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Abstract 

Surface modified tapioca starch was developed by enzyme treatment (using STARGEN™ 

002 enzyme) and alcohol-enzyme treatment. The effects of acetylation treatment on 

surface modified tapioca starches were evaluated for acetyl content (Ac%), degree of 

substitution (DS), morphology using scanning electron microscopy (SEM), Fourier 

Transform Infrared spectroscopy (FTIR), thermal properties, and X-ray diffraction (XRD) 

patterns. After acetylation treatment, Ac% and DS value of the samples were significantly 

increased for acetylated (0.67% and 0.03), enzyme-acetylated (1.13% and 0.04), and 

alcohol-enzyme acetylated (1.76% and 0.07). The acetylation treatment led to the 

formation of a few starch granules due to the introduction of hydrophilic groups of acetyl 

molecules into starch granules. The incorporation of acetyl groups into starch molecules 

also was shown at peak 1750 cm-1, 1369 cm-1, and 1230 cm-1 in the FTIR spectra. The 

enzyme-acetylated and alcohol-enzyme acetylated starch granules retained the A-type 

crystalline structure with decreased in the gelatinization enthalpy (ΔH) after acetylation.  

1. Introduction 

Starch is one of the important materials that have 

been extensively used for both food and non-food 

applications due to abundant sources and low cost. 

Recently, starch and starch derivatives are widely used in 

the food industry as carrier materials to protect and act as 

encapsulating agents for volatile compounds (Robert et 

al., 2012; Gao et al., 2013; Najafi et al., 2016; Wang et 

al., 2016; Acevedo-Guevara et al., 2018). Carrier 

materials act as storage tool to protect sensitive 

ingredients such as flavors, oils, minerals, vitamins, and 

food pigments that are sensitive to light, oxidation or 

high temperature (Belingheri et al., 2015; Wang et al., 

2016; Hoyos-Leyva et al., 2018; Lei et al., 2018). 

However, the functionality of starch as a carrier to 

control the release rate of ingredients is limited due to its 

low surface area and pore volume on the granules (Zhu, 

2017; Zhao, Yu, Yang et al., 2018). Therefore, 

modification treatments are commonly applied to the 

surface of starch granules to achieve its intended 

functions.  

Enzymatic treatment is one of the most preferred 

methods to alter the surface of the starch granules with 

abundant sites of erosion (Chen et al., 2011; Luo et al., 

2013; Benavent-Gil and Rosell, 2017a). Enzyme such as 

α-amylase (AM) and/or amyloglucosidase (AMG) are 

used to penetrate the surface of the starch granules. 

However, direct hydrolysis on the native tapioca starch 

granules results in low susceptibility of enzyme 

molecules to hydrolyze and to penetrate the surface due 

to the presence of fat and protein layer on the surface of 

the granules. For the purpose of removing both of 

surface fat and protein, alcohol pre-treatments may be 

applied to enhance the degradation of the starch by 

enzyme molecules (Li, Gao, Wu et al., 2016). However, 

the pre-treatment and enzyme penetration effects on 

tapioca starch granule might not be sufficient to modify 

the surface granules for encapsulation purpose. 

Therefore, further chemical modification is needed to 

increase the binding sites on starch granules surface.       

Acetylation is one of the chemical treatments that 

have been used to modify starch molecules to improve 

their application for encapsulation purpose (Robert et al., 

2012; García-Tejeda et al., 2015; Najafi et al., 2016; 

Acevedo-Guevara et al., 2018). Treating native starch 

granules with acetic anhydride (AA) helps in increasing 

the binding sites on the starch granules surface (García-

Tejeda et al., 2015) and transforming hydrophilic nature 

of the starch molecules into slightly hydrophobic. This 

treatment involves the substitution mechanism where the 

free hydroxyl (OH) groups in the starch chains are 
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replaced by acetyl (CH3COO) groups. The CH3COO 

groups introduced into the starch granules allow volatile 

compounds to interact with the starch molecules. In view 

of this, the acetylated starch is considered as a promising 

alternative for the development of surface modified 

starch which helps to improve the binding sites on the 

starch granules for wider applications as compared to the 

native starch.  

Several studies have developed the surface modified 

starches via enzyme treatment (Chen et al., 2011; Luo et 

al., 2013; Benavent-Gil and Rosell, 2017a; Jung et al., 

2017; Lacerda et al., 2018) and combination of alcohol 

with enzyme treatment (Uthumporn et al., 2013). Many 

of the studies have shown only the effect of those 

treatments separately. However, the combination of 

acetylation with those treatments has not been 

investigated thus far, to produce surface modified 

starches. Therefore, the main objective of this study was 

to evaluate the effects of acetylation treatment on the 

surface modified tapioca starch. This study will provide 

useful information for future research to improve the 

utilization of surface modified starch in the food 

industry.  

 

2. Materials and methods 

2.1 Materials 

Tapioca starch (Mannihot esculenta Crantz) with 

moisture content of 11.50%, was obtained from Thye 

Huat Chan Sdn. Bhd. (Penang, Malaysia). Commercial 

STARGEN™ 002 enzyme with minimum activity 570 

GAU/g and optimum pH is 4.0-4.5 (DuPont Genencor 

Science), produced by Aspergillus kawachi α-amylase 

expressed in Trihoderma reesei and an amyloglucosidase 

from Trichoderma reesei were obtained from CK 

Chemical Sdn. Bhd. (Selangor, Malaysia).  

2.2.1 Preparation of alcohol pre-treatment 

Alcohol pre-treated starches were produced 

according to the method described by Li, Gao, Wu et al. 

(2016) using Soxhlet extraction with some 

modifications.  Native starch was treated with 75% (w/v) 

aqueous of 2-propanol for 1 hr. Then, the solvent was 

filtered by vacuum pump equipped with Whatman No. 3 

filter paper. The starch residues were dried at 40°C in an 

oven for overnight. 

2.2.2 Enzyme hydrolysis 

The preparation of enzyme hydrolysis was based on 

the method of Uthumporn et al. (2012). About 25 g of 

starch (native and alcohol pre-treated) was dispersed in 

100 mL of sodium acetate buffer pH 4.3. STARGEN™ 

002 enzyme (5%, w/v) was added into the slurry and 

incubated for 24 hrs in a shaking incubator (SI- 600R, 

Jelo Tech, South Korea) operating at 150 rpm and 45°C. 

Then, 2 M of HCl solutions were added into the slurry 

until the pH reached 1.5-1.6 to stop the enzyme 

reactions. After that, the slurries were centrifuged 

(Model 4000 Centrifuge, Kubota Corporation, Japan) at 

3000 rpm for 5 mins and washed with distilled water. 

This procedure was repeated for several times to remove 

the top brown layer of samples. Their suspensions were 

then neutralized with distilled water and filtered 

(Whatman No.3 filter paper) using a vacuum pump. The 

starch residues were dried at 40 °C in an oven for 2 days, 

ground and sieved through a 75 μm sieve.  

2.2.3 Preparation of acetylated starches 

The native, enzyme treatment and alcohol-enzyme 

treatment starches were acetylated according to the 

method described by García-Tejeda et al. (2015) with 

some modifications (Figure 1). About 50 g of the 

samples were mixed in 112 mL of distilled water at 25°C 

with continuous stirring using an overhead stirrer. For 

the acetylation reaction to take place, the pH of the 

suspension must be maintained between 8.0-8.4 with 3% 

(w/v) aqueous NaOH solution. Then, about 20 g/100 g of 

acetic anhydride (AA, starch dry basis) was added 

dropwise into the starch slurry; while still maintaining 

the pH within the range 8.0-8.4 using 3% NaOH 

solution. After the completion of acetic anhydride 

addition, the reaction was continued for 15 mins and the 

pH was adjusted to 4.5 with 5% (v/v) HCl solution. Final 

suspension was centrifuged at 2500 rpm for 5 mins and 

neutralized by washing for several times with distilled 

water. The neutralized starch samples were filtered with 

Figure 1. Schematic diagram for sample preparation of the acetylated starches. 
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a filter paper (Whatman No. 3) using vacuum pump and 

dried in an oven at 40°C for 2 days. The dried samples 

were sieved through a 75 μm sieve and kept at room 

temperature in airtight glass containers.   

2.3 Determination of the acetyl percentage (Ac%) and 

degree of substitution (DS) 

The titration method as described by Sahnoun et al. 

(2016) with some modifications was used to determined 

Ac% and DS of all the acetylated samples (i.e., 

acetylated starch, enzyme-acetylated starch and alcohol-

enzyme acetylated starch). Approximately 1.0 g of 

acetylated starch was placed in a 250 mL flask and 

mixed with 50 mL of distilled water. Then 5-6 drops of 

phenolphthalein as an indicator were added into the 

suspension and the solution was titrated with 0.1 M 

NaOH solution until a permanent pink color was 

produced. A 25 mL of 0.5 M NaOH solution was added, 

and the mixture was shaken (120 rpm) in incubator 

shaker at room temperature. After 30 mins, the excess 

alkali was then titrated with 0.2 M HCl solution until the 

pink color disappeared. The native tapioca starch was 

used as blank and treated in similar procedure. Ac% and 

DS were calculated as follows: 

Where V1 = volume of 0.2 M HCl used for titration 

of native tapioca starch; V2 = volume of 0.2 M HCl used 

for titration of acetylated starch; M = molarity of HCl 

solution; W = weight of the acetylated starch; 43 = 

molecular weight of the acetyl group, g/mol; 162 = 

molecular weight of an anhydroglucose unit, g/mol.  

2.4 Granule properties 

The granule surfaces of native and acetylated 

starches were observed using a scanning electron 

microscope (Quanta 650 FEG, FEI Company, 

Netherlands) using a magnification of 3000x and an 

acceleration voltage of 10 kV. The dried samples were 

spread on the surface of double-sided adhesive tape fixed 

on aluminum specimen stub and coated with a thin layer 

of gold before examined. 

2.5 Fourier transforms infrared (FTIR) spectroscopy 

A formation of new functional groups and any changes 

in the chemical structure of starch samples after 

acetylation were analyzed using a Fourier Transform 

Infrared (FTIR) spectrometer (Nicolet iS10, Thermo 

Fisher Scientific, USA). About 1 mg of dried samples 

was pressed as a pellet with 100 mg of dried potassium 

bromide (KBr). The samples were scanned for a total of 

32 scans from wavenumber of 4000 cm-1 to 400 cm-1. 

The spectra of the surface acetylated starch samples 

obtained were then recorded and compared with the 

spectra of the native starch.  

 2.6 X-ray diffraction (XRD) spectroscopy  

The X-ray diffraction (XRD) of the native and 

acetylated starches samples were determined using X-ray 

diffractometry (D8 Advance, Brucker, AXS, Germany), 

while the degree of crystallinity (%) was calculated using 

the Bruker Difrrac. Eva (version 4).  The dried samples 

were conditioned at 100% relative humidity (RH) at 

room temperature for overnight before observation 

(Uthumporn et al., 2012). Then, these samples were 

scanned in an angular range from 4 to 40° (2θ); step size, 

0.02°; step times, 0.1 s per step. The Cu Kα radiation (λ 

= 1.5406 Å) was set at 40 kV (tube voltage) and 40 mA 

(tube current) using nickel-filtering. The diffracted 

radiation was detected using a proportional detector. 

2.7 Thermal properties 

The thermal properties of the samples were analyzed 

using a differential scanning calorimetry (DSC Q100, 

TA Instruments, USA). About 2.5 mg (dry basis) of each 

sample was placed into a hermetic aluminium pan and 

distilled water was then added to produce starch-water 

ratio of 1:3 (g/g) (Benavent-Gil and Rosell, 2017b). 

Then, the sample pan was sealed and equilibrated at 25°

C for 1 hr prior to DSC testing. The sample pan was 

heated from 20°C to 130°C with heating rate of 10°C/

min, 50 mL/min of nitrogen flow rate and an empty 

aluminium pan was used as a reference. The onset (To), 

peak (Tp), and conclusion (Tc) temperatures were 

analyzed based on the heating curves, while the 

gelatinization enthalpy (ΔH) was determined based on 

the area between the connection points of To and Tc and 

is expressed in J/g (dry basis) in Universal Analysis 2000 

software (TA Instruments, USA).         

2.8 Statistical analysis 

Data are presented as mean ± standard deviation. All 

data were analyzed by one-way ANOVA and the 

significant differences among the samples were 

determined using Turkey’s HSD test (α=0.05) by SPSS 

Statistics for Window (Version 20.0, IBM Corporation, 

USA). 

 

3. Results and discussion 

3.1 Acetyl percentage and degree substitution  

The acetyl groups percentage (Ac%) and degree of 

substitution (DS) of the native, acetylated, enzyme-

acetylated and alcohol-enzyme acetylated surface 

modified starches are presented in Table 1. The Ac% and 

DS values of the samples ranged between 0.67 to 1.76 

(1) 

(2) 
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g/100 g, and 0.03 to 0.07, respectively. The obtained 

Ac% in the starch samples are within the maximum 

value (2.5 g/100 g) as recommend by the US Food and 

Drug Administration (US FDA) for food applications. 

Moreover, the acetylated starch samples were classified 

as medium DS (0.1-1.0), obtained by esterification of the 

native starch with acetic anhydride in an aqueous 

medium in the presence of an alkaline catalyst (3% of 

NaOH solution) (Colussi et al., 2015).  

After acetylation treatment, both the surface 

modified starch samples showed significantly higher 

values of Ac% and DS as compared to the native and 

acetylated starches. This may be attributed to the 

presence of more free hydroxyl (OH) groups in the 

starch molecules which could be substituted with acetyl 

groups during acetylation (Zhang et al., 2010; Sahnoun 

et al., 2016;  Zhao, Saleh, Li et al., 2018). This increase 

could be caused by surface erosion after enzyme 

hydrolysis during surface modification treatment. The 

presence of enzyme would disrupt and weakens the 

hydrogen bonds in the starch granules, resulting in deep 

erosion on the surface, in turn, increased surface area; 

which makes it easier for acetic anhydride to interact 

with the starch granules (Zhao, Saleh, Li et al., 2018).        

Besides, alcohol-enzyme acetylated starch had the 

highest Ac% and DS values compared to the enzyme-

acetylated starch which could be due to the disruption of 

amorphous regions by alcohol reagents before enzyme 

penetration (Li, Gao, Wu et al., 2016). This could allow 

for the greatest penetration of the enzyme into the 

surface granules, resulting in deep surface erosion and 

increased free OH groups. Therefore, more acetyl groups 

would be substituted in the starch molecules during 

acetylation treatment. Differences in Ac% and DS values 

might be attributed to the type of treatments and 

structures of the starch granules.     

3.2 Morphology properties 

The granular structures of the native and the treated 

acetylation starches are shown in Figure 2. Based on 

Figure 2a, the native starch granules had a smooth 

surface with one or more truncated area on the surface. 

Similar morphology of native tapioca starch granules 

was reported by (Mbougueng et al., 2012; Alzate et al., 

2016), where the surface granules were smooth without 

any pores or cracks. After acetylation, the surface 

granules of the native starch became rough (Figure 2b). 

In addition, surface erosion was also observed on some 

granules, possibly due to the penetration of acetic 

anhydride on the surface of the smooth granules (Chiu 

and Solarek, 2009; Mendoza et al., 2016). The SEM 

shows no obvious changes in the size and the shape of 

the starch granules after acetylation.  

On the other hand, the surface of enzyme-acetylated 

starch granules became rough and deep erosion occurred 

after acetylation treatment than that of the surface of 

their native state (Figure 2c). Enzyme molecules are 

believed to penetrate the surface of the starch granules 

during hydrolysis process and could have promoted the 

deep erosion on the surface of the granules (Benavent-

Gil and Rosell, 2017b; Lacerda et al., 2018). Such 

surface granules had erosion, allowing greater 

penetration of acetic anhydride on the granule surface, 

resulting in deep surface erosion. In addition, a few 

starch granules were found to clump to each other after 

acetylation due to the incorporation of acetyl groups to 

the starch molecules, resulting in high hydrogen bonding 

(Singh et al., 2004; Mbougueng et al., 2012).       

After acetylation treatment, deep surface erosion, 

rough surface and fusion of few starch granules were 

observed in the alcohol-enzyme acetylated samples 

(Figure 2d) as compared to the enzyme-acetylated 

sample. The deep erosion on the surface of the granules 

might be due to the influence of alcohol pre-treatment 

Treatments Ac% DS 

Native - - 

Acetylated 0.67±0.04a 0.03±0.00a 

Enzyme-acetylated 1.13±0.13b 0.04±0.01b 

Alcohol-enzyme acetylated 1.76±0.11c 0.07±0.00c 

Table 1. Acetyl percentage (Ac%) and degree of substitution 

(DS) of the treated acetylation tapioca starches. 

Values are expressed as mean±SD. Values with different 

superscript within column are significantly different (p<0.05). 

Figure 2. Scanning electron microscopic photographs for the 

(a) native; (b) acetylated; (c) enzyme-acetylated; (d) alcohol-

enzyme acetylated. Defects of the structure due to the 

treatments are shown by yellow arrow. 
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followed by enzyme treatment. According to Uthumporn 

et al. (2013) and Li, Gao, Wu et al. (2016), alcohol 

reagent could interrupt and weaken hydrogen bonds of 

the starch molecules, in turn, weakened the granules 

structures. Therefore, the enzyme molecules can easily 

penetrate the granules through the weakened granules 

structures, resulting in the formation of deep erosion on 

the surface. Besides, the presence of fused starch 

granules might be due to the introduction of hydrophilic 

groups of acetyl molecules after acetylation process to 

the starch molecules.  

Based on the results, acetylation treatment had 

caused mild changes on the surface of the granules as 

compared to the native starch, with expectation of the 

formation of a few fused starch granules (Singh et al., 

2004; Mbougueng et al., 2012;  Zhao, Saleh, Li et al., 

2018). The effect of acetylation on the surface of starch 

granules might be depending on the sources of starch and 

the pre-treatment conditions.   

3.3 Fourier transforms infrared analysis 

The FTIR spectra of starch samples are shown in 

Figure 3. In the spectra of native tapioca starch, the peak 

around 3000-3600 cm-1 was observed which attributed to 

the hydroxyl groups (O-H) in the starch molecules. In 

addition, the absorption bands at 2929 cm-1, 1653 cm-1, 

1159 cm-1 and 1010 cm-1 were also observed in this 

study, which related to C-H2 stretching bonds, C-O-O 

stretching vibration in carbohydrate groups, C-O bonds 

and C-C bonds, respectively (Rahim and Kadir, 2017).  

The molecular structure of the treated acetylation 

starch samples showed no significant changes compared 

to the native starch, but the presences of new bands 

clearly indicated the introduction of acetyl group in the 

spectra was detected. Similar observation on the new 

absorption peaks after acetylation treatment was reported 

by several researchers (Mbougueng et al., 2012; Colussi 

et al., 2015; Mendoza et al., 2016). After acetylation 

treatment, a new peak at 1750 cm-1, which attributed to 

the C=O bonds, and strong absorption peaks at 1369 cm-1 

attributed C-H bond in acetyl group and 1230 cm-1 C-O 

of acetyl groups were observed. These new bands 

confirmed the presence of acetyl groups and they are 

covalently bounds to the starch molecules (Mbougueng 

et al., 2012; Colussi et al., 2015; Rahim and Kadir, 2017; 

Shah et al., 2017). The absence of absorption bands at 

peaks 1750 cm-1, 1369 cm-1 and 1230 cm-1 in the 

spectrum of the native tapioca starch indicated that the 

sample was free of acetylation process. 

However, reduction in the intensity at peak 3000-

3600 cm-1 after acetylation treatment could be due to the 

substitution of O-H groups with acetyl groups in the 

starch molecules (Hong et al., 2016; Rahim and Kadir, 

2017). The intensity of those bands decreased as a 

consequence of the increasing DS value and also acetyl 

groups, which were introduced in the starch molecules. 

Therefore, after acetylation treatments, the samples had 

stronger intensity peaks at 1750 cm-1 (C=O), 1369 cm-1 

(C-H) and 1230 cm-1 (C-O). Based on the comparison 

among the treatments, the FTIR results for the alcohol-

enzyme acetylated starch exhibited the stronger C=O 

bonds and narrow band at the C-H and C-O bonds, 

suggesting that more free O-H groups in the starch 

molecules were converted into acetyl groups. These 

results are in accordance with the Ac% and DS results, 

which showed significantly higher Ac% and DS values 

in the alcohol-enzyme acetylated tapioca starches than 

the acetylated and enzyme-acetylated starches.   

3.4 X-ray diffraction (XRD) 

The crystallinity characteristics of the starch samples 

were studied using XRD analysis. The XRD patterns of 

the native and the treated acetylation tapioca starch 

samples are shown in Figure 4. The native tapioca starch 

showed four strong diffraction peaks at 2θ about 15° and 

23°, a connected double peak at 17° and 18°, and a small 

peak at 19°, characteristic of type A tuber starches (Li, 

Liu, Gao et al., 2016; Zhang et al., 2017). As can be seen 

in Figure 4, the diffractograms of the treated acetylation 

starch samples showed a similar A-type pattern when 

compared to the native tapioca starch. This observation 

suggests that the acetylation treatment did not alter the 

crystalline pattern of the starch (Rahim and Kadir, 2017).  

On the other hand, a reduction in diffraction peaks 

intensity of the treated tapioca was observed after 

acetylation treatment. Similar observations were reported 

by Kong et al. (2016) and  Zhao, Saleh, Li et al. (2018) 

for the reduction of the diffraction peaks intensity of 

treated acetylation starches.  The introduction of acetyl 

groups by the acetic anhydride into the starch granules 

Figure 3. FTIR spectra of the native and the treated 

acetylation tapioca starches. 
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could destroy of double helices structures of the starch 

molecules. Meanwhile, the treatment of enzyme and 

alcohol-enzyme led to change in the amylose and 

amylopectin arrangement of the treated starch granules.  

3.5 Thermal properties 

The thermal properties of the native starch and the 

treated acetylation starches are shown in Table 2. Results 

from the table show that the value of onset temperature 

(To) was not significant after acetylation treatment, 

except the enzyme-acetylated sample. This may be 

attributed to the penetration of enzyme molecules on the 

surface of the granules before acetylation which led to 

the disruption of the crystalline and amorphous areas of 

the starch chain (Jung et al., 2017) before acetylation 

treatment. However, the peak temperatures (Tp) tended to 

decrease due to the acetylation treatment introduced on 

the starch samples. Similar observations were reported 

by Zhao, Saleh, Li et al. (2018) for the Tp value of 

treated starches followed by acetylation treatment.    

On the other hand, the gelatinization enthalpy, ΔH 

tended to decrease after acetylation treatment compared 

with the native tapioca starch. The highest DS values of 

the starch samples result in the greatest reduction in ΔH 

which was obtained from the alcohol-enzyme acetylated 

sample. Besides, it was found that the presence of acetyl 

groups in the starch molecules change the double helices 

structures (El Halal et al., 2015). This result was 

expected as the substitution of acetyl groups in the starch 

molecules had caused damage and altered the double 

helices structures. Furthermore, the decrease in hydroxyl 

groups as a result of the substitution of acetyl groups 

indicates the weakening of the internal hydrogen 

bonding of starch. Besides, the decrease in ΔH of the 

treated samples might be attributed to the alteration of 

double helices by the enzyme and alcohol-enzyme, 

which caused destabilization of the starch granules. 

Similar results were obtained by Zhao, Saleh, Li et al. 

(2018) for pre-treated wheat starch prior to acetylation 

treatment.      

 

4. Conclusion 

In this study, the effects of acetylation treatment the 

native, enzyme treatment and alcohol-enzyme treatment 

tapioca starches were investigated. After acetylation 

treatment, the Ac% and DS value of the enzyme-

acetylated and the alcohol-enzyme acetylated starches 

were found significantly increased as compared to the 

starch that underwent only acetylation treatment. 

Increasing in the Ac% and DS value of the treated 

acetylation starches had caused significant reduction in 

the ΔH value in the following order: native > acetylated 

> enzyme-acetylated > alcohol-enzyme acetylated. The 

scanning electron micrographs showed erosion on the 

starch granules for the enzyme-acetylated and the 

alcohol-enzyme acetylated starches. The introduction of 

hydrophilic groups of acetyl molecules into the starch 

granules had caused starch granules to clump to each 

other. In our study, it is shown that enzyme and alcohol-

enzyme treatment may serve as an additional step to the 

acetylation treatment of the starch to improve the 

properties of the starch for industrial application. 

However, the suitability of the treated acetylation tapioca 

starches for food industrial applications needs to be 

investigated in future studies.  
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Type of treatments 
DSC properties 

To (°C) Tp (°C) Tc (°C) ΔH (J/g) 

Native 56.24±2.04a 67.05±1.11c 74.92±2.73a 7.71±0.18b 

Acetylated 56.23±1.60a 62.71±0.79b 71.17±1.32a 1.61±0.09a 

Enzyme-acetylated 60.91±2.11b 66.07±2.23bc 74.39±3.44a 1.64±0.59a 

Alcohol-enzyme acetylated 53.79±1.29a 58.69±1.20a 74.36±2.07a 1.35±0.43a 

Figure 4. X-ray diffractograms for the native and the treated 

acetylation tapioca starches. 

Table 2. Thermal properties of the starch samples. 

Values are expressed as mean±SD. Values with different superscript within column are significantly different (p<0.05). 
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