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Abstract
Clinacanthus nutans (C. nutans) is a prominent herb species that widely cultivated in Southeast Asia region. The effect of water-based ultrasonic assisted extraction at various temperature (30 to 60 °C) and time (5 to 30 minutes) on the total phenolic, flavonoid content and antioxidant activity in C. nutans leaves extract was investigated. Acquired extract was quantified for its total phenolic, flavonoid content and antioxidant activity by Folin-Ciocalteu, aluminium chloride test and 2, 2-diphenyl-1-picrylhydrazyl (DPPH) assay, respectively. The result has revealed that the highest temperature led to the degradation of bioactive compound in C. nutans leaves. The highest phenolic content and antioxidant activity achieved at 55 °C and 25 minutes with 13.87 ± 0.15 mg gallic acid g-1 dry sample and 52.88 ± 3.91% inhibition, respectively. Meanwhile, greatest flavonoid content was obtained for 12.25 ± 1.01 mg quercetin g-1 of dry sample at 55 °C and 15 minutes of extraction. From this study, it was shown that C. nutans extraction has gained benefit from ultrasonic assisted extraction and has possibilities of being used for the herbs utilisation of beneficial food materials, nutraceuticals and pharmaceuticals at manufacturing industry.
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Abstrak
Clinacanthus nutans (C. nutans) adalah spesies herba terkemuka yang ditanam secara meluas di rantau Asia Tenggara. Dalam kajian ini, kesan ultrasonik pada suhu (30 hingga 60 °C) dan masa (5 hingga 30 minit) yang berbeza terhadap kandungan fenolik, flavonoid dan aktiviti antioksida di dalam ekstrak daun C. nutans telah dikaji. Hasil pengekstrakan yang diperolehi telah dianalisa jumlah kandungan fenolik, flavonoid serta aktiviti antioksida setiapnya dengan menggunakan kaedah Folin-Ciocalteu, aluminium klorida dan ujian 2, 2-difenil-1-pikrilhidrazil (DPPH). Keputusan menunjukan bahawa, suhu yang tinggi menyebabkan penguraian sebatian bioaktif di dalam ekstrak C. nutans. Jumlah kandungan fenolik  dan aktiviti antioksida yang tertinggi masing-masing telah didapati pada keadaan 55 °C dan 25 minit dengan nilai masing-masing adalah sebanyak 13.87 ± 0.15 mg asid galik g-1 sampel kering dan 52.88 ± 3.91% perencatan. Sementara itu, kandungan flavonoid pula telah diperolehi sebanyak 12.25 ± 1.01 mg quercetin g-1 sampel kering pada keadaan pengekstrakan 55 °C dan 15 minit. Hasil kajian ini menunjukan bahawa, kaedah pengekstrakan dengan bantuan ultrasonik amat berguna dalam pengekstrakan daun C. nutans dan mempunyai peluang yang tinggi dalam penggunaan herba yang bermanfaat di dalam industri pembuatan makanan, nutraseutikal serta farmaseutikal.

Kata kunci:  Clinacanthus nutans, pengekstrakan bantuan ultrasonik, fenolik, flavonoid, antioksidan


Introduction
In recent times, there has been increasing consumer interest towards medicinal plants since it is healthier and free from side effects caused by synthetic products or drugs. Majority of the world population still rely upon plants and their extracts for primary health care and needs. The use of medicinal plants as herbal remedies still maintained their therapeutic effect in spite of overwhelming influence of modern medicine and tremendous advances made in the production of synthetic drugs. Their effectiveness, economical and less toxicity has made it popular and approved as a mode of treating diseases even in these modern times [1].

The pharmacological properties and phytoconstituents information in some herbal medicinal plants have offered a great potential to be used in medicinal research. Clinacanthus nutans is one of the herbs plant that belongs to the family of Acanthaceae and locally known as elephant’s trunk leaves or Sabah snake grass in Malaysia. This plant has been widely cultivated throughout tropical regions including South East Asia and China [2]. Clinacanthus nutans leaves has been traditionally used to treat various diseases including skin rashes, insect and snake bites, lesions caused by herpes simplex virus, diabetes, and gout in Malaysia, Indonesia, Thailand and China [3]. In Malaysia, it is commonly used for its nourishing and antioxidant properties [4]. Antioxidant activity is very important in life as it helps to neutralise the oxidative damage caused by the production of free radicals in the body [5].

Natural antioxidant has more benefits, such as nontoxic and more easily decomposed by bodies than artificial antioxidant. Clinacanthus nutans leaves extract is rich in natural antioxidant due to the phytochemical compounds presence in the plants that provide the antioxidant properties including phenolic and flavonoid compounds [6]. Phenolic and flavonoid compounds have been known for their ability to scavenge free radical reaction redox reaction due to their properties that can act as reducing agents, hydrogen donors, singlet oxygen quenchers  and also other biological effect that provide health benefits for human beings [7]. Many research have been done in quantification of the total phenolic, flavonoid content and antioxidant activity from C. nutans leaves using organic solvents in conventional and modern extraction methods [8]. Conventional extraction method includes maceration and Soxhlet extraction is typically carried out at a longer extraction temperature and time which can cause degradation of thermal-labile compound including phenolic compounds. This extraction method is also known for its low efficiency and potentially hazardous to the environment due to high amount of solvent used which is very toxic, carcinogenic and not easily decomposed [8, 9].

Recently, diverse extraction technology has been developed in providing a new and simpler sample preparation methods with high performance such as supercritical fluid extraction (SCFE), accelerated solvent extraction (ASE), subcritical water extraction (SWE) and ultrasound assisted extraction (UAE) [10]. Ultrasonic-assisted extraction (UAE) is an effective alternative for conventional extraction method that offers an inexpensive and environmental friendly extraction process. This process is based on the use of mechanical waves at a frequency above the threshold of human hearing (>16 kHz). The enhancement of solvent penetration into plants cells attributed by the mechanical effects that travel through the solvent media and production of acoustic cavitation bubbles which disrupts the plant cell wall resulting the release of desired bioactive compound into the solvent matrix [11]. UAE provides a high production yield, lower energy input and temperature used, shorter extraction time, low solvent consume and improve extraction of thermal-labile compound at low temperature [12, 13]. Previous studies have reported the extraction on the bioactive compounds of C. nutans by other extraction techniques, however, no information is available on the effect of ultrasound-assisted extraction using water as the solvent medium on phenolics content and antioxidant in C. nutans leaves. Therefore, the goal of present investigation was to study the effect of temperature and time in water based ultrasonic assisted extraction on total phenolic, flavonoid content and antioxidant activity from C. nutans leaves.



Materials and Methods
Sample preparation
The sources of fresh leaves of C. nutans were collected from a local supplier, Kiza Herbs farm which is located in Temerloh, Pahang. Initially, the C. nutans leaves was first separated from the stems and washed thoroughly to remove impurities. Then, the leaves were dried at 40 °C for overnight. The dried leaves was further grinded and sieved through 1.18 mm mesh size. The powdered leaves were kept stored in air-tight vacuum pack at room temperature prior to the extraction process.

Ultrasonic assisted extraction
Five grams of powdered sample in 85ml of distilled water was ultrasonicated at different temperatures of 30, 35, 45, 55 and 60 °C and times for 5, 15, 25 and 30 minutes using a 28 kHz ultrasonic water bath (CT-420B Digital Ultrasonic Cleaner). The residual was separated and centrifuged at 1500 rpm for 15 minutes. The extracts were filtered and used for further analysis. All extractions were done in triplicates.

Analysis of phenolic content
The phenolics was analysed using Folin-Ciocalteu method according to Susanti et al. [9] with some modification. About 0.5 mL of leaves extract (10%) was added into test tube containing 2.5 mL Folin-Ciocalteu reagent and the mixture was left to stand for 5 minutes before adding 2 mL of sodium carbonate solution (75g/L) and vortexed (Heidolph, Germany) for 30 s. Afterwards, the mixture was incubated for two hours at room temperature to allow the reaction to take place. The resulting blue complex indicated the presence of TPC which was measured spectrophotometrically using a UV-VIS spectrophotometer (SP-3000nano, Japan) at 765 nm of absorbance. Phenolic amount was quantified based on mg gallic acid equivalent (GAE) per gram of dry sample. All determination conducted in triplicates.

Analysis of flavonoid content
Total flavonoids were analysed using aluminium chloride method modified from Tan et al. [14]. Briefly, 0.5 mL of extracted aliquot leaves (10%) was mixed with 2 mL of distilled water and 0.15 mL of sodium nitrite (5%). Then, about 0.15 mL of aluminium chloride solution (10%) was added after incubated for 5 min. The mixture was mixed thoroughly and left again for 6 min. Subsequently, 2 mL of sodium hydroxide (4%) was added and topped up the volume of mixture to 5 mL with distilled water. Finally, the mixture was shaken vigorously using a vortex (Fisherbrand, Denmark) and left in a dark for 15 minutes. Flavonoid content was measured at absorbance of 510 nm using a UV-VIS spectrophotometer (SP-3000nano, Japan) and the result was demonstrated in term of mg quercetin equivalent (QE) per gram of dry sample. All determination performs in triplicates.

Analysis of antioxidant activity 
The method for estimating antioxidant activity of the extracts was adapted from Sharifi et al. [15] with some changes. Concisely, 3.5 mL of (0.004%) ethanolic 2,2’-diphenyl-1-picrylhydrazyl (DPPH) was mixed with 0.5 mL ethanolic leaves extract (25%). Next, the mixture was allowed to stand for 30 minutes at room temperature before spectrophotometrically measured using a UV-VIS spectrophotometer (SP-3000nano, Japan) at 517 nm of absorbance. The antioxidant activity was evaluated by comparing the sample absorbance with the control. Each measurement was done in triplicate. The calculation of antioxidant activity was made based on following equation:

Antioxidant Activity (% inhibition						         (1)

where Ac is absorbance of control and As is absorbance of tested sample.

Statistical analysis
The data was computed and statistically analysed using the Microsoft Excel 2013 software. All experiments were performed in triplicates and results were expressed as mean ± standard deviation (S.D). Two-way analysis of variance (ANOVA) was established using Minitab Software 17 for estimating the outcome of time and temperature instantaneously. All parameters were measured to provide statistically significant different to the process and the significant value was considered as p < 0.05 regarding to 95% confidence level. Meanwhile, the higher f value would responded as high significant effect to the process.

Results and Discussion
Analysis of total phenolic content
Ultrasound-assisted extraction (UAE) is one promising alternative to traditional methods as it is easy, inexpensive and very environmental friendly. The major advantages of the process are noted when it produces higher yield and fast rate extraction process. Temperature and time are the two important parameters for the extraction process in optimising the bioactive compounds including phenolics and flavonoids from plant sample. In this study, the effect of different temperatures (30 to 60 °C) and time (5 to 30 minutes) in UAE on total phenolic content (TPC), total flavonoid content (TFC) and antioxidant activity of C. nutans were investigated and discussed.

Figure 1 shows an increasing trend of TPC of C. nutans leaves extracts within the range of 11.05 ± 0.71 to 13.87 ± 0.15 mg GAE/g dry sample as the increase in temperature from 30 to 55 °C. The highest TPC (13.87 ± 0.15 mg GAE/g dry sample) was achieved at 55 °C and 25 minutes of extraction. However, a further increase in temperature from 55 to 60 °C has resulted in decreasing of TPC. This finding was in agreement with Altemimi et al. [16] which indicated that the increase of ultrasonic temperature from 30 to 50 °C has increased the extraction of TPC in peach extracts and showed a reduction afterwards. The increase of TPC may be due to the increase of both solubility of solute and solvent diffusivity as the increase of temperature enhanced the efficiency of TPC extraction. Besides, the increase of extraction temperature with the aid of mechanical waves from sonication has increased the production of acoustic cavitation bubble that destroyed the plant cell wall resulting more phenolic compounds in plant cells that being released into the solvent matrix [16]. Yim et al. [17] also found that the TPC of Schizophyllum commune was increased when the temperature was raised from 30 to 42.5 °C. However, a decreasing of TPC from 42.5 to 55 °C was observed which probably due to the destruction of phenolic compounds. The increasing temperature enhances the extraction, but at beyond a certain extent, phenolic compounds could be destroyed [17]. Besides, the stability of compounds could be affected due to chemical and enzymatic degradation or losses by thermal decomposition which resulting in a decreasing of TPC [18].

                                           
Figure 1.  The total phenolic content of C. nutans extracts at different times and temperatures

Statistical evaluation of both extraction conditions (temperature and time) has demonstrated a high significant difference (p < 0.05) with time which indicated more significant effect on TPC than temperature with the highest f value of 55.10. This finding is parallel with those found by Gan and Latif [19], as the extraction of TPC from Parkia speciosa pod was shown as more likely to be significantly affected by the extraction of time than temperature. They suggested that increasing the temperature may enhance the internal reaction between phenols and other plants components which further hindered the extraction. Thus, extraction time becomes significant since larger extraction periods might cause more extended polyphenol losses. Moreover, the increase of temperature enhances the contact time for the disintegration of plant cells by cavitation bubbles which also enhance the extraction of phenolics [20]. Nevertheless, prolonged extraction time over 30 min may cause more extended phenolics losses due to the thermal degradation or polymerisation reaction of various phenols which effects the analytical quantification [21].

Analysis of total flavonoid content
Figure 2 indicates a gradual increase of total flavonoid content (TFC) with increasing of temperature within 30 to 55 °C in ranging of 8.97 ± 0.68 to 12.25 ± 1.01 mg quercetin/g of dry sample and followed by a slight decrease when the temperature was above 55 °C. Increasing temperature in UAE might soften the plant tissue, weaken the cell wall integrity and enhance phenolic compounds solubility thus, resulting in a higher dissolution of phenolics in solvent [22]. However, the increase of ultrasonic temperature in this study gives only a slight increase of TFC. This finding was similar with Gan and Latif [19], who also found that the temperature ranges between 35 until 55 °C did not significantly affect the phenolic compounds (flavonoids) Parkia speciosa pod. This could be explained through the presence of thermal stability of flavonoid compounds in C. nutans leaves within the temperature range and the increase of TFC might be due to the disintegrating of C. nutans wall by ultrasonic waves that helps the release of flavonoids in the solvent which then increasing the TFC [23]. Nevertheless, a higher temperature of 60 °C significantly reduces TFC, possibly by denaturation of cell membranes. This finding was similar with Cacae et al. [24], which found that the degradation of flavonoids may occur when the temperatures exceeds 50 °C. Teh and Birch. [25], also reported that TFC from canola seed cake extracts rose with temperature from 40 to 50 °C, but decreases at 60 °C due to the decomposition of flavonoid compounds.

                                            
Figure 2.  The total flavonoid content of C. nutans extracts at different times and temperatures

A significant difference (p > 0.05) between the temperature and extraction of flavonoids has been described statistically with little difference observed in the TFC in each time of extraction. This observation might be attributed to the presence of various degrees of polymerisation and interactions that occurred between flavonoid compounds in plant cell and the solvent at different extraction time which led to the final equilibrium constant to be attained [26]. Hence, prolonged extraction time in this study was unnecessary and degradation of flavonoid likely happened [27]. On top of that, Durling et al. [28] have proposed that the extraction time of 15 minutes in the ultrasonic assisted extraction is the best duration in extracting the flavonoid compounds. Therefore, it can be concluded that TFC has scored the highest (12.25 ± 1.01 mg quercetin/g of dry sample) at 55 °C and 15 minutes of extraction time.

Analysis of antioxidant activity
The changes of purple color of ethanolic 2,2’-diphenyl-1-picrylhydrazyl (DPPH) into yellowish indicates the reduction of DPPH as free stable radical to α, α-diphenyl-β-picryl hydrazine when reacted with compounds of antioxidant [29]. As displayed in Figure 3, the antioxidant activity increases with temperature from 30 to 55 °C in ranging of 35.56 to 52.88% inhibition at a given time and eventually decreases at further temperature. The highest antioxidant activity (52.88% inhibition) was determined at 55 °C and 25 minutes. Typically, the increasing extraction temperature has generated higher antioxidant activity which is similar to the finding by Pinelo et al. [30] where they found that the stability antioxidant compounds were affected at temperature above 50 °C and the disruption of the plant cells may affect the antioxidant capacity. Altemimi et.al [21] has revealed that there was reduction of antioxidant activity at temperature above 50 °C. Thus, the decrease of antioxidant activity as rising temperature beyond 55 °C region has been observed in this study and might conceivably due to the degradation of some thermally unstable antioxidative compounds.

                                             
Figure 3.  The antioxidant activity of C. nutans extracts at different times and temperatures

The result has determined the highest antioxidant activity (52.88% inhibition) during 55 °C and 25 minutes of extraction. There is a kind of fluctuation (increase and decrease) of antioxidant activity which was observed between 5 to 30 minutes of extraction. A slight decrease of antioxidant activity can be clearly seen at 15 minutes of extraction which probably explained by the presence of synergistic effect of other involved parameters. Besides, the decomposition of antioxidant compound may happen because of the thermal-based oxidation reaction that occurs during the extraction process [31]. Meanwhile, the statistical analysis has revealed that there was a significant effect of extraction temperature (p < 0.05) on antioxidant activity and there was no significant effect of extraction time (p > 0.05) on antioxidant activity. Extended extraction time has also led to an increase of adhesion of diffused particles (antioxidant compound) around the walls of the supporting material like glass or plastic tubes that may interrupt the process of extraction. Hence, this can be used to explain the insignificant effect of time on antioxidant activity in this study [31].

Conclusion
The present investigation also revealed that the total content of phenolic, flavonoid and antioxidant activity has been successfully extracted from C. nutans leaves at elevated temperature and time by water-based ultrasonic assisted extraction (UAE). All the extraction of the total content of phenolic and flavonoid with antioxidant activity were achieved highest at temperature 55 °C and subsequently degraded with further extraction temperature. Hence, this study showed that C. nutans extraction could have been benefited from UAE and promised the potential to be used for the herbs utilization of beneficial food materials, nutraceuticals and pharmaceuticals at manufacturing industry.
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5 min	0.58889727457341912	0.95046966947535727	0.43500110727828473	0.25774664562964389	0.81567638394974573	0.58889727457341912	0.95046966947535727	0.43500110727828473	0.25774664562964389	0.81567638394974573	30	35	45	55	60	11.106666666666667	11.352222222222224	11.445566666666666	11.263333333333334	9.7144333333333339	15 min	0.83345859125293853	0.46629846585556001	0.24700045209135452	1.0110555540292201	0.99506876814285206	0.83345859125293853	0.46629846585556001	0.24700045209135452	1.0110555540292201	0.99506876814285206	30	35	45	55	60	11.206666666666669	11.499444444444434	11.616666666666665	12.253333333333332	10.237766666666666	25 min	0.42852460061626885	0.39259818304894534	0.42782395133200896	0.33181320046074114	0.7669637105713244	0.42852460061626885	0.39259818304894534	0.42782395133200896	0.33181320046074114	0.7669637105713244	30	35	45	55	60	11.181111111111109	11.314444444444446	11.729999999999999	11.856666666666667	10.388888888888891	30 min	0.90471726727398327	3.2716515254098265E-2	0.81811889111546554	0.67999999999999972	0.67603473530088187	0.90471726727398327	3.2716515254098265E-2	0.81811889111546554	0.67999999999999972	0.67603473530088187	30	35	45	55	60	10.791088888888888	10.862222222222201	11.351100000000001	11.729999999999999	8.9722333333333335	Temperature °C

Total Flavonoid Content 
(mg QE/g dry sample)



5min	1.2532475384009671	1.0595551857861176	1.0173674777556214	3.4473526720973622	2.6913772199263444	1.2532475384009671	1.0595551857861176	1.0173674777556214	3.4473526720973622	2.6913772199263444	30	35	45	55	60	40.14946857991945	44.490490490490494	47.67577580230401	50.032573289902295	46.307135008991423	15min	3.7718342440597361	1.0278557989004498	2.1227481591249258	2.3461256694246422	3.4271821386516037	3.7718342440597361	1.0278557989004498	2.1227481591249258	2.3461256694246422	3.4271821386516037	30	35	45	55	60	39.568764067633246	42.518722822822852	47.694579209556515	47.898765610415381	45.208638944607493	25min	2.8128426919156149	2.4474359328382937	2.4142273860291317	3.9088280976308272	3.1453436080507129	2.8128426919156149	2.4474359328382937	2.4142273860291317	3.9088280976308272	3.1453436080507129	30	35	45	55	60	44.095816464237515	46.471471471471467	49.677664012135004	52.879156528791555	50.085295121119067	30min	3.7421254681721003	2.1672307402012994	3.6707818071927232	2.9967315889567039	2.9158588669901251	3.7421254681721003	2.1672307402012994	3.6707818071927232	2.9967315889567039	2.9158588669901251	30	35	45	55	60	41.506084195803489	43.418418418418419	49.446648674693655	50.163940189686024	46.307063903411667	Temperature °C

Antioxidant Activity 
(% Inhibition)
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