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Abstract
Starch from sago (Metroxylon sagu) was esterified with octenyl succinic anhydride (OSA) in order to regulate its shortcoming by adding amphiphilic properties. The objective of this work is to determine the physicochemical properties of native sago and OSA sago starches. The OSA sago starch was produced according to the optimum condition generated via response surface methodology (RSM) with 5.00 % OSA at pH 7.20 and a reaction time of 9.65 hours. The esterified sago starch gives a degree of substitution (DS) value of 0.012. The physicochemical properties of OSA sago starch was determined by measuring the amylose content, laser diffraction particle size analyzer, scanning electron microscopy (SEM) and Fourier transform infrared (FT-IR). The amylose content for OSA sago starch was found to be reduced after esterification reaction. The particle size of OSA sago starch was found to increase significantly (p <0.05) compared to their native starches. Scanning electron microscopy (SEM) revealed that OSA starch developed slightly rough surface and their edges lost some definition. FT-IR spectroscopy shows that there was appearance of new absorption correspond to ester carbonyl group (1717 cm-1) and carboxylate RCOO- (1569 cm-1). This study showed that the physicochemical properties of modified starches were influenced not only by DS but also on the botanical origin of the starches.
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Abstrak
Kanji daripada sagu (Metroxylon sagu) telah diesterifikasi dengan oktenil suksinat anhidrat (OSA) sebagai usaha untuk mengawal kelemahan dengan menambah sifat amfifilik. Objektif kajian ini adalah untuk menentukan sifat – sifat fizikokimia kanji sagu asli dan OSA kanji sagu. OSA kanji sagu disediakan mengikut keadaan optima berdasarkan kaedah gerak balas permukaan (RSM) dengan 5.00 % OSA pada pH 7.20 dan masa tindak balas selama 9.65 jam. Esterifikasi kanji sagu memberikan nilai darjah pengantian (DS) sebanyak 0.012. Ciri – ciri fizikokimia OSA kanji sagu ditentukan dengan mengira kandungan amilosa, saiz partikel laser pembelauan analisis, mikroskop imbasan elektron (SEM) dan Fourier transformasi inframerah (FT-IR). Kandungan amilosa untuk OSA kanji sagu didapati berkurangan selepas tindak balas esterifikasi. Saiz partikel OSA kanji sagu didapati meningkat dengan ketara (p <0.05) berbanding saiz kanji sagu asli. Mikroskop imbasan elektron (SEM) menunjukkan bahawa OSA kanji sagu menghasilkan permukaan sedikit kasar dan kehilangan beberapa sisi definisi. FT-IR spektroskopi menunjukkan bahawa terdapat kemunculan penyerapan baru yang bersesuaian dengan kumpulan ester karbonil (1717 cm-1) dan RCOO- karboksilik (1569 cm-1). Kajian ini menunjukkan bahawa ciri – ciri fizikokimia kanji diubahsuai bukan hanya dipengaruhi oleh DS tetapi juga berdasarkan pada asal usul botanikal kanji tersebut.

Kata kunci: Sifat – sifat fizikokimia, kanji sagu, oktenil suksinat anhidrat, esterifikasi. 

Introduction
Starch is a carbohydrate polymer which comprised of amylose and amylopectin chains and has been widely used as a functional ingredient in food and non-food application [1]. In order to meet specific requirements, the native starches were chemically modified to improve its properties which require disruption of hydrogen bonding [2]. Chemical modification can be achieved by different types such as esterification, etherification, cross-linking and grafting of starch. Sago starch, like other starch, exhibit hydrophilic nature which is the main constraint that limit the usability of starch. Esterification of starch with octenyl succinic anhydride (OSA) impart an amphiphilic nature by the addition of hydrophobic chain into the starch backbone and broaden their potential uses in the food industry [3]. The succinylated starch tends to swell in cold water, having more stable pasting and gelatinisation properties also giving the derivative surface activity and colloid protector properties [4].

There are a number of methods that can be used to characterize starch, which could be used to identify the unique properties of modified starch. Scanning electron microscopy (SEM) has been used to study the morphology of the starch granules by giving a clear visual variation in size and shape of starch granule [5]. Laser diffraction particle size analyzer has been used to study the particle size by characterize the granule diameter, as the size of starch can influence the rate and efficiency of the chemical modification [6]. The presence of carbonyl group in the starch backbone can be confirmed by FT-IR spectroscopy. The introduction of this group indicate that the succinylation have been successfully made into the starch [7]. The amylose content of starch before and after modification can be as one of the sign to recognize the extent of modification by determining the degree of substitution. Amylose content also has been found to have a significant correlation with the size and shape of the starch granules [8]. 

Thus, the objective of the present study was to characterize the physicochemical properties of both native and OSA sago starch using different type of instruments. 

Materials and Methods
Chemicals and raw materials
Food grade sago starch was purchased from Nee See Ngeng & Sons Sago Industries Sdn. Bhd (Sarawak, Malaysia).  The starch was used without any further treatment. Octenyl succinic anhydride (OSA) (Lot# J1097009-A) was donated by Dixie Chemical Company, Pasadena, Texas, USA. Other chemicals used in this study were of analytical grade.

Preparation of OSA starches
OSA sago starch was prepared according to the optimum condition generated by response surface methodology (RSM). The starch was treated according to condition at 5.00 % OSA concentration, pH 7.20 and reaction time of 9.65 hours as reported in our earlier work [9]. The preparation step and calculation of degree of substitution (DS) of OSA sago starch was determined using the method from [10] by using the formula equation 1 and 2 below:

	OSA substitution (%) = (Vblank – Vsample) x 0.1 x N x 100             				   (1)
                                            			W

Where Vblank is define as the volume of HCl required for blank titration, Vsample is define as volume of HCl required to titrate the sample, W is define as the weight (g) of sample and N is the normality of the HCl solution.

	DS =         162 x OSA substitution (%)	  	  					   (2)
                          21 000 – [209 x OSA substitution (%)]

Where 162 is define as molecular weight of the glucose unit, 21 000 is define as 100 x molecular weight of octenyl succinyl group and 209 is molecular weight of octenyl succinyl group minus the molecular weight of hydrogen atom.

Characterization of OSA starches: Amylose content
The amylose content of starches was estimated following the modification by Ratnayake et al. [11] from the method of McGrance et al. [12]. Starch (20 mg, dry basis) was dissolved in 8 mL of 90 % DMSO. The slurry was vigorously mixed for 20 min and volume to 25 mL in a volumetric flask. The diluted solution (1 mL) was taken out and mixed with deionized water then placed in water bath at 85 °C at 15 min. The vials were left to cool at ambient temperature before make up the volume to 25 mL in a volumetric flask. The diluted solution      (1 mL) was take out and mixed with deionized water (40 mL) and iodine solution (5 mL). The volume of the mixture was adjusted to a final value of 50 mL. Then, the solution was allowed to stand for at least 15 min and the absorbance was read at 600 nm by using UV-VIS spectrophotometer. A standard curve of amylose was plotted in order to determine the amylose content of native and OSA starches.

Particle size of starch
Particles size of OSA sago starch was measured by static multi-angle light scattering method using Mastersizer Hydro 2000 (Malvern Instrument, Malvern, UK) equipped with Scirocco Dry Powder Feeder. An amount 2 g of native and OSA starches were added into the feeder and the OSA sago starch was measured three times. An average droplet sizes were characterized in terms of Sauter mean diameter d32.

Scanning electron microscopy
The microstructure of starch granule and their surfaces after modification with OSA was examined with scanning electron microscopy (SEM). The air-dried starch powders were stuck on double-sided adhesive tape on a specimen holder and then coated with gold in vacuum evaporator. The samples were analyzed using scanning electron microscope (Leo Supra 50VP Field Emission SEM, Carl Zeiss SMT, Germany). The samples were measured at a magnification of 2000x.

Fourier transfer infrared (FT-IR) spectroscopy
FT-IR spectra of native and OSA starches were performed using Perkin Elmer Spectrum One FT-IR spectrophotometer (Massachusetts, USA). The starch samples were dried at 105 °C for 12 hours to remove any moisture. The dried sample was finely grind with KBr in a ratio of 1: 70 (w/w) and scanned over a wavenumber range from 400 to 4000 cm-1 with a resolution of 4 cm-1.

Statistical analysis
All tests were performed in triplicate. Analysis of variance (ANOVA) was performed using the Duncan multiple range tests to compare treatments means. Significance was defined at p <0.05.

Results and Discussion
Amylose content for native and OSA starches
Table 1 shows the amylose content for native and modified starches after being esterified with OSA. Normally, botanical origin will influence the amount of amylose in the starch where waxy starches contain less than 15 % amylose, regular starch 20 – 35 % amylose and high amylose starch have more than 40 % amylose [13].  The amylose content of native sago starch and OSA sago starch were 30.18 % and 25.27 %, respectively. This result was supported by Ahmad et al. [14] which reported that the amylose content of native sago starch was in the range of 24 – 30 %. According to the amylose content, sago starch can be categorized as a regular starch. 

Table 1. Effect of octenyl succinylation on DS, amylose content and particle size of starches

	Sample
	Degree of substitution 
(DS)
	Amylose content 
(%)
	Particle size 
(µm)

	Native sago starch
	-
	30.18 ± 0.71a
	29.05 ± 0.09b

	    OSA sago starch
	0.012 ± 0.00
	25.27 ± 0.36b
	29.89 ± 0.23a


        Values are mean ± standard deviation. Mean within each column with different superscripts letter are significantly different at p <0.05.

From the result, there was a significant (p <0.05) decrease in amylose content in treated starch. Amylose is located at the amorphous region while amylopectin is in crystalline lamellae. The amorphous region is more accessible than crystalline domains which explain that substitution occur preferentially at amylose chains [15]. As amorphous region is easily accessible, OS group might distribute and disrupt at this region more than in crystalline domains, which explain the reduction of amylose content in esterified starches [16].

Particle size distribution and morphology of starches
The results for particle size analysis are shown in Table 1. The particle size of native sago starch was 29.05 µm. This agreed with the result from [17] which state that the particle size of native sago granules was between 5 to 65 µm and the average was 30 – 31 µm. The particle size of esterified starch shows a significant increased (p     <0.05) when compared to their native state. Structural disorder happens as OS groups incorporate with native starch, making the granule to swell to a greater extent and increase the particle size [18].

Figure 1 shows the SEM image of native and OSA sago starch. Scanning electron microscopy revealed sago starch consists of oval granules with smooth surfaces and non-visible pores [14, 19]. There is an only slight difference in shape of OSA sago starch from their original shape. However, the surface of OSA starch was observed to be rough and their edges lose some definition. The addition of NaOH to maintain the alkaline condition during esterification process might result in surface gelatinization, thus contribute to rough appearance on the surface of OSA starch granules [6]. This observation also could be associated with granule swelling and distruption of starch particles during reaction [20].
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Figure 1. Scanning electron micrographs of a) native sago starch and b) OSA sago starch at 2000x magnification

Fourier transfer infrared (FT-IR) spectroscopy
Fourier transform infrared spectroscopy (FT-IR) was used to detect the presence of OSA groups after esterification. The FT-IR spectra of native and OSA starches are shown in Figure 2. The extremely broad band at 3400 cm-1 is resulting from vibration of hydroxyl group (O-H) whereas the band at 2924 cm-1 is characteristics of C-H stretching vibration of glucose unit. Compared with native starch, two absorption bands were observed at 1569 cm-1 and 1717 cm-1 which correspond to assymetric stretch of vibration of a carboxyl group and C=O stretching vibration of an ester group, respectively [21]. The peak at 1647 cm-1 was due to tightly bound water present in the starch [22]. The intensity of absorption bands at 1569 cm-1 and 1717 cm-1 was reported to increase with increasing DS [23].
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Figure 2. FT-IR spectra for native and OSA sago starches

Conclusion
Our results have shown that the physicochemical properties of native sago starch have been altered after being esterified with OSA. SEM image illustrated that there is only a slight change in the surface of the esterified starch, but does not bring any visible pores or crack on the starch surfaces. Particle size of starch granules was found to increase significantly (p <0.05), which correspond to swelling activity. The amylose content of starch decreased after esterification, indicating that the modification occurred primarily in the amorphous regions and disrupt the linearity of amylose chains. FT-IR spectroscopy confirmed the existence of carbonyl group through absorption bands at 1569 cm-1 and 1717 cm-1. The esterification of sago starch with OSA will add the hydrophobic chain to the originally hydrophilic starch molecule hence the modified starch obtains surface active properties which will be useful in stabilizing emulsion. The stabilizing and emulsifying properties of OSA sago starch need further study. 
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