitrates were 

decomposed can be calculated in terms of the final 

mixture form (CeO2/Al2O3) from 650 ℃ to 1000 ℃ for 

being a stable form [15]. From the overall of TGA–

DTG analysis, it can be concluded that thermal 

treatment had eliminated the impurities and water from 

the materials with 14.50% of total weight loss in 8.15 

mg of catalyst and the pure metal oxide was obtained 

after heating at 650 ℃ [16].  

 

This observation is in agreement with the result shown 

in Figure 5 where by using Cu/Ce (10:90)/Al2O3 

catalyst calcined at 900 ℃, the TAN value of PPM’s 

crude oil can be reduced from the original TAN value 

as the catalyst calcined at this temperature show 

complete formation of metal oxide. The detailed 

weight loss and the deduction for each stages of weight 

loss is presented in Table 1. 
 

 

 

Figure 1.  TGA-DTG thermogram of Cu/Ce (10:90)/Al2O3 catalyst after aging in an oven for 24 hours at 80-90 ℃ 
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Table 1.  TGA analysis results for Cu/Ce (10:90)/Al2O3 catalyst 

Heating Temperature,  

ºC 

Weight Loss, 

% 

Deduction 

100-200  

 

14.50 Loss of crystal water and surface 

water molecule 

200-380  

 

8.20 Complete removal of water and 

formation of pure metal oxide 

380-650 1.30 Loss of nitrate compound and surface 

hydroxyl molecule 

 

 

X-ray diffraction 

The XRD diffractogram for the bimetallic catalyst of 

Cu/Ce (10:90)/Al2O3 calcined at different temperatures 

of 800 ℃, 900 ℃, and 1000 ℃ were compiled in 

Figure 2. From the XRD diffractogram pattern, it can 

be seen that Cu/Ce(10:90)/Al2O3 catalyst calcined at 

800 ℃ and 900 ℃ were less crystalline compared to 

the catalyst calcined at 1000 ℃. Typically, the 

calcination process of a catalyst involves the loss of 

chemically bound water or precursors, modification of 

the texture through sintering, modification of the 

structure, generation of an active phase and 

stabilization of mechanical properties which result in 

the development of an increased surface area of these 

catalysts [17]. 

 

The polycrystallinity phase of the catalyst calcined at 

800 ºC and 900 ºC was dominated by the CeO2 face-

centered cubic (fcc) species and some of the alumina 

orthorhombic (o) phase. The broadening of CeO2 peak 

calcined at 800 ℃ and polycrystalline of CeO2 calcined 

900 ℃ were attributed to the presence of a mixture of 

metal oxides and also due to loose arrangement of atom 

in the compound [18]. The high crystallinity of CeO2 

peak observed at 1000 ºC calcination temperature is in 

agreement with the finding from [19] who stated that 

the size of catalyst will increase as it was calcined at 

high temperature. Increasing in particle size of catalyst 

will lead to the smaller surface area. Therefore, 900 ℃ 

was an ideal calcination temperature for Cu/Ce 

(10:90)/Al2O3 catalyst in order to reduce the NAs 

content of PPM’s crude oils.  

 

 

Figure 2.  The  XRD  diffractograms  of  Cu/Ce(10:90)/Al2O3 catalyst calcined at temperatures of 800, 900 and 

1000 ℃ for 5 hours 
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Fourier transform infrared spectroscopy  

The FTIR spectra of Cu/Ce (10:90)/Al2O3 is shown in 

Figure 3. The peaks assignments for the catalyst is 

tabulated in Table 2. The results showed a group 

assignment for peak at 567.46 – 541.32 cm-1 at 

calcination temperature of 900 ℃ before and after 

neutralization process was due to the stretching mode 

of metal oxide group which resulted from the complete 

formation of pure metal oxide catalyst as also reported 

by Roy and Bhattacharya [20]. Based on the figure, it 

can be observed that after deacidification process (b), 

the new peak appeared at stretching frequency of 

1310.65, 1478.24, 2810.87, and 2987.87 due to the 

attachment of impurities on the surface of the catalyst. 

It could be suggested that the catalyst should be pre-

treated before use in the next cycle of reaction. 

 

 

Figure 3. FTIR spectra of Cu/Ce (10:90)/Al2O3 catalyst at calcination temperatures of 900 ℃, (a) before 

neutralization reaction (b) after neutralization reaction 

 

 

Table 2.  FTIR peak assignment of Cu/Ce (10:90)/Al2O3 catalyst 

 

 

Effect of reagent concentration towards crude oil 

TAN without catalyst 

Shi et al. [13] had reported the effect of different 

imidazole derivatives on the reduction of TAN value of 

PPM’s crude oil. It could be seen that when ethanol 

was used to extract NA from crude oil, the acid 

removal rate reached up to 17.6%. The polar NAs 

could be partially dissolved in alcohol especially the 

smaller molecular weight ones with larger polarity 

were more easily dissolved in ethanol according to the 

Wavenumber, cm-1 Peak Assignment 

2987.87 and 2810.87 sp3 C-H stretching 

1478.24 sp2 C-H stretching 

1310.65 Stretching mode of free nitrate (NO3
-) group from metal precursors 

567.46 – 541.32 Stretching mode of Metal=Oxygen (M=O) 
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similar dissolve mutually theory. Due to this theory, 

when imidazole derivatives were added into ethanol 

solution, the acid removal rate was significantly 

improved. The stronger the alkalinity of imidazole 

derivatives, the easier the reaction to occur because NA 

is a weak acid. 

 

Figure 4 shows various amount of 2-methylimidazole 

concentration from 5% to 15% that were tested in order 

to  reduce  the  TAN  of  untreated  PPM’s  crude  oil 

sample. When higher percentages of 2-

methylimidazole were used, the TAN value of PPM’s 

crude oils was further decreased. The best result 

showing the highest concentration of 2-

methylimidazole (15%) reduced TAN value from 2.43 

mg KOH/g to 1.10 mg KOH/g is when the percentage 

removal of NA was 55%. 

 

 

 

 

 

Figure 4.  Effect of different reagent concentration towards TAN value without presence of catalyst 

 

 

Effect of catalyst calcination temperature 

An investigation on this parameter was conducted to 

determine the effect of calcination temperature on the 

alumina supported catalyst by using 10% of 2-

methylimidazole. Figure 5 showed the trends of TAN 

value based on different catalyst calcination 

temperature. The trend of TAN value of PPM’s crude 

oils decreased from calcination temperature of 800 ℃ 

to 900 ℃ and increased when the catalyst calcined at 

1000 ℃. The catalysts which calcined at lower 

calcination temperatures (800 ℃) showed poor 

performance in this study while the catalyst functioned 

well in the removal of NAs process when calcined at a 

medium calcination temperature of 900 ℃. At 900 ℃ 

calcination temperature, it showed an improvement in 

reducing acidic content of crude oil due to the larger 

surface area of the catalyst from smaller particle size as 

supported from the BET results obtained by [4]. Thus, 

it provided sufficient surface sites for an excellent NAs 

removal process [21].  

 

Lower performance was shown by this catalyst 

calcined at 1000 ℃, which gave TAN value of 1.87 mg 

KOH/g which is above than one. This is probably due 

to the fact that increasing calcination temperature will 

increase particle size of the catalyst which leads to a 

smaller surface area because of high crystallinity of the 

catalyst observed by the narrow peak as shown by 

diffractogram in XRD analysis. Therefore, 900℃ was 

selected as the ideal calcination temperature for 

removal of NA for PPM’s crude oil samples [6]. 
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Figure 5.  Effect of different calcination temperature towards TAN value 

 

 

Effect of catalyst loading 

Catalyst loading is the percentage of the catalyst used 

by calculating the weight of catalyst used over mass of 

crude oil. In this study, this parameter was observed to 

study the effectiveness and efficiency of various 

catalyst loading towards TAN value. Figure 6 showed 

the trend of TAN value for PPM’s crude oil based on 

different catalyst loading. The trend of TAN value for 

PPM’s crude oils was decreasing with an increase in 

the percentage of the catalyst loading. It could be seen 

that the highest catalyst loading of 0.5% successfully 

reduced TAN value to 0.53 mg KOH/g while the 

lowest loading percentages that was 0.1% only reduced 

the TAN value to 1.69 mg KOH/g. An increased in the 

catalyst loading made the catalytic reaction became 

faster and more efficient. 

                               

                             

Figure 6.  Effect of different percentage of catalyst loading towards TAN value (Catalyst calcination temperature:      

900 ºC) 
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Effect of reaction temperature 

In this study, different reaction temperatures were 

studied for catalytic neutralization process on PPM’s 

crude oils. The temperature can be used to determine 

the speed of the neutralization reaction and can also 

decrease the viscosity of the crude oil, making the 

crude oil more accessible to the 2-methylimidazole. 

The trend of TAN for PPM’s crude oils was increased 

when the reaction temperature increased as shown in 

Figure 7. 

 

The percentage of catalytic neutralization activity 

decreased from 27 ℃ until 40 ℃ for PPM’s crude oil 

samples as the TAN value for 27 ℃ reduced from 2.43 

to 0.53 mg KOH/g while at 40 ℃, TAN reduced from 

2.43 to 0.74 mg KOH/g and at 50 ℃ it decreased to 

1.24 mg KOH/g and lastly, for 60 ℃ the TAN 

decreased from 2.43 to 1.44 mg KOH/g. This was 

because the reaction occured at higher temperature was 

not profitable for the reaction between 2-

methylimizadole and NAs in crude oil as the higher 

temperature can increase the viscosity of the crude oil. 

This occurrence probably stabilized the NA in crude oil 

and inhibited the reagent to react with NA effectively. 

In addition, this study offered an environmental 

friendly process because lower reaction temperature 

can lead to lower energy consumption and at the same 

time can reduce air pollution [3]. 

 

 

 

Figure 7.  Effect of different reaction temperature towards TAN value (Catalyst calcination temperature: 900 ºC, 

catalyst loading: 0.5%) 

 

 

Effect of reaction time 

The effect of different reaction times on the 

neutralization process with Cu/Ce (10:90)/Al2O3 

catalyst calcined at 900 ℃ with addition of 0.5% 

catalyst loading, 10% of 2-methyl imidazole 

concentration, and reaction temperature of 27 ℃ was 

performed on PPM’s crude oils shown in Figure 8. The 

results illustrated that the TAN values decreased when 

the reaction time was increased from 5 to 15 minutes. 

This substantial reduction of the TAN value was 

attributed to the elevated opportunity for a reaction 

between 2-methylimidazole aided by a catalyst and NA 

in the crude oil. The longer the reaction time, the 

longer the duration for which the solution was stirred, 

which consequently meant the more markedly the 2-

methylimidazole aided by Cu/Ce (10:90)/Al2O3 

catalyst in the solution reacted to remove NA in PPM’s 

crude oils. 
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According to Shi et al. [13] when the reaction time was 

increased above 15 minutes, the TAN values became 

constant for PPM’s crude oil samples. This is because 

after 15 minutes, reagent successfully reduced and 

removed all NAs in crude oils. As a longer reaction 

time will only consume more energy, the optimum 

reaction time recommended is 10 minutes for the basic 

chemical to remove NA effectively and the best TAN 

value reduced is to 0.53 mg KOH/g for PPM’s crude 

oils. It was observed that the acid-removal rate was 

increased by increasing the reaction time from 5 

minutes to 10 minutes at 27 ℃, but showed very small 

improvement of TAN value when the reaction time is 

between 10 minutes and 15 minutes. TGA–DTG 

analysis concluded that thermal treatment had 

eliminated the impurities and water from the materials 

with 14.50% of total weight loss in 8.15 mg of catalyst 

and the pure metal oxide was obtained after heating at 

650 ℃. 

 

 

 

Figure 8.  Effect of the different reaction times on the TAN values of PPM crude oils 

 

 

Conclusion 

The catalytic neutralization technique had successfully 

been applied in this study for the removal of NA and 

simultaneously solved the corrosion and emulsion 

problem by meeting the PETRONAS benchmark for 

TAN value less than 1 mg KOH/g. PPM’s crude oil 

which possessed an initial TAN value of 2.43 mg 

KOH/g was reduced to 0.53 mg KOH/g with addition 

of 10% of 2-methylimidazole, catalyst calcination 

temperature of 900 ℃, 0.5% of Cu/Ce (10:90)/Al2O3 

catalyst loading (4 beads), reaction temperature of 27 

℃ and reaction time of 10 minutes. XRD results 

revealed the polycrystallinity phase of the catalyst 

which was dominated by the CeO2 face-centered cubic 

(fcc) species and some of the alumina orthorhombic (o) 

phase. As a recommendation for further study, other 

instruments to characterize the physicochemical 

properties of catalyst such as Brunauer–Emmett–Teller 

(BET), and Transmission Electron Microscopy (TEM) 

could be implemented.  
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Abstract 

The encapsulation of tetrakain hydrochloride (TC-HCl) in α-cyclodextrin (α-CD), β -cyclodextrin (β-CD) and hydroxypropyl-β-

cyclodextrin (HPβ-CD) has been studied by UV-Visible at different temsperatures. The appearance of isosbestic points as well 

as hyperchromic and bathochromic shifts on the different UV-Visible spectra confirm the complexes formation. From the 

complexation constants values the stability of the 1:1 type complexes is in the order of α-CD < HPβ-CD < β-CD and decreases 

with increasing temperature for each complex. All complexation processes are spontaneous, with a favorable enthalpic 

contribution and an unfavorable entropic term as deduced from Van’t Hoff plot analysis. The negative values obtained for ∆Cp 

° indicate that the apolar part of TC-HCl is encapsulated in the cavities of the CDs.  

 

Keywords:  UV-Vis spectrophotometry, cyclodextrins, tetracaine drug, temperature effect, Van’t Hoff analysis 

 

Abstrak 

Pengkapsulan tetrakain hidroklorida (TC, HCl) dalam α-siklodekstrin (α-CD), β-sikloododekstrin (β-CD) dan 

hidroksipropil-β-siklodekstrin (HPβ-CD) telah dikaji mengunakan spektrofotometri UV-cahaya nampak pada suhu yang 

berbeza. Kemunculan titik isosbestik serta pergeseran hipokromik dan bathokromik pada spektrum UV-cahaya nampak 

yang berbeza mengesahkan pembentukan kompleks. Daripada nilai pemalar kompleks, kestabilan kompleks jenis 1: 1 

berada dalam urutan α-CD <HPβ-CD <β-CD dan menurun dengan kenaikan suhu bagi setiap kompleks. Semua proses 

pengkompleksan adalah spontan, dengan sumbangan entalpik yang menggalakkan dan istilah entropik yang tidak 

menguntungkan seperti hasil analisis plot Van't Hoff. Nilai negatif yang diperoleh untuk ∆Cp ° menunjukkan bahawa 

bahagian tidak berkutub TC-HCl dikemas dalam rongga CD. 

 

Kata kunci:  spektrofotometri UV-cahaya nampak, siklodekstrin, dadah tetrakain, kesan suhu, analisis Van't Hoff 

 

 

Introduction 

The administration of local anesthetics such as 

tetracaine or procaine during ophthalmologic or 

dentistry surgeries often shows adverse side effects 

such as irritations and sometimes cardiac arrhythmias 

and neurological after effects [1-3]. To reduce these 

discomforting effects an alternative approach 

consisting in reformulating these anesthetics as 
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molecular complexes with adapted complexing 

agents, has emerged. In this option, the complexing 

agent is generally a molecule with a peculiar 

structural conformation shaping a hydrophobic 

pocket-like site suited to fully encompass the 

anesthetic molecule or a part of it. Molecules such as 

cyclodextrin, crown-ether and calixarene are 

examples of these complexing agents and they 

operate based on the molecular recognition principle 

better known as host-guest interaction [4-6]. 

 

Cyclodextrins (CDs) represent the most used 

molecules in host-guest processes because of their 

biodegradability, non-toxicity and aqueous solubility. 

They are cyclic oligomers comprising many α(1,4) 

bound glucopyranose units. They are often 

schematized in the form of a torus-shaped molecule 

having a dual nature with hydrophilic external faces 

and a hydrophobic cavity making them able to form 

non-covalently bonded inclusion complexes with a 

variety of hydrophobic molecules in an aqueous 

solution. The size of each cyclodextrin (CD) varies 

according to the number of glucose units forming the 

structure (α-, β- and γ-CD contain respectively 6, 7 

and 8 units of D-glucopyranosyl) [7-9] (Figure 1a). 

The stability of the formed complex is therefore 

depending partly on the size compatibility between 

the host and the guest molecule and in the other part 

on the nature of interacting forces. According to the 

chemical nature of the guest molecule different 

interactions may take place as Van der Waals 

interactions, hydrophobic effect, solvent 

reorganization, hydrogen bonding, charge transfer, 

etc. [10, 11]. So, structural information such as 

complex stoichiometry and geometry are important 

to know as well as thermodynamic parameters as the 

association constant, the variation of the free 

enthalpy (∆G0) and the entropy (∆S0) of binding. All 

these are necessary to achieve the best formulation of 

these complexes [12, 13].  

 

In this present study, the formation of complexes 

made of tetracaine-hydrochloride (TC-HCl) and 

different CDs in an aqueous solution are investigated 

by UV-Visible spectrophotometry from a 

thermodynamic point of view. The guest molecule 

(Figure 1b) is a potent local anesthetic, primarily 

used for topical anesthesia and spinal block, but has a 

fairly toxic effect resulting in cauda equina syndrome 

among other compelling side effects [14]. 

Chemically, TC-HCl is an amino ester where the 

ester group links a hydrophilic ammonium group to 

an aromatic lipophilic ring. These peculiarities allow 

TC-HCl to behave both as a surfactant molecule and 

as a weak acid with a PKa of 8.5 [15]. 

 

 
                                           α-CD                                                 R=CH2CHOHCH3 for HPβ-CD 

 

 

(a) 
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Figure 1.  Chemical structures of: (a) CDs, (b) tetracaine hydrochloride 

 

 

Materials and Methods 

Materials 

4-(Butylamino)benzoic acid 2-(dimethylamino)ethyl 

ester monohydrochloride, called tetracaine 

hydrochloride (TC-HCl) was obtained from Sigma in 

the crystalline form and was used without further 

purification. The β-cyclodextrin (β-CD), α-

cyclodextrin (α-CD), and hydroxypropyl-β-

cyclodextrin (HPβ-CD) were purchased from Sigma. 

6-Hydroxypropyl-β-cyclodextrin (HPβ-CD), 

containing an average of 0.64 hydroxypropyl groups 

per glucopyranose unit. All of them, with 99% purity 

or greater, were used without further purification. All 

the solutions were freshly prepared with a 

distilled/deionized water of a conductivity value 

lower than 2 µS/cm. The homogeneity of the initial 

solutions was assured by sonicating them in an 

ultrasonic bath. 

 

UV-Vis measurements 

The UV-Vis spectra were recorded with a Specord 

200plus double-beam UV-Vis spectrophotometer 

(Germany), from 190 to 400 nm with 1 nm intervals 

at 15, 20, 25 and 37 °C, which temperature was kept 

constant with thermostated cell. Data acquisition of 

UV-Vis spectra was performed with software 

(Winspec) supported by the manufacturer and 

converted to ASCII format for their analysis. On the 

experiments with the Drug/water binary systems, the 

(TC-HCl) concentration was varied from 0 to 

0.1mM, while for the CD/Drug/water ternary 

systems, the drug concentration was kept constant at 

10-5 mol.l-1 and CD concentration was varied from 0 

to 10 mmol.l-1.  

 

Modeling stoichiometry and association constants  

Assuming that a 1:1 complex between any CD and 

the drug is formed, the following chemical 

equilibrium takes place. 

CD + G      CD- G                                               (1) 

If one takes that the activity coefficients of all 

species are equal to unity, the equilibrium constant K 

can be written as: 

 
  GCD

GCD
K

−
=                                                      (2)

 

The laws of mass conservation for all species require 

that 

     GCDCDCD −+=0                                         (3) 

     GCDGG −+=0                                           (4) 

with [CD]0: initial (total) concentration of host 

molecule, [G]0: initial (total) concentration of the 

guest molecule. [CD], [G], [CD-G]: equilibrium 

concentrations of host, guest and complex 

respectively. The combination of these equations 

gives the expression of K the equilibrium constant as 

a function of initial concentrations of the host and the 

guest molecules as well as one of the formed 

complexes: 

 
        )GCDG()GCDCD(

GCD
K

00 −−−−

−
=          (5) 

(b) 
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So, to compute the equilibrium constant one has to 

determine the concentration of the formed complex 

since all other quantities are available. This quantity 

can be extracted from any technique for which 

intensity variation is proportional to the 

concentration of the complex. Amongst all available 

techniques, UV-Vis spectrophotometry represents the 

most used technique because of its simplicity and 

repeatability. For this technique, it is well known that 

the absorbance or optical density is proportional to 

the concentration of the absorbing chromophore so 

the observed absorbance for a system constituted of 

CD, guest and complex species is expressed as:  

GCDGCDabs AAAA −++=                                            (6) 

ACD, AG and ACD-G represent respectively the 

absorbance of the host, the guest and the complex. 

Taking that  the length of the optical path is fixed to 

1 cm, the different absorbances can be expressed as a 

function of the molar extinction coefficients  of 

each absorbing species in solution. 

 00 GA G=                                                                 (7) 

   )( 0 GCDCDA CDCD −−=                                         (8) 

   )( 0 GCDGA GG −−=                                                (9) 

 GCDA GCDGCD −= −−                                                (10) 

where A0 represents the absorbance of the drug in 

absence of cyclodextrin and ACD, AG and ACD-G are 

absorbances of CD, Guest and the complex in the 

solution. Assuming that CD doesn’t absorb light in 

the near-UV-Visible domain and combining 

equations 5 to 10 gives after a rearrangement the 

following equation (11) [16]. 
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CDG
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which  relates  the  difference in absorbance 

∆A=Aabs-A0 to the equilibrium constant K. The use of 

a nonlinear regression permits to extract 

simultaneously the values of ∆ and K from the 

experimental curve of the variation of ∆A versus 

[CD].  

 

Results and Discussion 

The UV-Visible spectra of the drug TC-HCl in an 

aqueous solution at different concentrations at 25 °C 

are reported on Figure 2(a).  

 

It can be observed that the spectra show three peaks 

centered at wavelength 190, 227 and 312 nm, 

corresponding to π-π* and n-π* electronic transitions 

of the unsaturated C = C bonds of the aromatic ring 

and the non-binding doublets of the nitrogen and the 

oxygen atoms [17]. With increasing drug 

concentration no significant wavelength shift occurs 

but the absorbance (A) increases obeying to a typical 

Lambert-Beer law (2b). This means that in this 

concentration range the solutions are dilute and no 

important intermolecular interactions exist as well as 

any solvent effect. From the linear fitting of the 

absorbance data as a function of drug concentration, 

the molar absorption coefficient, ε=20604 is 

determined for λmax=312nm. The extracted value is 

comparable to one published by Merino et al for 

procaine hydrochloride anesthetic which possesses 

an identical chromophore as tetracaine, they reported 

a value of ε=19825 for λmax=311nm [18]. 

 

Figure 3 shows the UV spectra of aqueous solutions 

of TC-HCl at a constant concentration of 10-5M in 

the absence and the presence of β-CD, at three 

different temperatures. The analysis of the obtained 

three spectra shows the presence of isosbestic points 

which indicates the occurrence of chemical 

equilibrium between the free and the complexed TC-

HCl. For the spectrum at 15°C both absorbance and 

wavelength variations (ΔA and Δλ) are obvious but 

for the spectra at 25 and 37°C the wavelength shift 

Δλ diminishes considerably with temperature 

increase. When the same sets of experiments are 
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conducted with α-CD and HPβ-CD instead of β-CD 

different behaviors are noted as shown in Figure 4. 

Figure 4 shows, as an example, the experiments 

performed at 25 °C. For α-CD only one isosbestic 

point is visible at λ=329 nm and only absorbance 

variation ΔA is observed. For HPβ-CD both ΔA and 

Δλ variation are noticeable and many isosbestic 

points close to ones observed for β-CD appear. All 

these observations underline that an inclusion 

complexation has occurred between these CDs and 

the drug [19]. These results agree with ones reported 

by García et al. using the fluorimetry method [20]. 

 

The analysis of the obtained three spectra shows the 

presence of isosbestic points which indicates the 

occurrence of chemical equilibrium between the free 

and the complexed TC-HCl. For the spectrum at 

15°C both absorbance and wavelength variations 

(ΔA and Δλ) are obvious but for the spectra at 25 and 

37°C the wavelength shift Δλ diminishes 

considerably with temperature increase. When the 

same sets of experiments are conducted with α-CD 

and HPβ-CD instead of β-CD different behaviors are 

noted as shown in Figure 4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  (a) UV-Visible spectra of aqueous solution of TC-HCl for different concentrations at 25°C.         

1) 3.43x10-6M, 2) 5.52 x 10-6 M, 3) 9.2 x 10-6 M, 4) 1.48 x 10-5M, 5) 3.1 x 10-5 M, 6) 5 x 10-5M. (b) 

Absorbance as function of concentration for different wavelengths . 

 

 

 

 

 

(a) 

(a) 

(a) (b) 
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Figure 3.  UV-Visible spectra of aqueous solutions of tetracaine hydrochloride (TC-HCl) 10-5M with                 

different amounts of β-CD (0-10mM) at different temperatures   

 

 

Figure 4. UV-Visible spectra of aqueous solutions (TC-HCl) 10-5M in the presence of different host molecules. 

(a) β-CD, (b) HPβ-CD and (c) α-CD at 25 °C 

 

 

  

 

(a) 

 

(b) 

 

(c) 
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In order to confirm the formation of complexes the 

same set of experiments were carried out in the 

presence of d-(+)-glucose at amounts analogous to 

ones used for CD’s experiments at 25 °C. Because 

CDs are oligomers of glucose molecule units, they 

have mainly the same elemental composition but 

different spatial conformational characteristics. With 

this choice one tries to preserve the solvent-molecule 

interaction (water-CD interaction are supposed close 

to water-glucose one) and letting the geometry 

differences be the only influencing parameter. From 

Figure 5 it is easy to note that for d-(+)-glucose no 

isosbestic points exist, only a slight red shift of the 

order of 1 nm is obtained with a very weak effect on 

absorbance values. 

 

From the variation of the curve of ΔA against CD 

concentration it is possible to extract the K values by 

a nonlinear regression method [19]. As an example, 

Figure 6 shows the variation of ΔA against CD’s 

concentration at T=25°C. The same method was 

applied for all the studied systems at different 

temperatures and the corresponding association 

constants are reported in Table 1. 

 

The dependence of equilibrium constants with the 

temperature can be noticed in Table 1, where the 

affinity of all cyclodextrins for the drug decreases as 

long as the temperature increases. Our results at T=25 

°C agree with the findings of Takisawa and al. [21] 

who studied the inclusion of TC-HCl into α-CD and 

β-CD using the potentiometric method using drug-

sensitive electrodes. They reported that the (β-

CD/TC-HCl) formed complex is more stable than (α-

CD/TC-HCl) one. From the preceding results, it is 

possible to determine some thermodynamic 

parameters of complexation from the variation of 

RlnK against 1/T. Figure 7 shows the Van’t Hoff 

plots of all association processes using both linear 

(ΔCp°=0) and non-linear (ΔCp°≠0) fitting functions.   

 

 

 

Figure 5.  UV-Vis spectra of aqueous solutions of TC-HCl (10-5M) for different amounts of d-(+)-glucose 
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Figure 6.  Non-Linear fitting of the variation of ΔA as a function of CD’s concentration at 25°C for λ=310 nm 

 

Table 1.  Values of the association constant (KCD) at different temperatures, obtained from UV-Vis 

measurements for the complex β-CD/TC-HCl, HPβ-CD/TC-HCl and α-CD/TC-HCl 

T 

(°C) 

K α-CD 

(l.mol-1) 

  K β-CD 

(l.mol-1) 

K HPβ-CD 

(l.mol-1) 

15 155 ± 2 293 ± 26 285 ± 22 

20 152 ± 14 263 ± 20 234 ± 12 

25 137 ± 24 229 ± 36 193 ± 81 

 252 ± 14(**) 1090 ± 40(**)  

37 76 ± 5.58 121 ± 9.6 91 ± 20 

    (**): reference [21] 
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Figure 7.  Van’t Hoff plot for the association of TC-HCl with a) α-CD, b) β-CD and c) HPβ-CD 

 

 

From the slopes of the linear fits of the data to the 

classical Van’t Hoff equation (RlnK= −ΔH°/T + ΔS°), 

values of ΔH° equal to -24.3, -30.06 and -38.08 

Kj.mol−1 are obtained respectively for α-CD, β-CD 

and HPβ-CD complexes (Table 2). Negative values 

of the binding enthalpy are the sign that the drug 

establishes favorable interactions with cyclodextrins. 

In such association, the enthalpy change is the result 

of two main conflicting contributions: the favorable 

enthalpy associated with van der Waals forces 

coupled to the host/guest hydrogen bonds formation 

and the unfavorable enthalpy associated with the 

desolvation of the guest polar groups [11-13]. Van 

der Waals interactions become maximal when a 

perfect size fitting between cyclodextrin and the drug 

takes place while the hydrogen bonds formation 

optimization is reached when drug polar groups 

prefer forming hydrogen bond with the cyclodextrin 

prior to the surrounding water molecules. Thus, an 

unfavorable binding enthalpy usually indicates that 

the desolvation is not enough to permit the inclusion 

of the guest molecule. However, the enthalpic 

contribution is not the sole provider of the 

stabilization of the complex and one has to consider 

the entropic contribution ΔS°. Two major terms 

contribute to the entropy of binding; the first one is 

the favorable desolvation entropy change which 

originates from the release of water molecules as the 

drug molecule and the binding cavity undergo 

desolvation upon binding [11-13].  

 

The second term is related to the conformational 

entropy change which is almost always unfavorable 

since during the binding process both the drug and 

the cyclodextrin molecules induce the loss of 

conformational degrees of freedom.  Thus, for our 

studied system, from the intercepts of Van’t Hoff 

plot, ΔS° values equal to −41.8, -56.63 and -84.73 

J.K−1.mol−1 are extracted for α-CD, β-CD and HPβ-

CD complexes respectively (Table 2). For all cases it 

can be observed that the drug bind to CDs with a 

favorable enthalpic term (ΔH° < 0) and an 

unfavorable entropic term (ΔS° < 0). All processes 

are exothermic and enthalpy driven (|ΔH°| > T|ΔS°|), 

as usually found for such associations [10, 22]. With 

its negative entropy ΔS° < 0 the complexation seems 

0,0032 0,0034

40

45

0,0032 0,0034

36

39

42

0,0032 0,0033 0,0034 0,0035

40

45

50

T(K
-1

)

 

 

 R lnK

   Fit lineaire

   Fit non lineaire

R
ln

K

HP-CD

(a)

 

 

 R  lnK

 Fit lineaire

 Fit non lineaire

R
ln

K

T(K
-1

)

−CD

(b)

 

 

  RLnK

  Fit lineaire 

  Fit non-lineaire 

R
ln

K

T(K
-1

)

-CD

(c)



Boudjoras et al:    TEMPERATURE EFFECT ON THE ENCAPSULATION OF THE DRUG TETRACAINE 

HYDROCHLORIDE IN DIFFERENT CYCLODEXTRINS 

 

 
173 

to be mainly driven by Van der Waals attractive 

forces (ΔH° < 0; ΔS° < 0) and solvent reorganization 

effects. The contribution coming from the 

hydrophobic effect seems to be negligible especially 

for HPβ-CD (ΔS° =-84 J.mol−1.K-1). 

 

For HPβ-CD a linear relationship has been found in 

the Van Hoff plot, revealing independence of both 

the ΔH° and the ΔS° of the association processes with 

T. For β-CD and α-CD, Van Hoff plots are better 

described by nonlinear curves as usually reported for 

this kind of processes by different authors [10, 22]. 

With its hydroxypropyl hydrocarbon chains the HPβ-

CD second rim is a relatively flexible structure 

compared to one belonging to native βCD which is 

more rigid since hydrogen bonds belt is thought to 

exist all around the rim. These hydrocarbon chains 

can hinder the complete inclusion of the guest 

molecule and decrease the desolvation process and 

thus diminish the strength of the desolvation positive 

entropy contribution. So, the contribution of solvent 

reorganization and hydrophobic effects couldn't be 

similar in both inclusion processes which make the 

binding of β-CD and TC-HCl energetically more 

favorable than that of HPβ-CD with TC-HCl. The 

proposed architecture of the complexes formed can 

then be illustrated in Figure 8. 

 

 

Figure 8.  Architecture of inclusion complexes TC-HCl/CD 

 

The negative value of all the ∆Cp
° in table 2 obtained 

from the fitting of the experimental data with the 

non-linear Van Hoff equation (R.lnK= [−(ΔH°+(T-

To) ∆Cp
°)/T + ΔS°+(∆Cp

°ln(T/To))]) are close to 

values generally found when apolar solutes are 

encapsulated in CD’s [23]. The difference found in 

the values of ∆Cp
° for β-CD and HPβ-CD confirm the 

fact that the β-CD complex is more stable than the 

HPβ-CD one probably due to the diminution of the 

OH groups on the HPβ-CD molecule, which limit the 

formation of hydrogen bonds with the surrounding 

water. 

 

The β-CD secondary face diameter is larger than the 

α-CD one and could better accommodate the 

inclusion of a guest molecule bearing a benzene 

structure. This hypothesis is confirmed by the 

appearance of shifts of the absorbance and 

wavelength λ and consequently the attractive Van der 

Walls interactions must be optimal for the TC-HCl/β-

CD complex compared to the TC-HCl/α-CD one. 

The hyperchromic effect is usually attributed to the 

dissociation of the hydrogen bonds and the 

bathocromic is related to change of drug surrounding 

environment which become more apolar. According 

to Bernardi's theoretical DFT calculation in water the 

terminal nitrogen end of tetracaine possesses 

appreciable hydrophilicity which can reach the ester 

function close to the benzene cycle whereas the 

hydrocarbon butyl chain is completely hydrophobic 

[23, 24]. So, it can be proposed that the drug 

penetrates deeply in the β-CD cavity to an extent 

where both hydrophobic butyl chain and the benzene 

aromatic structure are influenced by the cavity walls 

which explain the simultaneous variation of ∆A and 

∆λ. For α-CD because of its narrower rim diameter 

only hydrophobic chain is penetrated and 

hyperchromic signature is revealed by UV-Visible 

spectrophotometry. 
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Table 2.  Values of ΔH°; ΔS°, and ∆CP
0

 for the association of TC-HCl with different CDs obtained from the   

linear and nonlinear fitting of Van't Hoff equation 

 

 

 

 

 

 

 

 

Conclusion 

Employing the spectrophotometry technique for the 

inclusion complexation of tetracaine hydrochloride in 

different type of CDs (α-CD, β-CD and HPβ-CD) 

was demonstrated. The occurrence of the 

complexation is confirmed by the appearance of 

isosbestic points, hyperchromic and bathochromic 

shift effects on the UV-Visible spectra. From the 

values of complexation constants, the strength of the 

complexation increases from α-CD to β-CD in 

accord with the majority of the studies earlier 

reported by different authors with other techniques. 

From the Van’t Hoff analysis, the studied 

complexation processes are spontaneous, with a 

favorable enthalpic contribution and an unfavorable 

entropic term. This means that the complexation 

seems to be driven by Van der Waals attractive 

forces (ΔH° < 0; ΔS° < 0) and to the solvent 

reorganization effects. Van’t Hoff plots well show 

that for the drug/HPβ-CD association process linear 

fitting function is sufficient to describe the 

phenomena. However, for the α-CD and β-CD a non-

linear fitting is necessary (ΔCp°≠0) to characterize 

their association with the drug. 
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	Abstrak
	Bahan berliang meso ialah bahan yang mempunyai saiz liang antara 2 nm hingga 50 nm yang telah dikembangkan aplikasinya secara meluas. Dalam kajian ini, SBA-15 berliang meso telah disintesis dan dicirikan. Setelah itu, sifat elektrokimianya di analisis...
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	The discovery of surfactant template silica such MCM-41, MCM-48 and SBA-15 were first reported in early 1990’s which lead to whole new class of materials that offer high thermal and mechanical stability [1, 2]. Due to continuity of mesoporous silica d...
	Previous research had proved that mesoporous silica carbon paste enhanced the current signal compare to carbon paste electrode [10, 11, 12]. The materials were made from silica which SBA-15 provide 2D pore structure. Apparently, less research has been...
	Materials and Methods
	Chemicals and raw materials
	The chemicals used were analytical grade and purchased from; Tri-block copolymer Pluronic P123, EO20PO70EO106 (Sigma-Aldrich), tetraethyl orthosilicate, TEOS (98%, Aldrich), graphite powder (<20 μm, Aldrich), paraffin oil (Biobasic), hydrochloric acid...
	Instruments
	Synthesized mesoporous silica was characterized by X-ray diffraction (Rigaku D/max-2500), FE-SEM from SUPRA 40 and for N2 adsorption desorption (Micromeritics, ASAP 2060). The electrochemical measurements were carried out using an Auto-lab PGSTAT101 p...
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	Electrode fabrication
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	Mesoporous silica structural characterization
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	Figure 4.  Nitrogen adsorption and desorption isotherms of SBA-15 (calcined at 550  C)
	a   Specific surface area determined by BET method,
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	d   Pores diameter (Dp) as determined by BJH from desorption data
	Electrochemical behaviours study of mesoporous silica
	Acknowledgement
	The authors gratefully acknowledged the financial support from Research Management Centre (RMI), Universiti Teknologi MARA (UiTM) under the Supervision Intensive Grant (600-IRMI/MYRA 5/3/GIP(05/2017), Non-Destructive Biomedical and Pharmaceutical Rese...
	1. Prub, T., Macquarrie, D. J. and Clark, J. H. (2004). Cobalt–acetato complexes immobilised on PYPA-organomodified silica: A case study of different ways of immobilisation. Journal of Molecular Catalysis A: Chemical, 211(1-2): 209 – 217.
	2. Guo, W., Luo, G. S. and Wang, Y. J. (2004). A new emulsion method to synthesize well-defined mesoporous particles. Journal of Colloid and Interface Science, 271(2): 400 – 406.
	3. Cesarino, I., Marino, G., Matos, J. D. R. and Cavalheiro, É. T. (2007). Using the organofunctionalised SBA-15 nanostructured silica as a carbon paste electrode modifier: determination of cadmium ions by differential anodic pulse stripping voltammet...
	4. Hoffmann, F., Cornelius, M., Morell, J. and Fröba, M. (2006). Silica‐based mesoporous organic–inorganic hybrid materials. Angewandte Chemie International Edition, 45(20): 3216 – 3251.
	5. Sun, D., Xie, X. and Zhang, H. (2010). Surface effects of mesoporous silica modified electrode and application in electrochemical detection of dopamine. Colloids and Surfaces B: Biointerfaces, 75(1): 88 – 92.
	6. Matos, J. R., Mercuri, L. P., Kruk, M. and Jaroniec, M. (2001). Toward the synthesis of extra-large-pore MCM-41 analogues. Chemistry of Materials, 13(5): 1726 – 1731.
	7. Fuertes, A. B. (2004). Synthesis of ordered nanoporous carbons of tuneable mesopore size by templating SBA-15 silica materials. Microporous and Mesoporous Materials, 67(2-3): 273 – 281.
	8. Shan, Y., & Gao, L. (2007). Formation and characterization of multi-walled carbon nanotubes/Co3O4 nanocomposites for supercapacitors. Materials Chemistry and Physics, 103(2-3): 206-210.
	9. Marino, G., Bergamini, M. F., Teixeira, M. F. and Cavalheiro, E. T. (2003). Evaluation of a carbon paste electrode modified with organofunctionalized amorphous silica in the cadmium determination in a differential pulse anodic stripping voltammetri...
	10. Hassan, H. M., Ab Rahman, N. B. and Jalil, M. N. (2016). Mesoporous silica electrochemical sensors for the detection of ascorbic acid and uric acid. Malaysian Journal of Analytical Sciences, 20(2): 351 – 357.
	11. Ndamanisha, J. C. and Guo, L. P. (2012). Ordered mesoporous carbon for electrochemical sensing: A review. Analytica Chimica Acta, 747: 19 – 28.
	12. Lufrano, F. and Staiti, P. (2010). Mesoporous carbon materials as electrodes for electrochemical supercapacitors. International Journal Electrochemical Sciences, 5: 903 – 916.
	13. Sayari, A., Han, B. H. and Yang, Y. (2004). Simple synthesis route to monodispersed SBA-15 silica rods. Journal of the American Chemical Society, 126(44): 14348 – 14349.
	14. Dos Santos, S. M. L., Nogueira, K. A. B., de Souza Gama, M., Lima, J. D. F., da Silva Júnior, I. J. and de Azevedo, D. C. S. (2013). Synthesis and characterization of ordered mesoporous silica (SBA-15 and SBA-16) for adsorption of biomolecules. Mi...
	15. Lin, C. L., Pang, Y. S., Chao, M. C., Chen, B. C., Lin, H. P., Tang, C. Y. and Lin, C. Y. (2008). Synthesis of SBA-16 and SBA-15 mesoporous silica crystals templated with neutral block copolymer surfactants. Journal of Physics and Chemistry of Sol...
	16. Tadjarodi, A., Jalalat, V. and Zare-Dorabei, R. (2013). Synthesis and characterization of functionalized SBA-15 Mesoporous Silica by N, N-Bis (salicylidene) ethylenediamine Schiff-Base. Journal of Nanostructures, 3(4): 477 – 482.
	17. Sing, K. S. W., Everett, D. H., Haul, R. A. W., Moscow, L., Pierotti, R. A., Rouquerol, J., and Siemienewska T. (1985). Reporting physisorption data for gas/solid systems with special reference to the determination of surface area and porosity. Pu...
	18. Tadjarodi, A., Jalalat, V. and Zare-Dorabei, R. (2013). Synthesis and characterization of functionalized SBA-15 mesoporous silica by N,N-bis (salicylidene) ethylenediamine Schiff-base. Journal of Nanostructures, 3(4): 477 – 482.
	19. Ndamanisha, J. C., Bai, J., Qi, B. and Guo, L. (2009). Application of electrochemical properties of ordered mesoporous carbon to the determination of glutathione and cysteine. Analytical Biochemistry, 386(1): 79 – 84.
	20. Daniele, S. and Bragato, C. (2014). From macroelectrodes to microelectrodes: Theory and electrode properties in environmental analysis by electrochemical sensors and biosensors. L. Moretto and K. Kalcher (Editors). Springer: New York.
	21. Zhou, M., Guo, J., Guo, L. P. and Bai, J. (2008). Electrochemical sensing platform based on the highly ordered mesoporous carbon− fullerene system. Analytical chemistry, 80(12): 4642 – 4650.
	22. Zhou, M., Ding, J., Guo, L. P. and Shang, Q. K. (2007). Electrochemical behavior of L-cysteine and its detection at ordered mesoporous carbon-modified glassy carbon electrode. Analytical Chemistry, 79(14): 5328 – 5335.
	23. Yoon, S., Lee, J., Hyeon, T. and Oh, S. M. (2000). Electric double‐layer capacitor performance of a new mesoporous carbon. Journal of the Electrochemical Society, 147(7): 2507 – 2512.

	Rosmawani_23_2_4.pdf
	Abstrak
	Kata kunci:  sensor pH optik, sol-gel hibrid / kitosan, kurkumin, filem nipis
	Materials and Methods

	NurIzzah_23_2_5.pdf
	ELECTROSPUN POLY (VINYL ALCOHOL) NANOFIBERS DOPED WITH MESOPOROUS SILICA NANOPARTICLES FOR CONTROLLED RELEASE OF HYDROPHILIC MODEL DRUG
	(Elektrospun Poli(Vinil Alkohol) Nanofiber Didopkan Dengan Silika Nanopartikel Berliang Meso untuk Perlepasan Terkawal Model Dadah Hidrofilik)
	Nur Izzah Md Fadilah1, Haslina Ahmad1,2*, Mohd Firdaus Abd Rahman3, Norizah Abdul Rahman2
	*Corresponding author:  haslina_ahmad@upm.edu.my
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	Abstrak
	Bahan nanofiber sering dilaporkan sebagai penghantar untuk ubat-ubat klinikal tetapi ia menghadapi limit batasan dalam melepaskan ubat secara pecah. Oleh itu, silika nanopartikel berliang-meso (SMN) telah menimbulkan tarikan untuk digunakan dalam sist...
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	Characterization
	TEM images were taken on a Tecnai G2 F20 electron microscope with an acceleration voltage of 200kV. BET surface area, average pore volume and average pore diameter of the nanoparticles were measured by physisorption of N2 at 77 K over a Micromeritics ...
	In vitro drug release
	The morphology of electrospun composite mat
	The FESEM images of PVA nanofiber before and after crosslinking are shown in Figure 2(a) and (c), respectively. The morphology of PVA nanofiber before cross-linked were uniform structure with no beads, fine and oriented fibers were formed as seen in F...
	The morphology of MSNs in electrospun mat
	Figure 3.  FESEM images of (a, b) PVA nanofiber loaded MSNs and (c) the corresponding diameter distribution histogram
	The morphology of MB-loaded electrospun composite mats after releasing
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	Figure 5.  The cumulative MB release profile from MB-loaded MSNs, PVA/MB electrospun mats and PVA/MB loaded MSNs electrospun mats
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	The excessive release of lead (Pb) ions into water stream and large production of agricultural wastes cause water and land pollution. Adsorption is useful in eliminating Pb(II) from water environment. The potential use of agricultural waste, pineapple...
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	Abstrak
	Pelepasan ion-ion plumbum (Pb) yang berlebihan ke dalam aliran air dan pengeluaran sisa pertanian yang banyak menyebabkan pencemaran air dan tanah. Penjerapan amat berguna untuk menyingkirkan Pb(II) dari air. Penyelidikan atas penggunaan sisa pertania...
	Water is the most important resource for human being; however, water pollution becomes a serious worldwide environmental concern. Heavy metals, especially lead (Pb) is widely used for industrial purposes such as battery manufacturing, painting, metal ...
	The common chemical treatment procedures for removal of heavy metal ions from aqueous solution such as ion exchange [5], flotation [6], membrane filtration [7] and electrochemical treatment [8] are efficient in reducing metal ions in water but are exp...
	The agricultural wastes consist of cellulose, hemicellulose and lignin which have various functional groups that can bind the metal cations from solution [10]. The properties are useful in the heavy metal ions adsorbing. Several adsorbents such as ric...
	The usage of natural agricultural waste products poses drawbacks. Lignocellulosic plant materials may release organic matters to aquatic environment thus leaving secondary pollutants to the aqueous solution. The leaching of organic matter can be lower...
	This study aims to assess the adsorption potential of the adsorbents prepared from the natural and OA modified pineapple plant stem for the removal of Pb(II) ions from aqueous solutions. The interactive effects of process parameters such as the pH of ...
	Materials and Methods
	Preparation of adsorbents
	The procedures to prepare the natural pineapple plant stem (NPPS) adsorbents were adopted from Chan et al. [16]. The stems were first cut into pieces, then grinded and sieved to particle size range 105 to 250 µm. Then, the particles were boiled with d...
	The oxalic acid (OA) treatment of PPS was performed and modified according to previous method reported by Marshall et al. [17]. The dried PPS was added to 0.5 M OA at ratio of 1:20, agitated for 30 minutes at room temperature. The liquid mixture was t...
	Preparation of heavy metal stock solution
	The heavy metal Pb(II) solution was prepared. A quantity of 1.5905 g Pb(NO3)2 crystal was dissolved in 1000 mL of distilled water to prepare the desired concentration of 1000 mg/L. The stock solution prepared was diluted to various concentrations rang...
	Batch adsorption studies
	The batch experiment was carried out at room temperature to determine the adsorption capacity towards Pb(II) by mixing 25 mL of Pb(II) solution in centrifuge tube. An orbital shaker was set at 150 rpm, mixture was shaken at the agitation rate. A Pb(II...
	Adsorption capacity ,,mg-g..=,(Initial concentration - Final concentration) x volume of solution-Weight of adsorbent.                          (1)
	The effect of solution pH on the Pb(II) adsorption capacity by NPPS and OAPPS was studied. The prepared adsorbents with 0.05 g was added into a series of 100 mg/L Pb(II) solution and were shaken for 5 hours. The initial pHs of solution were varied fro...
	The study of the factors affecting the efficiency of heavy metal ions adsorption is important for the interest of industry. The performance of the Pb(II) adsorption is affected by solution pH, initial metal ion concentration and contact time. Studies ...
	The effect of solution pH
	The solution pH may influence the surface charge of adsorbent and the chemistry of metal [18]. The effect of solution pH on the Pb(II) removal was investigated with pH variation from 1 to 7 and are presented in Figure 1. The Pb(II) adsorption from aqu...
	Figure 1.  The effect of pH on Pb(II) adsorption by NPPS and OAPPS
	The results portrayed that the Pb(II) adsorption increased with increasing pH till a maximum, then decreased afterwards. The maximum adsorption capacities were achieved at pH 5 with 14.25 mg/g and pH 4 with 30.47 mg/g of Pb(II) adsorption on NPPS and ...
	The solution pH affects the surface characteristic of the adsorbents. This is due to the pH point of zero charge (pHpzc) difference in each adsorbent. NPPS and OAPPS have neutral charges at pH 4 and pH 2.4, respectively. Adsorbents are negatively char...
	In highly acidic solution (< pH 4), the functional groups, especially carboxyl groups on the adsorbents were protonated, gave a positive charge on the adsorbent surface. There might be a great electrostatic repulsion between the positive Pb(II) ions a...
	The carboxyl groups were less  protonated when the solution pH was increased. When the pH values increased (pH 4 - 5), the adsorbent surface becomes less positive and the concentration of the competing positive ions (H+ and H3O+) decreases, thus more ...
	The solution pH affects the metal speciation as well. At higher pH (> pH 5), the adsorption capacity was decreased. This is mainly due to the formation of hydroxyl metal complexes when Pb(II) started to precipitate. The basic environment facilitates t...
	Effect of initial concentration and contact time
	The initial Pb(II) concentrations were varied from 50 to 150 mg/L and batch studies were conducted at different time intervals to study the adsorption equilibrium and kinetics, while other factors were kept constant. The Pb(II) uptake was conducted ov...
	As shown in Figure 2(a), the Pb(II) adsorption by NPPS was less affected by the initial metal ion concentration. The maximum amount of Pb(II) adsorbed at different metal ion concentrations investigated was between 12.89 to 14.57 mg/g. There is less si...
	Figure 2.  The effect of initial concentration and contact time onto (a) NPPS and (b) OAPPS
	Mass transfer resistance of metal ions between the solution phase and the solid adsorbent phase occurred during adsorption and the initial adsorbate concentration serves as driving force to overcome it [20, 21]. At lower Pb(II) concentration, most Pb(...
	The adsorption capacity of NPPS and OAPPS increased with increasing contact time and reached the maximum and equilibrium after 60 minutes (Figure 2). At the initial phase or the time period from 0 to 30 minutes, a rapid adsorption was observed. This i...
	The adsorption isotherm
	The experimental data were fitted to two adsorption isotherm models: Langmuir and Freundlich models and studied. Langmuir [23] and Freundlich [24] isotherms are used to explain the mechanism of adsorption and the relationship between the amount of ads...
	The Langmuir isotherm model proposes a monolayer adsorption of metal ion on the adsorbent surface. Besides, it also assumes that the number of adsorption sites are fixed, where there will be no adsorption occurred onto the adsorbent surface when the a...
	,,C-e.-,q-e..=,1-,q-max..,C-e.+ ,1-,q-max.,K-L..                  (2)
	where Ce refers to the equilibrium concentration of metal ions (mg/L); qe is the amount of metal ions adsorbed at equilibrium (mg/g); qmax is the maximum amount or the amount of metal ions adsorbed; KL is the Langmuir constant defining the adsorption ...
	The Freundlich isotherm model on the other contrary suggests multilayer metal ion adsorption. The amount of adsorbed metal ion on the surface of adsorbent is expected to be increased with the increasing adsorbate concentration. This model is linearize...
	Table 1.  Langmuir and Freundlich isotherm parameters
	The adsorption kinetics
	The contact time of adsorption determines the kinetics, then used to describe the rate of Pb(II) adsorption and the Pb(II) adsorption behavior onto NPPS and OAPPS.
	The pseudo-first and pseudo-second order models are linearized as shown in equations 4 and 5, respectively.
	,ln-,,q-e.- ,q-t..= -,k-1.t+ ,ln-,q-e...                  (4)
	where qe is the amount of metal ions adsorbed at equilibrium (mg/g); qt refers to the amount of metal ions adsorbed at time, t (mg/g) respectively; k1 and k2 refer to the rate constant of pseudo-first order and pseudo-second order, respectively.
	Based on Table 2, the experimental data was best fitted with pseudo-second order model, suggesting that the adsorption might be a chemical process [25]. Chemical adsorption involved electron sharing or transfer limits the adsorption rate. The Pb(II) i...
	Table 2.  Comparison of experimental and theoretical adsorption capacities of pseudo-first order
	and pseudo-second order of adsorption at 150 mg/L Pb(II) solution
	Adsorption mechanism and comparative adsorption study
	The pineapple plant stem consists of intricate surface structure and composition, thus Pb(II) ions might interact in a number of possible ways on the surface of agro-waste adsorbent during adsorption. Based on this study, two main adsorption mechanism...
	The capacities of Pb(II) ion adsorption onto NPPS and OAPPS were observed to depend on solution pH. The test results presumed that the adsorption mechanism involved the electrostatic interactions during the process. The optimum pH for Pb(II) adsorptio...
	The adsorption isotherm and kinetics studies suggested that the Pb(II) adsorption onto NPPS and OAPPS to be a physicochemical reaction, involved both physical adsorption and monolayer chemisorption. The fast adsorption was observed at the initial phas...
	,C-n.-OH +, Pb-2+. → ,C-n.-O,Pb-+.+ ,H-3.,O-+.                  (6)
	(,C-n.-OH,)-2.+ ,Pb-2+.→ (,C-n.O,)-2.Pb + 2,H-+.                                          (7)
	After chemical modification with OA, more carboxyl functional groups present on the surface of OAPPS. Thus, ion exchange mainly occurred between the Pb(II) ions and electrons from carboxyl groups on the adsorbent and controlled the adsorption process....
	,C-n.-COOH + ,Pb-2+. → ,C-n.-COO,Pb-+.+ ,H-3.,O-+.                (8)
	(,C-n.-COOH,)-2.+ ,Pb-2+.→ (,C-n.-COO,)-2.Pb + 2,H-+.                (9)
	The capacities of the Pb(II) adsorbing by NPPS and OAPPS with the adsorbents reported in the text were compared and listed in Table 3.
	Table 3.  Comparison of Pb(II) adsorption capacities with different adsorbents
	Table 3 shows that both NPPS and OAPPS are capable to uptake Pb(II) ions from aqueous solution. The adsorbent NPPS has a moderate adsorption capacity of 12.13 mg/g as it contains beneficial functional groups for adsorption. It was hypothesized that th...
	In this work, the agricultural waste, pineapple plant stem was successfully utilized as adsorbents for Pb(II) removal from aqueous solution. Furthermore, pineapple plant stem was undergone pre-treatment and chemical modification with oxalic acid. Over...
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	COLOURIMETRIC BASED DETECTION OF GUNSHOT RESIDUE ON GLOVES WORN DURING SHOOTING
	(Pengesanan Sisa Tembakan Berasaskan Kolorimetrik pada Sarung Tangan Semasa Menembak)
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	Determining the shooter is an important element during investigation of firearm related offences, particularly through the detection of gunshot residue (GSR) as forensic evidence on shooter’s hand. However, such detection could be restrained if it is ...
	Keywords:  forensic science, gunshot residue, colourimetric test, Modified Griess Reagent, glove
	Abstrak
	Pengenalpastian seseorang penembak adalah unsur yang penting ketika penyiasatan kesalahan yang berkaitan dengan senjata api terutamanya melalui pengesanan sisa tembakan (GSR) sebagai bukti forensik pada tangan penembak. Walau bagaimanapun, pengesanan ...
	Kata kunci:  sains forensik, sisa tembakan, ujian kolorimetrik, reagen Griess terubahsuai, sarung tangan
	Determining the shooter is an important element during investigation of firearm related offences [1]. According to Locard’s principle of exchange, traces originating from the discharge of a firearm should be deposited on any surface in the vicinity of...
	In forensic analysis, the absence of GSR on an individual cannot be interpreted as that he/she was not involved in an alleged shooting incident. Severe depletion of such traces could occur when there is a time elapse between the incident and the time ...
	Currently, examination of GSR on the basis of their morphology and chemical composition using scanning electron microscope-energy dispersive X-ray (SEM-EDX) technique are routinely practiced in forensic laboratories [3]. A simplified system described ...
	Materials and Methods
	Shooting and sampling
	A semi-automatic pistol P-99 Walther® and a revolver Smith & Wesson® were used in firing the ammunitions (SME 9 mm and SME .38, SME Ordnance, Selangor, Malaysia) supplied by the Royal Malaysia Police in an open shooting range in Police Training Centre...
	GSR generation was achieved from ten consecutive shots with the respective firearm for more intense GSR traces for better characterisation of their distribution study. Immediately after the tenth shot, the individual gloves were separately collected f...
	Reagent preparation
	To prepare the fresh MGT reagent, 2.5 g of α-napthylamine hydrochloride (Merck, Kenilworth, NJ) was added into 7.5 g of sulphanilic acid (Merck, Kenilworth, NJ) to form reagent A. Then, 140 mL isopropyl alcohol (Merck, Kenilworth, NJ) was mixed with 6...
	Physical examination
	Glove samples were examined visually and subsequently under stereomicroscope (Leica Microscope MZ 16, Leica Microsystems, Heerbrugg, Switzerland) equipped with a digital camera (Leica FC 290, Leica Microsystems, Heerbrugg, Switzerland). The magnificat...
	Colourimetric test
	Gloves to be examined were laid on a sheet of A4 size paper. A cut piece of blotting paper (25 cm x 25 cm) was sprayed with the test reagent, and then carefully placed covering the entire glove. A cleaned glass plate was placed on top of the wet blott...
	Statistical analysis
	Physical examination
	Colourimetric test

	This study shows that the application of MGT colour test on any glove worn during a shooting provides useful results. Although the presence of GSR on a glove after a shooting could be relatively low, similar to the detection of such residues on hands,...
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	SYNTHESIS AND MOLECULAR DOCKING OF 2,4,5-TRISUBSTITUTED-1,3-THIAZOLE DERIVATIVES AS ANTIBACTERIAL AGENTS
	(Sintesis dan Penyatuan Molekul Terbitan 1,3-Tiazol Berpenggantian-2,4,5 Sebagai Agen Antibakteria)
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	The emergence of antibiotic resistance against bacterial strains has attracted great interest in the discovery and development of new antibacterial agents. Thiazole derivatives have been widely used in the biological as well as pharmacological fields ...
	Keywords:  thiazole derivatives, antibacterial, disc diffusion, molecular docking, GlcN-6-P synthase
	Abstrak
	Kewujudan rintangan terhadap bakteria telah menarik minat dalam penemuan dan perkembangan agen antibakteria yang terkini. Terbitan tiazol telah digunakan dengan meluas dalam bidang biologi dan farmakologi di mana keberkesanannya sebagai ubat farmaseut...
	Kata kunci:  terbitan tiazol, antibakteria, resapan cakera, penyatuan molekul, GlcN-6-P sintase
	Bacteria are described as harmful tiny living things which can cause serious diseases such as diarrhea, infections to intravascular organ, nausea, inflammation and abdominal pain [1, 2]. Thus, there is a growing urge to develop treatment system to cur...
	In recent years, studies on structural and biological properties of thiazole have been the subject of considerable interest in the field of pharmacological among researchers. Thiazole derivatives were reported to exhibit excellent activities in biolog...
	In continuation to this effort, a series of 2, 4, 5-trisubstituted-1, 3-thiazole derivatives (Figure 1) of T1-T3 were synthesized and their usability as antibacterial agents were screened against selected Gram-positive and Gram–negative bacterial stra...
	Materials and Methods
	Reagents
	Ammonium thiocyanate, 3-chloroacetyl acetone, 3,4-dichloroaniline, 4-aminophenol, methyl-4-aminobenzoate, acetone, methanol, dichloromethane and dimethyl sulfoxide were purchased from standard commercial suppliers such as Sigma-Aldrich, Merck, Acrós O...
	Materials and physical measurements
	Melting points were measured on a Stuart Scientific Melting Point Apparatus SMP3 and were uncorrected. 1H NMR spectra were recorded at 500 MHz on NMR machine Bruker Ultra Shield Plus 500 MHz spectrometer in deuterated dimethyl sulfoxide-d6 (DMSO) usin...
	General experimental procedure
	Ammonium thiocyanate (13 mmol) in acetone was added into a solution of 3-chloroacetyl acetone (13 mmol) in acetone and stirred for ca. 15 minutes at room temperature. After the formation of white precipitate, an equimolar amount of amine derivatives (...
	Scheme 1.  The general synthetic work-up of thiazole derivatives
	Determination of antibacterial activity
	The antibacterial properties of the synthesized compounds (T1-T3) were screened for their antibacterial activity against Gram-positive bacterial strains (Bacillus cereus and Staphylococcus epidermidis) as well as Gram-negative bacterial strains (Esche...
	Molecular docking
	The synthesized molecules (T1-T3) were simulated for molecular docking using AutoDock 4.2 package software to investigate their affinity properties to the binding pocket of GlcN-6-P synthase. The enzyme as receptor was obtained from the RCSB Protein D...
	Characterization study: 5-acetyl-4-methyl-2-(3, 4-dichloroaniline)-1,3-thiazole (T1)
	Yellow solid (2.94 g, 75%), T1 was prepared from ammonium thiocyanate (1 g, 13 mmol), 3-chloroacetylacetone (1.75 g, 13 mmol) and 3,4-dichloroaniline (2.10 g, 13 mmol) in the same manner as described in Scheme 1, m.p 184.1-185.3 ºC. 1H NMR (500 MHz, D...
	5-acetyl-4-methyl-2-(4-aminophenol)-1,3-thiazole (T2)
	Brown solid (2.26 g, 70%), T2 was prepared from ammonium thiocyanate (1 g, 13 mmol), 3-chloroacetylacetone (1.75 g, 13 mmol) and 4-aminophenol (1.42 g, 13 mmol) in the same manner as described in Scheme 1, m.p. 192.3-193.4 ºC. 1H NMR (500 MHz, DMSO-d6...
	5-acetyl-4-methyl-2-(methyl-4-aminobenzoate)-1,3-thiazole (T3)
	Yellow solid (2.57 g, 68%), T3 was prepared from ammonium thiocyanate (1 g, 13 mmol), 3-chloroacetylacetone (1.75 g, 13 mmol) and methyl-4-aminobenzoate (1.96 g, 13 mmol) in the same manner as described in Scheme 1, m.p. 210.7-211.7 ºC. 1H NMR (500 MH...
	Figure 1.  Structure of synthesized thiazole derivatives
	A series of thiazole derivatives were successfully synthesized in moderately good yields according to previous literature with some modification [19]. The synthesis of the target compounds was straightforward, and the general synthetic pathway is illu...
	There are five important absorption bands of interest in all IR spectra of T1, T2 and T3 namely v(N-H), v(C-H), v(C=O), v(C=N) and v(C-S). The first band was assigned as N-H stretching and can be observed in the region of 3280-3242 cm-1 as previously ...
	Figure 2.  FTIR spectrum of 5-acetyl-4-methyl-2-(methyl-4-aminobenzoate)-1,3-thiazole (T3)
	Meanwhile in 1H NMR, two high intensity singlet resonances at δH 2.38-2.58 ppm represent two methyl moieties presented in all synthesized compounds (T1-T3). One of the observed resonances is found to be at higher chemical shift region due to deshieldi...
	In addition to the compounds characterization, UV-Vis spectra of T1-T3 were recorded below than 400 nm. All compounds exhibited similar UV band profile which comprised of two absorption bands with different intensity. The first band at 224-229 nm whic...
	Figure 3.  1H NMR spectrum of 5-acetyl-4-methyl-2-(methyl-4-aminobenzoate)-1,3-thiazole (T3)
	Antibacterial activities
	In this work, antibacterial screening test were used as preliminary evaluation. The screening was conducted by measuring the potential of these compounds to retard the growth of bacterial strains as show in Table 1. From the results obtained, it is sh...
	Table 1.  Diameter of clearing zone (mm) around the disc for bacterial strains
	Molecular docking
	Considering the data obtained from the antibacterial screening result, it is worth to perform molecular docking study. Therefore, molecular docking studies were carried out to know the interaction of synthesized compounds (T1-T3) against active site o...
	In this experiment, orientation of inhibitors interaction in the active site of GlcN-6-P was determined by automated docking [34]. Figure 4 illustrates the best generated conformers for T1-T3 and streptomycin molecules inside the binding pocket of Glc...
	Figure 4.  Docked conformations of thiazole derivatives (T1-T3) and standard drug (thick stick model) in the active site of GlcN-6-P synthase (thin stick and solid ribbon model)
	The docking ligand molecules T1-T3 with enzyme revealed that all the expected inhibitor compounds exhibiting the hydrogen bonding interactions with more than one amino acid residues in the active pockets of GlcN-6-P synthase which are showed in Figure...
	Furthermore, based on molecular docking prediction in Table 2 below, T3 exhibited the best performance against the target enzyme as supported by its lowest binding energy (-7.09 kcal mol-1) as compared to other ligands and as reported by other studies...
	Figure 5.  3D view of all synthesized compounds (ligands) after molecular docking into the active site of GlcN-6-P synthase. Both ligands and amino acid residues of protein are presented in stick in size of 0.2 and 0.1 respectively. Bond length was fo...
	Table 2.  Molecular docking parameters of T1-T3 and standard drug towards GlcN-6-P synthase
	In conclusion, the present work has demonstrated that series of 2, 4, 5- trisubstituted-1,3-thiazole derivatives (T1-T3) were successfully synthesized in moderately good yield as well as characterized using different techniques and exhibited potential...
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	EFFECT OF TEMPERATURE ON THE CATALYTIC ACTIVITY OF NEW SYMMETRICAL TETRADENTATE PALLADIUM(II) SCHIFF BASE COMPLEXES IN COPPER-FREE SONOGASHIRA REACTION
	(Kesan Suhu Terhadap Aktiviti Pemangkinan Kompleks Baru Paladium(II) Tetradentat Bes Schiff Bersimetri dalam Tindak Balas Sonogashira Tanpa Kuprum)
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	This paper reports the synthesis of two tetradentate Schiff bases namely 2,2'-(((2,2-dimethylpropane-1,3-diyl) bis(azanylylidene))bis(methanylylidene))bis(4-methoxylphenol), LM, and 2,2'-(((2,2-dimethylpropane-1,3-diyl)bis (azanylylidene))bis(methanyl...
	Keywords:  Schiff base, palladium(II) complexes, Sonogashira, temperature change
	Abstrak
	Kertas kajian ini melaporkan sintesis dua bes Schiff tetradentat iaitu  2,2'-(((2,2-dimetilpropana-1,3-diyl)bis(azanililidena))-bis(methanililidena))bis(4-metoksilfenol), LM dan 2,2'-(((2,2-dimetilpropana-1,3-diyl)bis(azanililidena))bis(methanili-lide...
	Kata kunci:  Bes Schiff, kompleks paladium(II), Sonogashira, perubahan suhu
	A Schiff base is typically formed through condensation reaction between a primary amine with an aldehyde or a ketone with removal of a water molecule [1]. It is also known as imine or azomethine and dubbed as a nitrogen analogue of an aldehyde or keto...
	Sonogashira reaction is an sp2-sp carbon-carbon bond formation, usually between aryl or vinyl halide and terminal acetylene [6]. It has received enormous attention due to its wide application in synthesis of natural products, biologically active molec...
	The application of phosphine-based complexes as catalysts is common to enhance the performance of C-C formation reactions. However, these complexes have certain demerits in that they are sensitive towards air and moisture, relatively costly and enviro...
	Much work has been devoted to optimize the reaction conditions for Sonogashira coupling reactions in which the optimum temperatures, catalyst loadings, solvents and bases were explored. Reaction conditions typically vary from one reaction to another d...
	This work reports the synthesis of two new complexes of palladium(II) with symmetrical tetradentate Schiff base ligands bearing ONNO donor atoms. The catalytic performance of the complexes was appraised on copper-free Sonogashira reaction between iodo...
	Materials and Methods
	General
	Ethanol, acetonitrile, 2,2-dimethyl-1,3-propanediamine, 5-methoxysalicyladehyde and 5-nitrosalicylaldehyde purchased from commercial suppliers were used without prior purification. The micro-analytical data (C, H, and N) of all ligands and complexes w...
	X= OCH3, NO2
	Scheme 1.  The synthesis of LM and LN and their palladium(II) complexes
	Synthesis of LM and LN ligands
	A hot solution of 2,2-dimethlyl-1,3-propanediamine C5H14N2 (1 mmol, 0.1022 g) in absolute ethanol (10 mL) was added to a stirred solution of 5-methoxysalicylaldehyde C8H8O3 (2 mmol, 0.3044 g) or 5-nitrosalicylaldehyde C7H5NO4 (2 mmol, 0.3342 g) in abs...
	Synthesis of PdLM and PdLN complexes
	Palladium(II) acetate (1 mmol, 0.2248g) was dissolved in 10 mL of dry acetonitrile in a round-bottomed flask. The ligand LN (1 mmol, 0.4004 g) or LM C21H26N2O4 (1 mmol, 0.3705 g) was also dissolved separately in 10 mL of dry acetonitrile, then added d...
	Copper–free Sonogashira reaction
	A round-bottomed flask was charged with iodobenzene (1.0 mmol), phenylacetylene (1.5 mmol), palladium(II) Schiff base complex (0.02 mmol) and KOH (2.0 mmol), with stirring under aerobic condition in 7 mL of DMSO (Scheme 2). The mixture was heated at 8...
	% Conversion = (Aint - Afinal)/Aint                                                           (1)
	where Aint is peak area of iodobenzene before reaction and Afinal is peak area of iodobenzene after reaction.
	X= OCH3, NO2
	Scheme 2.  Copper-free Sonogashira reaction
	Elemental analysis and melting point
	The experimental percentages of elements C, H and N of the compounds are presented in Table 1 and are in close accord with the theoretical values. Based on the elemental analysis results, the structures of the ligands and palladium(II) complexes are a...
	Table 1.  Physicochemical properties of LM, LN and their respective palladium(II) complexes
	Infrared spectroscopy
	The IR spectra of  LM, LN  and  their Pd(II) complexes are presented in Figure 1 and significant peaks listed in Table 2.  The (C=N) peaks of ligands appeared in the range of 1611-1638 cm-1, shifted by 10-31 cm-1 to lower frequencies of 1607-16201 cm...
	Figure 1.  FTIR spectra of LM, LN and their Pd(II) complexes
	Table 2.  Selected infrared spectral data of LM, LN and their respective palladium(II) complexes
	br: broad, s: strong, m: medium, w: weak
	Nuclear magnetic resonance spectroscopy
	Table 3 presents 1H NMR data of LM and PdLM. The spectra of LN and PdLN were not obtained due to their insolubility. The OH signals of LM appeared as a broad peak at the downfield region of 13.10 ppm in LM, indicating the existance of hydrogen bonding...
	Table 3.  1H NMR spectral data of LM and PdLM
	s: singlet, m: multiplet
	Table 4 presents 13C NMR data of LM. The peak of carbon bonded to oxygen of the phenolic group, (C-OH) appeared at 152.04 ppm, further upfield than the azomethine carbon which was detected at 165.45 ppm, demonstrating the bigger shielding effect of O...
	Table 4.  13C NMR spectral data of LM
	Magnetic susceptibility and molar conductivity
	All complexes revealed 0 effective magnetic moment, (eff, indicating the absence of unpaired electrons, corresponding to the diamagnetic square planar d8 palladium(II) system. The complexes showed molar conductivity of 0 (m/(-1cm2 mol-1 suggesting the...
	Catalytic activity of palladium(II) Schiff base complexes for copper-free Sonogashira reaction
	PdLM and PdLN were screened as catalysts in copper-free Sonogahsira cross-coupling reaction of iodobenzene with  phenylacetylene  in  the  presence of  potassium hydroxide (KOH) in dimethylsulfoxide (DMSO) at 80  C, 100  C, 140  C with the catalyst lo...
	Table 5.  Percentage of iodobenzene conversion
	The electron withdrawing group -NO2, seemed to have enhanced the catalytic performance of PdLN more effectively than the electron donating group -OCH3. Ahmad [20] reported the performance of an analogous unsubstituted palladium(II) complex as catalyst...
	Two symmetrical tetradentate Schiff bases bearing ONNO donor atoms and their respective palladium(II) complexes namely PdLM and PdLN were successfully synthesized and characterized through elemental analysis, FTIR, 1H and 13C NMR, magnetic susceptibil...
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	Abstrak
	Captopril (CPL) iaitu ubat anti-hipertensi telah berjaya disisipkan ke dalam ruang antara lapis hidroksida berlapis ganda bagi pembentukan bahan hibrid ZCPL nanokomposit melalui kaedah pembentukan sendiri. Kepekatan CPL yang digunakan adalah 0.08M dan...
	Hydrotalcites like anionic clay mineral or layered double hydroxide (LDH), comprise two dimensional inorganic nanolayers emerged as materials with numerous medical applications including gene delivery [1] and drug delivery [2]. The design of effective...
	LDHs generally represented by the general formula [MII1-x MIIIx (OH)2]x+ (An-)x/n ∙yH2O, where MII is the divalent metal cation (Mg2+, Ca2+, and Zn2+), MIII is the trivalent metal cation (Al3+, Cr3+, Fe3+, and Co3+), and An− is the anion (Cl−, CO32−, ...
	In this study, captopril (CPL) drug which is a primary drug used for hypertension [14], was intercalated into the  interlayer spaces of ZLDH by self-assembly method. The chemical structure of CPL is shown in Figure 1.
	Figure 1.  Chemical structure of  CPL
	The physicochemical properties of the zinc–aluminium–captopril (ZCPL) nanohybrid material will be discussed
	in this paper. The synthesised ZCPL nanohybrid material is expected to become a promising nanocarrier for CPL as a controlled release formulation for anti-hypertensive drugs.
	Materials and Methods
	Isotherm, surface area and pore size distribution
	Figure 4.  (a) Adsorption–desorption isotherms for nitrogen gas at 77 K for ZLDH and ZCPL and (b) BJH pore size distribution for ZLDH and ZCPL
	Figure 5.  Scanning electron micrograph for ZLDH (a) and ZCPL (b) at 10, 000x magnification
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	Silica-silver core-shell nanoparticles have received tremendous interests in various applications compared to the bare silver nanoparticles due to several important features such as exhibit higher surface area, the existence of a synergistic effect be...
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	Herein, silica-silver, (SiO2-Ag) core-shell nanoparticles were prepared with the addition of polyvinylpyrrolidone as a reducing and stabilizing agent. There were no linkers or metals such as tin(II) chloride, palladium, gold and organosilane added to ...
	Materials and Methods
	Materials
	Synthesis of silica particles
	Synthesis of silica-silver core-shell nanoparticles
	SiO2-Ag core-shell nanoparticles were characterized using standard spectroscopy and microscopy techniques. Spectroscopy study was carried out using UV-Vis spectrophotometer (UV-Shidmazu model 1800 with software UV Probe 2.43) in the wavenumber range f...
	SiO2-Ag core-shell nanoparticles were successfully synthesized with the addition of PVP as a reducing and stabilizing agent without any surface modification needed. The increase of concentration ammoniacal silver nitrate solution leads to the increase...
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	The present work is evaluating the seasonal variation in metal pollution and the ecological risk indices of surface water of the Ganges River (Northwestern Bangladesh). Concentrations of Cr, Pb, Ni, Cd, As, Cu and Zn in surface water samples were dete...
	Keywords:  heavy metals, surface water, ecological risk indices, metal index
	Abstrak
	Kajian ini menilai variasi bermusim pencemaran logam dan indeks risiko ekologi bagi permukaan air di Sungai Ganges (Barat utara Bangladesh). Kepekatan Cr, Pb, Ni, Cd, As, Cu dan Zn dalam sampel permukaan air ditentukan oleh spektofotometri nyalaan ser...
	Kata kunci:  logam-logam berat, permukaan air, indeks risiko ekologi, indeks logam
	Environmental pollution is a worldwide concern and heavy metals are among the most impactful pollutants. Heavy metal contamination in aquatic ecosystems is a major concern due to the toxicity, persistence, non-biodegradable character and abundance of ...
	The Ganges River, which flows alongside Rajshahi city, is popularly known as Padma River in Bangladesh. It is very important for its multidimensional use as a fishery and for domestic (bathing and washing clothes) and recreational activities. However,...
	Considering their biological and environmental threat, it is important to assess several heavy metals in the surface water of this river. Fully understanding the current heavy metal profile of this part of Ganges River is crucial for ecological safety...
	Materials and Methods
	Study area
	The study locations selected for the present study were T-dam (Site-1), Padma garden (Site-2), I-dam (Site-3) and Talaimari point (Site-4). All of these sites were situated between 24º21´42.41´´ N and 24º21´29.30´´ N and 88º34´31.18´´ E to 88º37´30.55...
	Figure 1.  Location of the study area. Modified from Google Earth-2017
	Sample collection
	A total of 12 water samples were collected from four study sites during the three study seasons (summer, monsoon and winter). Samples were collected from 10 cm below the water surface and stored in 100 mL polyethylene bottles at each site. Each bottle...
	Digestion and analysis of heavy metals
	Wet digestion of the samples was conducted in freshly prepared aqua regia (1:3 HNO3: HCl) on a block digester to obtain 100 mL of aliquot. The heavy metal (Cr, Pb, Ni, Cd, Mn, As, Cu and Zn) concentrations in the water samples were measured with the F...
	Pollution evaluation indices: Heavy metal pollution index
	The heavy metal pollution index (HPI) is a rating system that provides the aggregate influence of individual heavy metals on the total water quality. The rating system is an arbitrary value between 0 and 1. Its selection depends on the importance of i...
	HPI =,,𝑊-𝑖. × ,𝑄-𝑖.-1.                    (1)
	where Wi and Qi are the unit weightage and sub-index of the ith parameter, respectively; Wi is calculated by the weightage of ith parameter and is given as equation 2 below:
	Wi = ,𝐾-𝑆𝑖.                     (2)
	where Wi is the unit weightage and Si is the recommended standard for the ith parameter, while k is the constant of proportionality. Individual quality rating, Qi, is given by the expression in equation 3 below:
	Qi = ,100 ×𝑉𝑖-𝑆𝑖.                    (3)
	where Qi is the sub index of ith parameter, Vi is the monitored value of the ith parameter and Si is the standard or permissible limit for the ith parameter. The critical pollution index value is 100 [9]. For the present study, the Si value was obtain...
	Metal index
	According to Tamasi and Cini [12], the metal index (MI) was calculated using the following formula (equation 4):
	MI =  ,𝑖=1-𝑛-,,𝐶-𝑖.-,(𝑀𝐴𝐶)-𝑖...                   (4)
	where Ci is the concentration of each element and MAC is the maximum allowable concentration. An MI value >1 is a threshold of warning [13]. Classification of MI according to literature studies [14, 15] shown in Table 1.
	Table 1.  Evaluation standards for metal index (MI) and potential ecological risk indices (PERI)
	Potential ecological risk factor and risk index
	The potential ecological risk index method was proposed by Hakanson [16] from a sedimentology perspective to assess the characteristics and environmental behaviour of heavy metal contaminants. The specific formulas are as follows:
	The single contamination coefficient (equation 5):
	,𝐶-𝑓-𝑖.=,,𝐶-𝑠𝑙-𝑖.-,𝐶-𝑛-𝑖..                        (5)
	where ,𝐶-𝑓-𝑖. is the contamination coefficient of a particular heavy metal, ,𝐶-𝑠𝑙-𝑖. is the measured data of heavy metals, and ,𝐶-𝑛-𝑖. is the reference value. In the present study, the reference value of heavy metals was taken from freshwate...
	Cd =  ,,𝐶-𝑓-𝑖..                   (6)
	The potential ecological risk index (PERI) was calculated using equation 7:
	PERI = ,,𝐸-𝑟-𝑖..                    (7)
	where PERI is risk index; ,𝐸-𝑟-𝑖. is the potential ecological risk index for the pollution of a single heavy metal and can be calculated using equation 8:
	,𝐸-𝑟-𝑖. = ,𝐶-𝑓-𝑖.×,𝑇-𝑓-𝑖.                    (8)
	where ,𝑇-𝑓-𝑖.  and ,𝐶-𝑓-𝑖. are the response coefficient and contamination coefficient of single heavy metal, respectively. The value of ,𝑇-𝑓-𝑖. of each metal was taken from literature studies [16, 19]. The corresponding degrees of contaminati...
	Statistical analysis
	The calculation of risk indices was conducted in Microsoft Excel (Microsoft Office 2010). The correlation analysis was performed by SPSS software (version 20).
	Distribution of metals in different seasons and sites
	The results of heavy metal concentrations in surface water is shown in Table 2. The comparison of present findings with other national and international rivers is shown Table 3, where the present findings is compared with those from past research [22-...
	The highest concentrations of Cr, Cd, Cu and Zn were recorded at Site-2 during summer season; at the same site, Pb showed its maxima during winter season. On the other hand, As showed its highest value at Site-3 during summer season. One possible reas...
	During the study period, the average concentrations of all the metals were below the drinking water guidelines of both Department of Environment (DoE) [40, 41] and WHO [10, 11]. However, only the average concentration of Cr (0.038 mg/L) and Cd (0.005)...
	The risk assessment on heavy metals using risk indices (HPI and MI) indicates that currently the analysed water sources from the Ganges River were unfit for drinking water and aquatic life standards. The risk was potentially high during the summer and...
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	Malachite green is widely used in the aquaculture, food, and textile industries. However, malachite green is carcinogenic, mutagenic, and teratogenic. Therefore, a chemical sensor was developed to detect malachite green in water samples. Screen-printe...
	Keywords:  malachite green, electrochemical sensor, photopolymerization, silver nanowires
	Abstrak
	Malakit hijau digunakan secara meluas dalam industri akuakultur, makanan dan tekstil. Walaubagaimanapun, malakit hijau bersifat karsinogenik, mutagenik dan teratogenik. Oleh itu, sensor kimia dibangunkan untuk mengesan malakit hijau dalam sampel air. ...
	Kata kunci:  malakit hijau, sensor elektrokimia, fotopempolimeran, wayar nano perak
	Malachite green or known as [4-[[4-(dimethylamino)phenyl]-phenylmethylidene]cyclohexa-2,5-dien-1-ylidene]-dimethylazanium (Figure 1) is a type of commercial triphenylmethane dye. Malachite green is widely used in the textile and food industries as dye...
	Figure 1.  Chemical structure of malachite green
	In this work, screen-printed carbon electrode coated with poly(acrylamide-co-ethyl methacrylate)/Ru(bpy)32+/ silver nanowires (p(AAm-co-EMA)/Ru(bpy)32+/AgNWs) was used as a working electrode for the detection of malachite green. Poly(acrylamide-co-eth...
	Figure 2.  Chemical structure of poly(acrylamide-co-ethyl methacrylate)
	Silver nanowires (AgNWs) are silver nanostructure with a diameter of nanometer that has electrical, optical, and thermal properties. AgNWs has the ability to increase the sensitivity of sensors three times compared to other film electrodes [10]. Furth...
	Materials and Methods
	Chemicals
	Chemicals used in this experiment were acrylamide (AAm), ethyl methacrylate (EMA), 2,2-dimethoxy-2-phenyl-acetophenone (DMPP) silver nanowires (AgNWs), and tris(2,2′-bipyridyl)dichloro-ruthenium(II) hexahydrate (Ru(bpy)3Cl2.6H2O) purchased from Sigma ...
	Apparatus
	The structural elucidations of samples were analyzed by Perkin Elmer 400 Fourier Transform Infrared Spectroscopy (FTIR) and Bruker 400 MHz Fourier Transform Nuclear Magnetic Resonance (NMR). The micrographs and energy dispersed spectrum were obtained ...
	Preparation of polyacrylamide (pAAm), poly ethyl methacrylate (pEMA) and poly(acrylamide-co-ethyl methacrylate) (p(AAm-co-EMA))
	Acrylamide solution was prepared by dissolving 1 g acrylamide, AAm and 0.016 g 2,2-dimethoxy-2-phenylacetophenone, (DMPP) in 885 µL of deionized water. Meanwhile, poly(acrylamide-co-ethyl methacrylate), p(AAm-co-EMA) was prepared with the ratio 9:1 by...
	Swelling test
	The p(AAm-co-EMA) and p(AAm-co-EMA)/AgNWs films were immersed in separated petri dishes that contained 10 mL distilled water at room temperature. For every 2 minutes, the membranes were taken out and dried with a tissue before the weight of the swolle...
	Swelling percentage =,,W-f.-,W-i.-,W-i..×100 %               (1)
	where, Wi is defined as initial weight of dry membranes and Wf is final weight of swollen membranes
	Preparation of membranes and nanocomposite membranes
	Acrylamide/ethyl methacrylate/silver nanowires, AAm/EMA/AgNWs solution was prepared by mixing it with different volume percentages of AgNWs, which were 0.02, 0.04, 0.06, 0.08, and 0.10 % v/v into AAm/EMA solution. Meanwhile, Ru(bpy)32+ solution needed...
	Preparation of electrochemical analysis
	Firstly, 0.1 M pH 7 phosphate buffer solution and 1×10-5 M MG solution were prepared for electrochemical analysis. The buffer solution was prepared by mixing 49.9 mL dipotassium hydrogen phosphate solution (K2HPO4) and 0.1 mL potassium dihydrogen phos...
	Fourier transform infra-red spectroscopy analysis
	Figure 3 shows FTIR spectrum for polyacrylamide, pAAm, poly ethyl methacrylate, pEMA and poly(acrylamide-co-ethyl methacrylate), p(AAm-co-EMA).
	Figure 3.  FTIR spectrum from (a) pAAm (b) pEMA and (c) p(AAm-co-EMA)
	From Figure 3, pAAm showed strong bands at 3337 cm-1, 3194 cm-1, 1655 cm-1, and 1607 cm-1, due to N-H stretching, C=O stretching, and N-H bending, respectively. The N-H stretching showed two peaks because of the primary amide [17]. Meanwhile, pEMA dis...
	1H nuclear magnetic resonance spectroscopy
	Figure 4 shows the 1H NMR spectrum for polyacrylamide, pAAm and poly(acrylamide-co-ethyl methacrylate), p(AAm-co-EMA). NMR spectroscopy was used to analyze the content in the sample and its molecular structure by nuclear spin transition.
	Figure 4.  1H NMR spectrum of (a) pAAm and (b) p(AAm-co-EMA)
	The presence of peaks at chemical shifts 6.9 ppm and 7.9 ppm in pAAm spectrum indicated that the primary amide group can also be seen in p(AAm-co-EMA) at chemical shifts 6.9 ppm and 7.7 ppm. The two peaks appeared in the spectrum because of the quadru...
	Swelling test
	Figure 5 shows the graph of swelling percentages of poly(acrylamide-co-ethyl methacrylate),p(AAm-co-EMA) and poly(acrylamide-co-ethyl methacrylate)/ silver nanowires, p(AAm-co-EMA)/AgNWs. From the figure below, it can be seen that the swelling ability...
	Figure 5.  The swelling percentage as a function of time for p(AAm-co-EMA) and p(AAm-co-EMA)/AgNWs
	Field emission scanning electron microscopy/electron dispersive X-ray
	Figure 6 shows the micrograph of the cross section for poly(acrylamide-co-ethyl methacrylate), p(AAm-co-EMA) and poly(acrylamide-co-ethyl methacrylate)/silver nanowires, p(AAm-co-EMA)/AgNWs. From Figure 6(a), it shows the porous surface of p(AAm-co-EM...
	Figure 6. Cross-section micrograph at magnification 1000x (a) p(AAm-co-EMA) (b) p(AAm-co-EMA)/AgNW
	Figure 7(a) shows the EDX spectrum for poly(acrylamide-co-ethyl methacrylate)/silver nanowires, p(AAm-co-EMA)/AgNWs. Meanwhile, Figure 7(b) shows the micrograph of dispersion of AgNW for p(AAm-co-EMA)/AgNWs. From the EDX spectrum, the presence of AgNW...
	Figure 7. (a) EDX spectrum for p(AAm-co-EMA)/AgNWs (b) Mapping of AgNWs of p(AAm-co-EMA)/AgNWs
	Thermogravimetry analysis
	Figure 8 shows the thermogram of poly(acrylamide-co-ethyl methacrylate), p(AAm-co-EMA) and poly(acrylamide-co-ethyl methacrylate)/silver, p(AAm-co-EMA)/AgNWs. Both thermograms showed one step in the thermal degradation pattern. The degradation started...
	Figure 8.  Thermogram for p(AAm-co-EMA) and p(AAm-co-EMA)/AgNWs
	Electrochemical behaviors of malachite green
	Figure 9 shows different electrochemical behaviors of 1 × 10-5 M MG solution by using different types of films coated on the screen-printed carbon electrode (SPE) that acted as the working electrode. The p(AAm-co-EMA)/SPE showed neither anodic nor cat...
	Figure 9.  The cyclic voltammogram for different type of film coated on screen printed carbon electrode
	Scheme 1.  The proposed reaction for detection of malachite green [16]
	The p(AAm-co-EMA)/AgNWs film that was characterized by ATR-FTIR showed peaks of –CN and –CO in the spectra, which confirmed that the copolymerization was successful. Besides, 1H NMR spectrum proved the ATR-FTIR spectrum by showing the peak of carbonyl...
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	Lipase from Candida rugosa was immobilized onto diethylaminoethyl-cellulose (DEAE) through physical adsorption method with high percentage of protein absorption obtained at 84%. The lipase-DEAE was used to catalyze the enzymatic esterification of buty...
	Keywords:  immobilized enzyme, lipase, cellulose, esterification, biodiesel
	Abstrak
	Lipase dari Candida rugosa tersekatgerak pada dietilaminoetil-selulosa (DEAE) melalui kaedah penjerapan fizikal menunjukkan peratusan penyerapan protein tertinggi pada kadar 83.4%. Lipase-DEAE digunakan sebagai mangkin untuk sintesis berenzim butil ol...
	Immobilization of enzymes and proteins onto insoluble materials forms the basis of many biotechnological processes and analytical devices. The main reason of immobilization is to ease enzyme-product separation and to allow enzyme recyclability, persis...
	Diethylaminoethyl-cellulose or DEAE-cellulose is the most widely used of all the cellulosic ion exchangers and most variable in quality. In addition to provide a low density of charge and easy penetration by large molecule, this cellulose adsorbent of...
	Major advantages of adsorption as a general method of insolubilizing enzymes are that usually no reagents and only a minimum of activation steps is required. This method offers cheaper alternative as it can be carried out easily and less disruptive to...
	The use of lipases to catalyze the esterification step is attractive, because they can be used under mild reaction conditions. However, several challenges must be overcome in order for the enzymatic route to be economical as current commercial immobil...
	Materials and Methods
	Materials
	Lipase from Candida rugosa (E.C.3.1.1.3, Type VII) and DEAE-cellulose were purchased from Sigma Chemical Co. (St. Louis, MO).  All other chemicals (butanol, oleic acid, sodium hydroxide) and solvents (hexane,  ethanol, acetone) used in this study were...
	Water extraction of lipase
	Commercial lipase from Candida rugosa was partially purified by dissolving lipase (1.5 g) in distilled water (15 mL) with continuous stirred for 30 minutes in the lowest stirring manner. This mixture was then centrifuge at 10,000 rpm for 15 minutes. T...
	Immobilization of lipase
	The partially purified lipase (15.0 mL) was added to DEAE-cellulose (2.0 g). The mixture was shaken at 100 rpm in a water bath at room temperature for 1 hour. The immobilized lipase was separated by filtration through Whatman no. 1 filter paper (pore ...
	Protein assay
	The amount of protein content before and after immobilization was determined by using the method of Bradford Coomassie brilliant blue assay procedure using bovine serum albumin as standard [10].
	Esterification assay
	Enzymatic esterification tested consisting of native lipase (0.3 g) or DEAE-cellulose-immobilized lipase (0.3 g), butanol (4.00 mmol), oleic acid (2.00 mmol) in hexane (2.0 mL). The mixture was incubated at 30 oC for 5 hours with continuous shaking at...
	Biocatalytic properties of the immobilized lipase:
	Effect of reaction temperature
	The reaction mixtures containing native or DEAE-cellulose-immobilized lipase were incubated at different temperature ranging from 30 oC to 70 oC for 5 hours with continuous shaking at 150 rpm. The relative activities were expressed as percentage of th...
	Effect of thermostability
	Enzymes were incubated at various temperatures ranging from 30 oC to 70 oC in sealed vials for one hour. The enzymes were left to cool at room temperature before the esterification activity. The relative activities were expressed as percentages of the...
	Effect of leaching
	The leaching procedure was done by washing the DEAE-cellulose-immobilized lipase (0.30 g) with hexane of 4, 8, 12, 16 and 20 mL with additional 4 mL at each washing. The activities of DEAE-cellulose-immobilized lipase at each volume of hexane were det...
	Effect of stability in organic solvent
	The stability of the immobilized enzyme in organic solvent was compared to native lipase. The DEAE-cellulose-immobilized lipase and native lipase were incubated in hexane without shaking at room temperature starting from day one to day ten. After the ...
	Effect of storage stability
	This study was conducted to investigate the stability of native lipase compare to immobilized lipase at different storage temperature (-20 oC, 0 oC and room temperature). Both lipases were kept for 60 days. The relative activities were expressed as pe...
	Enzyme stability can be improved by immobilization of enzymes on insoluble supports. DEAE-cellulose showed significantly high amount of protein loading up to 84% thus making it a suitable matrix for enzyme immobilization. Generally, enzyme immobilized...
	Effect of reaction temperature
	Figure 1 shows the activities of the immobilized and native lipase  increased  at  temperatures  between 30 oC and 40 oC. However, drastic decrease in activities occurs after 50 oC. Activity of lipase was low at 30 oC may be due to the diffusion limit...
	Figure 1.  Effect of temperature on the relative esterification activity of DEAE-cellulose immobilized lipase and native lipase. Reactions were performed in hexane with 1:1 mole ratio of 1-butanol and oleic acid. Bars indicate standard deviation. (▲ N...
	Effect of thermostability
	Stability of lipase immobilized on DEAE-cellulose is shown in Figure 2. The immobilized lipase preparations were significantly more thermo-stable than the native lipase after 1 hour of incubation at temperatures ranging from 40 oC to 70 oC. The immobi...
	Figure 2.  Percent relative activity of native lipase and DEAE-cellulose immobilized lipase after 1 hour incubation at various temperatures. Reactions were performed in hexane with 1:1 mole ratio of 1-butanol and oleic acid at 30ºC. Bars indicate stan...
	Stability in hexane
	The stability evaluation of enzyme preparations in hexane is shown in Figure 3.
	Figure 3.  Percent relative activity of native lipase and DEAE-cellulose immobilized lipase as affected by incubation in hexane at room temperature (25 ºC) from day 1 to day 10. Reactions were performed in hexane  with 1:1  mole ratio  of  1-butanol  ...
	Stability of the lipase immobilized onto DEAE-cellulose remained stable at 50% of its relative activities compared to native lipase (40%) when incubated in hexane at room temperature up to 9 days. Immobilization seemed to protect the enzyme from denat...
	Leaching study on immobilized lipase
	Figure 4 shows that all the derivatized lipase preparations retained their catalytic activities at 100% even after 4 washing cycles. The fifth cycle showed only a slight leached not more than 1% for all the immobilized lipase. This might reflect the l...
	Figure 4.  Effect of leaching on the relative esterification activity of DEAE-cellulose immobilized lipase. Reactions were performed in hexane with 1:1 mole ratio of 1-butanol and oleic acid at 30 ºC
	Storage stability
	The residual activities of various lipase preparations were determined after storing for 60 days under various conditions. All lipases exhibited full catalytic activity after storing them at –20 oC. Immobilized lipase also retained their catalytic act...
	Lipase from Candida rugosa has been successfully immobilized on DEAE-cellulose using physical adsorption method. The method employed was a success referring to the increase in activity and stability of lipase after immobilization. Immobilized lipase w...
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	where A0 is the absorbance of the DPHH without PILs and A1 is the absorbance of the sample (PILs and DPPH) at 517 nm.
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	Dalam kajian ini, hidrogel bersifat peka terhadap rangsangan suhu disintesis sebagai media penyampaian dadah. Prestasi hidrogel yang disintesis dikaji dengan menggunakan peratusan asid sitrik yang berbeza iaitu 5%, 10%, dan 15%. Penggunaan asid sitrik...
	Kata kunci:  hidrogel, rangsangan suhu, penjerapan dadah, pembebasan dadah, suhu badan
	Abstract
	In this study, hydrogel with thermo-responsive behavior was synthesized as a medium for drug delivery. Performance of synthesized hydrogel was studied using a different percentage of citric acid at 5%, 10%, and 15%. The use of a large amount of citric...
	Keywords:  hydrogel, thermo-responsive, drug adsorption, drug release, body temperature
	Pengenalan
	Hidrogel merupakan polimer yang mempunyai struktur jaringan tiga dimensi silang yang dibentuk oleh kumpulan hidrofilik [1]. Hidrogel wujud sejak 1960-an, ia diguna secara meluas berdasarkan sifat-sifat istimewanya yang mampu memberi tindak balas yang ...
	Kelemahan kaedah perubatan dalam tragedi letupan Tianjin, China mencetus idea mengguna hidrogel sebagai medium penyampaian dadah. Kebolehan hidrogel untuk menyerap, menakung, dan membebas berdasarkan rangsanagan tertentu menjadikannya medium yang sesu...
	Objektif kajian ini adalah menghasilkan hidrogel bersifat peka terhadap rangsangan suhu dimana hidrogel yang dihasilkan boleh diguna untuk penjerapan dan pembebasan dadah. Prestasi penjerapan dan pembebesan dadah hidrogel yang dihasil dalam kajian ini...
	Bahan dan Kaedah
	Bahan kimia
	Karboksimetil selulosa (CMC), hidroksietil selulosa (HEC), dan asid sitrik yang digunakan untuk sintesis hidrogel dibekal oleh Sigma-Aldrich, Jerman. Manakala aspirin yang dibeli daripada Sigma-Aldrich, USA diguna untuk penyediaan larutan dadah.
	Proses sintesis hidrogel
	Hidrogel disintesis dengan menggunakan CMC dan HEC sebagai polimer dan asid sitrik sebagai penghubung silang. 2 g HEC dilarutkan dalam 400 mL air suling dan dikacau sehingga sebati. Apabila larutan yang jernih diperolehi, 6 g CMC dicampurkan ke dalam ...
	Analisis inframerah transformasi fourier (FTIR)
	Analisis FTIR (Nicolet-6700, USA) dijalankan untuk mengenalpasti kumpulan berfungsi yang wujud pada hidrogel. Semasa analisis FTIR, infra-merah dengan panjang gelombang antara 500 hingga 4000 cm-1 dipancar ke atas sampel hidrogel. Spektra FTIR yang te...
	Analisis mikroskop imbasan elektron (SEM)
	Analisis SEM (Carl Zeiss Inc, Jerman) dijalankan untuk mengkaji struktur permukaan hidrogel. Sampel hidrogel disalut dengan satu lapisan emas yang nipis sebelum analisis SEM dijalankan. Mikrograf SEM yang menunjukkan struktur permukaan hidrogel dipero...
	Analisis sudut sentuh
	Sifat hidrofilik hidrogel dikenalpasti dengan ujian sudut sentuh. Sampel hidrogel dilekat pada slaid kaca. Slaid kaca bersama dengan sampel hidrogel dikepit pada tempat pemegang sampel di instrumen analisis bentuk jatuhan, DSA (Kruss, Jerman) yang sel...
	Ujian pembengkakan
	Berat hidrogel pada keadaan kering ditimbang. Hidrogel yang ditimbang kemudiannya direndam dalam air suling selama 30 minit. Hidrogel yang telah membengkak selepas 30 minit rendaman dikeluarkan dari air suling dan beratnya ditimbang semula. Peratus pe...
	dimana Wt ialah berat hidrogel setelah 30 minit rendaman dan Wo ialah berat hidrogel pada keadaan kering.
	Kajian pemuatan dan pembebasan dadah
	Larutan aspirin dengan kepekatan 500 mg/L, 1000 mg/L, 1500 mg/L, dan 2000 mg/L disediakan dengan melarutkan serbuk aspirin ke dalam air suling. Larutan aspirin yang disediakan kemudiannya disejukkan kepada 4  C. Sampel hidrogel yang disintesis dimasuk...
	Isoterma penjerapan keseimbangan
	Isoterma penjerapan keseimbangan menerangkan jenis ikatan yang terbentuk antara molekul bahan terlarut dan permukaan penjerap serta sifat lapisan bahan terjerap pada keadaan seimbang [6]. Dalam kajian ini, model Langmuir dan model Freundlich digunakan...
	Isoterma Penjerapan Kinetik
	Isoterma penjerapan kinetik menerangkan kadar proses penjerapan. Dua model isoterma penjerapan kinetik yang digunakan dalam kajian ini, iaitu, model Kinetik Pseudo pertama dan model Kinetik Pseudo kedua. Model Kinetik Pseudo pertama yang diwakili oleh...
	Keputusan dan Perbincangan
	Pencirian hidrogel
	Rajah 1 menunjukkan spektra FTIR untuk hidrogel yang disintesis. Kewujudan kumpulan berfungsi hidroksil (O-H) pada kesemua hidrogel yang disintesis dikenalpasti dengan ketampilan puncak di sekitar panjang gelombang 3200-3600 cm-1 seperti yang ditunjuk...
	Rajah 1.  Spektra FTIR untuk hidrogel yang disintesis
	Pemuatan dadah
	Jadual 3.  Nilai-nilai pemalar, nilai R2, dan peratusan ralat untuk model Pseudo Kinetik kedua
	Pembebasan dadah
	Kesimpulan
	Hidrogel yang bersifat peka terhadap rangsangan suhu telah berjaya disintesis dalam kajian ini dengan menggunakan CMC dan HEC sebagai polimer dan asid sitrik sebagai penghubung silang. Dari segi pencapaian, kesemua jenis hidrogel yang disintesis dalam...
	Dalam kajian penjerapan dan pembebasan dadah yang dijalankan, keputusan yang tercapai didapati lebih menepati model Langmuir dan model Kinetik Pseudo pertama. Model Langmuir menyatakan bahawa penjerapan aspirin hanya melibatkan satu lapisan di permuka...
	Penghargaan
	Pengarang ingin mengucapkan terima kasih kepada Geran Universiti Penyelidikan (GUP-2017-098) atas sokongan kewangan ke atas kajian ini.
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	The gene of 18S ribosomal RNA or 18S rRNA is the universal gene function as a general genetic marker for species identification of microorganisms including parasites. Cryptosporidium has distinct 18S rRNA genes along different species within the same ...
	Keywords:  chemical, Cryptosporidium, polymerase chain reaction, 18S ribosomal RNA gene
	Abstrak
	Gen 18S ribosomal RNA adalah gen universal yang berfungsi sebagai penanda genetik umum untuk pengenalpastian spesies mikroorganisma termasuk parasit. Cryptosporidium mempunyai gen 18S rRNA yang berlainan daripada spesies berbeza dalam genus yang sama....
	Kata kunci:  kimia, Cryptosporidium, tindak balas rantai polimerase, gen 18S ribosomal RNA
	Cryptosporidiosis is prevalent in developing countries, perhaps because the high contamination from environmental and hygiene conditions [1]. In contrast, the cryptosporidiosis transmission in developed countries is possibly not similar as compared to...
	Meanwhile, amplification of 18S rRNA gene loci is been the most widely accepted method to provide information on species identification [9]. An optimized method of PCR for Cryptosporidium oocysts is essential in detection of single loci with specific ...
	Materials and Methods
	Collection of river water samples
	This study was carried out in Kuantan and Balok, Pahang. The upstream, midstream and downstream area in both Kuantan River and Balok River were selected as the sampling sites. Kuantan River runs from Lembing River through Kuantan City where this city ...
	Water processing
	United States Environmental Protection Agency 1623.1 method was used to detect Cryptosporidium from river water samples [15]. River water samples were processed to be concentrated using continuous flow centrifuge (CFC Express System) (Scientific Metho...
	Fluorescein isothiocyanate staining
	Purified oocysts of river water samples were stained using a fluorescein isothiocyanate labelled monoclonal antibody kit specific to Cryptosporidium oocysts (Cellabs Pty Ltd., cat. no. KR2111A6, Brookvale, Australia) and then were examined using fluor...
	DNA extraction from water samples
	DNA of Cryptosporidium oocysts from river water sample was extracted by using QIAamp DNA Mini Kit (QIAGEN, Germany) with minor modifications.
	Optimization of chemical components in PCR reaction mixture
	Each chemical component of PCR was optimized differently in yielding the same final volume of 20 µL per each reaction. The value range of chemical components of PCR consists of MgCI2 (0.1 µM-0.5 µM), dNTPs (50-250 mM), free DNase water (5-10 µL), poly...
	Identification of 18S rRNA sequence
	Nested PCR of 18S rRNA was carried out for Cryptosporidium genotyping [16]. Purified commercially genomic DNA of C. parvum was set to be a positive control. Distilled water was used as a negative control for nested PCR. Agarose solution (1.2%) was pre...
	Out of six river water samples, five were detected with Cryptosporidium. The findings were confirmed by using 18S rRNA-based PCR method. The result of secondary PCR products of 18S rRNA gene showed that only one sample from upstream point of Kuantan R...
	Table 1.  Different volumes of PCR chemical components in nested PCR
	In this study, Taq DNA polymerase was used as it is suitable for obtaining desired amplicon products and more efficient as a hot start PCR [18]. Normally, the molar concentration of polymerase is comparatively low as compared to other chemical reactio...
	Figure 1.   Illustration of polymerase chain reaction on DNA molecules along with other PCR chemical components involved in the PCR reaction
	On the other hand, four dNTPs should be at the appropriate equivalent concentrations of 50 μM even though the reaction commonly can compromise between 20 and 200 μM [25]. In our study, dNTPs were optimized accordingly from the lowest to highest concen...
	Accurate and proper concentration or volume to each PCR chemical components is essential for molecular identification of 18S rRNA Cryptosporidium gene. These optimized PCR chemical components can be applied to other water samples infected with Cryptos...
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	Abstrak
	Materials and Methods
	Materials and apparatus
	The high-pressure volumetric analyser (model HPVA-100) that consists of constant temperature bath or water bath, vacuum pump, and degassing unit was manufactured by Micromeritics. The oven used (Model AX30) was manufactured by Carbolite and has a maxi...

	Sample preparation method
	Silica gel was initially dried inside the oven for one night at 200 oC. Dry silica gel (0.5 g) was placed inside blender and water was added in excess (19 times the mass of dry silica gel) so that the total mass of the mixture was 50 g. The silica gel...
	CO2 hydrate formation
	Validation on CO2 hydrate formation: P-t curve
	CO2 solubility in water


	Control experiments
	CO2 adsorption profile for dry and wet silica gel
	Various operating conditions


	More hydrate formation experiments were investigated within and outside of hydrate forming conditions. Table 1 summarizes the operating conditions together with their calculated driving force (∆P) in which the equilibrium pressure at each operating te...
	Table 1.  Experimental operating conditions with their respective calculated driving force
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	RARE EARTH ELEMENTS IN SEDIMENT CORES OBTAINED FROM THE PORTS OF TANJUNG PELEPAS AND SEDILI, JOHOR AS POLLUTION INDICATORS
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	Sediment core samples obtained from the Port of Sedili and Tanjung Pelepas, Johor were slice into layers with intervals of 3 cm to estimate the contamination levels of rare earth elements at harbour areas. An analysis of rare earth elements (REEs) inc...
	Keywords:  rare earth elements, core sediment, harbour, pollution indicator, value ratio
	Abstrak
	Sampel diperolehi di pelabuhan Sedili dan Tanjung Pelepas, Johor dipotong setiap lapisan 3 cm untuk anggaran tahap pencemaran unsur nadir bumi di kawasan pelabuhan. Analisis unsur nadir bumi (REEs) iaitu La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,...
	REEs are unique metal elements that have similar chemical and physical properties. REEs have low solubility and are not easily transferred during geological processes such as weathering, erosion and transportation due to similarities in electron confi...
	Concentration levels of REEs in Malaysian habour sediments are not well published by national or international scientists. In order to establish information on Malaysian harbour sediments, we chose two habours at Tanjung Pelepas and Sedili, with the o...
	Materials and Methods
	Sediment core samples of about 70 cm in length from Tanjung Pelepas (Station 1) and Sedili (Station 2) ports were collected with a gravity corer and sliced at 3 cm intervals.  The coordinates of the sampling location (Figure 1) for the Ports of Sedili...
	Figure 1.  Sampling stations in the east and west coast Peninsular of Malaysia
	Post-Archean Australian Shale (PAAS) composition was used to normalize REEs in the study area. PAAS normalized REE patterns in this study can be classified into 2 types. Figure 2a shows relatively flat PAAS normalized REEs whereas Figure 2b shows the ...
	Anthropogenic activity is a factor that raises the loading of metals into the environment [15]. Lanthanum (La) and ytterbium (Yb) were chosen as representatives for LREE and HREE. The enrichment factor (EF) > 2.0 suggest that there are anthropogenic s...
	Figure 2.  The PAAS normalized REE Distribution Pattern at study station (a) Tanjung Pelepas Port and (b) Selidi Port
	Table 1.  The Distribution of ∑LREE, ∑HREE, ∑(LREE/HREE),  (La/Yb)n , Ce* and Eu*
	at the Ports of  Tanjung Pelepas and Sedili
	(*) normalized with the Post Achaean Australian Shale (PAAS)
	Figure 3.  Total concentration of REE for Port of Tanjung Pelepas and Port of Sedili
	Figure 4.  Iron normalized enrichment factor for La as a function of depth at each sampling station (a) Tanjung Pelepas Port and (b) Selidi Port
	The Ce element occurs more abundant in oceanic ferromanganese compared to seawater. Marine manganese nodules have positive Ce* anomalies due to Cerium easy hydrolyses and co-precipitates with manganese [3]. A negative Ce* anomaly (<1) shows that the e...
	REEs elements are suitable for use as pollution indicators due to its unique characteristics. The concentration of REEs at the Port of Sedili was higher compared to that at the Port of Tanjung Pelepas. There is no significant enrichment of REEs at bot...
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	Materials and Methods
	Surface preparation of mild steel
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	Abstrak
	Limestone is a versatile material that can be used in many industries such as paper making, glass, food, plastics, paint, rubber, etc. [1, 2]. Limestone is a sedimentary rock with chemical formula CaCO3 [3] and 4% of the earth crust contains carbonate...
	AMD is a global environmental problem caused by oxidation of sulphide minerals [11] such as pyrite, marcasite, arsenopyrite, sphalerite, chalcocite, etc. with the presence of water and sulphate oxidizing bacteria (SOB). AMD occurs can be shown in equa...
	Materials and Methods
	Study area
	The study is focussed on the AMD problem that occurred in a tin tailing pond. The tin tailing pond is in a tin mine located in northern Perak. The tin tailing pond is a recycled pond which involves the activities related to tin ores.
	Materials
	Methods
	Figure 1.  Jar test of AMD reacted with LGL
	Figure 2.  LGL before and after reaction with AMD sample
	XRF result in Table 1 shows that the limestone used in this study was low grade because the content of calcium oxide obtained was 44 % as shown in Table 1. The percentage of calcium carbonate calculated was around 80% which indicates that it is a low ...
	Table 1.  X-ray fluorescent analysis result
	Table 2 shows the pH values of AMD samples before and after reaction with LGL as neutralisation agent. The initial pH of AMD samples was ~2.47. The highest pH obtained was 6.44 ± 0.00 by using 6.0 g of LGL at interval time 30 minutes. However, the opt...
	CaCO3 + H+               Ca2+ + HCO3-                 (4)
	Table 2.  pH of AMD sample before and after reaction with six different weights of LGL
	Table 2 (cont’d).  pH of AMD sample before and after reaction with six different weights of LGL
	Table 3 shows the heavy metals content in AMD samples before and after reaction with LGL. The results show that the content of heavy metals in AMD samples such as arsenic, cadmium, iron, chromium, manganese and zinc decreased after treated with LGL. I...
	Fe2+ + HCO3-               FeCO3 + H+                      (5)
	Zn2+ + 2H2O                Zn(OH)2 + 2H+                (6)
	Table 3.  Heavy metals content in AMD samples before and after reaction with LGL
	Table 3 (cont’d).  Heavy metals content in AMD samples before and after reaction with LGL
	LGL is capable to treat AMD by increasing the pH that complies with Standards A and B. The best pH value chosen was 6.11 ± 0.00 by using 5.0 g of LGL at interval time 20 min. LGL is also suitable to be used in reducing heavy metals content in AMD such...
	Acknowledgement
	The authors acknowledge the support of the Mineral Research Centre and the Chemistry Department, Faculty of Science, Universiti Teknologi Malaysia. Appreciation goes to the Director of Mineral Research Centre, Md Muzayin Alimon, Head of Rock Based Tec...
	1. Kirboga, S. and Oner, M. (2013). Application of experimental design for the precipitation of calcium carbonate in the presence of biopolymer. Powder Technology, 249: 95-104.
	2. Othman, A., Isa, N. and Othman, R. (2015). Preparation of precipitated calcium carbonate using additive and without additive. Jurnal Teknologi, 77(3): 49-53.
	3. Erdogan, N. and Eken, H.A. (2015). Precipitated calcium carbonate production, synthesis and properties. Physicochemical Problems of Mineral Processing, 2: 79-84.
	4. Shirsath, S. R., Sonawane, S. H., Saini, D. R. and Pandit, A. B. (2015). Continuous precipitation of calcium carbonate using sonochemical reactor. Ultrasonics Sonochemistry, 24: 132-139.
	5. Muhammad, S. N., Mohd Kusin, F., Md Zahar, M. S., Halimoon, N. and Mohamat Yusuf, F. (2015). Passive treatment of acid mine drainage using mixed substrates: Batch experiments. Procedia Environmental Sciences, 30: 157-161.
	6. Othman, A., Sulaiman, A. and Sulaiman, S. K. (2015). The study on the effectiveness of organic material in acid mine drainage treatment. Jurnal Teknologi, 77(2): 79-84.
	7. Othman, A., Sulaiman, A. and Sulaiman, S.K. (2017). Carbide lime in acid mine drainage treatment. Journal of Water Process Engineering, 15: 31-36.
	8. Othman, A., Sulaiman, A. and Sulaiman, S. K. (2017). The use of hydrated lime in acid mine drainage treatment. AIP Proceeding, 1847: 1-6.
	9. Othman, A., Sulaiman, A. and Sulaiman, S. K. (2017). The use of quicklime in acid mine drainage treatment. Chemical Engineering Transaction, 56: 1585-1590.
	10. Harrison, D. J. (1993). Industrial minerals laboratory manual; Limestone. Minerology and Petrology Group, British Geological Survey. Technical Report, WG/92/29: pp. 1-45.
	11. Teng, W., Kuang, J., Luo, Z. and Shu, W. (2017). Microbial diversity and community assembly across environmental gradients in acid mine drainage. Minerals, 7(106): 1-10.
	12. Ekolu, S. O., Diop, S., Azene, F. and Mkhize, N. (2016). Disintegration of concrete construction induced by acid mine drainage attack. Journal of the South African Institution of a Civil Engineering, 58(1): 34-42.
	13. Environmental Quality Act 1974 (Act 127), Regulations, Rules & Orders. (2015). International Law Book Services, Selangor.
	14. Chowdhury, A. R., Sarkar, D. and Datta, R. (2015). Remediation of acid mine drainage-impacted water. Current Pollution Reports, 1: 131-141.
	15. Nenov, V., Dimitrova, N., Dobrevsky, I. and Rands, D. G. (1992). Effective precipitation of arsenic from aqueous solution by iron(iii) sulfate. Clean – Soil Air Water, 20(1): 14-17.
	16. Kursunoglu, S. and Kaya, M. (2014). Dissolution and precipitation of zinc and manganese obtained from spent zinc-carbon and alkaline battery powder. Physicochemical Problems of Mineral Processing, 50(1): 41-45.
	17. Aube, B. and Zinck, J. (2003). Lime treatment of acid mine drainage in Canada. Brazil-Canada Seminar on Mine Rehabilitation, 1 – 3 December, Florianopolis, Brazil.

	Madzlan_23_3_12.pdf
	PREPARATION AND CHARACTERIZATION OF IMPROVED HYDROPHILIC POLYETHERSULFONE/REDUCED GRAPHENE OXIDE MEMBRANE
	(Penyediaan dan Pencirian Penambahkaikan Hidrofilik Membran Polietersulfon/Grafin Oksida Terturun)
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	Polyethersulfone (PES)/reduced graphene oxide (rGO) membrane was prepared by phase inversion method for water treatment. Graphene oxide (GO) was obtained via modified Hummer’s method and reduced to rGO where NaBH4 was chosen as a reducing agent. FTIR ...
	Keyword:  polyethersulfone, phase inversion method, modified Hummer’s method, reduced graphene oxide
	Abstrak
	Membran polietersufon (PES)/grafin oksida terturun (rGO) telah dihasilkan melalui kaedah fasa terbalik untuk rawatan air. Grafin oksida (GO) dihasilkan menerusi kaedah Hummer terubahsuai dan diturunkan kepada rGO menggunakan NaBH4 sebagai ejen penurun...
	Kata kunci:  polietersulfon, kaedah fasa terbalik, kaedah Hummer terubahsuai, grafin oksida terturun
	Study area
	PES was chosen as a polymer host because it is used extensively in water treatment [17]. To reduce GO, NaBH4 was chosen as a reductant because it is a strong reducing agent [18] and environmental friendly [19]. This research will include the effect of...
	Materials and Methods
	GO was produced via modified Hummer’s method. An amount of 4 g graphite powder was added into 100 mL of concentrated H2SO4 and followed by the slowly addition of 4 g of NaNO3. This was then followed by a slow addition of 12 g of KMnO4 under stirring c...
	Membrane was casted by using phase inversion method. PES (20 wt.%) and PVP (1%) were dispersed in NMP at 60  C for 24 hours to obtain homogeneous solution. rGO-8h (0.5 wt.%) was dispersed and sonicated in NMP for 30 minutes. Then, with the aid of cont...
	Figure 2 shows the FT-IR spectrum of GO and rGO. Figure 2(a) shows that there are peaks around 3195 cm-1 and 1718 cm-1 which indicates that hydroxyl (-OH) and carbonyl (C=O) groups exist on the surface of GO respectively. Intense peak at 1620 cm-1 sho...
	Figure 2.  FT-IR spectrum of (a) GO (b) rGO-32h (c) rGO-24 h (d) rGO-16 h (e) rGO-8h
	Figure 3 shows the XRD spectrum of (a) graphene oxide and (b) reduced graphene oxide. Based on Figure 3(a) it shows that there is an intense peak on 2θ = 11.23O which corresponds to the diffraction of GO plane (002). On the other hand, rGO (b) with in...
	Figure 4 shows the morphology of GO and rGO. Based on Figure 4 (a), GO exhibits wrinkles on its surface of [27,28]. The wrinkles will contribute to the conducting characteristics. Furthermore, the formation of the wrinkles and crumples like structure ...
	Figure 4.  Morphology of (a) GO (b) rGO-8h (c) rGO-16h (d) rGO-24h (e) rGO-32h under 10000x magnification
	The membrane cross section (Figure 5) shows a typical structure where it contain asymmetric porous structure with a dense skin top-layer followed by a finger-like porous sub-layer [4]. The cross section shows that the finger-like pore does not contain...
	Figure 5.  The cross section of (a) PES (b) PES/GO (C) PES/rGO-8h (d) PES/rGO-16h (e) PES/rGO 24h and (f) PES/rGO-32h membrane
	Figure 6.  Comparison of (a) top (b) bottom surface of PES/GO membrane
	The membrane contact angle reveals that the hydrophilicity greatly improves when rGO is used. The hydrophobic nature of rGO can interact well with hydrophobic PES. It can therefore be assumed that the addition of rGO improved the hydrophilicity of the...
	Table 1.  Contact angle of the membrane
	Nevertheless,  in  this  study the pure water flux does  not  rely on the membrane contact angle. As  illustrated in Table 1, even though the membrane contact angle of PES/GO is 64.45o but it shows the highest flux, 174.29 L/m2h (Figure 7). With the a...
	The GO and rGO were prepared by using modified Hummer’s method and chemical reduction respectively. The result showed that the carbonyl functional groups were removed after reduction process. The removal of functional groups on rGO was further confirm...
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	Microwave-assisted aqueous enzymatic extraction (MAAEE) is a promising green technology that is fast, efficient and energy saving. The physicochemical parameters and fatty acids composition of the MAAEE-extracted oil were reportedly quite comparable w...
	Keyword:  microwave assisted aqueous enzymatic extraction, seed oils, Elateriospermum tapos, amygdalin
	Abstrak
	Pengekstrakan enzim berakues yang dibantu dengan gelombang mikro (MAAEE) adalah teknologi hijau yang menjanjikan proses yang pantas, cekap dan penjimatan tenaga. Parameter fizikokimia dan komposisi asid lemak daripada minyak yang diekstrak MAAEE dilap...
	Microwave uses electromagnetic wave which penetrates certain materials to provide volumetric heating through ionic conduction and dipole rotation [1]. Water and aqueous based solvent system offer an increasingly crucial choice for the replacement of c...
	Figure 1.  Properties and molecular structure of omega-3 fatty acid [6].
	Materials and Methods
	Plant materials
	Elateriospermum tapos seed (ETS) was obtained at a local farm in Kuala Lipis, Pahang, Malaysia and was botanically identified by Biodiversity Unit, Institute of Bioscience, University Putra Malaysia (specimen voucher number SK2782/15). The seeds were ...
	Reagents
	Cellulase from Aspergillus niger (Tokyo Chemical Industry), pectinase from Aspergillus niger (1.02U/mg) and proteinase from Aspergillus melleus (≥3 units/mg solid) from Sigma Aldrich, hexane analytical and GC grade from Qrec and Merck, Malaysia.
	Extraction process
	For Soxhlet extraction (SE) process, 5 g of ETS (0.5 mm particle sizes) were placed into each thimble and 150 mL hexane was used as a solvent. This process was carried out by refluxing each sample for 6 hours on a heating mantle. After the elapsed tim...
	For MAAEE method, a domestic microwave oven system was used (Sharp Model R-397J, Malaysia) equipped with digital control system for irradiation time and irradiation microwave power (110 W, 330W, 550 W, 770 W and 1100 W) and operates at 2.4 GHz.  A mod...
	After extraction, the solution obtained from MAAEE was then centrifuged at 10000 rpm speed for 15 minutes, and oil phase was withdrawn using a micropipette. The oil was then weighed, and the extraction yield was expressed as the mass percentage ratio ...
	Identification and quantification of omega-3 fatty acid concentration
	The extracted ETS oil was converted to fatty acids methyl ester (FAMEs) prior to injection.  About 1 μL of the sample was injected into GC (model Perkin Elmer Auto System XL) to analyze the omega-3 fatty acid.  It was equipped with flame ionization de...
	Cω-3 indicates the concentration of the extracted omega-3, mg of ω-3/g of oil; C indicates the concentration of omega-3 obtained from calibration curve, mg/mL; V indicates the volume of omega-3 fatty acid solution, mL and Woil is the weight of the ext...
	FTIR analysis
	The chemical structure of ETS oil extracted by MAAEE, MAE and SE were determined by FTIR spectrometer (Perkin-Elmer Spectrum One) equipped with a deuterated triglycine sulphate (DTGS) as a detector and a KBr/ Germanium as a beam splitter.  A few drops...
	In Table 1, MAAEE method extracted omega-3 fatty acid at 3.3 fold greater which is about 24.2% (w/w) higher compared to SE, and almost 2 fold greater when compared to MAE. The result shows highly significant differences by all method at p < 0.05.  Thi...
	Table 1.  Omega-3 concentration obtained by SE, MAE and MAAEE
	a, b, c different letters show significantly different (p< 0.05)
	The improved extractability of omega-3 fatty acid concentration might be due to the polar properties of the solvent used in the extraction method. Soxhlet extraction used hexane (non-polar solvent) as solvent whereas MAAEE and MAE methods used aqueous...
	Microwave energy rapidly heats up the sample directly which encourage the dipole rotation of the molecules and the migration of the ion that enhances the penetration of the solvent in matrix, disrupt the cell wall and released the intracellular produc...
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	Abstrak
	Herbs have been used for centuries to treat a variety of medical illnesses. They are usually consumed in the form of tea, i.e. an infusion of dried plant part (leaves, flowers, seeds, roots and bark) steeped in boiling water [1, 2]. Herbal teas are wi...
	Many people believed that herbal teas are natural and safe because they consist of bioactive substance that can promote health and mitigate illness [1, 5]. Herbal teas are good source of bioactive substance like vitamin, carotenoids, flavonoids, and s...
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	Materials and Methods
	Materials
	The ingredients from 15 herbs were screened by pass-fail screening and scoring screening method. Two herbs were selected (bael fruit and pandan leaf) for this study. Dried bael fruit (Aegle marmelos (L.) Correa) and dried pandan (Pandanus amaryllifoli...
	In order to prepare each sample, the mixed three components of herb powder 2.0 grams was then packed into tea bags. The herbal health tea (in tea bags) was extracted with 100 mL of hot water at 90 (C for 3 minutes. The extract was filtered through Wha...
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	in mixture design experiment
	Verification of predictive model
	In many cases, the determination of proportions is important to obtaining the desired output mixture design, a special type of RSM, is a very effective method of determining the proportions of ingredients of a blend [25].  In this study, the formulati...
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	Chemicals and reagents
	All chemicals and reagent were analytical grade. Folin-Ciocalteu reagent was purchased from Loba Chemie Pvt Ltd. (Mumbai, India) while Na2CO3 was purchased from Ajax Finechem Pty Ltd. (Auckland, New Zealand). Tablets of sodium phosphate buffer were ob...
	Plant material and extraction
	Yanang (Tiliacora triandra) leaves, obtained from the local market in Prachinburi province of Thailand, were washed with excess water to remove dust and the infected leaves were discarded. Only consistent green-colored leaves with more than 3 cm width...
	In order to determine the kinetic degradation of chemical properties of Yanang leaf extract, the extract was heated at 60, 70 and 80 oC. The samples were collected at 0, 1, 3, 6, 9, 12 and 15 minutes after heating and total phenolic content, DPPH radi...
	Determination of total phenolic content
	Total phenolic content determination was performed following the method described by Singthong et al. [6]. Briefly, 20 µL of Yanang leaf extract were mixed with 1.58 mL of water and 100 µL of Folin-Ciocalteu reagent. After 5 minutes incubation at room...
	Determination of DPPH radical scavenging activity
	DPPH radical scavenging activity was measured following the method described by De Ancos et al. [13]. Ten µL of Yanang leaf extract were diluted with 90 µL of water, mixed with 3.9 mL of 25 mM DPPH and placed in the dark for 30 minutes. Absorbance of ...
	XOI activity assay
	Statistical analysis and development of kinetic model
	Experiments were carried out in triplicate. The data were expressed as mean ± standard deviation. The means of all parameters were examined using analysis of variance (One-way ANOVA). Duncan’s New Multiple Range Test (DMRT) was used to determine the m...
	The data of degradation (quality-time curve) were fitted to three different kinetic models according to the following equations (2-4):
	The zero order reaction;  C = C0 – kt                (2)
	The effect of temperature on the degradation rate constant was assumed to follow the Arrhenius equation 5;
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	Total phenolic content
	The total phenolic content of Yanang leaf extract is shown in Figure 1(a). It varied from 526.33 ± 28.79 to 733.74 ± 21.63 mg GAE/100 mg db. depending on the heating temperature and time. The preparation process at 80 oC for 15 minutes gave the least ...
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	DPPH radical scavenging activity
	XOI activity
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	Calophyllum is a pan-tropical genus belonging to the Guttiferae family and is known in Malaysia as ‘bintangor’. There has been continual interest to further investigate the phytochemistry of Calophyllum species since this genus is a rich source of act...
	Keywords:  Calophyllum, C. incrassatum, C. rubiginosum, C. canum, antioxidant
	Abstrak
	Materials and Methods
	Chemicals and reagents
	Extraction of Calophyllum species
	Phytochemical screening of Calophyllum species
	Test for tannin
	Test for phenol
	A small quantity of extract was dissolved in a test tube containing methanol (2 mL) followed by the addition of distilled water (2 mL) and ferric (III) chloride solution (10% w/v, 10 drops). The presence of phenol was indicated by change in colour of ...
	Test for flavonoid
	Test for terpene
	Test for cardiac glycoside
	Test for phytosterol
	Test for saponin

	Antioxidant assay
	Total phenolic content
	DPPH radical scavenging activity
	Statistical analysis

	Extraction yield of Calophyllum species
	Table 1.  Percentage yield of extracts from Calophyllum species
	Table 1(cont’d).  Percentage yield of extracts from Calophyllum species
	Phytochemical screening
	Phytochemical analysis of all extracts revealed the presence of tannin, phenol, flavonoid, terpene, cardiac glycoside, coumarin and phytosterol. Meanwhile, saponin was only detected in the bark extract of C. canum yielded from Soxhlet extraction techn...
	Table 2.  Phytochemical screening of extracts from calophyllum species
	Table 2 (cont’d).  Phytochemical screening of extracts from calophyllum species
	Antioxidant activity of Calophyllum species
	The Pearson’s correlation analysis was performed to establish a relationship between TPC and DPPH radical scavenging activity using different concentrations ranging from 1000 – 7.81 µg/mL. The correlation coefficient, r, was evaluated as depicted in T...
	The maceration technique gave better yield of extracts from the leaves and barks of all Calophyllum species. On the other hand, the Soxhlet extraction technique produced higher percentage yield of heartwood extracts. Phytochemical screening of all ext...
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	A green colorimetric method using guava leaves extract for quality control of iron content in pharmaceutical formulations
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	A cost-effective and environmentally friendly approach using a simple micro-volume colorimetric method with non-synthetic reagent from plant extracts has been proposed. The crude aqueous extracts from dried guava leaves were utilized as an alternative...
	Keywords:  guava leaf, natural reagent, colorimetry, iron, pharmaceutical formulations
	Abstrak
	Pendekatan yang mesra alam dan kos efektif mengunakan kaedah kalorimetrik isipadu-mikro yang mudah dikemukakan dalam kajian ini. Ekstrak akues dari daun jambu yang dikeringkan telah digunapakai sebagai alternatif reagen semulajadi bagi pengkuantitian ...
	Materials and Methods
	Table 1.  The analytical characteristics of the colorimetric determination method for iron(III)
	a sample volume only
	b total analysis volume (sample+reagent+other solutions)
	A green, simple and reliable method based on natural reagent extracted from plant and micro-volume colorimetry at 562 nm was proposed for determination of iron. The crude aqueous extracts from the dried guava leaves can replace toxic chemical reagents...
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	Paraquat herbicide is categorised under contaminants of emerging concern (CEC) that can cause serious environmental problem and toxic effects towards human and animals. Also, the decomposing of pineapple leaves by burning in the field could create env...
	Keywords:  paraquat, pineapple leaves, surfactant, adsorption
	Abstrak
	Herbisid parakuat dikategorikan sebagai kemunculan bahan pencemar (CEC) yang boleh menyebabkan masalah pada alam sekitar dan memberikan kesan toksik terhadap manusia dan haiwan. Pada masa yang sama, pelupusan daun nanas melalui cara pembakaran boleh m...
	Kata kunci:  parakuat, daun nanas, surfaktan, penjerapan
	Agriculture industry is the largest consumer that uses chemical pesticides to control various pests. About 85% of the world production of pesticide is used to reduce the population of pests [1]. Pesticides are defined as one of a few toxic substances ...
	Figure 1.  Chemical structure of paraquat (1,10-dimethyl-4,40-bipyridinium chloride)
	Agricultural wastes are categorised as bio-based products which currently become popular among the researchers because it is considered as a part of green technology. The agriculture wastes such as pineapple leaves are considered as the other source o...
	Materials and Methods
	Preparation and characterisation of modified pineapple leaves
	The pineapple leaves from Josapine type were provided by MARDI (Malaysian Agricultural Research and Development Institute) station in Pontian, Johor. The preparation of raw sample (UPLP) and its pre-treatment process were carried out based on previous...
	The amount of CTAB adsorbed onto the PLP was determined by calculating the differences in the remaining concentrations of CTAB in the solution before and after modification process. The procedure for the determination of CTAB in the solution involved ...
	Adsorption of paraquat
	The effect of the paraquat concentrations on the adsorption capacity of pineapple leaves was studied by adding different paraquat concentrations. The paraquat solution with the concentrations of 2, 5, 8, 10, and 20 mg/mL were prepared by diluting the ...
	(1)
	where C0 is the initial paraquat concentration (mg/L), Ct is the residual concentration of the paraquat (mg/L) at different concentrations, V is volume (mL), and m is the adsorbent dose (mg).
	Characterisation of samples
	Figure 2 shows the amount of CTAB adsorbed on PLP with different initial concentrations of CTAB ([CTAB]initial). This was done to observe the effect of different amounts of CTAB loading in their adsorption capacity towards paraquat. It is clear that t...
	Figure 2.  Amount of CTAB adsorbed onto pineapple leaf powder at different CTAB initial concentrations
	Figure 3 shows the FTIR spectra for all of the samples to obtain information about the bonding presented in the PLP and also to observe the presence of CTAB molecules on the modified PLP. There will be higher amount of C–H bonds on the modified PLP wi...
	Figure 3.  FTIR spectra of untreated PLP (UPLP), PLP, and SMPLP with different CTAB adsorbed
	Based on Figure 3, strong broad peaks ranging from 3340 to 3350 cm−1 represent hydroxyl (O–H) vibration mode in cellulose and lignin structure [10] which could interact with each other through strong hydrogen bonding. The –OH stretching vibration is i...
	The appearance of strong and sharp peaks at around 2900–2800 cm−1 indicates the presence of methyl (–C–H) stretching vibration from the CH2 group of hemicellulose and cellulose which are also the main composition of PLP [14,15]. Besides that, the inte...
	The results of FTIR spectroscopy especially at their fingerprint regions (below 1500 cm−1) for each sample demonstrate that the chemical structure of the pineapple leaves remained unchanged after the pre-treatment process and surface modification. The...
	Figure 4.  Adsorption capacity of PLP and SMPLP at different concentrations of paraquat
	Figure 4 clearly shows that the SMPLP samples have higher adsorption capacity for paraquat compared to PLP and sample SMPLP 2.5 exhibited the highest adsorption of paraquat. The adsorption affinity of pineapple leaves towards paraquat compound followe...
	Adsorption of paraquat
	The adsorption isotherm describes the distribution of adsorbates between liquid and solid phases and the behaviour of the adsorption system. The adsorption capacities of PLP and SMPLP towards paraquat were determined through isotherm studies. The data...
	where x is the mass of adsorbates adsorbed (mg), m is the mass of adsorbent (g), Ce is the equilibrium concentration (mg/L), b is the Langmuir constant related to the affinity of the binding site, and Q0 is the maximum adsorption at monolayer coverage...
	Table 1.  Fitted Langmuir and Freundlich parameters for paraquat adsorbed on PLP and SMPLP
	The correlation coefficient (R2) values for Freundlich isotherm indicate that this model fits all the experimental data better than the Langmuir isotherm model. The fitted adsorption data into Freundlich isotherm model describes the heterogeneous natu...
	The characterisation of the samples after adsorption of paraquat was performed using FTIR spectroscopy to determine the changes occurred in the chemical structure of pineapple leaves. The FTIR spectra after adsorption of paraquat by PLP and SMPLP are ...
	Figure 5.  FTIR spectra of the samples after adsorption with paraquat
	The appearance of strong sharp peaks at 2916 and 2850 cm−1 indicates the presence of methyl (–CH) stretching vibration from CH2 group of hemicellulose and cellulose [10]. Additionally, another contribution that causes a high intensity of –C–H vibratio...
	Proposed mechanism of adsorption
	Figure 6 shows the proposed mechanism of CTAB adsorption on PLP and paraquat adsorption on SMPLP at (a) below the CMC level (0.5 mM), (b) near CMC, and (c) above CMC. At a lower CTAB concentration (0.93 mM and below), the CTAB molecules exist as monom...
	Figure 6.  Proposed adsorption mechanism of CTAB and paraquat onto PLP for (a) SMPLP 0.5, (b) for SMPLP 1.0 and SMPLP 2.5, and (c) SMPLP 4.0
	The surface of PLP which are not occupied by CTAB molecules possesses numerous hydroxyl groups of cellulose and lignin which gives the PLP surface its negative potential characteristics [8]. The negatively charged hydroxyl group acts as an active site...
	However, the adsorption mechanism of paraquat onto SMPLP 4.0 is different. At 4.0 mM, the CTAB molecules start to form bilayer formation at the outer surface of the adsorbent. From Figure 5(c), as the paraquat molecule is positively charged, it cannot...
	This study concludes the ability of pineapple leaves powder (PLP) in adsorbing CTAB surfactant and the CTAB adsorbed PLP enhanced the adsorption of paraquat in aqueous solution. The adsorption capacity of SMPLP towards paraquat also depended on the am...
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	INTERACTION STUDIES OF PUTATIVE CHEMICAL LIGANDS IN BINDING SITES OF THERMOSTABLE LIPASE FROM
	Geobacillus zalihae STRAIN T1
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	Industrial biotechnology focusing on the usage of enzyme as the catalyst in many chemical reactions, however enzyme stability remains a major challenge. Enzyme can be modified via genetic or chemical methods by manipulating its structure. A potential ...
	Keywords:  thermostable lipase, binding site, protein-ligand interaction, docking, biocatalyst
	Abstrak
	Industri bioteknologi memberi tumpuan kepada penggunaan enzim sebagai pemangkin dalam banyak tindak balas kimia, namun mengekalkan kestabilan enzim menjadi cabaran utama. Enzim boleh diubah melalui kaedah genetik atau kimia dengan memanipulasi struktu...
	Kata kunci:  lipase termostabil, tapak pengikat, interaksi protein-ligan, pendokkan, biokatalis
	Lipases are water-soluble enzymes (EC 3.1.1.3) that catalyze the hydrolysis of ester bonds in triglycerides into free fatty acids and glycerol. Besides hydrolysis, lipases can catalyze esterification, transesterification and polyesterification reactio...
	The thermoalkalophilic lipase (PDB ID: 2DSN) from Geobacillus zalihae strain T1 contains 388 amino acids. It has two metal ions, Ca2+ and Zn2+, which are seldom found in bacterial lipases [4]. Sharing 30-35% homology with the Gram-positive Staphylococ...
	Molecular modeling techniques are used to study macromolecular binding sites and predict their interactions with the bioactive conformers of ligands [12]. Previous research reported that a trypsin structure (PDB ID: 1AUJ) was successfully docked with ...
	Materials and Methods
	Determination of pocket cavities of T1 lipase
	The 3D coordinates of T1 lipase was sent to pocket and void Surfaces of Amino acid Residues (pvSOAR) (now known as pevoSOAR; http://sts.bioe.uic.edu/pevosoar/) [16, 17], a web server to determine the total pockets in the lipase and to search for macro...
	Screening and selection of suitable chemical ligands for docking
	Ten ligand structures were selected from Protein Data Bank (www.rcsb.org) based on their properties and functional groups such as amine, hydroxyl or both functional groups, to be used in the molecular docking stage. The ten ligands namely benzamidine ...
	Preparation of T1 lipase and selected chemical ligands
	After all the structures were obtained, T1lipase was protonated and solvated by using protonate and addsol tools in AutoDock 3.0.5 to generate a pdbqt file as the docking platform for selected ligands. Meanwhile, the selected chemical ligand structure...
	Docking of each ligand onto potential pocket cavities in T1 lipase structure
	Each ligand structure was docked into the targeted potential binding sites using AutoDock 3.0.5, and the final docked energy of each successful docking was recorded. The grid map was sized at 60 x 60 x 60 with a grid point spacing of 0.375 Å. A total ...
	Table 1.  Selected chemical ligands for molecular docking onto T1 lipase binding sites. The ligand selections were based on small molecules with amine or hydroxyl or both groups
	Structural studies of T1 lipase
	A highly thermostable enzyme extracted from Geobacillus zalihae strain T1 was discovered by Abdul Rahman and co-researchers [4] and it’s structural was simulated in detail [20]. As a thermophilic and alkaliphilic lipase, it can withstand denaturation ...
	Figure 1.  3D lipase structure from Geobacillus zalihae Strain T1
	The T1 lipase structure was uploaded onto pvSOAR and it predicted a total of 65 pockets in the structure. Querying the surface pattern of T1 lipase against the PDB database generated a list of macromolecule structures with high similarities to T1 lipa...
	The nine largest pockets from T1 lipase were selected as the potential binding sites for ligands (Figure 2) and their surface area, volume and number of residues were analyzed. Pocket 65 was the largest pocket with the surface area of 296.1 Å2, volume...
	Table 2 contains the number of amino acid residues in each selected binding site of thermostable T1 lipase structure. The amino acids with hydrophobic side groups are valine, leucine, isoleucine, methionine and phenylalanine while amino acids with hyd...
	Pocket 65 is a hydrophilic binding site due to the high number of hydrophilic residues on the pocket surface. It had eight amino acids with hydrophilic groups while only two amino acids contain hydrophobic groups. Pocket 64 was slightly hydrophilic du...
	Pocket 61 also showed more hydrophilic properties with six hydrophilic amino acid residues compared to two hydrophobic amino acid residues in the pocket. Pockets 65, 64, 63, 62 and 61 had hydrophilic properties, possibly due to their pocket positions,...
	Pocket 60 was hydrophobic due to the presence of ten hydrophobic amino acid residues. The hydrophobic amino acids account for 76.92 % of the total residues. The hydrophobic surface of enzymes may increase the affinity with both the organic solvents an...
	Table 2.  List of the nine largest potential binding sites in T1 lipase (2DSN) by their residue constituents, volume and surface area
	*Amino acids in bolded form are hydrophobic type
	All necessary information needed to identify the binding sites in T1 lipase were gathered and the locations of each of the selected binding sites were determined by using Accelrys Discover Studio 1.0 (DS Modeling 1.0) and UltraEdit. UltraEdit was appl...
	Docking to the T1 lipase
	Four ligands remark as POL, PHE, PDO and BEN were able to dock into pocket 65. PHE docked with the lowest final docked energy at -6.16 kcal/mol (Table 3). Four hydrogen bonds were established through hydrogen from amine and hydroxyl of PHE with carbon...
	Table 3.  AutoDock calculated final docked energy for each ligand bind to a binding site. The lowest final docked energy for each ligand determined the most favorable binding pocket.
	Figure 3.  The hydroxyls of POL and PDO point to the surface area in pocket 65.
	Ligands PHE, POL and PDO were docked into pocket 64. Ligand PHE produced the lowest final docked energy at -4.96 kcal/mol. There was 1 H-bond between carbonyl oxygen of PHE and hydrogen from primary amine of ARG21 (1.84 Å). A hydrogen bond (2.17 Å) wa...
	Four ligands were successfully docked into pocket 63. PHE led with the lowest final docked energy of -5.56 kcal/mol. Two H-bonds were formed between PHE and pocket residues. The first H-bond was formed between the hydroxyl hydrogen of PHE and the carb...
	In pocket 62, PHE led the other 3 ligands (PDO, BEN and POL) with the lowest final docked energy at -6.71 kcal/mol, while BEN produced the highest final docked energy. PHE and POL made 3 H-bonds each while PDO and BEN had 1 H-bond each. Yet, the final...
	Four ligands (PDO, BEN, PHE and POL) were successfully docked into pocket 61. The lowest final docked energy was scored by PDO at -3.81 kcal/mol which was slightly lower than BEN at -3.78 kcal/mol. Both PDO and BEN formed 3 hydrogen bonds each with po...
	PHE, PDO and POL ligands were successfully docked into pocket 60 with PHE producing the lowest final docked energy at -6.31 kcal/mol. PHE and PDO made 3 hydrogen bonds with the pocket residues while POL had only 2 hydrogen bonds. The reason of PHE hav...
	In pocket 59, the successfully docked ligands were POL, PDO and BEN. POL scored the lowest final docked energy at -3.55 kcal/mol. PDO had 3 hydrogen bonds while POL and BEN had 2 hydrogen bonds. PDO made H-bonds through its hydroxyl hydrogen with the ...
	Three ligands were able to dock into pocket 58 with PHE generating the lowest final docked energy at -5.58 kcal/mol. POL docked with highest final docked energy in pocket 58 at -3.07 kcal/mol and formed 2 hydrogen bonds with pocket residues. Both PHE ...
	Selected binding sites of T1 lipase were investigated for ligand binding. The characteristics of each binding site and chemical ligand produced the latent information to determine the protein-ligand interactions. The binding modes of a series of chemi...
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	ADSORPTION OF MALACHITE GREEN ONTO MODIFIED CHITOSAN–SULFURIC ACID BEADS: A PRELIMINARY STUDY
	(Penjerapan Malakit Hijau ke atas Manik Kitosan-Asid Sulfurik Terubahsuai: Satu Kajian Awal)
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	The removal of malachite green (MG) from aqueous solutions by cross–linked chitosan–sulfuric acid (H2SO4) beads was investigated. Solubility and swelling tests were performed in order to determine the stability of the chitosan–H2SO4 beads in acidic so...
	Keywords:  adsorption, chitosan–H2SO4 beads, isotherm, kinetics, malachite green
	Abstrak
	Penyingkiran malakit hijau (MG) daripada larutan akueus oleh manik kitosan-asid sulfurik (H2SO4) berangkai-silang telah dikaji. Ujian keterlarutan dan pengembangan dijalankan untuk menentukan kestabilan manik kitosan-H2SO4 di dalam larutan asid, larut...
	Discharges of various types of waste product and the rapid growth of different chemical industries have become the main causes of environmental contamination and degradation to the country. Dyes, which are widely used in different industries, can inhi...
	Adsorption has been found to be the most promising way to remove MG from wastewater because it uses low-cost adsorbents, which could be found in nature or are by-products [4]. Chitosan is one of the unindustrialized adsorption methods for the removal ...
	In spite of chitosan’s good adsorption capability, it also can be physically and chemically modified [9–11]. Accordingly, the physical modification of chitosan can provide support and increase the availability of the binding sites because the chitosan...
	Many studies have been reported for utilizing modified chitosan for application in MG removal, such as chitosan–ionic liquid beads [14], chitosan nanoparticles [15, 16], chitosan oligosaccharide [17], chitosan composite [18], chitosan–bentonite beads ...
	In this preliminary study, chitosan–H2SO4 beads are used to remove MG dye in aqueous solution. The influences of initial pH, agitation time, adsorbent dosage and initial concentrations of MG on the adsorption process were studied. These are the basic ...
	Materials and Methods
	Materials
	Samples of chitosan flakes (M.W. 100,000－150,000 g/mol) with a degree of deacetylation of 72.55% were supplied by Chito–Chem (M) Sdn. Bhd., Malaysia. MG was purchased from Fluka (Malaysia). Sodium hydroxide pellets, NaOH, hydrochloric acid 37.0%, HCl,...
	Preparations of chitosan beads and chitosan–H2SO4 beads
	Chitosan beads were prepared by dissolving 2.0 g of chitosan flakes in 60 mL of 5% (v/v) acetic acid. The viscous solution was left overnight before dropping into 500 mL of 0.50 M NaOH solution using a dropper. The aqueous NaOH solution was under cont...
	Solubility and swelling test of chitosan beads and chitosan–H2SO4 beads
	The solubility of chitosan–H2SO4 beads was tested in 5% (v/v) acetic acid, 0.10 M NaOH and distilled water. Approximately 0.05 g of the beads was weighed and transferred into a 50 mL of these three solutions and were left stirring for 24 hours. After ...
	In the swelling test, both chitosan beads and chitosan–H2SO4 beads were studied. About 0.05 g of the beads was weighed and transferred into a glass tube with a diameter of 5 mm and a height of 100 mm. Three tubes were prepared. The level of the beads ...
	S=,,,h-t.−,h-o.-,h-o...×100                       (1)
	where, S is the percentage of swelling (%), ht is the height of swollen beads or chitosan–H2SO4 beads at time t (cm), ho is the initial height of chitosan beads or chitosan–H2SO4 beads (cm).
	Batch adsorption experiments
	A stock solution of 500 mg/L of MG was prepared freshly by dissolving approximately 0.25 g of MG in a 250 mL beaker with distilled water. The solution was transferred into a 500 mL volumetric flask. A series of experiments were conducted in 250 mL bea...
	The effect of initial pH of the solution on the adsorption of MG onto chitosan–H2SO4 was performed in the pH range of 2-12. Six sets of 100 mL of MG solutions with concentration of 10 mg/L were prepared.
	Adsorption equilibrium analysis was performed at optimum condition where the pH is 6 and the agitation time is 30 minutes for chitosan–H2SO4 beads. Isotherm studies were accomplished with a constant amount of chitosan–H2SO4 beads and varying the initi...
	,q-e.=,,C-o.−,C-e.-m. v                   (2)
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	Cancer cells have the ability to elongate the telomere due to the presence of a reverse transcriptase enzyme known as telomerase. Stabilization of telomeric G-quadruplex DNA can inhibit telomerase enzyme activity and finally lead to the cell cancer de...
	E + LH2 + ATPMg ↔ E-LH2-AMP + O2→ OxL + light + AMP + CO2 + Ppi                            (1)
	Usually the functions of bioluminescence are to warn or evade predators, to lure or detect prey and to communicate between members of the same species. The most interesting aspect of fireflies bioluminiscence is that it is applicable for various appli...
	Figure 1.  Chemical structure of D-luciferin
	Materials and Methods
	All chemicals (for compound and DNA titration) were purchased from Sigma-Aldrich. DNA binding experiments were carried out in Tris-KCl buffer at pH 7.4. pH measurements were carried out with PHM 210, while the UV/Vis absorption spectra were measured o...
	Oligonucleotides preparation
	The oligonucleotide, 22 bp human telomeric G-Quadruplex DNA (H-telo DNA), 5’-AGGGTTAGGGTTAGGGTTAGGG -3’ was purchased from Sigma Aldrich. H-telo DNA was dissolved in 10 mM Tris-HCl/100 mM KCl (pH 7.4) buffer to yield a 1 mM solution. The oligonucleoti...
	Sample preparation
	The luciferin compound was dissolved in a mixture of DMSO (95% by volume) and 10 mM Tris-HCl /100 mM KCl (pH 7.4) buffer to produce 5 mM stock solution. This solution was stored at -20(C and defrosted prior to use. Upon usage, the stock solution was t...
	UV/Vis titration studies procedure
	The absorption titrations of the luciferin compound with H-Telo and CT-DNA were performed at room temperature. All experiments were repeated at least three times. The compound (30 μM) was titrated with concentrated solutions of DNA (0.39 mM Htelo G-Qu...
	% hypochromicity = [(ɛ free - ɛ bound)/ ɛ free] x 100               (2)
	The intrinsic binding constant Kb of the ligand–DNA was determined according to equation 3:
	D/Δεap=D/Δε + 1/(Δε x K)                  (3)
	where the concentration of DNA is expressed in terms of base pairs (determined by measuring the absorption at 260 nm and the appropriate extinction coefficients), the apparent molar extinction coefficient εa =A observed/[Complex], Δεap = [εa - εf] and...
	Emission titration procedure
	Aliquots of a millimolar stock solution of DNA in Tris/KCl buffer (0–100 μM) were added to the solutions containing the test compounds (30 μM). The emission spectra were recorded at λ= 400–700 nm after equilibration for 1 min and the luminescence enha...
	UV-Vis titration study
	Usually, compounds which bind with DNA through intercalation mode results in hypochromism and bathochromism (red shift). In weaker interaction, hypochromic or hyperchromic effect can only be observed without any change of shift in the spectrum [14, 15...
	The interaction between luciferin and G-Quadruplex DNA was identified through the changes in luciferin absorption spectra in the absence and presence of increasing DNA concentration. From the electronic absorption spectra of luciferin in Figure 2a and...
	Figure 2.  (a) Absorption spectral changes of luciferin (30 μM) in Tris/KCl buffer (pH 7.4) in the absence and presence of increasing concentration of H-Telo (0.328 mM - 0.39 mM); (b) The reciprocal plot that fits the absorbance data to obtain the bin...
	For comparison, the interaction between luciferin and duplex DNA, CT-DNA was identified through the changes in luciferin absorption spectra in the absence and presence of increasing concentration of CT-DNA. From the electronic absorption spectra of lu...
	Figure 3.  (a) Absorption spectral changes of luciferin (30 μM) in TRIS.HCl buffer (pH = 7.4) in the absence and presence of increasing concentration of CT-DNA (4 mM - 5 mM ); (b) The reciprocal plot which fits the absorbance data to obtain the bindin...
	Emission titration
	The DNA-binding modes of luciferin compound were further monitored by emission titration using spectrofluorometer. It is well known that luciferin emits intense fluorescence since it has bioluminiscence character. Emission titration experiments were c...
	Figure 4. The emission spectra of luciferin compound (2 μM) in Tris/KCl buffer (pH 7.4) with increasing concentrations of (a) H-telo DNA (b) CT-DNA at 25 (C. The intensity of emission band of luciferin compound was reduced with increasing DNA concentr...
	The results of the emission titration of complexes showed that luciferin binds to both G-quadruplex and CT-DNA and decreased in emission intensity was observed. Increasing amount of G-quadruplex DNA and CT-DNA caused decrease in luciferin intensity by...
	DNA binding studies of luciferin were carried out using UV-Vis study and emission titration which suggested that luciferin bound moderately to G-quadruplex DNA with 4-fold selectivity over CT-DNA. However, 24-fold decrease in emission intensity was ob...
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	UTILIZATION OF DEEP EUTECTIC SOLVENT (DES) AS POROGEN
	IN THE FABRICATION OF POLYMERIC MONOLITHIC CAPILLARY COLUMN
	(Penggunaan Pelarut Eutektik Dalam (DES) Sebagai Porogen Dalam Fabrikasi Turus Kapilari Monolitik Polimerik)
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	Deep eutectic solvents (DESs) from quaternary salts and hydrogen bond donors (HBDs) formation are widely known as an alternative for ionic liquid (IL) and commonly introduced in the synthesis of mesoporous materials. In this study, four types of choli...
	Keywords:  deep eutectic solvents, pore forming agent, monoliths, methacrylate, chromatography
	Abstrak
	Pelarut eutektik dalam (DESs) daripada pembentukan garam kuaternari dan penderma ikatan hidrogen (HBDs) dikenali secara meluas sebagai alternatif untuk cecair ionik dan biasanya diperkenalkan dalam pembuatan bahan mesoporos. Dalam kajian ini, empat je...
	Kata kunci:  pelarut eutektik dalam, agen pembentukan liang, monolit, metakrilat, kromatografi
	Due to increasing demand for green and sustainable analytical methods, many researchers have been using different attempts to improve and design environmentally friendly chemical processes and synthetic methodologies. Nowadays, preparation of porous p...
	DESs have attracted considerable attention in the area of synthesis, electrochemistry, materials, biochemistry and separation [3-6] in recent years. Most type of DESs could be prepared handily, low volatility, high biodegradability and inexpensive. Ac...
	There are some advantages of monolithic columns over packed columns, especially in capillary format, where the frits were absence. Also, due to the presence of macro-pores and meso-pores, lower backpressures were usually obtained and therefore higher ...
	The methacrylate polymers have received more attention than others in the diverse range of monolith materials. This can be accredited to their relatively ease of preparation, functionalization, and also ability to be fabricated with high degree of mac...
	Polycyclic aromatic hydrocarbons (PAHs) are organic compounds composed of two or more aromatic rings. PAHs are persistent, toxic and carcinogenic environmental pollutants and estimation of their toxicity can be challenging and time consuming due to th...
	The focus on this research is to synthesize a green methacrylate polymer monolith as stationary phase for cLC with emphasis on the two main goals of designing a monolith for LC application, i.e. optimizing the porous structure to allow the mobile phas...
	Materials and Methods
	Materials
	Choline chloride (ChCl), 3-(trimethoxysilyl)-propylmethacrylate (γ-MAPS, 98%), poly(ethylene glycol) dimethacrylate (PEGDMA), methacrylic acid (MAA), 1-decanol, and ethylene glycol (EG) were purchased from Tokyo Chemical Industry (Tokyo, Japan). Anthr...
	The chromatographic measurements were carried out by using a cLC system that was constructed by an L.TEX 8301 Micro Feeder (LTEX, Corp., Tokyo, Japan) equipped with gas-tight syringe (0.5 mL; Ito, Fuji, Japan) as a pump, a model micro injection valve ...
	Figure 1.  Schematic diagram of a capillary liquid chromatography (cLC) laboratory-assembled instrumentation with a polymer monolithic column
	DESs preparation
	The DESs were prepared by mixing the choline chloride (ChCl) as hydrogen bond acceptor (HBA) with the corresponding hydrogen bond donor (HBD) according to the molar ratio provided in Table 1. Four different types of DESs were used; DES A (ChCl: Urea: ...
	Preparation of poly(GMA-PEGDMA) monolithic capillary columns for PAHs
	To obtain anchoring sites for the chemical grafting of the polymer at the inner wall of the capillary, the capillary was filled with 30% v/v of 3-trimethoxysilylpropyl methacrylate (γ-MAPS) in acetone after being rinsed with sodium hydroxide (NaOH), w...
	The poly(GMA-PEGDMA) monolith was prepared by one-step polymerization method, in which a polymerization mixture containing 12% v/v GMA, 20% v/v PEGDMA, 20% v/v DES and 45% v/v decanol as the binary porogenic solvents and 1% (w/v) AIBN (with respect to...
	For the preparation of poly(GMA-PEGDMA)-diol, the monolith capillary columns were flushed with 0.2 mol/L sulphuric acid (H2SO4) solution at room temperature for two hours to open the epoxide groups in order to form diols at the surface of the polymeri...
	DESs that were investigated in this experiment are based from the quaternary ammonium cation choline chloride (ChCl) which also known as cholinium cation. In comparison with imidazolium and pyridinium, this cation is nontoxic and has a comparatively l...
	The selected DESs were prepared from different HBDs as shown in Table 1, and DES A with combination of choline chloride with urea and EG are first time reported and synthesized in this research. DESs are defined as combination of two or three safe and...
	Table 1.  The effects of four types of DESs on the performances of poly(GMA-PEGDMA)-diol monolithic columns
	Characterization and evaluation of poly(GMA-PEGDMA) monolithic capillary columns
	Morphological features of the poly(GMA-PEGDMA)-diol monolith were examined by scanning electron microscopy (SEM) at 250× and 1000× magnification.
	Based on the wide-view images on Figure 2, a good monolith structure was formed on each type of the prepared columns and the monoliths were observed have attached tightly to the inner-wall of the capillary. The results indicated that the monoliths wer...
	Li et al. has reported that the ChCl DESs with organic base-HBD (urea) and organic acid-HBD (acetic acid) interacted with PEG-PPG-PEG copolymer to shape the uniform mesoporous spheres [6]. The SEM images shown in Figure 2 proved this statement where t...
	Figure 2.  Wide-view (250×) and close-up-view (1000×) of scanning electron microscopy image of the poly(GMA-PEGDMA)-diol monolithic capillary columns with four types of DES; DES A (ChCl:urea:EG), DES B (ChCl:MAA), DES C (ChCl:EG), and DES D (ChCl:urea...
	The poly(GMA-PEGDMA)-diol monolith was used in this experiment as stationary phase for the separation of non-polar compounds polycyclic aromatic hydrocarbons (PAHs). PAHs are consisted of fused aromatic rings, which are produced by incomplete combusti...
	Figure 3.  Molecular structure of 5 of the 16 EPA’s priority PAHs and their elution order
	Figure 4 shows four chromatograms of the prepared poly(GMA-PEGDMA)-diol monolith capillary columns by different types of DES as porogens on the separation of five typical PAHs with isocratic elution method. The diol groups at the surface of the polyme...
	Figure 4.  The effects of using four different types of DES as porogen on chromatographic separation of five types of PAHs. Poly(GMA-PEGDMA)-diol monolith column (100 x 0.32 mm I.D); Eluent, 70% acetonitrile (ACN); flow-rate, 3.0 µL/min; UV detection ...
	PAHs were eluted in order of naphthalene, fluorene, anthracene, fluoranthene and pyrene according to their level of hydrophobicity in this experiment. When the elution process in reverse phase liquid chromatography (RP-LC) undergo either by isocratic ...
	Furthermore, the chromatogram results show that different DESs may affect the chromatographic separation of non-polar compounds PAHs. By using DES C (ChCl: EG) as a porogen, only four clear sample peaks were appeared in chromatogram, while when using ...
	Reproducibility of poly(GMA-PEGDMA)-diol based DES A monolithic column
	Due to the good results of poly(GMA-PEGDMA) based DES A monolithic column on surface morphology, lowest backpressure and good chromatographic separation, the column reproducibility was investigated further. The run-to-run repeatability of the retentio...
	Table 2.  Relative standard deviations (RSDs) of retention time (Rt) for four successive chromatographic runs
	under the optimum condition of DES A column
	Comparison on chromatographic separation between DES A and methanol as porogen
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	Croton is a genus of Euphorbiaceae which consists of approximately 1,300 species and are widely distributed in Asia, Africa and South America. Phytochemical study on the root of Croton hirtus has been conducted. The powder of the root of C. hirtus was...
	Keywords:  rotundone, euphorbiaceae, Croton hirtus
	Abstrak
	Croton merupakan genus dalam famili Euphorbiaceae yang mengandungi kira-kira 1,300 spesies dan taburannya meliputi Asia, Afrika dan Amerika Selatan. Kajian fitokimia ke atas akar Croton hirtus telah dijalankan. Serbuk akar C. hirtus diekstrak dengan m...
	Kata kunci:  rotundona, euphorbiaceae, Croton hirtus
	Hairy croton or its scientific name Croton hirtus are a diverse and largest genus of ornamental plants with about 1,300 species that come from a family of Euphorbiaceae [1, 2]. Mostly, they can be found at Asia, Africa and some of it in North America ...
	Previously, two new compounds from diterpenoid class, (-)5,8-dihydroxyjatrophan-3-one and (+)14,16,17-trihydroxykauran-1-on has been isolated from roots of same species, Croton Hirtus [8]. Asia, Africa and South America are among the countries that pr...
	Materials and Methods
	The sample used in this research was the stem roots of C. hirtus which was collected from Tanjung Sepat, Banting, Selangor, Malaysia. Herbarium specimen of SM 461 was deposited at the Universiti Kebangsaan Malaysia Herbarium.
	Extraction and isolation
	Analysis
	The isolated compounds (1 and 2) were elucidated by means of Perkin-Elmer Lambda 35 UV-Vis (Waltham, MA, USA), Perkin-Elmer FT-IR (Waltham, MA, USA), Agilent Technologies GC-MS (Santa Clara, CA, USA) and one and two dimensioned nuclear NMR (Bruker, Bi...
	The structure of the compound 1 was further confirmed using 2D NMR experiments including HMBC and COSY. From the HMBC experiments, the position of carbonyl carbon (C-1`) was proven by correlations of C-3` and C-9 toward C-1`. The proton H-15 in correl...
	Two sesquiterpenoids; (+)5,14-dihydroxyrotundone-9-(2’-methybut-2’-enoate) (1) and (-)5,14-dihidroxyrotundone-9-(2’-methylene-3’- hidroxybutanoate) (2) were successfully isolated from the methanolic extract of Croton hirtus. To the best of our knowled...
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	Flash sintering is a newly developed technique to quickly densify conductive ceramics in the presence of an electric field.  At a critical combination of field and temperature, densification takes place in a few seconds.  In this paper, the feasibilit...
	Keywords:  zirconia, flash sintering, gel-casting
	Abstrak
	Pensinteran kilat merupakan satu teknik yang baru dibangunkan untuk mempercepatkan pemampatan seramik konduktif dalam kehadiran medan elektrik. Pada kombinasi kritikal antara medan dan suhu, densifikasi berlaku dalam beberapa saat. Dalam manuskrip ini...
	Kata kunci:  zirkonia, pensinteran kilat, acuan gel
	Sintering refers to the process of firing and consolidating a body shaped from powder particle, and is originated from the fabrication of the pottery. During the sintering process, inter-particle pores in the green body are eliminated by atomic diffus...
	One of the confirmed obstacles to achieve the industrialization of flash sintering is the homogeneous heating of the sample. In flash sintering, the final specimen temperature achieved, which can be expected to determine the extent of sintering, is co...
	Recently, our group successfully fabricated the densely packed green body by gel-casting of zirconia nano-suspension [11]. The initial compact prepared by the gel-casting in our study had the densely packed structure with a narrow pore size distributi...
	Materials and Methods
	In this study, the green body consisting of 3mol% yttria stabilized zirconia (3YSZ) nanoparticle was prepared by gel-casting. 3YSZ nano-suspension with the average particle size of 16 nm (MEL Chemicals Ltd., U.K.) was used as the starting material. Th...
	Initial compact
	The photograph of the gel-casted sample after drying is shown in Figure 2. After complete drying, no micro cracking and uniform shrinkage in a radial direction were observed. Figure 3 shows the FE-SEM micrograph for the fractured surface of the sample...
	General features of flash sintering
	Current,  voltage,  resistance and power versus furnace temperature graphs during flash sintering are shown in Figure 4. The current rises slowly at first and then more rapidly until it reaches a pre-programmed limit (Figure 4(a)). The rapid increase ...
	In the previous works, the connection between the electrodes and the specimen was made by inserting the electrodes through the holes in the specimens. This resulted in the improvement of the contact between the Pt and the specimen due to local melting...
	Specimen temperature and densification
	The specimen temperature can rise considerably above the furnace temperature from Joule heating. We obtained an analytical estimate on the assumption of a uniform sample temperature, TS, from the black body radiation model based on the Stefan-Boltzman...
	,𝑇-𝑠.=,,,𝑇-0-4.+,𝑊-𝐴𝜀,𝜎-𝑠...-1/4.                  (1)
	where T0 is the furnace temperature, W is the electrical power dissipated, A is the instantaneous surface area, ε is the emissivity and σs is Stefan–Boltzmann constant. The height of the specimens deduced from the displacement was used for calculating...
	Figure 5.  Sample temperature and displacement vs furnace temperature graphs during flash sintering
	Microstructure
	The micrograph for the fractured surface of the sample after flash sintering is shown in Figure 6. The grain size and relative density for the flash sintered sample were 40.9nm and 86.8%, respectively. In the case of the sample with submicron microstr...
	In this study, we prepared the zirconia nanoparticle compact by gel-casting and demonstrated flash sintering. The conclusions obtained are summarized as follows: (1) Homogeneous microstructure with densely packing of nano-particles was successfully ob...
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	The  tert-butyl  amide  macrocycle  containing ethylene glycol moiety  (cMDG)  was constructed starting from 5-tert-butylisophthalic acid 1 which was activated to acid chloride derivative 2 using thionyl chloride in toluene. Further, the synthesis of ...
	Keywords:  macrocylic, ethylene glycol, pyridine, pseudorotaxane
	Abstrak
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	Figure 2.  The reversible formation of the [2]-pseudorotaxane complex
	Materials and Methods
	Chemicals
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	Abstrak
	Air balast ialah air yang dibawa oleh sesebuah kapal dalam tangki balast untuk meningkatkan kestabilan dan keseimbangan semasa pelayaran. Akan tetapi, sistem pertukaran air balast juga akan menyebabkan kandungan logam berat dalam tangki balast terseba...
	Kata kunci:  air laut, air balast, logam berat, analisis statistik
	Malaysia is one of the countries that are rich with coastal areas and islands. These coastal areas have become potential areas for strong development. Rapid development does not only occur in land areas, but also in coastal areas and islands, particul...
	Heavy metals constitute of metallic elements that have a relative density of 5 times higher than water which density is 1 g/cm3 [2]. Heavy metals are also considered as trace elements as they are only found in trace concentrations (less than 10 ppm). ...
	In addition, ballast water carried by ships in their ballast tanks to enhance stability and balance during navigation can also be a cause of seawater pollution as it contains thousands of aquatic species as well as heavy metals that are transferred in...
	Thus, the present study attempts to analyse the distribution of heavy metals in seawater in the coastal areas of Tanjung Pelepas Port (Johor Bahru, Malaysia) and its correlation with ballast water originating from various parts of the world and discha...
	Materials and Methods
	Study area
	Physical and chemical analysis of seawater and ballast water samples
	For the first and second sampling of seawater (surrounding waters), the pH range was recorded from 7.50 to 8.11. Referring to Scientific America, the average pH for seawater is 8.10. According to Doney et al., the reduction in pH is due to the absorpt...
	For ballast water sampling, a higher range of pH 2.00 to 6.89 was recorded. The pH values of the ballast water samples from all ships were lower than the pH values of the first and second seawater samples. This distinction may be due to the ships’ wat...
	On the other hand, seawater is out in the open and exposed to sunlight, thus its temperature was higher than the ballast water. The ballast water samples had also come from other countries which were likely experiencing winter, thus causing the ballas...
	Analysis of heavy metal concentrations in seawater
	Table 3.  Concentration of heavy metals during first sampling in seawater
	nd means not detected
	Table 4.  Concentration of heavy metals during second sampling in seawater
	nd means not detected
	Comparison of heavy metal concentrations in seawater between first and second sampling
	A one-way ANOVA analysis was conducted to determine the significant differences between these two sampling due to weather differences occurring during the first and second sampling. The alpha value, α used for ANOVA analysis was 0.05. Results from ANO...
	Table 5.   ANOVA analysis during the first and second sampling of seawater
	nd means not detected, * symbol means significant difference
	The result of the ANOVA analysis shows that only heavy metals Cr and Mn showed significant differences between first and second sampling. The ANOVA analysis cannot be performed for Cd, Cu and Ni because their concentrations cannot be detected. For exa...
	Correlation analysis between physical and chemical parameters of heavy metal concentrations in seawater and ballast water samples
	First sampling of seawater
	Table 6 shows the correlation analysis performed to determine the relationship between the concentration of heavy metals and the physical and chemical parameters measured for the first sampling. A positive r value indicates that it is positively corre...
	Based on Table 6, Ag has a significant and positive correlation with the other heavy metals i.e. Fe, Mn, As and Se because it has an r value that exceeds 0.70, but it also has a negative correlation with pH with an r value of -0.71. This means that if...
	Fe shows a positive correlation with the temperature, conductivity and dissolved oxygen parameters. However, it has a negative correlation with pH. Mn also shows a positive correlation with Se and As, but shares a negative correlation with pH. Furthe...
	Table 6.  Correlation analysis between physicochemical parameters and concentration of heavy metals
	during the first sampling of seawater
	In addition, Zn shows positive correlation with the temperature and dissolved oxygen parameters, but Se has a negative correlation with salinity and As shows a significant correlation with temperature. Finally, pH shows a significant correlation with ...
	Second sampling of seawater
	Table 7 shows the correlation analysis performed to determine the relationships between the concentration of heavy metals and the physical and chemical parameters measured during the second sampling of seawater. From the table, Ag shows a positive cor...
	Table 7.  Correlation analysis between physicochemical parameters and concentration of heavy metals
	during the second sampling of seawater
	Ballast water sampling
	Table 8 shows the correlation analysis conducted to determine the relationship between the concentration of heavy metals and the physical and chemical parameters measured for the ballast water sampling. Based on Table 8, r values of 0.00 were obtained...
	Table 8.   Correlation analysis between physiochemical parameters and heavy metal concentrations in ballast water
	Comparison of heavy metal concentrations between the first sampling of seawater and ballast water
	Table 9.   ANOVA analysis for the first sampling of surrounding water and ballast water
	nd means not detected, * symbol means significant difference
	Based on the results of the ANOVA analysis, it can be seen that only Cr shows a significant difference between the first sampling of seawater and ballast water. The concentrations of Cd for both sampling cannot be detected; therefore, the ANOVA test f...
	Concentration of heavy metals in ballast water
	Table 10 shows the concentration of heavy metals for the ballast water samples which had originated from overseas. Eight types of ballast water samples were obtained in this study. Zn and Fe had the highest concentrations among the 11 types of heavy m...
	Table 10.  Heavy metal concentrations in ballast water
	nd means not detected
	The third ship which originated from Spain also had high concentrations of Fe and Zn at 0.176 mg/L and 0.136 mg/L respectively. The concentration of Zn exceeded the standard set by the Malaysian government. However, the concentrations of Zn and Fe in ...
	In addition, the concentration of Fe in the sample from the sixth ship was lower compared to other ships at only 0.014 mg/L. However, the Zn and Se levels of the sample recorded the highest concentrations. However, the values recorded for the sample f...
	In conclusion, the weather factor can be one of the causes affecting the concentration of heavy metals in seawater. From the ANOVA analyses, it can be proved that the concentrations of Cr and Cd in both types of samples showed a significant difference...
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	Barrientosiimonas humi 39T (B. humi) is a psychrotolerant actinobacteria from the family Dermacoccaceae, was first isolated from Antarctica. Five diketopiperazine derivatives: cyclo(-Pro-Val) (1), (-)-cyclo(-Pro-Tyr) (2), cyclo(-Pro-Phe) (3), (+)-cycl...
	Keywords:  Barrientosiimonas humi 39T, diketopiperazine, Dermacoccaceae
	Abstrak
	Barrientosiimonas humi 39T (B. humi) merupakan aktinobakteria psikrotoleran termasuk dalam famili Dermacoccaceae, asalnya dipencilkan dari Antartika. Lima terbitan diketopiperazin; siklo(-Pro-Val) (1), (-)-siklo(-Pro-Tir) (2), (-)-siklo(-Pro-Phe) (3),...
	Kata kunci:  Barrientosiimonas humi 39T, diketopiperazine, Dermacoccaceae
	Materials and Methods
	Biological materials
	The B. humi 39T was isolated from soil sampled at Barrientos Island (Antarctica) (62  24ʹ 26.0ʺ S 59  44ʹ 49.1ʺ W, 62  24ʹ 24.4ʺ S 59  44ʹ 44.2ʺ W and 62  24ʹ 28.5ʺ S 59  44ʹ 52.3ʺ W) during the XI Ecuadorian Antarctic Expedition in 2007. The cultural...
	Cultivation of yeast
	A single bacterial colony of B. humi 39T will be inoculated into an Erlenmeyer flask (500 mL) containing 100 mL of actinomyces broth and incubated in an orbital shaker at 28  C, 200 rpm for 72 hours. The seed culture (5%) will be then inoculated into ...
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	Schiff base compound produced from aromatic aldehydes and aromatic amines has been used in a wide range of applications in various fields, including pharmaceutical, life sciences and chemical science (e.g. inorganic and analytical chemistry). It has a...
	Keywords:  Schiff base, synthesis, spacer, E-DNA sensor
	Abstrak
	Sebatian Schiff bes yang dihasilkan daripada aromatik aldehid dan aromatik amina telah digunakan dalam pelbagai aplikasi dalam pelbagai bidang termasuk farmaseutikal, sains hayat dan sains kimia termasuk kimia tak organik dan analisis kimia. Ia juga t...
	Kata kunci:  Schiff bes, sintesis, pencirian, peruang, sensor E-DNA
	A Schiff base is a compound that consists of a carbon-nitrogen double bond, with the nitrogen connected to the aryl or alkyl group [1]. The reaction’s name is taken after Hugo Schiff, the inventor [2]. It is produced via a condensation reaction betwee...
	Schiff base consisting of aryl substituent is more stable and easily synthesised compared to the Schiff base containing alkyl substituent. Furthermore, the Schiff base produced using an aliphatic aldehyde is unstable and readily undergoes polymerisati...
	The identification and sequencing of DNA molecules have received much attention since Watson and Crick introduced the double helix structure of deoxyribonucleic acid (DNA) in 1953 [8]. The development method of DNA sensor has continued to grow due to ...
	In electrochemical DNA (E-DNA) sensor, a recognition layer or known as spacer or linker is important to immobilise the DNA on an electrode and it may affect the detection [11]. The previous study has shown that alkanethiol is a common spacer used in t...
	Materials and Methods
	Materials and instrumentation
	4-vinylaniline, 1-iodo-4-nitrobenzene, 4-iodobenzonitrile, palladium (II) chloride, trimethylamine, 4-hydroxybenzaldehyde, 1-bromopropane, potassium carbonate, potassium iodide, acetone, acetonitrile, hexane, ethyl acetate and ethanol were purchased f...
	Infrared (IR) spectra of all synthesised compounds were recorded using Perkin Elmer 100 Fourier Transform Infrared Spectroscopy using potassium bromide (KBr) pellet within the range of 4000 – 450 cm-1. The analysis of UV-Vis spectra was measured by do...
	Synthesis of substituted amino stilbene (1): Synthesis of 4-(4-nitrostyryl) aniline (1a)
	4-(4-nitrostyryl) aniline (1a) was synthesised via Heck-cross coupling method. 4-Vinyl aniline 90% (2.8 mmol) and 1-iodo-4-nitrobenzene (1.9 mmol) was dissolved in 4 ml of DMF and 3.5 ml trimethylamine, and then refluxed at 70-75  C for 24 hours in th...
	Synthesis of 4-(4-aminostyryl)benzonitrile (1b)
	4-(4-aminostyryl)benzonitrile (1b) was synthesised via Heck-cross coupling method. 4-vinyl aniline 90% (2.18 mmol) and 4-aminobenzonitrile (3.27 mmol) was dissolved in 4 ml of DMF and 3.5 ml trimethylamine, and then refluxed at 70-75  C for 24 hours i...
	Synthesis of 4-propoxybenzaldehyde (2)
	The formation of 4-propoxybenzaldehyde was synthesised via Williamson Ether synthesis. In this reaction, an equimolar mixture of 4-hydroxylbenzaldehyde and bromopropane was used. Firstly, 1.5 g of 4-hydroxylbenzaldehyde was stirred in 50 ml DMF at the...
	Synthesis of Alkoxy substituted amino stilbene-Schiff base compound (3): 4-(4-((4-propoxybenzylidene)amino)styryl)benzonitrile anilines (3a)
	Firstly, 157 mg of precursor 4-(4-nitrostyryl) aniline was fully dissolved in the ethanol and mixed with 0.1 ml 4-propoxybenzaldehyde. The mixture was refluxed at 79-80  C for 2 hours and the solvent was reduced to half using a dean stalk. The reactio...
	4-(4-((4-propoxybenzylidene)amino)styryl)benzonitrile anilines (3b)
	139 mg of precursor 4-(4-aminostyryl)benzonitrile was fully dissolved in the ethanol and mixed with 0.1 ml 4-propoxybenzaldehyde. The mixture was refluxed for at 79-80  C for 2 hours and the solvent was reduced to half using a dean stalk. The reaction...
	Scheme 1:  Synthesis procedures for 4-propoxybenzaldehyde substituted Heck-Schiff base compound
	Fourier transform infrared spectroscopic analysis
	The FTIR spectra of compounds 3a and 3b are presented in Figure 1. The spectra showed similar vibration types except for the main functional group of every compound. Based on the spectra, C-H stretching for aromatic for all compounds was observed arou...
	Figure 1.  FTIR spectra of compounds 3a and 3b
	Ultraviolet-visible (UV-vis) spectroscopy
	The UV-Vis spectra of compounds 3a and 3b both are presented in Figure 2. The UV-vis spectroscopy analysis of compounds 3a-3b was done by using acetonitrile (1 x 10-5 M) as a solvent with a cut-off point at 190.0 nm. The electronic absorption band spe...
	1H and 13C nuclear magnetic resonance
	1H and 13C nuclear magnetic resonance (NMR) analysis confirmed the identity of all synthesised Schiff bases in order to identify their structure. The azomethine group (CH=N) of synthesised compounds 3a and 3b both was discovered in the far downfield a...
	Table 1.  1H NMR spectral data of compounds 3a and 3b
	Table 3.2 shows the 13C NMR of compounds 3a and 3b both in CDCl3 used as a complementary technique for approving the structure of the prepared Schiff bases. The resonance of the C-C alkyl chain was clearly observed at δ 9.46-68.67 ppm. For the aromati...
	Table 2.  13C NMR spectral data of compounds 3a and 3b
	Two  4-propoxybenzaldehyde  substituted  Heck-Schiff  bases:  3a and 3b  were  successfully  synthesised  by a condensation reaction between  4-(4-nitrostyryl) aniline and  4-(4-aminostyryl)benzonitrile  with 4-propoxybenzaldehyde. All synthesised com...
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	Keputusan dan Perbincangan
	Keputusan analisis larut resap untuk empat filem (κ-karagenan, ι-karagenan, karboksil metil selulosa dan kanji jagung) yang dicampurkan dengan pewarna campuran semula jadi ditunjukkan dalam Rajah 1. Hasil kajian menunjukkan larut resap berlaku ke atas...
	Keputusan kajian juga menunjukkan bahawa kadar larut resap untuk filem ι-karagenan lebih perlahan berbanding dengan κ-karagenan (Rajah 1). Ini dijelaskan dengan perbezaan bilangan kandungan kumpulan sulfat yang terdapat pada struktur polimer karagenan...
	Rajah 1.  Kesan larut resap pewarna daripada matrik pemegun yang berbeza
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	A series of copper oxide (CuO) nanoparticles catalysts were prepared via electrochemical method. The addition of different        concentrations of Durian Shell Husk (DSH) extract in the electrolyte system was evaluated for degradation of paracetamol ...
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	Abstrak
	Satu siri pemangkin nanozarah tembaga oksida (CuO) telah disediakan melalui kaedah elektrokimia. Penambahan pelbagai kepekatan ekstrak sekam kulit durian (DSH) dalam sistem elektrolit telah dinilai untuk degradasi paracetamol di bawah sinar cahaya bol...
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	Materials and Methods
	Preparation of copper oxides assisted by DSH
	An open electrolysis cell consisted of copper plate electrode (2x2 cm2) and platinum plate electrode (2x2 cm2) were placed in parallel each other. 10 mL of solution containing different amounts of DSH extract (0 mg/L, 0.02 mg/L, 0.06 mg/L and 0.1 mg/L...
	Characterization
	Catalyst crystallinity structure was evaluated by using X-ray diffraction (XRD, D8 Advance Bruker X-ray diffractometer). Meanwhile the chemical functional groups in catalyst were identified by Fourier Transformation Infrared (FTIR, Perkin Elmer Spectr...
	Photodegradation test
	PCT degradation was tested under visible light irradiation (36 watts). Before exposure to the visible light, a certain amount of catalyst was added into 100 mL of PCT solution in dark condition and was continuously stirred. This procedure was conducte...
	Catalyst characterization
	Figure 1.  XRD patterns of (a) CuO0 (b) CuO0.02 (c) CuO0.06 (d) CuO0.1
	The functional groups of raw DSH and series of CuO were determined by using FTIR spectroscopy to verify the formation mechanism of the catalyst. FTIR spectra of DSH in Figure2(a) shows four major spectra at 3323 cm-1, 1732 cm-1, 1610 cm-1 and 1033 cm-...
	The CuO morphology was spherical shaped as presented by the SEM result in Figure 3. The SEM result had convinced that CuO0.06 is much smaller than CuO0 which proved that DSH is good stabilizer. A study by Naika et al. also obtained the spherical shape...
	Photodegradation test
	Pure copper oxide (CuO) nanoparticles were successfully prepared by using electrochemical method. CuO was spherical in shape and the particles sized was highly affected by the durian shell husk (DSH) concentration. The particle size decreased drastica...
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	The reactions of dichlorobis(acetonitrile)palladium(II) precursors with 1,4-diaza-1,3-butadienes (α-diimine) give rise to the products (1,4-bis(4-methoxyphenyl)-1,4-diaza-1,3-butadiene)dichloropalladium(II) (2a) and  (1,4-bis(4-methylphenyl)-1,4-diaza...
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	Abstrak
	Tindak balas diklorobis(asetonitril)palladium(II) prakursor dengan 1,4-diaza-1,3-butadiena menghasilkan produk sebagai (1,4-bis(4-metoksifenil)-1,4-diaza-1,3-butadiena)dikloropalladium(II) atau 4-bis(4-metilfenil)-1,4-diaza-1,3-butadiena)dikloro palla...
	The coordination chemistry of α-diimines, also known as 1,4-diaza-1,3-butadiene (R-DAB) compounds has been of substantial interest, over the past few decades due to the compounds displaying both flexibilities in their coordination mode to a metal cent...
	Hence, we report the synthesis of two palladium diimine complexes, through the reaction of R-DAB ligands with dichlorobis(acetonitrile)palladium(II), [PdCl2(CNMe)2] precursors as shown in Scheme 1. Apart from showing the molecular structure of palladi...
	Scheme 1.  Synthesis of palladium diimine complexes
	Materials and Methods
	All of the synthetic reactions were conducted at room temperature. Palladium(II) chloride (PdCl2) was purchased from Precious Metal Online, as the starting materials for the synthesis of [PdCl2(CNMe)2] precursors. All chemicals used for the reaction w...
	Fourier-transform infrared spectroscopy (FT-IR) was recorded, in a KBr disc, using Thermo Scientific Nicolet iS10 Fourier-Transform Infrared Spectrophotometer, with the wavelength range from 400 to 4000 cm-1. X-ray measurements for palladium(II) diimi...
	Preparation of R-DAB compounds
	The R-DAB compounds, 1,4-bis(4-methoxyphenyl)-1,4-diaza-1,3-butadiene, 1a and 1,4-bis(4-methylphenyl)-1,4-diaza-1,3-butadiene, 1b were synthesized according to the procedure mentioned in previous paper [10].
	Preparation of palladium complexes: Preparation of [1,4-bis(4-methoxyphenyl)-1,4-diaza-1,3-butadiene] dichloropalladium(II) (2a)
	[PdCl2(CNMe)2] precursor (0.19 mmol, 0.050 g) was transferred to a conical flask followed by addition of compound 1a (0.19 mmol, 0.052 g) and 20 mL of dichloromethane. The mixture was stirred at room temperature for 24 hours yielding the product as a ...
	Preparation of [1,4-bis(4-methylphenyl)-1,4-diaza-1,3-butadiene]dichloropalladium(II) (2b)
	A similar procedure to the synthesis of 2a was adopted. Yellow solid was obtained by reacting [PdCl2(CNMe)2] precursor (0.23 mmol, 0.060 g) with compound 1b (0.23 mmol, 0.055 g). Yield: 0.088 g, 92%.1H NMR (500 MHz, DMSO-d6, δ, ppm): 8.44 (s, 2H, HC=N...
	Preparation of trans-dichloridobis(4-methylaniline-κN)-palladium(II) (2c)
	Complex 2c was obtained accidently from the recrystallization of complex 2b via slow evaporation of DMF solution. The light orange crystal obtained was suitable for X-ray crystallography and discovered the formation of complex 2c. In order to fully ch...
	The palladium precursor, [PdCl2(CNMe)2] was synthesized according to the literature procedure for the corresponding benzonitrile complexes [12]. The synthesis of palladium complexes 2a and 2b was conducted by reacting R-DAB ligands with the precursor ...
	The palladium(II) diimine complexes 2a and 2b were stable at room temperature in solid state, without observing any significant changes after being left in the air for a long period of time. However, the complex is unstable in the solution state, espe...
	Table 1.  Analytical data for complexes 2a-2c
	Spectroscopy analysis of palladium complexes: FTIR analysis
	The formation of the palladium diimine complexes 2a and 2b were supported by IR spectra as shown in Figures 1 and 2, respectively. In the IR spectra of the free R-DAB compounds, the C=N stretching vibration of imine group is located at 1607 cm−1 [10]....
	Figure 1.  IR spectra of (a) R-DAB compound 1a and (b) palladium diimine complex 2a
	Figure 2.  IR spectrum of palladium diimine complex 2b
	Based on the IR spectrum of complex 2c (Figure 3), there is no sharp band observed in the range of 1630 cm-1 to 1600 cm-1 which corresponds to the -C=N- stretching vibration [14]. The absence of this signal proves that complex 2b might undergo dissoci...
	Figure 3.  IR spectrum of complex 2c
	UV-Vis
	The UV-Visible spectra of palladium(II) complexes 2a-2b, were recorded in DCM solution at room temperature, at the wavelength of 240–800 nm. The important absorption peaks of compounds 1a-1b and complexes 2a-2c are summarized in Table 2. In the UV-Vis...
	Figure 4.  UV-visible spectra of (a) complex 2a and (b) complex 2b
	Molecular structures of palladium complexes
	Red crystal of complex 2a and light orange crystal of complex 2c were obtained, via slow evaporation of a DMF solution at ambient conditions. Both complexes have been structurally characterized by X-ray crystallography and the ORTEP diagram of both co...
	The X-ray crystallographic analysis of complex 2a, reveals that the palladium metal centre coordinates with two azomethine nitrogen atoms of the R-DAB ligand in a cis configuration, forming a stable five-membered ring complex. Meanwhile, two chlorine ...
	Figure 5.   Molecular structure of complex 2a with the thermal ellipsoids plotted at 50% probability
	Initially, we expected to obtain a similar structure of complexes 2a and 2b from the crystallographic analysis, but surprisingly, the complex 2b was converted to 2c, which is another structure, as shown in Figure 6 called trans-dichloridobis(4-methyla...
	The X-ray crystallographic analysis of complex 2c reveals a square planar geometry (Figure 5). The bond lengths of Pd1-N1 [2.050(3) Å] and Pd1-Cl1 [2.318(8) Å] are comparable with values found in [PdCl2(C6H5NH2)2] [20]. The longer bond length of Pd-Cl...
	Mechanism of hydrolysis
	Scheme 2.  Postulated mechanisms for the formation of complex 2c
	Supplementary data
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	The reactions of dichlorobis(acetonitrile)palladium(II) precursors with 1,4-diaza-1,3-butadienes (α-diimine) give rise to the products (1,4-bis(4-methoxyphenyl)-1,4-diaza-1,3-butadiene)dichloropalladium(II) (2a) and  (1,4-bis(4-methylphenyl)-1,4-diaza...
	Keywords:  1,4-diaza-1,3-butadienes, palladium diimine complex, X-ray crystal, hydrolysis, hydrogen bonds
	Abstrak
	Tindak balas diklorobis(asetonitril)palladium(II) prakursor dengan 1,4-diaza-1,3-butadiena menghasilkan produk sebagai (1,4-bis(4-metoksifenil)-1,4-diaza-1,3-butadiena)dikloropalladium(II) atau 4-bis(4-metilfenil)-1,4-diaza-1,3-butadiena)dikloro palla...
	The coordination chemistry of α-diimines, also known as 1,4-diaza-1,3-butadiene (R-DAB) compounds has been of substantial interest, over the past few decades due to the compounds displaying both flexibilities in their coordination mode to a metal cent...
	Hence, we report the synthesis of two palladium diimine complexes, through the reaction of R-DAB ligands with dichlorobis(acetonitrile)palladium(II), [PdCl2(CNMe)2] precursors as shown in Scheme 1. Apart from showing the molecular structure of palladi...
	Scheme 1.  Synthesis of palladium diimine complexes
	Materials and Methods
	All of the synthetic reactions were conducted at room temperature. Palladium(II) chloride (PdCl2) was purchased from Precious Metal Online, as the starting materials for the synthesis of [PdCl2(CNMe)2] precursors. All chemicals used for the reaction w...
	Fourier-transform infrared spectroscopy (FT-IR) was recorded, in a KBr disc, using Thermo Scientific Nicolet iS10 Fourier-Transform Infrared Spectrophotometer, with the wavelength range from 400 to 4000 cm-1. X-ray measurements for palladium(II) diimi...
	Preparation of R-DAB compounds
	The R-DAB compounds, 1,4-bis(4-methoxyphenyl)-1,4-diaza-1,3-butadiene, 1a and 1,4-bis(4-methylphenyl)-1,4-diaza-1,3-butadiene, 1b were synthesized according to the procedure mentioned in previous paper [10].
	Preparation of palladium complexes: Preparation of [1,4-bis(4-methoxyphenyl)-1,4-diaza-1,3-butadiene] dichloropalladium(II) (2a)
	[PdCl2(CNMe)2] precursor (0.19 mmol, 0.050 g) was transferred to a conical flask followed by addition of compound 1a (0.19 mmol, 0.052 g) and 20 mL of dichloromethane. The mixture was stirred at room temperature for 24 hours yielding the product as a ...
	Preparation of [1,4-bis(4-methylphenyl)-1,4-diaza-1,3-butadiene]dichloropalladium(II) (2b)
	A similar procedure to the synthesis of 2a was adopted. Yellow solid was obtained by reacting [PdCl2(CNMe)2] precursor (0.23 mmol, 0.060 g) with compound 1b (0.23 mmol, 0.055 g). Yield: 0.088 g, 92%.1H NMR (500 MHz, DMSO-d6, δ, ppm): 8.44 (s, 2H, HC=N...
	Preparation of trans-dichloridobis(4-methylaniline-κN)-palladium(II) (2c)
	Complex 2c was obtained accidently from the recrystallization of complex 2b via slow evaporation of DMF solution. The light orange crystal obtained was suitable for X-ray crystallography and discovered the formation of complex 2c. In order to fully ch...
	The palladium precursor, [PdCl2(CNMe)2] was synthesized according to the literature procedure for the corresponding benzonitrile complexes [12]. The synthesis of palladium complexes 2a and 2b was conducted by reacting R-DAB ligands with the precursor ...
	The palladium(II) diimine complexes 2a and 2b were stable at room temperature in solid state, without observing any significant changes after being left in the air for a long period of time. However, the complex is unstable in the solution state, espe...
	Table 1.  Analytical data for complexes 2a-2c
	Spectroscopy analysis of palladium complexes: FTIR analysis
	The formation of the palladium diimine complexes 2a and 2b were supported by IR spectra as shown in Figures 1 and 2, respectively. In the IR spectra of the free R-DAB compounds, the C=N stretching vibration of imine group is located at 1607 cm−1 [10]....
	Figure 1.  IR spectra of (a) R-DAB compound 1a and (b) palladium diimine complex 2a
	Figure 2.  IR spectrum of palladium diimine complex 2b
	Based on the IR spectrum of complex 2c (Figure 3), there is no sharp band observed in the range of 1630 cm-1 to 1600 cm-1 which corresponds to the -C=N- stretching vibration [14]. The absence of this signal proves that complex 2b might undergo dissoci...
	Figure 3.  IR spectrum of complex 2c
	UV-Vis
	The UV-Visible spectra of palladium(II) complexes 2a-2b, were recorded in DCM solution at room temperature, at the wavelength of 240–800 nm. The important absorption peaks of compounds 1a-1b and complexes 2a-2c are summarized in Table 2. In the UV-Vis...
	Figure 4.  UV-visible spectra of (a) complex 2a and (b) complex 2b
	Molecular structures of palladium complexes
	Red crystal of complex 2a and light orange crystal of complex 2c were obtained, via slow evaporation of a DMF solution at ambient conditions. Both complexes have been structurally characterized by X-ray crystallography and the ORTEP diagram of both co...
	The X-ray crystallographic analysis of complex 2a, reveals that the palladium metal centre coordinates with two azomethine nitrogen atoms of the R-DAB ligand in a cis configuration, forming a stable five-membered ring complex. Meanwhile, two chlorine ...
	Figure 5.   Molecular structure of complex 2a with the thermal ellipsoids plotted at 50% probability
	Initially, we expected to obtain a similar structure of complexes 2a and 2b from the crystallographic analysis, but surprisingly, the complex 2b was converted to 2c, which is another structure, as shown in Figure 6 called trans-dichloridobis(4-methyla...
	The X-ray crystallographic analysis of complex 2c reveals a square planar geometry (Figure 5). The bond lengths of Pd1-N1 [2.050(3) Å] and Pd1-Cl1 [2.318(8) Å] are comparable with values found in [PdCl2(C6H5NH2)2] [20]. The longer bond length of Pd-Cl...
	Mechanism of hydrolysis
	Scheme 2.  Postulated mechanisms for the formation of complex 2c
	Supplementary data
	CCDC 1945836 and 1945837 contain the supplementary crystallographic data of complexes 2a and 2c, respectively. These data can be obtained free of charge from the Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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	The existence of unsaturated fatty acids in palm olein contributes to the oil’s degree unsaturation and reduces the oil’s oxidative stability when it is exposed to atmospheric oxygen and heat. The purpose of this research was to study the effect of va...
	Keywords:  oxidation, oxidative stability, palm olein, vanillin
	Abstrak
	Kata kunci:  pengoksidaan, kestabilan pengoksidaan, olein sawit, vanillin
	The oxidative stability of oil gives an indication of the oil’s resistance to oxidation during processing and storage [1]. It is one of the important measures to determine the shelf life and quality of the oil. The oxidative stability of fats, oils an...
	Initiation RH  ( R• + H•
	Propagation R• + 3O2 ( ROO• (peroxide formation)
	ROO• + RH ( ROOH + R• (hydroperoxide formation)
	Termination ROO• + R• ( ROOR
	R• + R• ( RR            (1)
	Autoxidation of oil requires the fatty acids and acylglycerols to be in radical forms [1]. In the presence of an initiator such as heat, the unsaturated lipid molecules lose a hydrogen atom and produce lipid alkyl radicals [3]. The lipid alkyl radical...
	In this study, vanillin, with the IUPAC name of 4-hydroxy-3-methoxybenzaldehyde, which is the main component of natural vanilla that can be extracted from beans or pods of a tropical climbing orchid called Vanilla planifolia, Vanilla tahitensis or Van...
	Materials and Methods
	Chemicals
	The chemicals used in this study include vanillin (QReC), cyclohexane (Merck), Wijs solution (QReC), acetic acid (Bendosen), chloroform (R&M), sodium thiosulfate (Bendosen), palm olein, starch (QReC) and distilled water.
	Sample preparation
	1% of vanillin was added to 50 g of palm olein using a weight to weight ratio. The palm olein that contained vanillin (POV) was pre-heated to 90 (C while stirring to dissolve the vanillin. Palm olein without the addition of vanillin (PO) was used as t...
	Starch indicator preparation
	0.5 g of starch was mixed with enough cold water to make a thin paste, followed by the addition of 50 mL of boiling distilled water. The solution was stirred using a magnetic stirrer to dissolve the starch with rotation of speed 300 rpm. The starch so...
	Peroxide value (PV) test
	30 mL of acetic acid–chloroform solution in the ratio of 3:2 was added to 5.0 g of sample in an Erlenmeyer flask. The flask was shaken to dissolve the sample. Then, 0.5 mL of saturated potassium iodide solution was added. The solution was shaken again...
	PV (mequiv peroxide/1000 g oil) = ,,𝑆−𝐵. × 𝑁 × 1000-𝑊.                (2)
	S = volume of sodium thiosulfate used for sample’s titration, mL; B = volume of sodium thiosulfate used for blank’s titration, mL; N = normality of sodium thiosulfate, N; W = weight of sample used, g. Tukey’s test was used in validating the significan...
	Fourier transform infrared (FTIR) spectroscopy
	The oil sample was also characterized using an FTIR spectrometer (Perkin Elmer FTIR Frontier 96255) to determine the functional groups of compounds present in the sample, specifically the primary oxidation product. The characterization was done using ...
	Thermogravimetric analysis in an oxygen atmosphere
	The analysis was performed using a Hitachi STA7200 model TGA-DSC instrument. First, POV was prepared and weighed in an alumina cell. The cell was placed in the furnace at room temperature. After 2 minutes, the temperature of the furnace was increased ...
	Peroxide value test
	The PV test was performed to determine the hydroperoxide concentration in the oil samples. This is one of the most common methods used to indicate the initial stages of oxidation [19]. The PV of the original palm olein was directly proportional to the...
	Figure 1.  Variation of PV with different times of heating for PO and POV
	Table 1.  The PV of PO and POV after heating at 90 (C for different selected times
	The initial PV of PO at 0 hours was 2.73 mequiv peroxide/1000 g oil compared with the initial PV of POV, which was 2.07 mequiv peroxide/1000 g oil. The initial PV of PO was slightly higher than the initial PV of POV because the PO sample had been oxid...
	Figure 2.  The assigned functional groups of the infrared spectrum of palm olein incorporated with vanillin, before heating (0 hours)
	Fourier transform infrared spectroscopy (FTIR) analysis
	Palmitic acid (16:0), oleic acid (18:1) and linoleic acid (18:2) contributed in a large proportion in the composition of palm olein. All of these fatty acids consisted of O–H, C=C, C=O, C–O, aliphatic C–H and olefinic C–H functional groups in their st...
	Although infrared spectroscopy was able to analyse most of the functional groups of the oxidation products formed, however, in this research, the use of this technique has focussed on the detection of primary oxidation products of hydroperoxides and t...
	Figure 3.  Palm olein (PO) and palm olein vanillin (POV) spectra from 0 hours to 200 hours of heating in the region of the O–H stretching vibration (3600–3250 cm–1), indicating the presence of hydroperoxides
	The tabulated absorbance of the O–H stretching vibration in the region 3600–3250 cm–1 is shown in Table 2 and the increasing trend of the absorbance throughout the heating can be seen in Figure 4. The absorbance of the     O–H stretching vibration of ...
	Figure 4.  Variation of absorbance with different times of heating for PO and POV
	Thermogravimetric analysis
	Figures 5 and 6 show the thermogravimetric (TG) curves of PO and POV, respectively, whereas Table 4 shows the initiation (Ti) and final (Tf) oxidation temperatures of PO and POV. Ti is the temperature at which the oxidation rate increases quickly whil...
	Figure 5.  The thermogravimetric curve of PO
	Figure 6.  The thermogravimetric curve of POV
	Table 4.  The initial and final oxidation temperature (Ti and Tf) of PO and POV
	It can be concluded that vanillin, a naturally occurring antioxidant, inhibited the autoxidation process and increased the oxidative stability of PO by 16.10%, 46.51% and 25.00% based on the PV, absorbance of the infrared spectrum and the sample’s wei...
	1. Choe, E. and Min, D. B. (2006). Mechanisms and factors for edible oil oxidation. Comprehensive Reviews in Food Science and Food Safety, 5: 169-186.
	2. Pimpa, B., Kanjanasopa, D. and Boonlam, S. (2009). Effect of addition of antioxidants on the oxidative stability of refined bleached and deodorized palm olein. Kasetsart Journal (Natural Science), 43: 370-377.
	3. Shahidi, F. and Zhong, Y. (2010). Lipid oxidation and improving the oxidative stability. Chemical Society Reviews, 39: 4067-4079.
	4. Choe, E. and Min, D. B. (2007). Chemistry of deep-fat frying oils. Journal of Food Science, 72(5): 77-86.
	5. Koushki, M., Nahidi, M. and Cheraghali, F. (2015). Physico-chemical properties, fatty acid profile and nutrition in palm oil. Journal of Paramedical Sciences, 6(3): 117-134.
	6. Sundram, K., Sambanthamurthi, R. and Tan, Y. A. (2003). Palm fruit chemistry and nutrition. Asia Pacific Journal of Clinical Nutrition, 12(3): 355-362.
	7. Kuppithayanant, N., Hosap, P. and Chinnawong, N. (2014). The effect of heating on vitamin E decomposition in edible palm oil. International Journal of Environmental and Rural Development, 2014: 121-125.
	8. Mourtzinos, I., Konteles, S., Kalogeropoulos, N. and Karathanos, V. T. (2009). Thermal oxidation of vanillin affects its antioxidant and antimicrobial properties. Food Chemistry, 114(3): 791-797.
	9. Walton, N. J., Mayer, M. J. and Narbad, A. (2003). Vanillin. Phytochemistry, 63: 505-515.
	10. Tai, A., Sawano T., Yazama, F. and Ito, H. (2011). Evaluation of antioxidant activity of vanillin by using multiple antioxidant assays. Biochimica et Biophysica Acta, 1810(2): 170-177.
	11. Kumar, S. S., Priyadarsini, K. I. and Sainis, K. B. (2002). Free radical scavenging activity of vanillin and o-vanillin using 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical. Redox Report, 7(1): 35-40.
	12. Sinha, A. K., Sharma, U. K. and Sharma, N. (2008). A comprehensive review on vanilla flavor: Extraction, isolation and quantification of vanillin and others constituents. International Journal of Food Sciences and Nutrition, 59(4): 299-326.
	13. Bera, D., Lahiri, D. and Nag, A. (2006). Studies on a natural antioxidant for stabilization of edible oil and comparison with synthetic antioxidants. Journal of Food Engineering, 74: 542-545.
	14. Taghvaei, M. and Jafari, S. M. (2015). Application and stability of natural antioxidants in edible oils in order to substitute synthetic additives. Journal of Food Science and Technology, 52(3): 1272-1282.
	15. American Oil Chemists’ Society (1993). Iodine value of fats and oils, cyclohexane method: Official recommended practice Cd 1b-87, revised 1990. In Official Methods and Recommended Practices of the American Oil Chemists’ Society (3rd ed.). Champaig...
	16. American Oil Chemists’ Society (1997). Peroxide value: Method Cd 8-53. In D. Firestone (Ed.), Official Methods and Recommended Practices of the American Oil Chemists’ Society, (4th ed.). Champaign: AOCS Press.
	17. Liang, P., Chen, C., Zhao, S., Ge, F., Liu, D., Liu, B., Fan, Q., Han, B. and Xiong, X. (2013). Application of Fourier transform infrared spectroscopy for the oxidation and peroxide value evaluation in virgin walnut oil. Journal of Spectroscopy, 2...
	18. Liang, P., Wang, H., Chen, C., Ge, F., Liu, D., Li, S., Han, B., Xiong, X. and Zhao, S. (2013). The use of Fourier transform infrared spectroscopy for quantification of adulteration in virgin walnut oil. Journal of Spectroscopy, 2013: 1-6.
	19. Guillen, M. D. and Cabo, N. (1997). Infrared Spectroscopy in the study of edible oils and fats.  Journal of the Science of Food and Agriculture, 75: 1-11.
	20. Ghazali, Z., Nik, W. B. W., Bulat, K. H. K., Ani, F. N. and Xian, L. F. (2006). The effect of light on the oxidative stability of palm olein. International Conference on Natural Resources Engineering and Technology, 2006: 631-637.
	21. Guillen, M. D. and Goicoechea, E. (2007). Detection of primary and secondary oxidation products by Fourier transform infrared spectroscopy (FTIR) and 1H nuclear magnetic resonance (NMR) in sunflower oil during storage. Journal of Agricultural and ...
	22. Guillen, M. D. and Cabo, N. (2002). Fourier transform infrared spectra data versus peroxide and anisidine values to determine oxidative stability of edible oils. Food Chemistry, 77: 503-510.
	23. Guillen, M. D. and Cabo, N. (2000). Some of the most significant changes in the Fourier transform infrared spectra of edible oils under oxidative conditions. Journal of the Science of Food and Agriculture, 80: 2028-2036.
	24. Goburdhun, D., Laulloo, S. B. J. and Musruck, R. (2001). Evaluation of soy bean oil quality during conventional frying by FT-IR and some chemical indexes. International Journal of Food Sciences and Nutrition, 52: 31-42.
	25. Coni, E., Podesta, E. and Catone, T. (2004). Oxidizability of different vegetables oils evaluated by thermogravimetric analysis. Thermochimica Acta, 418: 11-15.
	26. Gao, F. and Birch, J. (2015). Oxidative stability, thermal decomposition and oxidation onset prediction of carrot, flax, hemp and canola seed oils in relation to oil composition and positional distribution of fatty acids. European Journal of Lipid...
	27. Jayadas, N. H. (2008). Evaluation of the oxidative properties of vegetable oils as base stocks for industrial lubricants using spectroscopic and thermogravimetric analyses. Journal of Synthetic Lubrication, 25: 105-113.

	Noraini_23_5_14.pdf
	CHARACTERIZATION AND CATALYTIC ACTIVITY OF Os/BENTONITE CATALYST FOR HYDROGENOLYSIS OF GLYCEROL
	(Pencirian dan Aktiviti Pemangkin Os/Bentonit untuk Tindak Balas Hidrogenolisis Gliserol)
	Noraini Hamzah1*, Wan Zurina Samad2, Nazrizawati Ahmad Tajuddin3, Mohd Ambar Yarmo4
	1School of Chemistry and Environment, Faculty of Applied Sciences,
	Universiti Teknologi MARA, 40450 Shah Alam, Selangor, Malaysia
	2Department of Chemistry, Kulliyah of Sciences,
	International Islamic University Malaysia, 25200 Kuantan, Pahang, Malaysia
	3Department of Chemistry,
	Universiti Teknologi MARA, Perak Branch, Tapah Campus, 35400 Tapah, Perak, Malaysia
	4School of Chemical Science and Food Technology, Faculty of Science and Technology,
	Universiti Kebangsaan Malaysia, 43600 UKM Bangi, Selangor, Malaysia
	*Corresponding author:  pnoraini@salam.uitm.edu.my
	Keywords:  osmium, bentonite, glycerol hydrogenolysis, 1,2-propanediol
	Abstrak
	Dalam kajian ini, pemangkin osmium (Os/bentonit, Os/TiO2) dan pemangkin ruthenium (Ru/bentonite, Ru/TiO2) dengan muatan logam 5% wt/wt disediakan dengan menggunakan kaedah impregnasi dan diaplikasikan kepada penukaran gliserol yang merupakan bahan men...
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	Catalytic conversion of renewable biomass resources, as feedstocks for the chemical industry, becomes more and more important because of the worldwide and serious energy and environment problems [1]. Transesterification of triglycerides with methanol ...
	Nowadays, biodiesel derived from vegetable oils and animal fats has received considerable attention. The recent rapid development of biodiesel processes has caused some concern over the oversupply of glycerol. The glycerol market will likely to be sat...
	Several review papers [7-15] have reported on different catalyst systems, including supported transition metal catalyst such as Rh, Ni, Ru, Pt, Pt-Ru and Cu catalyst, for the hydrogenolysis of glycerol. Tomishige and co-workers developed Ru-solid acid...
	1,2-PDO formation via glycerol hydrogenolysis involves selective cleavage of a C-O bond without breaking the C-C bond. Furthermore, bentonite is potentially a good and cheap catalyst support material. For the example, previous study prepared novel sol...
	Effective catalysts which work under mild conditions are required in the hydrogenolysis of glycerol to produce propanediols. Therefore, we aimed to develop new supported metal catalyst which is osmium supported on bentonite that will exhibit good cata...
	Materials and Methods
	Materials
	Glycerol (99.9%) and ruthenium trichloride, RuCl3 precussor and TiO2 used as support were purchased from Sigma-Aldrich. The clay mineral used in this work is a calcium-rich bentonite (CaB) was obtained as a powder from PT Superintending Company of Ind...
	Catalyst preparation
	Catalyst characterization
	Effect of support
	In order to achieve maximum productivity of 1,2-PDO, the effect of aqueous glycerol concentration on the conversion wal also studied. Figure 2 shows that the conversion of glycerol decreased from 100% to 58.1%  with an increase in glycerol concentrati...
	Figure 2.  Effect of glycerol concentration. Reaction conditions : 20-30 bar H2 pressure, 1.0g catalyst, 150 (C (423 K), 7 hours
	Effect of reaction temperature
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	The tremendous increase in papermaking and cellulose production, both of which are sourced from wood pulp, has resulted in the severe exploitation of trees, thereby leading to environmental problems, including deforestation. Besides, the reduction of ...
	Keywords:  cellulose, microfibrillated, nanofibrillated, office paper waste
	Abstrak
	Peningkatan besar dalam penghasilan kertas dan selulosa, di mana kedua-dua sumber berasal dari pulpa kayu telah menyebabkan eksploitasi hutan yang teruk membawa masalah alam sekitar, iaitu penebangan hutan. Selain itu, pengurangan penggunaan kertas ag...
	Kata kunci:  selulosa, microfibril, nanofibril, sisa kertas pejabat
	Cellulose is an organic polymer consisting of high-molecular weight β-glucopyranose rings, as the repeating unit structure, which is covalently linked together by β-1-4 glucosidic bonds [1]. Besides being commonly used in the production of paperboard ...
	Paper is being used throughout the world, and its consumption is not limited to workplaces, schools, universities, and industries. Millions of tons of paper are being produced each year (and the amount is increasing yearly), and the reduction of paper...
	In this research, micro-fibrillated and nano-fibrillated cellulose were extracted from office paper waste. The method of extraction was carried out using several stages of treatments, including alkali treatment with various concentrations of sodium hy...
	Materials and Methods
	Pre-treatment
	Office paper, consisting of printed and non-printed papers, was used to represent the office paper waste. About 25 g of office paper waste was cut into small pieces. The cut paper was then boiled for 1 hour. Then, the paper was mechanically ground int...
	Alkali treatment
	Sodium hydroxide solution, NaOH (Merck), was used for the alkali treatment. The slurry prepared from the previous pre-treatment was treated with NaOH to remove inks, fillers (i.e. kaolin, talc, calcium carbonate and TiO2) [6], and hemicellulose from t...
	Table 1.   Alkali treatments’ parameters
	Bleaching treatment
	The samples were chosen according to the optimum concentration of NaOH for the treatment, which was based on the FT-IR analysis results of the composition of the cellulose. The samples were then treated with sodium hypochlorite, NaClO (R&M Chemicals),...
	Acid hydrolysis
	The treatment continued with acid hydrolysis using sulphuric acid, H2SO4 (QreC) to investigate the effects of acid treatment on the cellulose structure. The acid treatment was expected to result in the production of nano-sized cellulose via the remova...
	Table 2.  Acid hydrolysis treatments’ parameters
	Optical microscopy
	Optical microscopy (Leica) was used to observe the morphology (dimensions, size and structure) of the extracted cellulose after each chemical treatment. Only a few drops of cellulose suspension were required to be placed on the microscope slide for th...
	Transmission electron microscopy
	The ATR-FTIR spectra of the raw office paper waste (printed), and alkali-treated office paper waste using 2%, 4%, 8% and 16% NaOH are shown in Figure 1. The C-O-C glycoside ether band and C-C ring breathing band observed at ~1105 cm-1 and ~1160 cm-1, ...
	.
	Figure 1.  FT-IR spectra for printed (a) raw office paper waste, and alkali treated office paper waste using b) 2% NaOH, c) 4% NaOH, d) 8% NaOH, and e) 16% NaOH
	The C=C in-plane aromatic vibration band, which could be observed at 1427 cm-1,indicated the presence of lignin in the raw office paper waste, while the band located around ~1263 cm-1,was assigned to the C-O-C stretching from the ether linkage in lign...
	The ATR-FTIR spectra of the non-printed raw office paper waste and alkali-treated office paper waste using various concentrations of NaOH are shown in Figure 2. The observed bands around 1106.21 cm-1, 1160.82 cm-1, 1028.67 cm-1and 1052.22 cm-1 in Figu...
	Figure 2.  FT-IR spectra for non-printed, (a) raw office paper waste, and alkali treated office paper waste using b) 2% NaOH, c) 4% NaOH, d) 8% NaOH, and e) 16% NaOH
	Similar to the printed raw paper, the absence of a hemicellulose band around ~1735 cm-1 indicated that there was no hemicellulose present in the sample. The band at 1425.16 cm-1 showed the presence of lignin in the raw office paper waste, while the ba...
	Figures 3b and 3d show that the bands at 1109.96cm-1, 1161.14cm-1, 1031.08cm-1 and 1054.75cm-1 remained in the spectrum that corresponded to the existence of cellulose [6]. Moreover, the band at 2899.34 cm-1 represented the C-H band, while the band at...
	Figure 3.  FT-IR spectra of office paper waste treated with a) 4% NaOH  (printed), b) NaCIO (printed), c) 4% NaOH (non-printed), d) NaCIO (non-printed) and e) pure cellulose standard
	In conclusion, the raw office paper waste contained cellulose, lignin, calcite, and other organic contents, such as sulfone, amine groups and filler or ink components. The difference between the printed and non-printed paper was that the ink intensity...
	Morphology analysis using optical microscope
	Figure 4 shows the image of the cellulose structure of the printed raw paper and the non-printed raw paper waste, and the cellulose structures of the printed and non-printed paper after the pre-treatment process.
	Figure 4.  Optical microscope images of (a) Printed raw paper at 4x magnification, (b) Printed raw paper at 40x magnification, (c) Non-printed raw paper at 4x magnification, (d) Non-printed raw paper at 40x magnification, (e) Pre-treatment (printed) a...
	Figure 4 shows that the cellulose extracted from the office paper waste after all the treatments had a fibrous, rod-like structure, with some of the fibres being arranged longitudinally and attached to each other by hydrogen bonds [4]. The printed raw...
	The optical images of the cellulose fibres for the printed office paper and alkali-treated office paper using various concentrations of sodium hydroxide are shown in Figure 5. Figures 5a-d show the images of the cellulose fibres after being treated wi...
	Figure 5.   Optical microscope images of printed office paper after alkaline treatment using (a) 2% NaOH,      (b) 4% NaOH, (c) 8% NaOH, and (d) 16% NaOH (all at 40x magnification)
	Figure 6 shows the image of the cellulose fibres of the non-printed paper, and of the non-printed paper after the treatment with various concentrations of alkali. Figures 6a, 6b, 6c and 6d indicate the images of the cellulose fibres after having been ...
	Figure 6.   Optical microscope images of non-printed paper after alkaline treatment using (a) 2% NaOH, (b) 4% NaOH, (c) 8% NaOH, and (d) 16% NaOH (all at 40x magnification)
	The optical images of the cellulose fibres for the printed and non-printed office paper after the bleaching treatment are shown in Figures 7a and 7b, respectively. The individual cellulose fibres could be clearly observed, and the individual fibres we...
	Figure 7.   Optical microscope images of paper after bleaching treatment with NaClO (a) printed paper (b) Non-printed paper (both at 40x magnification)
	The acid hydrolysis treatment was aimed at breaking the strong hydrogen bonds between the cellulose fibres and to reduce the micro-sized cellulose to nano-scale by removing the amorphous structure of the cellulose. Figure 8 clearly indicates that the ...
	Figure 8.   Optical microscope images of the samples after acid hydrolysis treatment using (a) 5%, (b) 15%, (c) 30%, and (d) 60% sulphuric acid (all at 100x magnification)
	Table 3 shows the trend in the sizes using an optical microscope for the analysis of raw office waste paper until the acid hydrolysis treatment. From the results, the diameter of the fibres in the raw paper samples until the NaCIO treatment remained u...
	Table 3.  Average diameter of cellulose fibres for printed and non-printed paper for all stages of treatments
	*N.C = Not Conducted
	TEM analysis: Nano scale of cellulose
	Figure 9 shows the morphology of cellulose samples after acid hydrolysis treatment with different concentrations. All samples were observed using transmission electron microscope (TEM).
	Figure 9.  TEM images after acid hydrolysis treatment using (a) 5% acid at 10kx magnification, (b) 30% acid at 20kx magnification and (c) 60% acid at 10kx magnification.
	Table 4 indicates the average diameter of the cellulose fibres after treatment with various concentrations of acid. The acid treatment was expected to affect the size of the cellulose fibres to nano-scale, based on a previous study [6]. TEM was used i...
	Table 4.  Size comparison on average diameter using TEM and optical microscopy
	Figure 9 shows the fibrous structure of the cellulose that was extracted from the office paper waste after all the treatments until the acid hydrolysis, which was the last stage of the treatment. Table 4 shows that the diameter of the cellulose fibres...
	Micro-fibrillated and nano-fibrillated cellulose were obtained from office paper waste by subjecting the paper to an alkaline treatment (with sodium hydroxide solution, NaOH), bleaching treatment (with sodium hypochlorite solution, NaCIO) and acid hyd...
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	The chitosan (CH) films incorporated with different concentrations (1% to 5%) of musk lime extracts (MLE) were investigated for physical, mechanical, chemical, and antibacterial properties. Storage test on squids’ shelf-life was also conducted. The ad...
	Keywords:  edible film, shelf-life, antibacterial properties, chitosan, musk lime
	Abstrak
	Filem kitosan (CH) yang ditambah dengan ekstrak limau kasturi (MLE) dalam kepekatan yang berbeza (1% hingga 5%) telah disiasat untuk sifat fizikal, mekanikal, kimia, dan antibakteria. Ujian hayat makanan ke atas sotong juga dijalankan. Penambahan MLE ...
	Food packaging had been designed as a medium of transportation and containment for food products since the 19th centuries [1]. There is an increase in demand for eco-friendlier and safer packaging materials, mainly for those free from chemical preserv...
	Among the technologies, edible packaging is one of the most practical and useful packaging technologies [5]. There is a great potential for edible spices packaging to be applied on meat products by improving their flavor, nutritional value and shelf-l...
	Musk lime is one of the most frequently used spices and fruits in Southeast Asia [12]. Its pulp was generally used as flavouring in food and beverages for steaks, desserts and drinks [13]. Although the seeds and peels contained nutritious components s...
	Squids had relatively short shelf-life due to high contents of amino acids [16]. Even in ice storage at 0  C, the squids were reported for rejection and spoilage at around 10 days to 14 days [17, 18]. The present work developed chitosan edible films w...
	Materials and Methods
	Materials
	Musk and squids (Loligo spp.) were purchased from local hypermarket, namely Pasar Segar, Pandan Jaya, Selangor, Malaysia. Chitosan powder and Tween-80 emulsifier were of food grade, while chemicals and reagent-grade were of analytical grade and purcha...
	Preparation and extraction of spices
	The musk limes were washed with distilled water and the stems were removed from fruits. They were sliced and hand-squeezed to partially remove the juice. The peels, seeds and pulps were placed on aluminium foils and subjected to overnight heating at 5...
	Preparation of film
	The film samples were prepared according to Remya et al. [8] with modifications. Chitosan (CH) solution (1.5%, w/v) was prepared by dissolving 1.5 g of CH powder in 100 mL 1% acetic acid by stirring overnight. The CH solution was filtered using vacuum...
	Physical properties of films: Moisture content
	The sample was cut into 2 x 2 cm and stored in a desiccator for a day.  It was weighed for initial mass and subjected to convection oven heating at 105  C for 6 hours until a constant weight was achieved (final weight) [20]. The moisture content was r...
	where Mi stands for initial mass sample and Mf stands for final mass of dried sample.
	Water solubility
	The water solubility test was determined according to Zaman et al. [21]. After the determination of moisture content, the dried film was immersed in excess distilled water (50 mL) for 24 hours. Then, the sample was taken out and blotted dry with filte...
	𝑊𝑎𝑡𝑒𝑟 𝑠𝑜𝑙𝑢𝑏𝑖𝑙𝑖𝑡𝑦= ,,𝑀-𝑓.−,𝑀-𝑖.-,𝑀-𝑓.. ×100                                                                                                                     (2)
	where Mi stands for initial mass dried sample and Mf stands for final mass of immersed sample.
	Color
	The sample’s color was determined using a colorimeter33 (Hunterlab, USA) as conducted in the work of Zaman et al. [21]. A circular sample with 64 mm diameter was cut and placed in ColorFlex sample cup after standardization with white and black plates....
	where L*, a* and b*are the color values of the musk lime film samples and L, a and b are the color parameters of thewhite standard tile.
	Mechanical properties of films
	The thickness of film was measured using a micrometer. For each sample, three measurements were taken from different location on the film selected randomly and reported as average readings with standard deviations. Tensile strength and elongation at b...
	Chemical properties of films
	FTIR spectra of ML films and CH films were analyzed using FTIR spectroscopy (Thermo Fisher Scientific, Nicolet iS5FT-IR spectrometer, Waltham, MA, USA) according to Hoque et al. [22]. All spectra were collected nder 20 scans in transmittance mode from...
	Antibacterial properties of films
	The antibacterial properties of samples were evaluated according to Velu et al. [23] with slight modifications. An overnight pre-cultured of Pseudomonas aeruginosa and Vibrio parahaemolyticus was separately suspended into 10 mL of nutrient broth and 1...
	The edible film discs (6.5 mm) were punched and placed onto the pre-inoculated MHA plate using sterile forcep and gently pressed on it. Streptomycin (10 mg/mL) and ampicillin (20 mg/mL) was used as positive control for Pseudomonas aeruginosa and Vibri...
	Storage test of squids
	The pre-treatment of squids was carried out according to Kumar et al. [24]. The squids were washed with potable water to remove debris or dirt. Then, the squid pens, viscera, tentacles, eyes and beaks were removed. The squid mantles were used for the ...
	The pH test was carried out according to Tantasuttikul et al. [25] with slight modifications. The buffer solutions of pH 4, 7 and 10 were calibrated before conducting the test. The squid mantles were placed into the stomacher bag and mixed with 90 mL ...
	The total plate count was carried out according to Remya et al. [8]. 10 g of squid mantles were mixed with 90 mL of 0.1% sterile peptone water in stomacher bag and homogenized under a stomacher for 2 minutes. The film was peeled and not homogenized wi...
	The colonies counts were converted into logarithms from the number of colony forming units (cfu/g). The control (without film wrapping) and 4% musk lime film wraps were conducted at each interval. Measurements in duplicates were taken at intervals of ...
	Statistical analysis
	One-way ANOVA with the Tukey test was carried out to determine the significant differences among the films with different MLE concentrations. All the significant differences were set as 95% interval (p < 0.05). Paired-t test was conducted to analyze t...
	Physical properties of films
	The moisture contents of the film samples were shown in Table 1. The gradual addition of (MLE) had led to a significant decrease of moisture content. The addition of MLE could have reduced the water evaporation rate from the film. The addition of MLE ...
	Table 1.  Moisture content and water solubility on different concentration of musk lime extracts
	incorporated with chitosan film
	MLE = Musk lime extracts, CH = Chitosan. Values were expressed as triplicate in mean ± standard deviation. a–e different superscripts within the same column indicate significant differences between formulations (p < 0.05).
	Water solubility was studied to test the samples’ resistance against water [28]. As reported in Table 1, the water solubility significantly decreased as the concentration of MLE increased. This seemed to reduce the hydrophilicity of the CH film. The w...
	The color parameters of all the film samples were shown in Table 2. The ΔE showed a gradual increasing trend from the increasing addition of MLE into films. This denoted the degree color changes. From the L*, a* and b* parameters, the increasing conce...
	Table 2.  Parameter of color in different concentration of musk lime extracts incorporated with chitosan film
	MLE = Musk lime extracts, CH = Chitosan. Values were expressed as triplicate in mean ± standard deviation. a–d different superscripts within the same column indicate significant differences between formulations (p < 0.05).
	Figure 1.   Appearances of chitosan-based films incorporated with different concentrations (0%, 3% and 5% from left to right) of musk lime extracts
	Mechanical properties of films
	The thicknesses, tensile strength (TS) and elongation at break (EB) of all the samples were reported in Table 3. The addition of MLE in the CH film significantly reduced the TS and EB, with ‘CH + 5% MLE’ reported the lowest TS and EB at 3.03 MPa and 1...
	There were studies which reported similar influence in the tensile properties in films from the addition of various extracts. Rubilar et al. [27] reported a decrease in the chitosan film’s TS (43 MPa to 22.56 MPa) and EB (28% to 10.9%) with the increa...
	Table 3.  Thickness and mechanical properties on different concentration of musk lime extracts
	incorporated with chitosan film
	MLE = Musk lime extracts, CH = Chitosan. Values were expressed as triplicate in mean ± standard deviation. a–d different superscripts within the same column indicate significant differences between formulations (p < 0.05)
	Chemical properties of films
	The Fourier-transform infrared spectroscopy (FTIR) study was done to analyze the interaction between the chitosan-based film and MLE. All distinctive peaks from all film samples were shown in Figure 2. In general, all chitosan films showed similar pat...
	Figure 2.   FTIR spectra of all types of films and musk lime extracts
	The absorption peaks in the area around 3200 cm-1 to 3300 cm-1 belonged to the stretching of O-H and N-H bonds [37]. Absorption area of 2800 cm-1 to 2900 cm-1 corresponded to –CH3 stretching, while 1550 to 1590 cm-1 and 1400 cm-1 were denoted as amide...
	Compared to ‘CH + 0% MLE’ sample, there was a shift of absorption peaks from wavenumber 2878 cm-1 to 2921 cm-1 in ‘CH + 4% MLE’ and ‘CH + 5% MLE’ samples. This showed a hydrophobicity interaction within the CH film samples [38]. As there was no improv...
	Antibacterial properties of films
	The antibacterial activities of chitosan films with different concentrations of MLE were shown in Table 4. While MLE and chitosan respectively exhibited inhibition towards Pseudomonas aeruginosa (PA) and Vibrio parahaemolyticus (VP), the increasing ad...
	Table 4.  Antibacterial activity of musk lime extracts incorporated with chitosan film
	on main strains of bacteria found in squid
	MLE = Musk lime extracts, CH = Chitosan. Values were expressed as triplicate in mean ± standard deviation. a–c different superscripts within the same column indicate significant differences between formulations (p < 0.05).
	The active sites of chitosan molecules had diffused and slowed the microbes. It was evidenced by Allwin et al. [40] which obtained 14 mm of inhibition zone for PA due to its active amino residues. Chaiyakosa et al. [41] reported the use of chitosan to...
	The low pH or acidity of MLE used in the films may have inhibited the growth of PA and VP because they grow optimally at neutral pH [42]. It was reported that the citric acid extracted from musk limes fruits inhibited the growth of Vibrio spp. [43]. T...
	Storage test of squids
	The trends of squids’ pH without wrapping (control) and with ‘CH + 4% MLE’ wrapping throughout 16 days were shown in Figure 3. The present work recorded the squid’s initial pH as 6.6, which was in par with other works [46]. Without the film, the squid...
	The trends of the TPC of squid samples without wrapping (control) and with ‘CH + 4% MLE’ wrapping throughout 16 days were shown in Figure 4. The initial TPC of both samples were at log 4.55, which was in par with that reported by other works [48, 49]....
	The maximum acceptable microbial counts limit was at log 6.0 [48]. A food is considered unsafe for consumption when the TPC is more than log 6.0. Based on this limit as shown in Figure 4, the shelf-life of the squid was extended from five days to fift...
	Figure 3.  The changes of squids’ pH with and without ‘CH + 4% MLE’ wrapping throughout the storage period
	Figure 4.  Changes of TPC in log (CFU/mL) with and without ‘CH + 4% MLE’ wrapping throughout the storage period
	The present work had developed a chitosan-based edible film, incorporated with musk lime extracts. From the tests done, it is conclusive that the higher concentration of musk lime extract in chitosan film would result in increased antibacterial proper...
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	The chitosan (CH) films incorporated with different concentrations (1% to 5%) of musk lime extracts (MLE) were investigated for physical, mechanical, chemical, and antibacterial properties. Storage test on squids’ shelf-life was also conducted. The ad...
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	Abstrak
	Filem kitosan (CH) yang ditambah dengan ekstrak limau kasturi (MLE) dalam kepekatan yang berbeza (1% hingga 5%) telah disiasat untuk sifat fizikal, mekanikal, kimia, dan antibakteria. Ujian hayat makanan ke atas sotong juga dijalankan. Penambahan MLE ...
	Food packaging had been designed as a medium of transportation and containment for food products since the 19th centuries [1]. There is an increase in demand for eco-friendlier and safer packaging materials, mainly for those free from chemical preserv...
	Among the technologies, edible packaging is one of the most practical and useful packaging technologies [5]. There is a great potential for edible spices packaging to be applied on meat products by improving their flavor, nutritional value and shelf-l...
	Musk lime is one of the most frequently used spices and fruits in Southeast Asia [12]. Its pulp was generally used as flavouring in food and beverages for steaks, desserts and drinks [13]. Although the seeds and peels contained nutritious components s...
	Squids had relatively short shelf-life due to high contents of amino acids [16]. Even in ice storage at 0  C, the squids were reported for rejection and spoilage at around 10 days to 14 days [17, 18]. The present work developed chitosan edible films w...
	Materials and Methods
	Materials
	Musk and squids (Loligo spp.) were purchased from local hypermarket, namely Pasar Segar, Pandan Jaya, Selangor, Malaysia. Chitosan powder and Tween-80 emulsifier were of food grade, while chemicals and reagent-grade were of analytical grade and purcha...
	Preparation and extraction of spices
	The musk limes were washed with distilled water and the stems were removed from fruits. They were sliced and hand-squeezed to partially remove the juice. The peels, seeds and pulps were placed on aluminium foils and subjected to overnight heating at 5...
	Preparation of film
	The film samples were prepared according to Remya et al. [8] with modifications. Chitosan (CH) solution (1.5%, w/v) was prepared by dissolving 1.5 g of CH powder in 100 mL 1% acetic acid by stirring overnight. The CH solution was filtered using vacuum...
	Physical properties of films: Moisture content
	The sample was cut into 2 x 2 cm and stored in a desiccator for a day.  It was weighed for initial mass and subjected to convection oven heating at 105  C for 6 hours until a constant weight was achieved (final weight) [20]. The moisture content was r...
	where Mi stands for initial mass sample and Mf stands for final mass of dried sample.
	Water solubility
	The water solubility test was determined according to Zaman et al. [21]. After the determination of moisture content, the dried film was immersed in excess distilled water (50 mL) for 24 hours. Then, the sample was taken out and blotted dry with filte...
	𝑊𝑎𝑡𝑒𝑟 𝑠𝑜𝑙𝑢𝑏𝑖𝑙𝑖𝑡𝑦= ,,𝑀-𝑓.−,𝑀-𝑖.-,𝑀-𝑓.. ×100                                                                                                                     (2)
	where Mi stands for initial mass dried sample and Mf stands for final mass of immersed sample.
	Color
	The sample’s color was determined using a colorimeter33 (Hunterlab, USA) as conducted in the work of Zaman et al. [21]. A circular sample with 64 mm diameter was cut and placed in ColorFlex sample cup after standardization with white and black plates....
	where L*, a* and b*are the color values of the musk lime film samples and L, a and b are the color parameters of thewhite standard tile.
	Mechanical properties of films
	The thickness of film was measured using a micrometer. For each sample, three measurements were taken from different location on the film selected randomly and reported as average readings with standard deviations. Tensile strength and elongation at b...
	Chemical properties of films
	FTIR spectra of ML films and CH films were analyzed using FTIR spectroscopy (Thermo Fisher Scientific, Nicolet iS5FT-IR spectrometer, Waltham, MA, USA) according to Hoque et al. [22]. All spectra were collected nder 20 scans in transmittance mode from...
	Antibacterial properties of films
	The antibacterial properties of samples were evaluated according to Velu et al. [23] with slight modifications. An overnight pre-cultured of Pseudomonas aeruginosa and Vibrio parahaemolyticus was separately suspended into 10 mL of nutrient broth and 1...
	The edible film discs (6.5 mm) were punched and placed onto the pre-inoculated MHA plate using sterile forcep and gently pressed on it. Streptomycin (10 mg/mL) and ampicillin (20 mg/mL) was used as positive control for Pseudomonas aeruginosa and Vibri...
	Storage test of squids
	The pre-treatment of squids was carried out according to Kumar et al. [24]. The squids were washed with potable water to remove debris or dirt. Then, the squid pens, viscera, tentacles, eyes and beaks were removed. The squid mantles were used for the ...
	The pH test was carried out according to Tantasuttikul et al. [25] with slight modifications. The buffer solutions of pH 4, 7 and 10 were calibrated before conducting the test. The squid mantles were placed into the stomacher bag and mixed with 90 mL ...
	The total plate count was carried out according to Remya et al. [8]. 10 g of squid mantles were mixed with 90 mL of 0.1% sterile peptone water in stomacher bag and homogenized under a stomacher for 2 minutes. The film was peeled and not homogenized wi...
	The colonies counts were converted into logarithms from the number of colony forming units (cfu/g). The control (without film wrapping) and 4% musk lime film wraps were conducted at each interval. Measurements in duplicates were taken at intervals of ...
	Statistical analysis
	One-way ANOVA with the Tukey test was carried out to determine the significant differences among the films with different MLE concentrations. All the significant differences were set as 95% interval (p < 0.05). Paired-t test was conducted to analyze t...
	Physical properties of films
	The moisture contents of the film samples were shown in Table 1. The gradual addition of (MLE) had led to a significant decrease of moisture content. The addition of MLE could have reduced the water evaporation rate from the film. The addition of MLE ...
	Table 1.  Moisture content and water solubility on different concentration of musk lime extracts
	incorporated with chitosan film
	MLE = Musk lime extracts, CH = Chitosan. Values were expressed as triplicate in mean ± standard deviation. a–e different superscripts within the same column indicate significant differences between formulations (p < 0.05).
	Water solubility was studied to test the samples’ resistance against water [28]. As reported in Table 1, the water solubility significantly decreased as the concentration of MLE increased. This seemed to reduce the hydrophilicity of the CH film. The w...
	The color parameters of all the film samples were shown in Table 2. The ΔE showed a gradual increasing trend from the increasing addition of MLE into films. This denoted the degree color changes. From the L*, a* and b* parameters, the increasing conce...
	Table 2.  Parameter of color in different concentration of musk lime extracts incorporated with chitosan film
	MLE = Musk lime extracts, CH = Chitosan. Values were expressed as triplicate in mean ± standard deviation. a–d different superscripts within the same column indicate significant differences between formulations (p < 0.05).
	Figure 1.   Appearances of chitosan-based films incorporated with different concentrations (0%, 3% and 5% from left to right) of musk lime extracts
	Mechanical properties of films
	The thicknesses, tensile strength (TS) and elongation at break (EB) of all the samples were reported in Table 3. The addition of MLE in the CH film significantly reduced the TS and EB, with ‘CH + 5% MLE’ reported the lowest TS and EB at 3.03 MPa and 1...
	There were studies which reported similar influence in the tensile properties in films from the addition of various extracts. Rubilar et al. [27] reported a decrease in the chitosan film’s TS (43 MPa to 22.56 MPa) and EB (28% to 10.9%) with the increa...
	Table 3.  Thickness and mechanical properties on different concentration of musk lime extracts
	incorporated with chitosan film
	MLE = Musk lime extracts, CH = Chitosan. Values were expressed as triplicate in mean ± standard deviation. a–d different superscripts within the same column indicate significant differences between formulations (p < 0.05)
	Chemical properties of films
	The Fourier-transform infrared spectroscopy (FTIR) study was done to analyze the interaction between the chitosan-based film and MLE. All distinctive peaks from all film samples were shown in Figure 2. In general, all chitosan films showed similar pat...
	Figure 2.   FTIR spectra of all types of films and musk lime extracts
	The absorption peaks in the area around 3200 cm-1 to 3300 cm-1 belonged to the stretching of O-H and N-H bonds [37]. Absorption area of 2800 cm-1 to 2900 cm-1 corresponded to –CH3 stretching, while 1550 to 1590 cm-1 and 1400 cm-1 were denoted as amide...
	Compared to ‘CH + 0% MLE’ sample, there was a shift of absorption peaks from wavenumber 2878 cm-1 to 2921 cm-1 in ‘CH + 4% MLE’ and ‘CH + 5% MLE’ samples. This showed a hydrophobicity interaction within the CH film samples [38]. As there was no improv...
	Antibacterial properties of films
	The antibacterial activities of chitosan films with different concentrations of MLE were shown in Table 4. While MLE and chitosan respectively exhibited inhibition towards Pseudomonas aeruginosa (PA) and Vibrio parahaemolyticus (VP), the increasing ad...
	Table 4.  Antibacterial activity of musk lime extracts incorporated with chitosan film
	on main strains of bacteria found in squid
	MLE = Musk lime extracts, CH = Chitosan. Values were expressed as triplicate in mean ± standard deviation. a–c different superscripts within the same column indicate significant differences between formulations (p < 0.05).
	The active sites of chitosan molecules had diffused and slowed the microbes. It was evidenced by Allwin et al. [40] which obtained 14 mm of inhibition zone for PA due to its active amino residues. Chaiyakosa et al. [41] reported the use of chitosan to...
	The low pH or acidity of MLE used in the films may have inhibited the growth of PA and VP because they grow optimally at neutral pH [42]. It was reported that the citric acid extracted from musk limes fruits inhibited the growth of Vibrio spp. [43]. T...
	Storage test of squids
	The trends of squids’ pH without wrapping (control) and with ‘CH + 4% MLE’ wrapping throughout 16 days were shown in Figure 3. The present work recorded the squid’s initial pH as 6.6, which was in par with other works [46]. Without the film, the squid...
	The trends of the TPC of squid samples without wrapping (control) and with ‘CH + 4% MLE’ wrapping throughout 16 days were shown in Figure 4. The initial TPC of both samples were at log 4.55, which was in par with that reported by other works [48, 49]....
	The maximum acceptable microbial counts limit was at log 6.0 [48]. A food is considered unsafe for consumption when the TPC is more than log 6.0. Based on this limit as shown in Figure 4, the shelf-life of the squid was extended from five days to fift...
	Figure 3.  The changes of squids’ pH with and without ‘CH + 4% MLE’ wrapping throughout the storage period
	Figure 4.  Changes of TPC in log (CFU/mL) with and without ‘CH + 4% MLE’ wrapping throughout the storage period
	The present work had developed a chitosan-based edible film, incorporated with musk lime extracts. From the tests done, it is conclusive that the higher concentration of musk lime extract in chitosan film would result in increased antibacterial proper...
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	Recently, environment contamination by heavy metals has gained much attention due to the significant impact on public health. Heavy metals such as copper are non-biodegradable pollutants and they are very difficult to eliminate naturally from the envi...
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	Abstrak
	Sejak kebelakangan ini, pencemaran alam sekitar berpunca dari logam berat telah mendapat banyak perhatian berikutan kesannya yang signifikan terhadap kesihatan awam. Logam berat seperti kuprum adalah bahan pencemar tidak boleh diurai dan ianya sangat ...
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	Acid pre-treatment of lignocellulosic waste to produce fermentable sugar for the production of bioethanol and biofuel has created phenolic compounds, aliphatic acid, and furfural. These compounds are recognised as inhibitors in the fermentation proces...
	Keywords:  batch adsorption, Langmuir, Freundlich, first-order, Pseudo-second order
	Abstrak
	Pra-rawatan asid terhadap sisa lignoselulosa untuk menghasilkan gula boleh tapai dalam penghasilan bioetanol dan bahan api bio telah menghasilkan sebatian fenolik, asid alifatik, dan furfural. Sebatian ini dikenal pasti sebagai perencat dalam proses p...
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	The world’s fossil energy reserves will be depleted within a few decades and the environmental issues are causing major concerns and forcing authorities to find alternative sources of energy. Concern over the adverse economic effect of the depleting e...
	Hydroxyapatite (Ca5(PO4)3OH) or calcium phosphate apatite is the main component in hard tissues, such as scales, shells, bones, and teeth [7] and it is abundantly present in nature. HAp has many applications in the biomedical fields for the reconstruc...
	Indeed, various methods have been developed to extract natural HAp due to the high cost of commercially available HAp. The extraction of HAp from its natural sources must be taken into consideration. Fish processing industries produce approximately 50...
	Materials and Methods
	Material
	Fish scales (500 g) were collected from local markets around Kuala Terengganu. Protease enzyme from Bacillus complex (Protamex®) and commercial hydroxyapatite were purchased from Sigma-Aldrich. Gallic acid monohydrate (C7H6O5) (molecular weight = 170 ...
	Hydroxyapatite sample extraction
	Fish scales were collected and washed several times using tap water to remove flesh, gills, and other impurities. Then, the fish scales were dried in static air at 80  C for 24 hours. The dried fish scales were boiled for 3 hours, while being stirred ...
	Characterisation of HAp
	Batch adsorption study
	Analysis of adsorption isotherm
	Characterisation study: Fourier transform infrared
	The FTIR analysis  was  conducted  to identify  the surface  functionalities of HAp samples that were calcined at 500  C to 1,000  C. The spectra of HAp prepared in-house were compared with commercial HAp, as shown in  Figure 1. The peak appearing at ...
	Figure 1.  FTIR spectra of commercial HAp and HAp samples prepared in-house, calcined at 500  C to 1,000  C
	X-ray diffraction
	Scanning electron microscope
	Figure 3.  Surface morphology (a) HAp500, (b) HAp600, (c) HAp700, (d) HAp800, (e) HAp900, (f) HAp1000.  Magnification is 1000x
	Evaluation performance of HAp for gallic acid removal: Effect of calcination temperature of HAp
	Effect of initial concentration and adsorption isotherm
	Langmuir and Freundlich isotherms are commonly used to compare and analyse the behaviour of the isotherm mechanisms. The adsorption process was tested with different initial concentrations of gallic acid solution, from 50 to 100 mg/L using HAp800. The...
	Figure 5.  The plotted graphs (a) Langmuir isotherm and (b) Freundlich isotherm for gallic acid adsorption with HAp800 at 60  C and shaken at 240 rpm
	The Freundlich graph shows that the slope value is considerably high (0.862), indicating the high heterogeneity of the adsorbent surface [13]. According to Table 1, the value of n is within 0.1 < 1/n < 1, which shows that the adsorption is favourable....
	Table 1.  Langmuir and Freundlich isotherm constants for gallic acid adsorption by HAp800 at 60  C
	and shaken at 240 rpm
	Effect of time and kinetic analysis
	The adsorption was conducted at different time intervals. Gallic acid removal was the highest (78.9%) at 480 minutes upon the introduction of 10 g/L of HAp800 and initial concentration of gallic acid solution of 100 mg/L (Figure 6). The figure shows a...
	Figure 6.  Removal of gallic acid at different reaction times, with initial concentration of 100 mg/L,  HAp dosage of 10 g/L, temperature at 60  C, and shaken at 240 rpm
	Table 2.  Kinetic parameters for the first-order, pseudo-second order, and intraparticle diffusion of gallic acid in the presence of HAp800, with initial concentration of 100 mg/L, temperature at 60  C and shaken at 240 rpm
	Gallic acid adsorption on HAp was assumed to follow the pseudo-second order theory. However, in the capacity of equilibrium adsorption, the first-order model (7.867 mg/g) was closer to the experimental qe (7.498 mg/g) compared to the pseudo-second ord...
	Figure 7.   The plotted graphs of (a) first-order kinetic, (b) pseudo-second order kinetic and (c) intraparticle diffusion of gallic acid in the presence of HAp800 and initial concentration of 100 mg/L, temperature at 60  C and shaken at 240 rpm
	Table 3.  Pseudo-second order kinetic parameters for different gallic acid concentrations in the presence of HAp800: dosage of 10 g/L, temperature at 60  C, and shaken at 240 rpm
	Effect of dosage
	The effect of dosage on the adsorption process was analysed by adding 1, 5, 10, 15, 20, and 25 g/L of HAp to  100 mg/L of gallic acid. According to the graph shown in Figure 8, the percentage of gallic acid removal is increased with increasing HAp dos...
	Figure 8.    Percentage of removal and adsorption capacity at different HAp dosages. Initial gallic acid concentration = 100 mg/L, temperature = 60  C, and time = 240 minutes
	Effect of temperature
	Figure 9.    The effect of reaction temperature on the adsorption capacity of HAp800. Initial gallic acid  conentration = 100 mg/L, HAp dosage = 10 g/L, time = 240 minutes
	HAp was successfully extracted from fish scales using the enzymatic extraction method. HAp samples that were calcined between 500  C to 1,000  C employed herein were able to adsorb gallic acid. The percentage of gallic acid removal was the highest (78...
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	Johor Straits is one of the most polluted coastal areas in the southern part of Peninsular Malaysia and sampling of green mussels in various sizes and locations (e.g., cultured, wild and local market) was conducted to investigate its ability to accumu...
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	Abstrak
	Selat Johor adalah kawasan pinggir pantai yang tercemar di bahagian Selatan Semenanjung Malaysia dan pensampelan kupang dalam pelbagai saiz dan lokasi (contoh seperti ternak, liar dan pasaran tempatan) dilakukan untuk memeriksa keupayaan akumulasi 210...
	Kata kunci:  radioaktiviti, kupang, makanan laut, radiasi, pencemaran
	The safety of seafood consumption garners serious attention in tandem with increased global preference for seafood [1]. Apart from the problems caused by the use of antibiotics, radioactivity levels in seafood are also a concern of seafood consumers. ...
	The Straits of Johor is located in the southern part of Peninsular Malaysia where the west and east part of the straits is separated by a causeway built in 1924. The water body has been blocked and water in the strait cannot flow freely between the so...
	The production of green mussel in the Straits of Johor is also famous because of the availability of spat fall. This study would clearly reveal the impacts of urbanization from both sides i.e., Malaysia and Singapore, and their contribution to the inc...
	Materials and Methods
	Sampling was conducted on 25th March 2014 and 1st June 2014 in the west coast of the Johor Straits, Malaysia, indicated as culture farm station (ST02, ST03, ST07, ST08, ST09), wild station (ST04, ST05, ST06) and market station (ST01) (Figure 1). Sampl...
	The sample was dissolved in 0.5 M hydrochloric acid and 1.0 g of ascorbic acid to reduce Fe (III), and 210Po was spontaneously deposited on brightly polished silver discs (2 cm diameter) for a period of 1 to 2 hours at a temperature of 70-90  C. The d...
	Figure 1.  Sampling stations in the west coast of Johore Straits, Malaysia
	210Po activity concentrations in the green mussels
	210Po activity concentrations in green mussels of dry and wet samples varied between sampling locations (Table 1). A comparison of 210Po activity concentrations between the stomach and tissue of the green mussels showed that the stomachs have a remark...
	Figure 2.  Correlation between wet and dry weight (g) of tissue of green mussels.
	The distribution of natural radionuclide e.g., 210Po will accumulate in the stomach and edible tissue body of green mussels. According to the International Commission on Radiological Protection (ICRP), ingested food will first accumulate into the stom...
	210Po activity concentrations vary in green mussels regardless of the origin of the samples obtained (Table 1). Although Carvalho and Fowler [21] showed that most dissolved 210Po in water is absorbed by the outer surface of the organism instead of inc...
	Green mussels’ diet
	Radionuclide concentrations of 210Po are consistently found in green mussels, though the strength of that concentration varies with sample stations (Table 1).   Generally, green mussels obtained from wild locations showed higher mean 210Po levels in t...
	Therefore, precautions should be taken in the consumption of green mussels from the Straits of Johor due to the slightly higher risks of radiation as the levels found in the study are higher than the permitted levels recommended by the USEPA; an estim...
	Figure 3.  Correlation between mussel length (mm) and 210Po activity concentrations (Bq/kg) in various organs obtained during this study
	210Po activity concentrations vary in green mussel body parts (e.g., stomach and tissues) and also vary between the organism’s source (e.g. wild, cultured or market). Samples from the wild showed the highest concentrations of natural polonium activity...
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	PAHs are a group of anthropogenic pollutants that are widely distributed in the environment. Their presence is of concern because many of these PAHs have carcinogenic and mutagenic properties [1]. In the marine ecosystem itself, PAH contaminants may c...
	The Terengganu coast is located in the east coast of Peninsular Malaysia. Main human activities that might contribute to the presence of PAHs in the area are operational discharge from fishing vessels, tourist boats and ferries activities plying betwe...
	Mohd Tahir et al. [9] had reported on the distribution and sources of PAHs in sediment cores from the Southern Terengganu coast, covering an area from Dungun to Kemaman coast. The concentration of total PAHs from the sediment cores that were collected...
	Study area
	Sampling was carried out during 6th-13th May 2014 using the RV Discovery. Sixteen sampling sites (station 1-16) were  selected  along  the Terengganu coast, covering an area from Bachok (Tok Bali) to Kemaman (Kerteh) (Figure 1). The coordinates of the...
	Overall result from the selected PAHs diagnostic ratios suggested the dominance of pyrolytic PAH sources over the petrogenic sources in sediments of the Terengganu coast. According to Abdel-Shafy et al. [1] the pyrolytic PAHs are formed when organic s...
	The ΣPAH concentration found in this study ranged from 20-790 ng/g, with a mean concentration of 131 ng/g. Evaluation of selected PAH diagnostic ratios suggested that pyrolysis was the main source of the 16 USEPA priority pollutant PAHs, with minor co...
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	IONOTHERMAL SYNTHESIS OF ZN-BASED METAL ORGANIC FRAMEWORKS IN PYRIDINIUM IONIC LIQUID
	Kerangka logam-organik (MOF) adalah kerangka kristal berliang yang telah disiasat sebagai penyerap untuk mengeluarkan perwarna, logam ion, bahan pencemar daripada ubat-ubatan, dan pelarut organik daripada air. Walau bagaimanapun, sintesis tradisional ...
	Kata kunci:  kerangka logam-organik, cecair ionik, zink, piridinium
	Materials and Methods
	Materials
	Synthesis of ILs
	40 mmol of 1-bromohexadecane and 33 mmol of pyridine were mixed and the mixture was added into 10 mL of 95% ethanol. The mixture was then refluxed at 170 C for 24 hours. The resulting mixture was cooled below freezing point to allow precipitation and ...
	Synthesis of Zn-BTC and Zn-BDC
	Zinc nitrate hexahydrate (Zn(NO3)2.6H2O) was mixed with benzene-1,3,5-tricarboxylic acid (H3BTC) ligand, with and without the addition of TEA in 10 ml of 1-hexadecylpyridinium bromide IL media. The ratio used for the reaction mixture was 6:1 of metal ...
	For the synthesis of Zn-BDC
	The organic ligand was changed to benzene-1,4-dicarboxylic acid (H2BDC) and other experimental conditions were the same with those above. Table 1 shows the list of starting materials used in the synthesis and the metal: ligand ratio for all compounds.
	Table 1.  Starting materials and metal: ligand ratio for each compound
	For the synthesis of compounds 2 and 4 (without the addition of TEA), no solid product formed after washing with methanol, indicating the importance of TEA to facilitate the reaction. Yield for 1, 67%, and for 3, 75% (based on the organic ligand used).
	Characterizations
	Powder X-ray Diffraction (PXRD) data were recorded at ambient temperature on a Shimadzu-600 diffractometer with Cu Kα radiation (λ=15406Å, 30kV, and 40 mA) with a scan speed of 2  min-1 and a step size of 0.02  in 2theta. Fourier Transform Infrared Sp...
	The FTIR spectra (Figure 1) confirm the presence of all the functional groups present in Zn-BDC and ZN-BTC, respectively. The two sharp intense peaks at 1551 cm-1 and 1360 cm-1 are characteristic of the symmetric and asymmetric stretching of C-O bonde...
	Table 2.  The main IR characteristic absorption peaks for both compounds
	Powder X-ray diffraction pattern of Zn-BDC and Zn-BTC
	The X-ray diffractograms of the samples are shown in Figure 3. Zn-BDC product was observed as a single-phase, meanwhile Zn-BTC gave two phases under the conditions given in the experimental section as shown in the PXRD patterns in Figure 3. However, t...
	Addition of the weak base, triethylamine (TEA) to deprotonate the organic ligands in order to precipitate MOF is required as without the addition of base, products were not formed. This showed that the use of TEA as a base is necessary when zinc nitra...
	In this study, we have explored another efficient method that respects the principle of green chemistry using a new solvent system to synthesis Zn-MOFs at room temperature. The FTIR and PXRD results demonstrate that Zn-BDC and Zn-BTC can be reproduced...
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	DEVELOPMENT AND VALIDATION OF HPLC METHOD FOR QUANTIFICATION OF DOCETAXEL IN PALM-BASED
	NANOEMULSION AEROSOLS
	(Pembangunan dan Validasi Kaedah KCPT untuk Kuantifikasi Docetaxel di dalam Nanoemulsi Aerosol Berasaskan Sawit)
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	Lung cancer is the leading cause of cancer-related deaths worldwide. Among the most potent of chemotherapeutic drugs used for lung cancer treatment are the taxanes, including docetaxel. However, the drugs’ efficacy in combating the disease is reduced ...
	Keywords:  aerosols, docetaxel, high-performance liquid chromatography, nanoemulsion, lung cancer
	Kanser paru-paru adalah punca utama kematian akibat kanser di seluruh dunia. Antara ubat kemoterapi yang berkesan digunakan untuk rawatan kanser paru-paru ialah taxane, termasuk docetaxel. Walau bagaimanapun, keberkesanan ubat dalam merawati penyakit ...
	Kata kunci:  aerosol, docetaxel, kromatografi cecair prestasi tinggi, nanoemulsi, kanser paru-paru
	Docetaxel (DTX) is a chemotherapeutic drug derived from a natural inactive precursor of 10-deacetyl baccatin III, extracted from the Yew plant (Taxus genus). DTX is approved by the Food and Drug Administration (FDA) for the treatment of non-small-cell...
	Inhalation therapy of lipid-based carrier system has gained considerable attention for local non-invasive drug delivery. This system is a suitable alternative to deliver high local drug concentration to the desired region in the lungs, while significa...
	Materials and Methods
	Materials
	Docetaxel (DTX) (98% purity) and trifluoroacetic acid (99% extra purity) were purchased from Acros Organics, UK. Lecithin Lipoid S75 was purchased from Lipoid via GmbH, Germany. Safflower seed oil, Tween® 85 and Span® 85 were purchased from Sigma-Aldr...
	Instrument and chromatographic conditions
	Chromatographic analysis for detection of DTX was performed using the high-performance liquid chromatography (HPLC) (Waters, USA) equipped with Breeze software, dual GM150 gradient mixers in the 1525 pump, waters 2489 UV/Visible detector and C18 analy...
	Preparation of nanoemulsion sample
	A stable of DTX-loaded nanoemulsion was prepared with 0.1% DTX, 5.0 wt.% palm kernel oil esters (PKOEs) and safflower seed oil (9:1, w/w), 2.5 wt.% lecithin, 2.0 wt.% Tween® 85 and Span® 85 (9:1), 2.5 wt.% glycerol, and 87.9 wt.% water using high ener...
	Preparation of standard solution
	Linearity test
	Sensitivity test
	Precision and repeatability test
	Accuracy test
	Cascade impactor analysis
	The proposed HPLC method was successfully developed and validated according to ICH guidelines and was found to fulfill the requirements and exhibited acceptable values of recovery. The method was found to be simple, fast, precise and highly accurate f...
	Acknowledgement
	This work was supported by the Universiti Putra Malaysia (UPM) and LRGS NanoMITe-Ministry of Higher Education, Malaysia (RU029-2014/5526306).

	Akmalazura_24_2_3.pdf
	PHYTOCHEMICAL SCREENING AND ANTIOXIDANT ACTIVITY OF Psidium guajava
	(Saringan Fitokimia dan Aktiviti Antioksidan terhadap Psidium guajava)
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	Psidium guajava or commonly known as guava is useful to treat gastroenteritis, dysentery, stomach pain and indigestion. In this study, the leaves of this species were screened for its phytochemical and antioxidant activity. The phytochemicals were ext...
	Keywords:  Psidium guajava, phytochemical screening, antioxidant
	Abstrak
	Psidium guajava atau dikenali sebagai jambu batu berguna bagi mengubati gastroenteritis, disenteri, sakit perut dan masalah pencernaan. Dalam kajian ini, daun spesis ini telah disaring untuk fitokimia dan aktiviti antioksidan. Fitokimia telah diekstra...
	Kata kunci:  Psidium guajava, saringan fitokimia, antioksidan
	Reactive oxygen species (ROS) such as superoxide (,O-2--.˙), hydroxyl (HO˙) and peroxide radicals (ROO˙) are chemically reactive molecules that are produced from oxygen metabolism [1]. Their excessive production can cause severe damage to cells and ti...
	Psidium guajava is commonly known as guave, goyave, or goyavier in France; guave, Guavenbaum, or Guayave in Germany; banjiro in Japan; goiaba or goiabeiro in Portugal; araçà-goiaba, araçà-guaçú, or guaiaba in Brazil; guayaba, or guayabo in Spain and g...
	Materials and Methods
	Plant material and preparation of extracts
	The leaves of P. guajava were collected in February 2018 from Muar, Johor, Malaysia. The leaves were subjected to air-dried and ground into fine powder. The powdered leaves (200 g) were soaked sequentially with n-hexane (2 L), chloroform (2 L) and met...
	Phytochemical screening
	The extracts were tested for the presence of alkaloids, flavonoids, phenolic compounds, terpenoids, steroids and saponins.
	Test for alkaloids (Wagner’s test)
	Six drops of Wagner’s reagent were added to 2 mL of crude extract. The Wagner’s reagent was prepared by mixing iodine in potassium iodide solution. The formation of brown or reddish precipitate indicates the presence of alkaloids [15].
	Test for flavonoids (Ferric chloride test)
	Crude extract (2 mL) was treated with a few drops of ferric chloride solution. The intense green colour of the solution shows the presence of flavonoids [16].
	Test for phenolics (Ferric chloride test)
	A few drops of ferric chloride solution were added into each crude extract (2 mL). The appearance of a bluish black colour shows the presence of phenolic compounds [17].
	Test for terpenoids (Salkowski test)
	Each crude extract (1 mg) was mixed with chloroform (2 mL) and concentrated sulphuric acid (1 mL). The formation of reddish-brown colour at the interface indicates the presence of terpenoids [2].
	Test for steroids (Salkowski test)
	About 100 mg of dried crude extract was dissolved in 2 mL of chloroform. About 2-3 drops of sulphuric acid was carefully added to the extract to form a lower layer. A reddish-brown colour at the interface was indicative of the presence of steroidal ri...
	Test for saponins (Foam test)
	Distilled water (2 mL) was added to 2 mL of crude extract. The mixture was shaken vigorously for 15 minutes period. The persistence of foam produced after 15 minutes indicates the presence of saponins [19].
	Antioxidant assay
	Antioxidant activity was performed using 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay. The method was performed as described by the previous study with slight modifications [20]. Each sample (1.0 mg) was dissolved in methanol (1 mL) t...
	Percentage Inhibition (%) = [ADPPH blank – (ASample - Ablank sample)] / ADPPH blank x 100                        (1)
	where ADPPH blank is the absorbance of DPPH reagent and methanol, Asample is the absorbance of sample solution with DPPH reagent and Ablank sample is the absorbance of sample solution with methanol. The IC50 value was defined as the concentration of e...
	Percentage yield of extracts
	The removal of solvents under reduced pressure yielded n-hexane, chloroform and methanol extracts as shown in Table 1. The methanol extract gave the highest extraction yield of 9.65%, followed by chloroform (2.22%) and n-hexane (1.49%) extracts. These...
	Table 1.  Yield of P. guajava leaves extracts
	Preliminary phytochemical screening
	The results of qualitative phytochemical analysis for the n-hexane, chloroform and methanol extracts are presented in Table 2. From the findings, it was found that n-hexane extract contained steroids and terpenoids, while chloroform extract showed the...
	Table 2.  Phytochemical screening of P. guajava leaves extracts
	The phytochemicals detected in the leaves of P. guajava have been reported to offer countless benefits of medicinal importance. For examples, phenolics and flavonoids demonstrate many biological activities, such as antioxidant [23], antimicrobial [24]...
	DPPH radical scavenging activity
	Data on the DPPH radical scavenging activity of n-hexane, chloroform and methanol extracts of P. guajava leaves along with the standard antioxidant, ascorbic acid is presented in Table 3. The samples that showed p <0.05 were considered to have a stati...
	Table 3.  DPPH radical scavenging activity of P. guajava leaves extracts
	Data represent mean ± standard deviation of three replicate experiments; ND = not determined
	a = p < 0.01, b = p < 0.001
	The phytochemical screening revealed that the leaves extracts of P. guajava from Johor, Malaysia comprise of various beneficial phytochemicals such as flavonoids, steroids, saponins, phenols and terpenoids. This study also disclosed that the methanol ...
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	ENZYME CATALYZED ESTERIFICATION OF SUGAR BY THERMOSTABLE T1 LIPASE FROM Geobacillus zalihae IN IONIC LIQUID
	(Pengesteran Berenzim Gula oleh Lipase Termostabil T1 dari Geobacillus zalihae dalam Cecair Ionik)
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	Thermostable T1 lipase from Geobacillus zalihae strain was utilized in esterification of various sugars with fatty acids to form fatty acid sugar esters. Fatty acid sugar esters (FASE) are an important class of non-ionic surfactant which possesses goo...
	Keywords:  T1 lipase, fatty acid sugar ester, ionic liquid, esterification, [Bmim][BF4]
	Abstrak
	Lipase termostabil T1 dari strain Geobacillus zalihae telah digunakan dalam pengesteran pelbagai gula dengan asid lemak untuk membentuk ester gula asid lemak. Ester gula asid lemak (FASE) adalah kelas surfaktan bukan ionik yang penting yang mempunyai ...
	Kata kunci:  lipase T1, ester gula asid lemak, cecair ionik, pengesteran, [Bmim][BF4]
	Thermostable T1 lipase from Geobacillus zalihae sp. strain was first introduced and isolated by Leow and his co-workers [1, 2] with an aim to produce excellent thermostable lipase which can retain its activity and stability at higher temperature. Ther...
	Fatty acid sugar ester (FASE) is widely known as non-toxic, odorless and biodegradable surfactant [4] which has good emulsifying, stabilizing, conditioning effect and antimicrobial properties [5]. This result in widespread usage of sugar ester in food...
	In large industrial scale organic solvent offers many advantages such as low price and viscosity. However, esterification of sugars in organic media suffers from low solubility of the highly polar sugars. Although polar solvent like dimethysulfoxide (...
	In this work, we aim to investigate the utility of thermostable T1 lipase in esterification of sugars with fatty acids in order to further understand the lipase selectivity and specificity. The initial screening of the reaction conditions was done usi...
	Materials and Methods
	Materials
	Crude free lipase from Geobacillus zalihae strain T1 was obtained from UPM, Selangor, Malaysia. 1-butyl-3-methylimidazolium tetrafluoroborate ([Bmim][BF4]), DMSO, caprylic acid and lauric acid were purchased from Merck, Germany. Oleic acid was obtaine...
	Lipase-catalyzed esterification and parameter screening
	The reactions were carried out in Eppendorf microcentrifuge tube (2 mL) and incubated in Eppendorf Thermomixer. Sugar (galactose, glucose, fructose, sucrose, maltose, trehalose or xylitol; 0.05 mmol) was dissolved in DMSO (50 µL) at 60  C for 30 minut...
	Analysis and characterization
	Sample for HPLC analysis was prepared by dilution of 20 µL of reaction mixture into 40 µL of acetonitrile: methanol (1:1) and centrifuged at 4000 rpm for 15 minutes. The clear supernatant was filtered into micro volume vial inserts and injected to HPL...
	Effect of temperature
	The effect of temperature on the activity of T1 lipase in the esterification reaction was studied at 50-80  C. Initially, the percentage conversion increased as the temperature was raised and the highest conversion (67%) was recorded at 65  C (Figure ...
	Figure 1.  Effect of reaction temperature on percentage of conversion in esterification of galactose with oleic acid. Conditions: galactose (0.05 mmol), oleic acid (0.1 mmol), DMSO:[Bmim][BF4] (1:20, 50 μL:1 mL), T1 lipase  (2%, w/w), 2 hours.
	The time profile of the esterification reaction
	The time profile of the reaction was studied in the range of 0-240 minutes. Previously, we reported that for esterification of galactose in DMSO:[Bmim][BF4] (1:20) mixture, the maximum conversion can be achieved within 2 hours and the reaction was fol...
	Figure 2.  The time profile of esterification of galactose with oleic acid. Conditions: galactose (0.05 mmol), oleic acid (0.10 mmol), DMSO:[Bmim][BF4] (1:20, 50 μL:1 mL), T1 lipase  (2%, w/w), 60  C.
	The effect T1 lipase loading
	The effect of T1 lipase loading amount was studied by varying the amount of T1 lipase from 1-5% (w/w). It was found that at low loading amount, 1-3% (w/w), the conversion was already optimum in the range of 60-63%. However, when the enzyme loading was...
	Figure 3.  Effect of enzyme loading on percentage of conversion in esterification of galactose with oleic acid. Conditions: galactose  (0.05 mmol),  oleic acid (0.10 mmol), DMSO:[Bmim][BF4] (1:20, 50 μL:1 mL), 60  C, 2 hours.
	The effect of fatty acids chain length
	In the galactose esterification reaction, different aliphatic fatty acids with varying length and unsaturation level [levulinic acid (C5), caprylic (C8), lauric (C12), oleic (C18:1) and linoleic acid (C18:2)] were utilized to investigate the selectivi...
	Figure 4.  Effect of acyl donor on percentage of conversion in esterification of galactose with oleic acid. Conditions:    (0.05 mmol), oleic acid (0.10 mmol), DMSO:[Bmim][BF4] (1:20, 50 μL:1 mL), T1 lipase  (2% (w/w), 60  C, 2 hours.
	The effect of acyl acceptor
	In order to investigate the sugar preference of T1 lipase, esterification of linoleic acid with various sugars (glucose, fructose, sucrose, maltose, trehalose, xylitol and galactose) were carried out. Linoleic acid was chosen as the acyl donor in this...
	Figure 5.  Effect of acyl donor on percentage of conversion in esterification of linoleic acid with various sugars. Conditions: sugar (0.05 mmol), oleic acid (0.10 mmol), DMSO:[Bmim][BF4] (1:20, 50 μL:1 mL), T1 lipase  (2% (w/w), 60  C, 2 hours.
	Enzymatic transesterification of maltose has previously been achieved in good yield in organic solvents and using various lipases; tert-butanol/DMSO, lipase from Humicola lanuginosa (immobilized on Celite) [34]; tert-butanol, C. antarctica lipase  [35...
	Successful enzymatic esterification of sugars in IL using thermostable T1 lipase with various fatty acid has been reported. Optimum temperature for T1 lipase in this work was like previous report. We can conclude that T1 lipase has the potential to sy...
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	CONTROLLED CONCENTRATION OF Mn SALT FOR THE SYNTHESIS OF MANGANESE OXIDE/MESOPOROUS CARBON FILM AS POTENTIAL ELECTRODES FOR SUPERCAPACITOR
	(Kepekatan Garam Mn Terkawal terhadap Sintesis Mangan Oksida/Karbon Filem Berliang Meso sebagai Elektrod Berpotensi bagi Superkapasitor)
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	Manganese oxide (Mn2O3) mesoporous carbon (MPC) was synthesized by the incipient wetness of impregnation at room temperature and followed by calcination of 300  C. The structure and morphology of Mn2O3/MPC were characterized by Fourier transform infra...
	Keywords:  manganese oxide, mesoporous carbon, composite, specific capacitance, supercapacitor
	Abstrak
	Mangan oksida (Mn2O3) karbon filem berliang meso (MPC) telah disintesis melalui kaedah serapan basah pada suhu bilik dan diikuti oleh proses pengkalsinan pada suhu 300  C. Struktur dan morfologi Mn2O3/MPC dicirikan oleh spektrum inframerah transformas...
	Kata kunci:  mangan oksida, karbon berliang meso, komposit, kapasitan khusus, superkapasitor
	Supercapacitors are widely used for electrochemical energy storage devices that are specifically tailored for rapid storage and energy release. Supercapacitors store energy using either electron/ electrolyte interface ion adsorption (electric double-l...
	In fact, transition metal oxide and conducting polymer were also used to improve the specific capacitance and power density of the supercapacitors by taking benefit of their pseudocapacitive behaviour [1-2]. Conventional carbon materials, including me...
	Therefore, carbon material of MPC film through sol gel polymerization and self-assembly of resorcinol and formaldehyde under ambient conditions is developed in the present study. In order to combine outstanding electrochemical efficiency of MPC with p...
	Materials and Methods
	Synthesis of Mn2O3/MPC composites film
	The fabrication of MPC carbon film was carried out by polymerization of Resorcinol (R) and Formaldehyde (F) with triblock copolymer Pluronic F127 (F127) as a pore forming agent and hydrochloric acid (HCl) as a catalyst [16]. Prior to the incorporation...
	Characterization
	IR measurements of the samples were carried out with a Fourier transform infrared (FTIR) spectrometer (Perkin Elmer Spectrum 100) in the range of wave numbers from 4000 to 500 cm−1. FESEM images were obtained using a field emission scanning electron m...
	Electrochemical measurement
	All electrochemical analyses were carried out using a three-electrode cell system. Tests consisting of cyclic voltammetry tests (CV), galvanostatic charge-discharge testing (GCD) and electrochemical impedance spectroscopy (EIS) were carried out using ...
	,𝐶-𝑚.= ,𝐼∆𝑡-∆𝑉 𝑥 𝐴.                                                                                                                                     (1)
	where Cm is the specific capacitance in farads (F) per area (cm2), I is the current of charge/discharge current, Δt is the discharging time, A is the area of the material of the electrode and V is the potential window. Using equations 2 and 3, the ene...
	𝐸= ,1-2. 𝐶(,∆𝑉)-2.                                (2)
	𝑃= ,𝐸-∆𝑡.                   (3)
	where E is the density of energy in Wh/kg, C is the specific capacitance of an electrode obtained from CV, V is the potential window, P is the density of power in W/kg, and Δt is the discharge time.
	Figure 1 shows the FTIR spectrum of the sample at various concentrations of Mn salt. The large absorption band centred at 3160 - 3384 cm−1 corresponds to the stretching vibration of the adsorbed water in the samples. The absorption bands for all sampl...
	Figure 1.  FTIR spectrum of composite film Mn2O3/MPC at different concentrations of Mn salt
	Figure 2 (a)-(d) show the FESEM images of Mn2O3/MPC composite film samples at different concentrations of Mn salt. The FESEM images of 100,000 x magnification reveal that the concentration of Mn salt could increase the amount of deposited Mn2O3 nanopa...
	Figure 2.   FESEM images of composite film samples of Mn2O3/MPC at different concentrations of Mn salt: (a) 0 wt.% (b) 5 wt.% (c) 10 wt.% (d) 15 wt.% (e-g) EDX of Mn2O3/MPC with Mn salt from 5 wt.% to 15 wt.%
	Table 1.  Elemental analysis (EDX) for composite film Mn2O3/MPC based on the concentration of Mn salt.
	The thickness was one of the beneficial properties for enhancing the surface contact and electrical conductivity of the film and the electrolyte ions at the electrode-electrolyte interface [19]. The surface profiler confirmed this results that the thi...
	Table 2.  Average thickness of MPC and Mn2O3/MPC composite film
	The surface morphology of the MPC and Mn2O3/MPC films was observed by atomic force microscopy (AFM) topographic as depicted in Figure 3(a) and 3(b), respectively. The MPC films are seen flat and uniform based on the analysis. The surface is also cover...
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	Figure 3.   AFM images 2D and 3D of (a) MPC (b)Mn2O3/MPC composite film
	Figure 4(a) shows the cyclic voltammetry (CV) curves for optimized Mn2O3/MPC composite film that was calcined for 2 hours at a temperature of 300  C. This sample was observed in the potential range of 0.8 to-0.2 V at different scanning rates ranging f...
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	Carboxymethyl sago starch (CMSS) hydrogel was prepared by dissolving CMSS in hydrochloric acid (HCl) solution under vigorous stirring to form a gel. The parameter studied were the effect of the percentage of CMSS, the concentration of the acid solutio...
	Keywords:  hydrogel, carboxymethyl sago starch, crosslinking, characterization,swelling
	Abstrak
	Hidrogel karboksimetil kanji sagu (CMSS) telah disediakan dengan melarutkan CMSS dalam larutan asid hidroklorik (HCl) di bawah pengadukan kuat untuk membentuk hidrogel. Parameter yang dikaji untuk mengoptimumkan penyediaan hidrogel CMSS, antaranya ter...
	Polysaccharides are polymeric carbohydrate molecules that can be subjected to a wide range of chemical and enzymatic reactions. They have biocompatible and biodegradable properties with low immunogenicity. Polysaccharides can be easily obtained and fo...
	Chemical modification is introduced to overcome the inherent defects and gain innovation in the utilization of starch. It involves the introduction of various functional groups into a starch structure including cationic and anionic group [4]. Sago sta...
	Hydrogels are polymer networks that are able to absorb and retain a huge amount of water due to the presence of its hydrophilic group. The term “network” is implied indicating that cross-links must present for the prevention of the dissolution of the ...
	This paper aims to prepare and characterize carboxymethyl sago starch hydrogel and study its swelling behavior. The finding may lead to potential drug and vaccine carriers in future studies. Currently, the use of biopolymers in drug delivery and vacci...
	Materials and Methods
	Materials
	Carboxymethyl Sago Starch (D.S 0.75) was prepared at Nuclear Malaysia Laboratory, Bangi Selangor. Sago starch was supplied by Song Ngeng Sago Ind. Sibu Sarawak. The CMSS had been synthesized and purified as described in Zainuddin [13]. The degree of s...
	Preparation of CMSS hydrogel
	CMSS hydrogel was prepared by dissolving the CMSS in HCl solution under vigorous stirring and left in a petri dish to allow the crosslinking process to complete. CMSS hydrogel was put into a tea bag and immersed in deionized water at room temperature ...
	Gel Content and Swelling of CMSS Hydrogel
	The measurement of gel content was carried out in deionized water at room temperature. The insoluble part of the CMSS hydrogel after immersion was measured to estimate the content of the hydrogel. The swollen sample after immersion indicates the degre...
	𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝐺𝑒𝑙 𝐶𝑜𝑛𝑡𝑒𝑛𝑡=,,𝑊2-𝑊1..𝑥 100                (1)
	where W1 is the initial weight of the hydrogel before immersion and W2 is the weight of the dried insoluble part of hydrogel after immersion.
	Swelling studies in different media
	A completely dried CMSS hydrogel was weighed and immersed in 150 mL deionized water at room temperature for 48 hours. And then, the CMSS hydrogel was removed, weighed and dried. The degree of swelling was calculated by the following equation:
	𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 = (𝑊𝑠 – 𝑊𝑑)/𝑊𝑑                  (2)
	where Ws is the weight of swollen hydrogel and Wd is the initial weight of xerogel. The swelling studies were investigated by using different immersion media such as buffer solution at different pH levels, pH (4, 7, and 10), salt solution (NaCl), 1.0 ...
	Characterization of CMSS hydrogel
	The structures of sago, CMSS, and CMSS hydrogel were identified by FTIR analysis using a spectrometer (100 Series Perkin Elmer) with universal Attenuated Total Reflectance (UTAR) technique. All samples were analyzed in powder form, irradiated with inf...
	Preparation of CMSS hydrogel:
	The effect of percentage of CMSS
	Figure 1 shows the percentage of gel content and degree of swelling of a various percentage of CMSS from 40 to 80% (w/v) in 1.0 M HCl solution. The percentage of gel content increased gradually with the increasing amount of CMSS from 40 to 60%. This i...
	Meanwhile, the degree of swelling is inversely proportional to the percentage of gel content. Increase in gel content caused a decrease in swelling capability. It may be due to the degree of crosslinking which affected the water uptake [15]. Higher CM...
	Figure 1.  Effect of percentage amount of CMSS in 1.0M HCl on gel content and swelling of CMSS hydrogel at room temperature for 24 hours of reaction time
	The effect of HCl concentration
	The effect of different concentrations (0.5 to 2.5 M) of HCl solution on gel content and degree of swelling of CMSS hydrogel is shown in Figure 2. The percentage of gel content increased as the concentration of HCl increased. Similar results have been...
	Pushpamalar et al. [16] reported in her study that hydrogels that are relatively weak and consist of a low number of intermolecular bonds can expand by absorbing water and holding it in their void. As the intermolecular bonds and the crosslink density...
	The third parameter investigated was the effect of reaction time from 12 to 72 hours. From the preliminary study, no gel was formed when the reaction time was less than 12 hours for a low concentration of CMSS.  Figure 3 shows that there is no signifi...
	Figure 3.  Effect of reaction time on gel content and swelling of 60% CMSS hydrogel in 2.0M HCl at room temperature
	The effect of reaction temperature
	The effect of the reaction temperature of 60% CMSS in 2.0M HCl at 12 hours of reaction time was examined from room temperature (24 ºC) to 70 ºC. Figure 4 shows a slight change in gel content as the temperature increased. This could be due to the degre...
	Figure 4.  Effect of reaction temperature on gel content and swelling of 60% CMSS hydrogel in 2.0M HCl at 12 hours of reaction time
	Swelling properties
	A hydrogel is known for its ability to absorb and hold a huge amount of solvent in its network structure. This swelling property is a very crucial factor for its further application. The swelling studies would suggest a good prediction on the ability ...
	Sadeghi et al. [17] also reported that this behavior is often attributed to the charge screening effect and ionic crosslinking of monovalent cations. In alkaline solution (NaOH and PBS 10), it was observed that there was no swelling degree recorded as...
	Figure 5.  Swelling of CMSS hydrogel at different media at room temperature
	Characterization of CMSS hydrogel:
	Fourier transform infrared analysis
	Figure 6 shows the FTIR spectra of sago starch, CMSS, and CMSS hydrogel. The spectrum of sago starch shows the absorption band at 3273 cm-1, which is due to O-H stretching vibration, as well as intramolecular and intermolecular hydrogen bonds in glyco...
	Figure 6.  FTIR spectra for Sago Starch, CMSS and CMSS Hydrogel
	The FTIR spectrum of CMSS shows the shifting of O-H stretching band to lower wavenumber at 3175 cm-1. This was probably due to the low intermolecular hydrogen bonds between the O-H group left in the glycosidic rings of CMSS prior to the substitution r...
	CMSS hydrogel spectrum shows a new absorption band at 1723 cm-1 indicating the presence of the COOH group. This shows that the Na in CMSS was being exchanged to H from the HCl solution. The concentration of HCl solution used was 2.0 M, thus a sharp ab...
	Thermogravimetric analysis
	TGA analysis is a convenient analysis to study the thermal decomposition and thermal stability of the polymer. It is a quantitative measurement of the weight change of a sample against the temperature applied. TGA thermograms of native sago starch, CM...
	For CMSS, the maximum weight loss occurred at 295.33 ºC which is lower than native sago starch before carboxymethylation (309.57 ºC) with 49.71% of total CMSS decomposed and 42.37% residue due to the presence of ash and sodium salt in CMSS. It had bee...
	Figure 7.  (a) TGA and (b) DTG thermograms of Sago Starch, CMSS and CMSS hydrogel
	SEM analysis
	Scanning Electron Microscopy (SEM) is an excellent technique in examining the surface morphology of a sample. Figure 8(a) shows a smooth surface and oval-shaped granules sago starch with a diameter in the range of 20-40 µm similar to the previous stud...
	Figure 8.  SEM images of (a) Sago starch, (b) CMSS and (c) CMSS hydrogel
	Carboxymethyl sago starch hydrogel was successfully prepared in the HCl solution. Carboxymethylation decreases the thermal stability of sago starch, but cross-linking increases the thermal stability of CMSS hydrogel. FTIR spectrum of CMSS hydrogel sho...
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	Acetobacter xylinum, an aerobic Gram-negative bacterium secretes ribbon-like cellulose polymer through the cell wall during growth. The information available on the growth determination of this organism was largely based on turbidimetric measurements ...
	Keywords:  Acetobacter xylinum, growth profile, total protein assay, bacterial cellulose
	Abstrak
	Acetobacter xylinum merupakan bakteria aerobik Gram negatif yang mengeluarkan polimer pita selulosa melalui dinding sel ketika pertumbuhan. Sebahagian besar maklumat tentang kaedah penentuan pertumbuhan organisma ini adalah melalui kaedah turbidimetri...
	Kata kunci:  Acetobacter xylinum, profil pertumbuhan, penentuan jumlah protien, selulosa bakteria
	Materials and Methods
	The preparation of inoculum
	The A. xylinum 0416 used in this study was purchased from the Malaysian Agriculture and Research Institute (MARDI), Serdang, Malaysia. Hestrin-Schramm (HS) medium was prepared as follows (% w/v): 4% glucose, 0.5% peptone, 0.5% granulated yeast extract...
	Fermentation process for growth profile studies
	The HS medium was prepared accordingly as described in the inoculum preparation procedures. Then 10% (v/v) of the inoculum was aseptically transferred to the sterile HS medium. The static fermentation process was carried out for 19 days at room temper...
	Cell dry weight measurement
	Turbidimetry measurement
	Similar to cell dry weight determination procedures, the cell pellets were rinsed before  being suspended with 1 mL of sterile deionized water. A 100 µL samples of the cell suspension were pipetted into 96 well of microplate and the turbidity was meas...
	Viable plate count
	HS agar was prepared by adding 1.5% technical agar to the HS medium. The mixture was boiled to solubilize the agar before being autoclaved at 121  C for 15 minutes at 15 psi. The sterile medium was cooled to 45–50  C before being poured into sterile p...
	Colony Forming Unit (CFU/mL) = ,𝑐𝑜𝑙𝑜𝑛𝑦 𝑓𝑜𝑟𝑚𝑖𝑛𝑔 𝑢𝑛𝑖𝑡 (𝐶𝐹𝑈)-𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑚𝐿).×𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟             (2)
	Total protein analysis: The preparation of bacterial suspension
	The samples of 5 mL of cell broth from 24 hours sampling intervals were centrifuged at 4,000 rpm for 20 minutes at 4 ºC. The pellets were harvested by removing the supernatants from the microcentrifuge tubes. The pellets were washed twice by adding 5 ...
	Protein extraction
	The extraction of proteins from A. xylinum cells was carried out through enzymatic and alkaline cell lyses prior to the quantification of the total protein content of the cells. The efficiency of protein extraction between the two methods was compared.
	Alkaline cell lysis was carried out by boiling 5 mL of cell suspension that was mixed with 4 mL of 3% (w/v) KOH for 20 minutes to release all proteins and nucleic acids. The mixture was cooled down to room temperature, and 1 mL of the boiled sample wa...
	Enzymatic cell  lysis  was  carried  out  by  using lysozyme from  chicken  egg  white lyophilized  powder,  protein ≥ 40000 units/mg protein. The cell lysis buffer was prepared by adding 5 mL of 1 M Tris HCl,  0.8 mL 0.5 M MgCl, 0.1 mL of Triton X-10...
	Protein quantification
	The protein quantification process was carried out using bovine serum albumin (BSA) at a concentration ranging from 1–1000μg/mL as the calibration standard as described by Lowry et al. [9]. Spectrophotometric measurements were done by using a microtit...
	The effect of alkaline and enzymatic cell lysis on total protein content
	Figure 1 shows the effect of cell lysis method on the total protein extracted from A. xylinum cells using alkaline and enzymatic cell lysis. Overall, the total protein concentration profile during the entire fermentation period showed similar pattern ...
	On the other hand, lysozyme reacts with the peptidoglycan layer and breaks the glycosidic bonds. For that reason, Gram-positive bacteria can be directly attacked by lysozyme, but in Gram-negative bacteria, the outer membrane needs to be rem oved befor...
	Figure 2 shows the results of bacterial growth profile measured by turbidimetric method in comparison to the total intracellular protein concentration profile obtained through alkaline cell lysis. The static fermentation process took 19 days to get th...
	In this study, the lag phase began on day 2 of the fermentation before entering the log phase. At this phase, the cellular metabolism started to be expressed and the bacteria cells began to increase in size. However, the cells were not competent to re...
	The log phase began at day 3 until day 13 where A. xylinum grew rapidly based on the results of the total intracellular protein concentration. At this phase, the growth medium was consumed at a maximal rate and the number of bacteria cells increased l...
	Figure 3 shows the results of bacterial growth profile measured by cell dry weight method in comparison to the total protein concentration profile obtained through alkaline cell lysis. Both profiles showed similar growth patterns, except that the deat...
	Figure 4 shows the results of the bacterial growth profile measured by the viable plate count method in comparison to the total intracellular protein concentration profile obtained through alkaline cell lysis. The results from the viable plate count m...
	The determination of the total protein content was shown to be a reliable and rapid method for the determination of the bacterial cellulose producer, A. xylinum growth. Unlike turbidimetric and dry weight measurements, the presence of contaminating ce...
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	AgO-supported hot spring mud (AgO-HSM) catalyst was prepared by introducing AgO onto HSM support through electrochemical method. The effect of preparation methods on the physical properties of the catalyst was studied. The interaction between silver s...
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	Abstrak
	Mangkin AgO yang disokong pada lumpur air panas (AgO-HSM) telah disediakan dengan memperkenalkan AgO ke atas sokongan HSM melalui kaedah elektrokimia. Kesan kaedah penyediaan sifat fizikal mangkin telah dikaji. Interaksi antara spesis perak dan HSM se...
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	Abstrak
	Rampasan sebatian pseudoephedrin daripada makmal dadah haram semakin meluas dilaporkan kerana sebatian tersebut telah disalahgunakan dalam menghasilkan dadah perangsang jenis amfetamin (ATS). Dalam makmal dadah haram berskala kecil, pil dekongestan ko...
	Kata kunci:  pseudoephedrine, makmal dadah haram, perisikan forensik
	Materials and Methods
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	Samples collection
	Figure 1.  ATR-FTIR spectrum of powdered samples containing pseudoephedrine
	Figure 9.  Three dimensional (3D) PCA score plot for samples extracted solvent extraction method
	Figure 10.   Three-dimensional (3D) score plot for the previously convoluted group comprising of BS, CS and ES samples
	Figure 11.  FTIR spectrum of the ES samples. The outlier which is represented by the purple line corresponds to
	ES sample detached from the ES cluster in the score plot
	Acknowledgement
	The authors gratefully acknowledged Universiti Sains Malaysia (USM) for funding this study under the Bridging grant scheme (304.PPSK.6316202) and Ministry of Higher Education Malaysia (MOHE) for the MyBrain15 scholarship awarded to Ms. Ainol Hayah Ahm...

	Zulkhairi_24_2_15.pdf
	SCREENING OF NATURAL COLOURS FROM VARIOUS NATURAL RESOURCES AS POTENTIAL REUSABLE VISUAL INDICATORS FOR MONITORING FOOD FRESHNESS
	(Saringan Pewarna Semula Jadi Daripada Pelbagai Sumber Semula Jadi Sebagai Indikator Visual Guna-Semula Untuk Pemantauan Kesegaran Makanan)
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	Natural colours have emerged as an alternative source of colours due to the high demand and public sensitivity towards the risk of using synthetic colours. Natural colours are non-hazardous and made from renewable resources, in which the supply is abu...
	Keywords:  natural colour, visual indicator, meat freshness
	Abstrak
	Penggunaan warna semula jadi telah berkembang pesat disebabkan kesedaran pengguna terhadap bahaya pewarna sintetik. Pewarna semula jadi tidak berbahaya dan boleh diperbaharui selain sumber yang mudah didapati serta tidak membahayakan alam sekitar. Kaj...
	Kata kunci:  pewarna semula jadi, indikator visual, kesegaran daging
	Nowadays, natural colour is important to enhance consumer acceptability as synthetic colour may cause serious health problems and hazardous effect. Natural colours are usually extracted from flowers, leaves, fruits and vegetables, seeds, insects, or a...
	The principal natural colours, most of which are used as additives, are carotenoids that give yellow to red colours, green pigment chlorophyll, and also anthocyanins, the pigments responsible for the shiny orange, pink, red, violet, and blue colours i...
	The incorporation of colours as changing indicators or sensing elements into food packaging materials is a new method to alert consumers to the conditions inside a food package. These indicators can facilitate the identification of products that are p...
	The quality and safety of a food product can be affected at various points during its distribution and transportation. Thus, any mishandling of the food product can have a significant impact on its safety and overall quality. For many consumers, the f...
	Intelligent packaging systems can be helpful to communicate with consumers and provide information about the conditions of the food through a direct visual change. However, the usefulness of the device can be limited if the method of intelligent packa...
	One method of communication that seems to work well with consumers is a change in colour in response to a change within the product itself. This change in colour should be sufficiently intense that it is easily recognised by consumers, processors, or ...
	In this study, naturally-derived colours from butterfly pea, red cabbage, turmeric, and beetroot were applied as the visual indicators in monitoring food freshness. Delphinidin, the major blue pigment extracted from butterfly pea, cyanidin from red ca...
	Materials and Methods
	Preparation of natural sources
	Natural sources (i.e., butterfly pea, red cabbage, turmeric, and beetroot) were dried in an oven at 40  C for 24 hours. Then, the sources were ground using a grinder and sieved. Powdered natural sources were stored in an air-tight container and kept i...
	Extraction of natural colours using ultrasonic method
	10 g of powdered samples was added to 150 mL of water and placed in a beaker. The beaker was placed in an ultrasonic bath and sonicated for 30 minutes at 27–30 MHz and 160 V. After sonication, the contents of the beaker were filtered through a filter ...
	Analysis of pH on natural colour extracts
	1 ml of each extract was added to 5 ml of buffer solutions of pH 1 to 14, and the colour change was observed [7] using a tintometer (Lovibond PFX880) to determine the CIE colour space coordinates, i.e. colour visible to the human eye, as specified by ...
	Ultraviolet-visible spectra measurement
	The absorption spectra of the natural colours were studied using an ultraviolet-visible (UV-Vis) spectrophotometer (Varioskan LUX, ThermoFisher Scientific) for determining the wavelength and absorbance responsible for the difference in the colour of i...
	Fabrication of anthocyanin-based visual indicator
	A visual indicator was made of filter paper (Whatman 42) with the dimension of 4.2 cm × 1.5 cm. The extracts from natural resources were immobilised on the indicator paper using spin-coated method. Seven strips of indicator paper were centrifuged with...
	Fourier transform infrared analysis
	The Fourier transform infrared (FTIR) spectra of the extracts were determined using the attenuated total reflection (ATR) method [6].
	Preparation of beef sample
	The semimembranosus muscle was taken from the top (inside) round of a cow carcass with insignificant fat content. The round portion obtained from the carcass was immediately kept in a cooler box and transported to the laboratory. Each portion obtained...
	Response of anthocyanin visual indicators towards beef
	The visual indicators were placed inside the container of the beef sample, where the indicators were in direct contact with the atmosphere inside the container and then stored at room temperature (25 ± 1 C) for 24 hours. This method was used to make s...
	Extraction of volatile compounds by headspace solid-phase microextraction-gas chromatography-flame ionisation detector
	The volatile extraction by HS-SPME-GC-FID was carried out according to the modified method of Ma [10]. The volatile components in the beef sample were adsorbed onto a 50/30 μm layer of divinylbenzene-carboxen-polydimethylsiloxane (Supelco Co., Bellefo...
	Measurement of pH on beef sample
	The pH of the beef sample was measured using a potable pH meter (LAQUAtwin, Horiba) with a flat sensor as the electrode. The beef sample was placed on the measuring electrode and the pH values were recorded.
	Statistical analysis
	The results from multiple samples were reported using analysis of variance (ANOVA) from Minitab software by means of the average values ± standard deviation. The data were analysed and the differences among mean values were processed by the Duncan's m...
	Extraction of natural colours
	Figure 1 shows the colours of Clitoria ternatea (CT), Brassica oleracea (BO), Curcuma longa (CL), and Beta vulgaris (BV) extracted using water. The pH of the natural colours was observed at pH 5.93, 6.40, 7.55, and 4.85, respectively. The colour space...
	Figure 1.  Natural colours for (a) CT, (b) BO, (c) CL, and (d) BV
	Table 1.  Values of colour space coordinates of the extracts
	Characterisation study: pH analysis
	Figure 2 shows the colour of CT, BO, CL, and BV extracts at distinct pH. The extracts from CT and BO showed a very significant colour change over the pH range. The trend of colour change was similar for CT and BO extracts; at pH 1–2, the colour was re...
	Figure 2.  Natural colours of (a) CT, (b) BO, (c) CL, and (d) BV at different pH values
	Characterisation study: UV-Vis analysis
	The UV-Vis spectra of natural colours from CT, BO, CL, and BV are shown in Figure 3. Different levels of absorption are shown along the spectrum of wavelengths. The maximum wavelengths at the maximum absorbance ((max) obtained were at 568, 540, 419, a...
	Figure 3.  UV-Vis spectra of all extracts
	Characterisation study: IR spectra of anthocyanin extracts
	In the FTIR spectra of anthocyanin extracts (Figures 4 and 5), broad peaks appeared at 3100–3600 cm-1, which are assigned to the fundamental stretching vibration of O-H hydroxyl groups. The absorption bands observed at 1640 cm−1 correspond to aromatic...
	Figure 4.  FTIR spectra of CT extract (a) and BO extract (b)
	Figure 5.  FTIR spectra of CL extract (a) and BV extract (b)
	Response of visual indicators towards the freshness of beef sample
	The response of the indicators towards a beef sample is shown in Figure 6. The results showed that at room temperature, the visual indicators changed their initial colour (purple for CT and light purple for BO) to green when the pH of the meat exceede...
	Figure 6.  Initial and final indicator response towards beef spoilage: (a) CT indicator, (b) BO indicator, (c) CL indicator, and (d) BV indicator
	Analysis on volatile compounds released from spoiled beef using HS-SPME-GC-FID
	HS-SPME-GC-FID was successfully applied to extract the volatile compounds from a beef sample. A complete extraction was achieved after 30 minutes of exposure. Figure 7 shows a chromatogram of the volatile compounds of beef sample after 24 hours at roo...
	Figure 7.  GC chromatogram of volatile compounds from (a) beef sample and (b) standard methylamine
	IR spectra of visual indicators
	Figure 8 presents the FTIR spectra of visual indicators for CT, BO, CL, and BV. The result was compared between (a) a plain indicator (i.e., without colour), (b) initial visual indicators (i.e. immobilised with colours), (c) final visual indicators af...
	Overall colour values of visual indicators
	The colour values for all visual indicators are tabulated in Table 2. The comparison of colour difference was done using Tukey's multiple comparison test, which is one of the several tests that can be used to determine which means amongst a set of mea...
	Figure 8.  FTIR spectra of the visual indicators from CT, BO, CL, and BV. [(a) a plain indicator (i.e. without colour), (b) initial visual indicators (i.e. immobilised with colours), (c) final visual indicators after exposure on the beef sample (i.e. ...
	Table 2.  Colour values of the visual indicators of CT, BO, CL, and BV (Different superscripts in the same line indicate significant differences (p < 0.05) according to the Tukey's test)
	This work employs natural colours from butterfly pea, red cabbage, turmeric, and beetroot as sensing elements for the detection of volatile compounds produced during the spoilage of beef sample. The natural colour visual indicators successfully displa...
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	Synthesis and SOLID-STATE structurAL ELUCIDATION of rhenium(I) complex with 1-cinnamoyl-3-(pyridIN-2-YL) pyrazole
	(Sintesis dan Penentuan Struktur Pepejal Kompleks Renium(I) dengan 1-Sinamoil-3-
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	Re(I) complexes have been described as a promising tool for DNA probes. Rhenium(I) tricarbonyl complexes have favourable structural features suitable for DNA intercalation such as the new rhenium(I) tricarbonyl complex with polypyridyl ancillary ligan...
	Keywords:  rhenium, carbonyl, π stacking, Hirshfeld, DNA probes
	Abstrak
	Kompleks Re(I) telah dikenali sebagai bahan yang berpotensi untuk prob DNA. Kompleks trikarbonil Re(I) mempunyai ciri struktur yang sesuai untuk interkalasi DNA seperti mana kompleks renium(I) trikarbonil dengan ligan ansilari polipiridina, fac-[Re(Cn...
	Kata kunci:  renium, karbonil, susunan π, Hirshfeld, prob DNA
	The Re(I) metal ion has been widely explored as an intercalation agent (1-5] since its d6 electron configuration promotes the formation of a low spin metal-ligand complex that prevents metal-DNA interaction, which is typically associated with heavy me...
	Herein, we present the synthesis and characterisation of the titled rhenium complex along with the description of the non-covalent intermolecular connections, geometry and solid-state architecture. This study discusses the fundamental structural chara...
	Materials and Methods
	Instrumentations
	The IR spectrum was recorded in the range of 4000-650 cm-1 using Agilent Cary 630 spectrophotometer. The NMR spectra were recorded by Bruker Ascend 400 spectrometer at 400 MHz and 100 MHz for 1H and 13C NMR, respectively by using tetramethylsilane (TM...
	Synthesis of 1-cinnamoyl-3-(pyridin-2-yl)pyrazole
	Figure 1.  A comparison between the IR spectra of CnPyPz and Re(CO)3(CnPyPz)Cl
	Figure 2.  Electronic spectrum of Re(CO)3(CnPyPz)Cl complex measured in acetonitrile
	The X-ray crystal structure of Re(CO)2(CnPyPz)Cl2 (Figure 3) adopts a triclinic system with a P-1 space group. Although the infrared spectrum of this complex initially revealed three v(C≡O) signals, the metal centre Re(I) was oxidized to Re(II) in whi...
	Figure 3.  The X-ray crystallographic structure of Re(CO)2(CnPyPz)Cl2 complex with displacement ellipsoids drawn at the 50% probability level CCDC Num. 1978548
	Table 1.  Selected geometric parameters (Å, º) for Re(CO)2(CnPyPz)Cl2
	Figure 4.  A partial view of the crystal packing of Re(CO)2(CnPyPz)Cl2 complex, illustrating one-dimensional chain viewed from a-axis
	Further, the Hirshfeld surface analysis was performed on the Re(II) complex. The complex forms a centrosymmetric dimer with C−H   O intermolecular hydrogen bonding. The pair of dark-red spots in Figure 5, indicate that the sum of di and de is shorter ...
	Figure 5.  The centrosymmetric dimers of Re(CO)2(CnPyPz)Cl2 with C−H   O intermolecular contacts depicted by dnorm surface contours
	The asymmetric unit of the complex is subjected to four intermolecular interactions that involves six-membered aromatic rings namely, Cg3 (centroid of the N1/C3-C7 pyridine ring) and Cg4 (centroid of the C14-C19 benzene ring) (Figure 6). Both sides of...
	Figure 6.  The intermolecular connections involving pyridine and benzene rings, namely π-π, C−H   π and C≡O   π interactions
	In comparison to Re(CO)2(CnPyPz)Cl2, the reported Re(I) complex has a cinnamoyl fragment with a higher degree of distortion as a result of the substitution effect. Therefore, the Hirshfeld surface of Re(CO)2(CnPyPz)Cl2 exhibits an anisotropic quality ...
	The Re(I) tricarbonyl complex, fac-[Re(CnPyPz)(CO)3Cl] was successfully synthesised and characterised through spectroscopic methods. The presence of the characteristic tricarbonyl groups and the vinylic H of the cinnamoyl group were evident via IR str...
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	KINETIC STUDIES AND ABSORPTION ISOTHERMAL OF METHYLENE BLUE BY USING N,O-CARBOXYMETHYL CHITOSAN
	(Kajian Kinetik dan Isoterma Serapan Metilena Biru Menggunakan N,O-Karboksimetil Kitosan)
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	The potential of carboxymethyl chitosan as a low-cost and effective adsorbent for removal of methylene blue (MB) from aqueous solution has been investigated. N,O-carboxymethyl chitosan (N,O-CMCTS) was synthesized by reacting chitosan with monochloroac...
	Keywords:  N,O-carboxymethyl chitosan, methylene blue, isotherms, kinetic
	Abstrak
	Potensi karboksimetil kitosan sebagai penjerap kos rendah dan efektif untuk menyingkirkan metilena biru (MB) dalam larutan akueus telah dikaji. N,O-karboksimetil kitosan (N,O-CMCTS) telah di sintesis melalui tindak balas kitosan dengan asid monokloroa...
	Kata kunci:  N,O-karboksimetil kitosan, metilena biru, isoterma, kinetik
	It is estimated that over 10,000 different dyes and pigments are used industrially, while over 7 x 105 tons of synthetic dyes are annually produced worldwide [1]. In the textile industry, up to 200,000 tons of these dyes are lost to effluents every ye...
	Nowadays, there is great interest in finding inexpensive, biodegradable, non-toxic and an environment friendly material for the removal of dyes [6]. Many non-conventional low-cost adsorbents have been studied for the removal of methylene blue, includi...
	The present work deals with a series of experiments that focus on higher concentrations of methylene blue, ranging from 1000-1800 mg/l [14]. In this study, we focused removal at low concentration of methylene blue on N,O-CMCTS. Therefore, the aim of t...
	Materials and Methods
	Materials
	Chitosan was obtained from Chito-Chem Sdn. Bhd., Malaysia. Monochloroacetic acid was purchased from Sigma Aldrich. Other reagents used were of analytical grade and used without further purification.
	Methylene blue stock solution
	Methylene blue, also known as 3,7-bis (dimethylamino) phenazathionium chloride, λmax= 664 nm is a basic dye. It was purchased from Sigma Aldrich. The molecular formula and molecular mass of methylene blue are C16H18N3SCl and 319 g mol-1, respectively....
	Preparation of N,O-carboxymethyl chitosan
	N,O-carboxymethyl chitosan (N,O-CMCTS) was prepared according to the previous report [3] with slight modification. Briefly, 10 g of chitosan was swelled in 50 mL isopropanol and water mixture (1:1 v/v ratio) contained 10 g sodium hydroxide at a 25 ̊C ...
	Characterization of N,O-carboxymethyl chitosan
	N,O-CMCTS was characterized by Fourier transform infrared spectroscopy (FTIR) Perkin Elmer, USA. The infrared spectrum was recorded at the frequency range of 4000-800 cm-1. The infrared spectrum analysis was done to determine the functional groups on ...
	Equilibrium adsorption and sorption isotherm studies
	Batch adsorption experiments were performed in conical flask and stirring with a magnetic stirrer at a speed of 200 rpm. The effects of sorbent dosage on dye sorption were measured with different masses (0.05, 0.10, 0.15, 0.20 and 0.25 g) in 25 mL of ...
	𝑞=,,,𝐶-𝑜.−,𝐶-𝑡..𝑉-𝑊.                   (1)
	where Co and Ct (mg/L) are the concentration of dye at initial and at time t, respectively. V is the volume of solution (L) and W is the mass of dry adsorbent used (g).
	The experimental data were processed using two adsorption isotherm models, namely the Freundlich isotherm model and Langmuir isotherm model, in order to obtain information about the adsorption capacity, the degree of affinity and the surface character...
	The sorption data were interpreted by Langmuir and Freundlich isotherm equations [15]. The Langmuir isotherm model estimates the maximum adsorption capacity corresponding to complete monolayer coverage on the sample surface. The linear form of Langmui...
	,,𝐶-𝑒.-,𝑞-𝑒..=,1-,𝑞-𝑚𝑎𝑥.,𝐾-𝐿..+,,𝐶-𝑒.-,𝑞-𝑚𝑎𝑥..                                (2)
	where KL was constant of the sorption equilibrium (L/mg) and qmax was the maximum dye sorption capacity (mg/g). The values of qmax and b could be obtained from linear plot of Ce/qe versus Ce.
	The Freundlich isotherm model for sorption takes place in heterogenous systems and assumed that the sorption occurs on sites with different sorption energies. The model gives a representation of equilibrium between the amount of adsorbate in solution ...
	,𝑞-𝑒.=,𝐾-𝐹.,,𝐶-𝑒.-,1-𝑛..                    (3)
	This equation could be written in its linearized form:
	,,log-𝑞.-𝑒.=,,log-𝐾.-𝐹.+,1-𝑛.,,log-𝐶.-𝑒.                  (4)
	where KF and n were the Freundlich constants, which represent sorption capacity and sorption intensity respectively. KF and n were obtained from intercept and slope of a linear plot of log qe against log Ce.
	Kinetic adsorption studies
	The influence of contact time on the adsorption of dye by N,O-CMCTS was studied in batch experiments, mixing 0.05 g of N,O-CMCTS and 25 mL of methylene blue (2mg/L) at a temperature of 25 ̊C for time intervals ranging from 30 to 300 minutes. Finally, ...
	To examine the kinetic mechanism of the absorption process of MB on N,O-CMCTS, the pseudo-first-order and the pseudo-second-order kinetics models were used for analyses. The pseudo-first-order rate equation of Lagergren model for the absorption of sol...
	,log⁡(𝑞-𝑒.−,𝑞-𝑡.)=,,log-𝑞.-𝑒.−,,𝑘-1.𝑡-2.303.                               (5)
	The pseudo-second-order rate equation was as below [3]:
	,𝑡-,𝑞-𝑡..=,1-,𝑘-2.,,𝑞-𝑒.-2..−,𝑡-,𝑞-𝑒..                                  (6)
	Characterization of carboxymethyl chitosan by FTIR
	Figure 1 shows the FTIR spectra of chitosan and carboxymethyl chitosan (CMCTS). The chitosan spectra showed the basic characteristic peaks of chitosan at 3281 cm-1 (O-H stretch and N-H stretch), 2923 and 2883 cm-1 (C-H stretch), 1645 cm-1 (NH-CO stret...
	Figure 1.  FTIR spectrum of chitosan and carboxymethyl chitosan (CMCTS)
	Characterization of N,O-carboxymethyl chitosan by 1H NMR
	Figure 2 shows the 1H NMR spectra of chitosan and carboxymethyl chitosan respectively (chemical shift ranging between δ = 1 and 5 ppm). The 1H NMR chemical shifts of chitosan assigned as follows: 1H NMR (D2O): δ = 3.09 (H2) and δ = 3.64-3.84 (H3, H4, ...
	Figure 2. 1H NMR spectra of chitosan and N,O-carboxymethyl chitosan
	Effect of adsorbent dosage on methylene blue sorption
	Previous literature had reported that chitosan was able to remove 99% of methylene blue from 10 ppm solution at dosage of 0.1 g; however, they do not clearly showed proof in terms of data [19]. Other literature has reported that chitosan cannot uptake...
	Figure 3.  Effect of adsorbent dosage on methylene blue sorption by N,O-CMCTS
	Effect of initial dye concentration on methylene blue sorption
	Figure 4 shows that the sorption capacity of sample increased from 0.133 mg/g to 0.899 mg/g with an increase in initial dye concentration from 0.3 mg/L to 2.0 mg/L. The sorption capacity of MB on N,O-CMCTS was increased with increased concentrations o...
	Figure 4.   Effect of initial dye concentration on methylene blue sorption by N,O-CMCTS
	Sorption Isotherm
	Sorption isotherms were important to describe how molecules of methylene blue interact with the N,O-CMCTS surface. Hence, the correlation of equilibrium data using either a theoretical or empirical equation was essential for the sorption interpretatio...
	Figure 5.  The linearized Langmuir adsorption isotherm for sorption of methylene blue on N,O-CMCTS
	A linear plot of Ce/qe versus Ce for the Langmuir model of sorption of methylene blue on N,O-CMCTS is shown in Figure 5 and corresponding parameters are listed in the Table 2. The affinity between the adsorbate and adsorbent could be obtained from the...
	,𝑅-𝐿.=,1-1+,𝑎-𝐿.,𝐶-𝑖..                                 (7)
	According to the criteria of RL in Table 1, RL could be used to predict whether a sorption system was favorable or unfavorable. Based on Table 2 the RL value for this sorption system was 0.1275, which was lower than 1 and higher than zero. These sugge...
	Table 1.  Characteristics of the Langmuir adsorption isotherms
	The Freundlich isotherm model the sorption takes place on heterogenous systems; the data are given in Table 2. When the value 1/n was between 0.1 less than equal to 0.5, the sorption process was favorable. If the value was between 0.5 and 1 the proces...
	Figure 6.  The linearized Freundlich absorption isotherm for sorption of methylene blue on N,O-CMCTS
	Based on the correlation coefficient (R2) values in Table 2 of the linearized form of Langmuir and Freundlich sorption equations indicated that sorption fitted to the Freundlich absorption model for the experimental equilibrium sorption data. From cor...
	Table 2.  The Langmuir and Freundlich isotherms model constants and their respectively correlation coefficients R2 for the sorption of methylene blue by N,O-CMCTS
	Absorption kinetics
	The adsorption kinetic study was important in predicting the mechanisms (chemical reaction or mass-transport process) that control the rate of the pollutant removal and retention time of adsorbed species at the solid-liquid interface [24]. Figure 7 sh...
	Figure 7.  Absorption of methylene blue by N,O-CMCTS as a function of time
	The linear plot of log(qe-qt) versus t for pseudo-first-order model in Figure 8 and that of (t/qt) versus t for pseudo-second-order model in Figure 9 were shown. The values of qe and the rate constants k1 and k2 could be obtained from the plot of expe...
	Figure 8.  Linearized pseudo-first-order plot for absorption of methylene blue by N,O-CMCTS
	Figure 9.  Linearized pseudo-second-order plot for absorption of methylene blue by N,O-CMCTS
	Table 3.  Theoretically determined constants of the pseudo-first-order and pseudo-second-order reaction kinetics based on the absorption of methylene blue
	The calculated qe, the rate constants and the correlation coefficients for two kinetic models of N,O-CMCTS are shown in Table 3. The values of correlation coefficient (R2) of pseudo-first-order and pseudo-second-order models were 0.9142 and 0.9993, re...
	Table 4.  Comparison of maximum adsorption capacities for methylene blue by different adsorbents
	Modified N,O-Carboxymethyl chitosan (N,O-CMCTS) has been prepared under heterogenous condition. The FTIR and NMR characterizations have shown that N,O-carboxymethyl chitosan was successfully synthesized. Sorption tests of Methylene Blue on N,O-CMCTS w...
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	Agarose-chitosan-integrated multiwalled carbon nanotubes (Agr-Ch-MWCNTs) film solid phase microextraction (SPME) was developed and applied for the determination of tricyclic antidepressant drugs (TCAs) in aqueous samples using high performance liquid ...
	Keywords:  blended agarose/chitosan/multiwalled carbon nanotubes, solid phase microextraction, tricyclic antidepressant drugs
	Abstrak
	Filem agarosa-kitosan bersepadu nanotiub kabon berbilang dinding  (Agr-Ch-MWCNTs) pengestrakan mikro fasa pepejal (SPME) telah dibangunkan dan diaplikasi untuk penentuan anti-murung trisiklik di dalam sampel akueus menggunakan kromatografi cecair pres...
	Kata kunci: campuran agarosa/kitosan/nanotiub karbon berbilang dinding, pengestrakan mikro fasa pepejal, anti-murung trisiklik
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	Materials and Methods
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	SPME procedure
	The SPME procedure is as describe in previous research [7]. Briefly, water sample (10 mL) was pipetted into a 15 mL sample vial and a magnetic stirrer was placed in the vial. A hypodermic needle was inserted through the Parafilm and pierced through fo...
	Preparation of standard solutions and water samples
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	Validation of analytical method
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	Five parameters have been studied and optimized namely, sample pH, addition of salt, extraction time, desorption solvent and concentration of MWCNTs in composite film. Optimization was carried out using deionized water samples spiked with each TCAs to...
	Addition of salt
	The presence of salt in water sample can disrupt the diffusion rate of analytes from aqueous to solid phase and thus affecting the extraction efficiency. The effect of ionic strength on extraction efficiency was evaluated by increasing sodium chloride...
	Figure 1.  Effect of addition of salt on SPME of TCAs from aqueous samples
	Sample pH
	Sample pH plays an important role in determining the existing form of the analytes, and it affects the retention of analytes onto the sorbent bed. As the pKa values of AMIT (9.42) and CHLO (9.30) show the basic characteristics, the pHs of the sample s...
	Figure 2.  Effect of sample pH on SPME of TCAs from aqueous samples
	Extraction time
	Extraction times in the range of 10-40 minutes were studied. The result (Figure 3) indicated that the extraction efficiency was enhanced by increasing the extraction time from 10 to 30 minutes, and then a decreased at 40 min which might be due to deso...
	Figure 3.  Effect of extraction time on SPME of TCAs from aqueous samples
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	MWCNTs concentration (% w/v) level in the film
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	Figure 5.  Proposed possible sorbent-sorbate interactions for SPME of TCAs
	Method validation and analytical performances
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	Values of pH and electrical conductivity
	The pH and electrical conductivity values are measured at 298.15 K. The results are tabulated in Table 1. It is observed that there is an increment in electrical conductivity and decrement in pH values with the increase of concentration. Compared to p...
	Table 1.  pH and electrical conductivity values of aqueous Glycerol at 298.15 K
	Weight loss method
	Based on the results from the weight-loss method, the corrosion rate and the corrosion inhibition efficiency are calculated. Table 2 tabulates the data of corrosion rate of Mild Steel X52 in the absence and presence of glycerol.
	Table 2.  Corrosion rate of sample and the corrosion inhibition efficiency of glycerol
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	Seagrass provides key ecological services in marine ecosystems, such as stabilising sediment, providing oxygen and acting as a nursery ground for marine biota. Seagrass has also been reported to have antioxidant activity that is useful for humans. One...
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	Abstrak
	Rumput laut memainkan peranan penting dalam ekosistem marin yang menstabilkan sedimen, membekalkan oksigen dan berfungsi sebagai halaman bagi biota marin. Rumput laut juga dilaporkan mengandungi aktiviti antioksidan yang bermanfaat bagi manusia. Spesi...
	Plant extracts have great potency and can be used for a variety of purposes. Approximately 80% of the world’s population relies on traditional medicine for health care, and most therapies use plant extracts and their active compounds [1], suggesting t...
	There are many plant species whose phytochemical content is unknown. One group of plants that has not yet been explored in depth is seagrass, which is the only flowering plant (Angiospermae) that grows in a marine environment. It can form a seagrass m...
	Several techniques are available to identify the phytochemical compounds in plant extracts. For example, Fourier-transform infrared spectroscopy (FTIR) is a method used to identify the functional groups in gaseous, liquid and solid materials via infra...
	The objectives of this study were to screen the phytochemical compounds in the leaf extract of E. acoroides from Semawang Beach, Sanur, Bali, Indonesia, identify the pigments contained in the leaf extract and determine the functional groups present in...
	Materials and Methods
	Preparation of extract
	The E. acoroides leaves were collected from Semawang Beach, Sanur, Bali, Indonesia, washed and air-dried for three days. The leaves were further dried in an oven at 50 ºC for one day until brittle. The dried leaves were disrupted using a blender and s...
	As much as 20 g of dried powder was extracted from 200 mL of chloroform: ethanol with a ratio of 9:1 (v/v). The extraction was performed using a Soxhlet extractor for three hours. The solvent was filtered using Whatman filter paper, and the filtrate w...
	Yield and phytochemical screening
	The yield was expressed as a percentage and calculated by dividing the weight of the E. acoroides extract by the weight of plant powder used and, then, multiplying by 100%. A preliminary phytochemical screening of the E. acoroides extract was performe...
	FTIR analysis
	The FTIR analysis was conducted on non-extracted leaf powder and the chloroform: ethanol-extracted sample. The 50 ºC oven-dried E. acoroides leaves were blended into a fine powder. As much as 1 mg of the sample was mixed with 50 mg KBr (FTIR-grade); t...
	TLC separation
	The separation and identification of pigments were performed using TLC on a 20-cm x 20-cm cellulose plate (Merck). The solvent mixture consisted of petroleum ether, acetone and n-propanol at a ratio of 90:10:0.45 [26]. The TLC cellulose plate was firs...
	The yield of the extract was 1.57% ± 0.23. The yield from this study, wherein chloroform: ethanol (9:1) was used, was higher than the yields of previous E. acoroides extracts from Wakatobi, Sulawesi, Indonesia, and Madura, East Java, Indonesia, wherei...
	The phytochemical compounds contained in the extract of E. acoroides are shown in Table 1. Saponin was not considered to be present in the extract because foam stability was not detected, i.e. the foam lasted less than five minutes. However, phenols, ...
	Table 1.  Qualitative phytochemical composition of chloroform: ethanol (9:1) leaf extract of E. acoroides
	˗ = undetected, + = low, ++ = moderate
	The chemical bonds or functional groups present in the dried leaf powder and leaf extract of E. acoroides were predicted using FTIR. The bonds were determined by interpreting the infrared absorption spectra. Figure 1 shows the FTIR spectrum of the dri...
	Figure 1.  FTIR spectrum of dried leaf powder of E. acoroides
	Table 2.  FTIR spectral peak values and functional groups of dried leaf powder of E. acoroides
	v = variable, m = medium, s = strong
	Table 3 demonstrates the functional groups of the chloroform: ethanol leaf extract of E. acoroides. The FTIR spectra are shown in Figure 2. The peaks at 1743 cm−1, 1219 cm−1 and 771 cm−1 were strong, while the others varied from weak to medium. Variou...
	Figure 2.  FTIR spectrum of E. acoroides leaf extract
	Table 3.  FTIR spectral peak values and functional groups of E. acoroides leaf extract
	v = variable, m = medium, s = strong
	As can be seen in Tables 2 and 3, there were differences in the functional groups present between the dried leaf powder and the chloroform: ethanol (9:1) leaf extract of E. acoroides. The FTIR identified that the leaf extract contained strong C-H out-...
	The peak around 1734–1745 cm−1 was assigned as C=O ester [31], which may be related to pheophytin and chlorophyll [32]. In this study, the position of the peak was at 1743 cm−1 (Table 3). The carotenoids were predicted to be present in the dried leaf ...
	The separation of the E. acoroides extract via TLC is presented in Table 4. Eight spots were detected, and the Rf values ranged from 0.11 to 0.94. The colours were separated into bluish-green, dark green, yellow and yellowish-grey, and the predicted p...
	Table 4.  Identification of compounds based on Rf values and colour from TLC profiling
	The maximum spectra for each spot of TLC for fractions one to eight are presented in Table 4. Based on a comparison to Lichtenthaler and Buschmann [35], fraction five with a maximum absorption at 654 nm was identified as chlorophyll b, and fraction ei...
	Based on the phytochemical compounds discovered in the FTIR and TLC analyses, E. acoroides has the potential to be used for biomedicinal applications, as phenolic compounds, tannins, flavonoids, chlorophyll and carotenoids are known to have antioxidan...
	The phytochemical compounds present in the chloroform: ethanol (9:1) leaf extract of E. acoroides were phenols, tannins and flavonoids. The major functional groups identified were hydroxyl groups, lipids, alkanes, secondary amines, fatty acids, benzen...
	Acknowledgement
	This research was funded by Ministry of Research, Technology and Higher Education of the Republic of Indonesia with Grant Number 492.27/UN14.4.A/LT/2019
	1. Winston, J. C. (1999). Health-promoting properties of common herbs. The American Journal of Clinical Nutrition, 70(3): 491s-499s.
	2. Krishnaiah, D., Sarbatly, R. and Nithyanandam, R. (2011). A review of the antioxidant potential of medicinal plant species. Food and Bioproducts Processing, 89(3): 217-233.
	3. Saeed, N., Khan, M. R. and Shabbir, M.  (2012). Antioxidant activity, total phenolic and total flavonoid contents of whole plant extracts Torilis leptophylla L. BMC Complementary and Alternative Medicine, 12: 221.
	4. Al-Gubory, K. H. (2014). Environmental pollutants and lifestyle factors induce oxidative stress and poor prenatal development.  Reproductive BioMedicine Online, 29: 17-31.
	5. Ighodaro, O. M. and Akinloye, O. A. (2018). First line defence antioxidants-superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPX): Their fundamental role in the entire antioxidant defence grid. Alexandria Journal of Medicine, ...
	6. Björk, M., Short, F., Mcleod, E. and Beer, S. (2008). Managing seagrasses for resilience to climate change. IUCN, Gland, Switzerland: pp. 8-18.
	7. Kuriandewa, T. E., Kiswara, W., Hutomo, M. and Soemodihardjo, S. (2003). The seagrasses of Indonesia. In: Green, E. P. and Short, F. T., Eds., World Atlas of Seagrasses, University of California Press, Barkeley: pp. 172-182.
	8. Kuo, J.  (2007). New monoecious seagrass of Halophila sulawesii (Hydrocharitaceae) from Indonesia.  Aquatic Botany, 87(2): 171-175.
	9. Pharmawati, M., Nurkamila, U. S. and Stevanus. (2016). RAPD fingerprinting key and phylogenetic of nine seagrass species from Sanur coastal water, Bali, Indonesia using matK sequences.  Biodiversitas, 17(2): 687-693.
	10. Ogawa, H. and Namba, N. (2002). Ecological characteristics of tropical seagrasses, especially Enhalus acoroides.  Fisheries Science, 68(sup2): 1767-1770.
	11. Amudha, P., Vanitha, V., Mohanasundaram, S, Bharathi N. P. and Jayalakshmi, M. (2017). Phytochemical analysis and invitro antioxidant screening of seagrass Enhalus acoroides. International Journal of Research and Pharmaceutical Science, 8(2): 251-...
	12. Santoso, J., Anwariyah, S., Rumiantin, R. O., Putri, A. P., Ukhty, N. and Yoshie-Stark, Y.  (2012). Phenol content, antioxidant activity and fiber profile of four tropical seagrasses from Indonesia. Journal of Coastal Development, 15(2): 189-196.
	13. Windyaswari, A. S., Purba, J. P., Nurrahmah, S. S., Ayu, I. P., Imran, Z., Amin, A. A., Kurniawan, F., Pratiwi, N. T. M. and Iswantari, A.  (2019). Phytochemical profile of seagrass extract (Enhalus acoroides): A new marine source from Ekas Bay, E...
	14. Tuapattinaya, P. M. J. and Rumahlatu, D. (2019). Analysis of flavonoid levels of Enhalus acoroides in different coastal waters in Ambon Island, Indonesia.  International Journal of Applied Biology, 3(1): 70-80.
	15. Khan, S. A., Khan, S., B., Khan, L. U., Farooq, A., Akhtar, K. and M. Asiri A. M. (2018). Fourier transform infrared spectroscopy: Fundamentals and application in functional groups and nanomaterials characterization. In: S. K. Sharma, S. K., Ed., ...
	16. Hemmalakshmi, S., Priyanga, S. and Devaki, K. (2017). Fourier transform infra-red spectroscopy analysis of Erythrina variegata L.  Journal of Pharmaceutical Sciences and Research, 9(11): 2062-2067.
	17. Rajiv, P., Deepa, A., Vanathi, D. P. and Vidhya, D. (2017). Screening for phytochemicals and FTIR analysis of Myristica dactyloids fruit extract. International Journal of Pharmacy and Pharmaceutical Sciences, 9(1): 315-318.
	18. Maobe, M. A. G. and Nyarango, R. M.  (2013).  Fourier transformer infra-red spectrophotometer analysis of Urtica dioica medicinal herb used for the treatment of diabetes, malaria and pneumonia in Kisii region, Southwest Kenya.  World Applied Scien...
	19. Kumar, S., Jyotirmayee, K. and Sarangi, M. (2013). Thin layer chromatography: A tool of biotechnology for isolation of bioactive compounds from medicinal plants.  International Journal of Pharmaceutical Science Review and Research, 18(1): 126-132.
	20. Porika, R., Poojari, S., Lunavath, V. and Mamidala, E. (2014). Preliminary phytochemical investigation and TLC analysis of P. angulata fruit extract.  IOSR Journal of Pharmacy and Biological Sciences, 9(2): 11-14.
	21. Forgacs, E. and Cserhati, T. (2002). Thin-layer chromatography of natural pigments: New advances. Journal of Liquid Chromatography and Related Technologies, 25(10-11): 1521-1541.
	22. Zahra, N., Alim-un-Nisa, Fatima, Z., Kalim, I. and Saeed, K. (2015). Identification of synthetic food dyes in beverages by thin layer chromatography. Pakistan Journal of Food Science, 25(4): 178-181.
	23. den Hartog, C. and Kuo, J. (2006). Taxonomy and biography of seagrasses. In Larkum, T., Orth, R. J. and Duarte, C. M., Eds. Seagrasses: Biology, ecology and conservation. Springer, The Netherlands: pp. 1-23.
	24. McKenzie, L J. and Yoshida, R. L. (2009). Seagrass-watch. Proceeding of a workshop for monitoring seagrass habitats in Indonesia. The Nature Conservancy, Coral Triangle Center, Sanur, Bali: pp. 29-32.
	25. Harborne, J. B. (1984). Phytochemical methods: A guide to modern technique of plant analysis. (2nd ed). Chapman and Hall. London. pp. 37-168.
	26. Bacon, M. F. and Holden, M. (1967). Changes in chlorophylls resulting from various chemical and physical treatments of leaves and leaf extracts.  Phytochemistry, 6: 193-210.
	27. Dewi, C. S. U., Kasitowati, R. D. and Siagian, J. A. (2018). Phytochemical compounds of Enhalus acoroides from Wanci Island (Wakatobi) and Talango Island (Madura) Indonesia.  IOP Conference Series: Earth and Environmental Science, 137: 012045.
	28. Spectroscopic Tools.  Access from http://www.science-and-fun.de/tools/. [Access online 21-25 October 2019]
	29. Socrates, G.  (2004).  Infrared and Raman characteristic group frequencies tables and charts.  John Wiley & Sons Ltd, Baffins Lane, Chichester, West Sussex PO19 IUD, England: pp. 1-340.
	30. Corcoran, M. P., McKay, D. L. and Blumberg, J. B. (2012). Flavonoid basics: Chemistry, sources, mechanisms of action, and safety. Journal of Nutrition in Gerontology and Geriatrics, 31(3): 176-189.
	31. Pratheeba, T., Ragavendran, C. and Natarajan, D. (2015). Larvicidal, pupicidal and adulticidal potential of Ocimum gratissimum plant leaf extracts against filariasis inducing vector.  International Journal of Mosquito Research, 2 (2): 1-8.
	32. Li, X., Zhou, R., Xu, K., Xu, J., Jin, J., Fang, H. and He, Y.  (2018). Rapid determination of chlorophyll and pheophytin in green tea using Fourier transform infrared spectroscopy. Molecules, 23: 1010.
	33. Mezzomo, N. and Ferreira, S. R. S. (2016). Carotenoids functionality, sources, and processing by supercritical technology: A review. Journal of Chemistry, 2016: 1-16.
	34. Kushwaha, K., Saxena, J., Tripathi, B. K. and Agarwal, M. K. (2014). Detection of carotenoids in psychrotrophic bacteria by spectroscopic approach.  Journal of BioScience and Biotechnology, 3(3): 253-260.
	35. Lichtenthaler, H. K. and Buschmann, C. (2001). Chlorophylls and carotenoids: Measurement and characterization by UV-VIS spectroscopy. In: Wrolstad, R. E., Acree, T. E., An, H., Decker, E. A., Penner, M. H., Reid, D. S., Schwartz, S. J., Shoemaker,...
	36. Lachowicz, S., Oszmiański, J. and Wiśniewski, R. (2018). Determination of triterpenoids, carotenoids, chlorophylls, and antioxidant capacity in Allium ursinum L. at different times of harvesting and anatomical parts. European Food Research Technol...

	Tarmizi_24_1_9.pdf
	EFFECT OF BMIM-CHLORIDE ON PHYSIO CHEMICAL PROPERTIES OF NANOFIBER MEMBRANE FOR DOMESTIC WASTEWATER TREATMENT
	(Kesan BMIM-Klorida ke atas Sifat-Sifat Fisio-Kimia Membran Nanogentian untuk Rawatan Sisa Air Domestik)
	Ahmad Tarmizi Mohd 1, Nur Syakinah Abd Halim1, Mohd Dzul Hakim Wirzal1,4*, Muhammad Roil Bilad1,
	Nik Abdul Hadi Md Nordin1, Zulfan Adi Putra2, Abdull Rahim Mohd Yusoff3
	1Chemical Engineering Department,
	Universiti Teknologi PETRONAS, 32610 Seri Iskandar, Perak, Malaysia
	2PETRONAS Group Technical Solutions (GTS) Process Simulation and Optimization, 50450 Kuala Lumpur, Malaysia
	3Faculty of Science,
	Universiti Teknologi Malaysia, 81310 Skudai, Johor, Malaysia
	4Center of Ionic Liquid Research (CORIL),
	Universiti Teknologi PETRONAS, 32610 Seri Iskandar, Perak, Malaysia
	*Corresponding author:  mdzulhakim.wirzal@utp.edu.my
	Water is a vital source that is essential for all living things. With increasing demand towards water consumption, wastewater treatment is necessary. Nanofiber membrane (NFM) fabricated by electrospinning is suitable to be used as a filter especially ...
	Keywords: nanofiber membrane, BMIM-chloride, wastewater
	Abstrak
	Air adalah sumber penting yang diperlukan oleh semua hidupan. Dengan meningkatnya permintaan terhadap penggunaan air, rawatan sisa air diperlukan. Membran nanogentian (NFM) yang diperbuat oleh putaran elektrik sesuai digunakan sebagai penapis terutama...
	Kata kunci:  membran nanogentian, BMIM-klorida, sisa air
	Nowadays, water shortages is a crisis that is encountered by most population in the world [1]. Change in climate, advance in industrial development and growth of world population increase the demand for clean and safe freshwater. In order to solve thi...
	Membrane technology are currently being studied on its potential application on many fields including the separation process and selectivity of materials. Membrane technology proves to have low energy consumption, mild operating condition for separati...
	However, the major problem in membrane technology is membrane fouling. Fouling greatly affect the membrane’s effectiveness and life span in industrial usage. Membranes fouling could occur in various unwanted events which cost the company through maint...
	To address this issue, nanofiber membrane (NFM) has great potential to be used as a filter since it has high porosity, huge surface area to volume ratio [8], incredibly high flux [9] and is found to be more effective approach to reduce fouling [8, 10]...
	In this study, coating has been chosen as a post surface modification method for NFM. Park et al. [20] studied on the performance of polyvinylidene fluoride nanofiber support coated with polyvinyl alcohol for forward osmosis application. It is reporte...
	In this study, direct immersion of electrospun nylon 6,6 NFM into 1-butyl-3-methylimidazolium chloride (BMIM-Cl) was applied for wastewater treatment. BMIM-Cl has great effect in NFM in the aspect of viscosity and conductivity of the membrane, as well...
	Materials and Methods
	Materials
	.
	Preparation of nylon 6,6 solution
	Nylon 6,6 solution was prepared by dissolving nylon 6,6 pellets (14.0 wt. %) in a mixture of glacial formic acid and acetic acid with ratio of 1:1. Nylon 6, 6 pellets was gradually added into the mixture of formic acid and acetic acid. The solution wa...
	Electrospinning of nylon 6,6 NFM
	A 5 mL syringe was used as the solution container which was attached with capillary needle with tip of 0.8 mm inner diameter. The flowrate was set at 0.4 mL hr-1. For the voltage, it was set at 20.0 kV and the distance from the tip of the needle to th...
	Figure 1.  Setup of electrospinning
	Coating of nylon 6,6 NFM with BMIM-chloride
	BMIM-chloride was diluted into de-ionized water with concentration of 1%, 2%, 3%, 4%, and 5% as shown in Table 1. The membranes with same area size were immersed directly into each ionic liquid concentration for 12 hours. All of the membranes were the...
	Table 1.  Preparation of BMIM-Cl based on concentration
	Characterization
	The membranes were characterized based on surface morphology, Fourier infrared spectra (FTIR), porosity and water contact angle. Field Emission Scanning Electron Microscope (FESEM, Model: VPFESEM, Zeiss Supra55 VP, Feldbach, Switzerland) was used to s...
	Permeability analysis for wastewater treatment
	For this test, the wastewater was obtained from Universiti Teknologi PETRONAS wastewater treatment plant. The permeability test for membrane was measured by using Cross-flow Microfiltration Testing Unit (the model was made and provided by Engineering,...
	Rejection analysis for wastewater treatment
	Some permeate samples after permeability analysis were kept for rejection analysis. This analysis included turbidity, chemical oxygen demand (COD) and phosphorus analysis. They were measured by using turbidity meter (Hach 2100Q Turbidity Meter) and Ha...
	Membrane properties
	Table 2 shows the summary of the membrane properties for NFM. From the table, it is found that, the pore size and porosity of the membrane decrease as the concentration of BMIM-Cl increases. This is due to the increase of fiber diameter when BMIM-Cl i...
	Table 2.  Summary of membrane properties
	Figure 2.  The FESEM images of untreated nylon 6,6 NFM and treated nylon 6,6
	Figure 3.  Water contact angle vs time for untreated nylon 6,6 NFM and treated nylon 6,6 NFM
	Fourier-transform infrared spectroscopy (FTIR)
	Figures 4 and 5 show the comparison of FT-IR graphs between M-0 and M-1 NFM. As can be observed from the figures, M-1 NFM has similar characteristics peaks as M-0 NFM. Based on both patterns, N-H stretching is indicated by the significant band at 3299...
	Figure 4.  FT-IR pattern for M-0
	Figure 5.  FT-IR pattern for M-1
	Permeability test with wastewater
	Figure 6 shows the wastewater permeability for untreated nylon 6,6 NFM and treated nylon 6,6 NFM. Based on the figure, the time taken for each membrane to reach steady-state varies where M-5 took the longest time to reach steady-state. This indicates ...
	Figure 6.  Wastewater permeability of nylon 6,6 with ranges of BMIM-Cl concentration from 0% to 5%
	Rejection analysis
	The permeate from the permeability test has been collected to be analysed for turbidity, COD and phosphorus test.  The results in Table 3 show that more than 90% of rejection able to be achieved for turbidity, COD and phosphorus when nylon 6,6 NFM is ...
	Table 3.  Rejection analysis
	In this study, the soaking method by using BMIM-Cl has proven to be successfully influence the physio chemical of nylon 6,6 NFM. The soaking of BMIM-Cl increases the fibre diameter and hence reduce the pore size of the membrane. FT-IR results also con...
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	ELECTROCHEMICAL DETERMINATION OF DOPAMINE AND URIC ACID IN BLOOD SERUM USING ANIONIC SURFACTANTS AT CARBON PASTE ELECTRODES
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	A selective and sensitive method was developed for the simultaneous electrochemical determination of dopamine and uric acid by using a sodium dodecylbenzenesulfonate (SDBS) and sodium dodecyl sulfate (SDS) as a surface modifier of carbon paste electro...
	Keywords:  dopamine, uric acid, carbon paste electrode, sodium dodecyl sulfate, sodium dodecylbenzenesulfonate
	Abstrak
	Kaedah sensitif dan selektif telah dibangun untuk penentuan serentak dopamin dan asid urik menggunakan sodium dodekilbenzenasolfonat (SDBS) dan sodium dodekil sulfat (SDS) sebagai perekat elektrod karbon yang diubah permukaan.  Pada kepekatan rendah S...
	Kata kunci:  dopamin, asid urik, perekat elektrod karbon, sodium dodekil sulfat, sodium dodekilbenzenasolfonat
	Dopamine (DA) is an organic compound of catecholamine and phenethylamine families, as an important hormone and neurotransmitter have a crucial role in central nervous, renal, hormonal and cardiovascular systems [1]. Abnormal concentrations of DA may c...
	Compared with other methods, the electrochemical methods are more accessible for dopamine and uric acid determination due to their low price, fast response, trouble-free operation, good stability, and convenient for in-situ detection [2, 13]. However,...
	This work describes simultaneous determination of DA and UA in presence of AA as an anionic interferent. using anionic surfactants (SDS and SDBS) as surface modifier of CPE. Anionic surfactants decreased electrode response to AA in neutral pH because ...
	Materials and Methods
	Reagents and chemicals
	Graphite powder (particle size < 20 µm, synthetic), sodium dodecylbenzenesulfonate (C18H29NaO3S), sodium dodecyl sulfate (NaC12H25SO4) and dopamine hydrochloride (C8H11NO2•HCl) were obtained from Sigma-Aldrich. Uric acid (C5H4N4O3) and paraffin oil we...
	Apparatus
	Cyclic voltammetry and differential pulse voltammetry were performed on potentiostat/galvanostat with multiplexer EmStatMUX8 controlled with PSTrace software. The conventional three-electrode system consists of an Ag/AgCl (KCl 3M) reference electrode,...
	Preparation of working electrodes
	Bare carbon paste was prepared by mixing 1.000 g of graphite powder with 360 μL paraffin oil in an agate mortar and gently mixing with a pestle until uniformity and proper compactness was obtained. Then carbon paste was transferred to glass vials (15 ...
	Real samples preparation
	Determination of dopamine and uric acid in blood serum was performed without sample pretreatment, 300 µL of blood serum was transferred into a 10 mL volumetric flask and diluted to the mark with PBS pH 6.0 and PBS 7.0. These diluted blood serum sample...
	Cyclic voltammetry
	Effects of SDS and SDBS in the detection of dopamine and uric acid were tested on cyclic voltammetry in phosphate buffer solution 0.1 M, pH 7.5. Surfactants as an electrode surface modifier were used to maintain dopamine and uric acid linkage on the e...
	Figure 1.  Cyclic voltammograms of (3rd scan) a) dopamine (0.25 mM) and b) uric acid (0.30 mM) gained at bare carbon paste electrode (CPE), carbon paste electrode modified with SDS (CPE-SDS) and carbon paste electrode modified with SDBS (CPE-SDBS) in ...
	Figures 1a and b shows that CPE-SDBS versus CPE-SDS exhibits higher sensitivity to DA and UA, resulting from the phenyl ring in the SDBS structure which makes it more hydrophobic than SDS and enables stronger interaction with CPE. During the first sca...
	Differential pulse voltammetry
	It is known that AA coexists with DA and UA in real samples, hence AA electrochemical response was studied in our further work. The differential pulse voltammograms of dopamine, uric acid and ascorbic acid at the bare carbon paste electrode and in pre...
	Figure 2.  Differential pulse voltammograms of bare CPE (a), CPE-SDS (b), and CPE-SDBS (c) in 0.1 M PBS (pH 7.0) in presence of 50 µM DA (blue line), 60 µM AU (green line) and 60 µM AA (red line). Scan rate: 20 mV/s.
	Effect of pH
	Due to linear relationships of anodic peak potentials of DA and UA as function of pH value, with increasing pH values on range from 3 to 9 the oxidation peak potentials of DA and UA with CPE-SDS were shifted to more negative potentials with a slope of...
	Figure 3.  Effect of pH on the peak current (a) dopamine 50 µM, (b) uric acid 60 µM.
	Optimization of surfactants’ concentration and equilibration time
	The concentration of surfactants was optimized by varying their concentration in the range of 0.05-5.00 mM in 0.1M PBS at pH 7.00 using CPE-SDS and pH 6 for CPE-SDBS as working electrodes. Figure 4 shows the effect of surfactants concentration on the ...
	Figure 4.    Effects of surfactants concentration a) SDS and b) SDBS on the peak current of DA 50 µM and AU 60   µM.
	Concentration of AA was chosen 50 ppm based on CPE-SDBS electrode response to dopamine in different concentration of AA and for CPE-SDS concentration of AA was 25 ppm. In higher concentration of AA, electrode response was reduced significantly, and da...
	Simultaneous determination of DA and UA in presence of AA
	Simultaneous determination of DA and UA in presence of AA was performed by DPV in a range of potential from 0.10 V to 0.50 V, at a scan rate of 20 mV/s by keeping the constant concentration of one analyte and changing the concentration of the other. F...
	Recovery and real samples analysis
	Under optimized conditions has been performed the recovery test for the mixture of dopamine and uric acid in the presence of ascorbic acid. Results of recovery tests presented in Table 1 shows the recovery result for DA and UA found in the range 96.5%...
	Table 1.  Determination of dopamine and uric acid in model samples using CPE-SDS and CPE-SDBS
	(n=5).
	Figure 6.  CPE-SDBS voltammograms of uric acid analyzed by standard addition method in blood serum.
	In this paper, is presented a voltammetric method developed for simultaneous determination of dopamine and uric acid in presence of ascorbic acid. Carbon paste electrode surface via hydrophobic interaction with a hydrophobic chain of anionic surfactan...
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	Abstrak
	Materials and Methods
	EDTA tubes (BD Vacutainer® 367863, USA), test-tube racks (Thermo ScientificTM 59700030, USA), disposable 5 mL plastic pipettes (Sigma-Aldrich Z740301, USA) gloves (CleanGuard, Malaysia), ice-packs (V-Cool, China), cooler bag (V-Cool, China) and cotton...
	Spectral data pre-treatment and chemometric analysis
	Figures 1 and 2 illustrate the stacked plot of average ATR-FTIR and visible spectra of blood analyzed from various animal species. The overall ATR-FTIR and visible spectra were visually similar, but few differences can still be observed that related t...
	Figure 1.  ATR-FTIR spectra of blood from a) chicken, b) cow, c) deer, d) duck, e) fish, f) goat and g) pig
	Figure 2.  Visible spectra of blood from a) chicken, b) cow, c) deer, d) duck, e) fish, f) goat and g) pig
	In visible spectral analysis, the narrower bands intensity of all blood species was predominantly ranged from 410 to 415 nm due to the maximum absorption rate by the samples. The broader bands were observed from 500 to 600 nm ranges. Bahrudeen et al. ...
	All the peaks in the ATR-FTIR spectra represented functional groups. A strong peak observed around 3319 cm−1 corresponded to amide-A band which is due to stretching vibration of N-H bond [32]. This amide-A band peak represented the component in the bl...
	Since a mere visual examination of spectra was insufficient to distinguish between them and hence the need for multivariate analysis was required. Despite having similar spectral features, the differences in relative intensities of the peaks/bands in ...
	Figure 3.  Score plot of PC1 and PC2 for animal blood samples
	The primary objective of present study was to investigate the potential and application of multi-spectroscopic and chemometric analysis in forensic blood trace identification for different blood species. The results of this study have highlighted that...
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	Magnetic kaolinite composite was successfully synthesized using combination of kaolinite and iron oxide through co-precipitation method. The synthesized kaolinite-iron oxide (Kao-IO) and raw kaolinite (Kao) was characterized using X-ray diffractometer...
	Keywords:  kaolinite, magnetic, iron oxide, lead, adsorption
	Abstrak
	Komposit kaolinit bermagnetik telah berjaya disintesis menggunakan gabungan kaolinit dan ferum oksida melalui kaedah pemendakan bersama. Kaolinit-ferum oksida (Kao-IO) dan kaolinit asli (Kao) dicirikan menggunakan pembelauan sinar-X (XRD), Mikroskop i...
	Kata kunci:  kaolinit, magnetik, ferum oksida, plumbum, penjerapan
	Uncontrolled release of heavy metals into environment from industries and domestic activities has become a serious global problem. Toxic heavy metal like lead (Pb) is categorized as one of the major pollutants in wastewater due to their non-biodegrada...
	In order to remediate heavy metal contaminated water, treatments that are reliable, cost-effective and efficient are of great interest. Various methods have been used for this purpose, such as adsorption, solvent extraction, chemical precipitation, io...
	Kaolinite (chemical composition of Al2Si2O5(OH)4) [5] is one of the natural clay minerals belong to a 1:1 (1 tetrahedral sheet and 1 octahedral sheet) with non-swelling properties. Kaolinite (Kao) has been previously used in water treatment industry w...
	Due to the magnetism properties, magnetic materials like iron-based composites could be separated and collected easily by applying an external magnetic field [7]. Furthermore, iron oxide-based clay nanocomposite were reported to have a high surface ar...
	In this study, the magnetic kaolinite composite will be prepared, characterized and evaluated for its efficiency in removing Pb2+ ions from aqueous solution. Adsorption profile of composite and its nature of the interaction mechanism with Pb2+ will be...
	Materials and Methods
	Materials and reagents
	Kaolinite (Kao) clay mineral purchased from MyLab Supplier (Johor, Malaysia) was used without further purification. Lead (II) nitrate (Pb(NO3)2) is supplied by R&M Chemicals (United Kingdom). Meanwhile the iron (III) chloride hexahydrate (FeCl3.6H2O) ...
	Preparation of kaolinite-iron oxide (Kao-IO) composite
	Kao-IO composite was prepared according to previous proposed method [9 suspension through the co-precipitation method. Briefly, a 3.1 g of FeCl3.6H2O and 2.4 g of FeSO4.7H2O were respectively dissolved in 50 mL of deionized water. The Fe3+ solution wa...
	Aqueous solutions of Pb2+ were prepare by dissolving 100 mg/L of Pb(NO3)2 in deionized water followed by subsequent dilutions. A 0.05 g adsorbent immersed in 50 mL of Pb2+ at predetermined concentration was used as the adsorbent loading. Experiments w...
	The amount of Pb2+ adsorbed denoted as adsorption capacity, q (mg/g), onto raw kaolinite (Kao) and Kao-IO was calculated using the Equation 1,
	,                 Adsorption capacity, q-𝑒. =,,,,Pb.-i.-,,Pb.-f..V-m.                                                                                                         (1)
	where the [Pb]i and [Pb]f are the concentration of Pb in the reaction solution before and after treatment (mg/L), respectively, m is the mass (g) of adsorbent, and V is the volume of the solution (L).
	The adsorption data was fitted into selected adsorption isotherm model (Langmuir, Freundlich and Dubinin–Radushkevich). Chi- square test, x2, (Equation 2) was used to evaluate the fitness of the isotherm data with the regression coefficient, r2, deter...
	(2)
	Desorption experiment
	The Pb2+ loaded Kao-IO retrieved from the adsorption experiment was washed thoroughly with deionized water. A deionized water with pH 4 and 8, 0.1 M NaCl and 0.1 M of EDTA were used as the desorption eluent. Desorption experiment was carried out ident...
	While the Kao is appeared as a white powder, the Kao-IO has a dark brown color (Figure 1a) due to iron oxide presence. From the physical observation, the impregnation of the iron particles in the Kao-IO composite was confirmed through its attraction t...
	Fourier transform-infrared (FTIR) analysis
	Both the Kao and Kao-IO showed an almost similar FTIR spectra (Figure 3) with the presence of typical absorption bands of hydroxyl group in the range of 3700-3620 cm-1associated with kaolinite [10]. The absorption band at 3692 and 3683 cm-1 (Figure 3a...
	Figure 3.  FTIR spectra of (a) Kao, and (b) Kao-IO
	X-ray diffractometer (XRD) analysis
	The sharp and intense peaks appeared at the 2θ = 12.3  and 26.6  in Kao (Figure 4a) represent the typical diffraction peak associated with kaolinite [12]. Those peaks were less intense (especially at the 26.6 ) in the XRD patterns of Kao-IO (Figure 4b...
	Optimization of experiment parameters: Effect of pH, contact time, and initial concentration
	The adsorption of Pb2+ by Kao-IO was increased at pH 4 to 6, and then was dramatically decrease (Figure 5a). At a very acidic pH, the competition between H+ and Pb2+ for active sites caused the adsorption capacity to be low [14]. In contrast, at high ...
	The Kao-IO composite with magnetic properties was successfully prepared and characterized. Kao-IO showed a higher affinity in Pb2+ uptake and easy to be retrieved from the reaction media through the external magnetic separation. Pb retention on Kao-IO...
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	An analytical method based on solid-phase extraction (SPE) combined with high performance liquid chromatography-photometric diode array (HPLC-PDA) was developed to determine 4-octylphenol (4-OP) and 4-nonylphenol (4-NP) in river water samples. The opt...
	Keywords:  endocrine-disrupting chemical, water quality, emerging pollutants, liquid chromatography-mass spectrometry
	Abstrak
	Kaedah analisis berdasarkan gabungan pengesktrakan fasa pepejal (SPE) dengan kromatografi cecair prestasi tinggi susunan diod fotometrik (HPLC-PDA) telah dibangunkan untuk penentuan 4-oktilfenol (4-OP) dan 4-nonilfenol (4-NP) di dalam sampel air sunga...
	Kata kunci:  kimia penganggu endokrin, kualiti air, pencemar memuncul, kromatografi cecair-jisim spektrometri
	The congeners, 4-octylphenol (4-OP) and 4-nonylphenol (4-NP) are biodegradation products from alkylphenol polyethoxylates which are persistently stable in water with higher bioaccumulative properties [1]. They are chemical substances that are widely u...
	Since target compound is usually detected low in river water, various water extraction methods such as liquid-liquid extraction [6, 12], steam distillation extraction [13] and solid-phase extraction [14-16] have been established to extract the compoun...
	Table 1.  Structure and chemical characteristics of 4-OP and 4-NP
	a Geyer et al. [5], b Ahel and Giger [20]
	Materials and Methods
	Analytical grade standards for 4-OP and 4-NP were purchased from Sigma Aldrich (USA). Acetonitrile, methanol and acetone (HPLC-grade solvents) were purchased from Elite Advance Materials (Malaysia). SPE cartridges, Resprep C18 1 mL/100 mg were purchas...
	The stock solution of 4-OP and 4-NP were prepared separately in methanol at 100 mg/L each and stored at 2  C. A series of dilutions ranged from (0.001-0.012 mg/L, n=5) were prepared to construct the external standard calibration curves. Repeatability ...
	SPE method
	A comparison from previous studies was made to optimize the method [14-16] in order to produce less waste and trap target compounds effectively. The optimization of the method involved changes in volume sample, conditioning and elution volume. Lower v...
	HPLC-PDA analysis
	High performance liquid chromatography-Prominence (Shimadzu) with Phenomenex Luna 5µm C18 100 A (250 mm x 4.6 mm, 5 µm) column equipped with photometric diode array (PDA) were used in the analysis of the 4-OP and 4-NP. The optimization of chromatograp...
	LC-MS/MS-AJS ESI analysis
	Liquid chromatography-tandem mass spectrometry (LC-MS/MS) was carried out with an Agilent 6470 LC system (Agilent Technologies, USA)—a triple quadrupole mass spectrometer equipped with Agilent Jet Stream Technology and electrospray ionization (AJS-ESI...
	Statistical analysis
	The statistical analysis was carried out using IBM SPSS Statistics (Version 23.0). One-way ANOVA was derived to observe the significant difference using Tukey HSD (p < 0.005) with 95% confidence interval for sample volume, conditioning volume, elution...
	Collection of water sample
	The river water samples were collected from Kuala Terengganu River in selected areas to validate the method for the real sample analysis. Kuala Terengganu is known as the most populated town in Terengganu with new infrastructures developing rapidly. T...
	Table 2.  The description and physical water parameters of sampling location
	The optimization of solid-phase extraction method: Effect of sample volume
	The previous studies consumed a large sample volume (1000 mL) and various types of solvents for the water extraction method [14-16], and consequently produced substantial volume of wastes. Figure 1(a) shows that 200 mL of sample volume is sufficient t...
	Effect of solvent type and volume
	Solvents play important roles in extracting and separating specific matrix in order to determine the analytes of interests [24]. Previous methods [14-16] used various solvents (e.g. methanol, dichloromethane, hexane, acetone and ethyl acetate) for con...
	Therefore, the combination of mixed solvent system, namely methanol and acetone obtained a synergistic effect in which the partition coefficient [25] mobilizes the hydrophobic compounds (4-octylphenol and 4-nonylphenol) in nonpolar sorbent (C18) bette...
	Figure 1.   The effect of (a) sample volumes and (b) conditioning volumes and (c) elution volumes on the recovery of 4-OP and 4-NP analyses
	In the present study, mobile phases with the composition of 20% water (A) and 80% acetonitrile (B) in an isocratic gradient elution were used based on the best peaks in both 4-OP and 4-NP. Following previous literature reviews [12, 20] with modificati...
	Figure 2.  The sensitivity of 4-OP and 4-NP in different wavelengths
	Figure 3.    Chromatogram (a) 5 mg/L pure standard of 4-OP and 4-NP without SPE (b) 0.050 mg/L pure standard of 4-OP and 4-NP spiked in water with SPE
	Method validation
	The calibration curve for the mixed standard of 4-OP and 4-NP (n=5) were constructed at five different concentrations: 0.001, 0.0012, 0.006, 0.008 and 0.012 mg/L. These curves showed a strong positive and significant linearity for 4-OP and 4-NP (R2 va...
	Figure 4.  External standard calibration curves 4-octylphenol and 4-nonylphenol
	The instrument detection limit (IDL) and method detection limit (MDL) were also validated in the present study. The IDL and MDL results showed low detection at 0.0012 and 0.0001 mg/L. The results were calculated for both limit of detection (LOD) and l...
	Table 4.  The instrument detection limit and method detection limit for SPE method optimization
	A mixed standard (4-OP and 4-NP) was spiked into the water to validate the method recovery percentage (%). The recovery percentages (%) for 4-OP and 4-NP were spiked in three different concentrations (0.005, 0.010 and 0.050 mg/L) and the calculated re...
	The precision of SPE method was validated using intra and inter-day reproducibility at 3 level concentrations (0.005, 0.010 and 0.050 mg/L) as shown in Table 6. Good reproducibility with lower RSD (< 2%) was shown between intra and inter-day for both ...
	Table 5.  Mean recovery percentages (%) ± standard deviation and relative standard deviation in water (n = 3)
	SD is standard deviation, RSD is relative standard deviation
	Table 6.  Precisions (intra and inter-day reproducibility) based on found concentrations and retention times (n=3)
	SD is standard deviation, RSD is relative standard deviation
	Analysis of water samples from Terengganu River
	Analysis of 4-OP and 4-NP in river water was successfully carried out using the optimized method. Two samples (S1 and S2) were taken and extracted to detect the concentration of 4-OP and 4-NP. Both 4-OP and 4-NP were not detected in S1 but presented i...
	LC-MS/MS-ESI screening and confirmation
	A mixture standard of 4-OP and 4-NP was first analyzed to optimize the condition of the instrument (mobile phase, gradient elution flow rate and injection volume). After the optimization was completed, one sample (St 2) was confirmed with the presence...
	Figure 5.  The confirmation peaks of 4-octylphenol and 4-nonylphenol in water sample through LC-MS/MS-ESI
	The contribution of this study is apparent in terms of SPE method modification that emphasizes on using less volume of water sample and solvent for 4-octylphenol and 4-nonylphenol. Good validation results were obtained in terms of linearity, precision...
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