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Abstract 

This study investigate the effect of oxidation using hydrogen peroxide and sodium hypochlorite on 
physicochemical and baking expansion properties of oxidized sago starch.  Type of oxidant and irradiation time 
(10,15 and 20 min) were studied. The extent of oxidation was determined based on starch color, carboxyl, 
carbonyl, and amylose contents, swelling power and solubility, and baking expansion properties of oxidized starch. 
The results showed that L* value increased with oxidation reaction using peroxide and hypochlorite as oxidant 
and longer time of UV irradiation. Carbonyl content of peroxide- and hypochlorite-oxidized starch decreased by 
increasing of UV irradiation time. Carboxyl content was increased by increasing irradiation time at 15 min and 
then decrease at 20 min irradiation time. Increasing irradiation time, increasing amylose content of oxidized sago 
starch. Swelling power and solubility of oxidized sago starch increase from 10 min to 15 min irradiation time and 
then decrease at 20 min irradiation time. Swelling power and solubility of peroxide-oxidized sago starch was 
higher than hypochlorite-oxidized starch. Oxidation reaction decrease the pasting temperature and increase peak 
viscosity, hot paste viscosity and cool paste viscosity of sago starch. The peak viscosity and hot paste viscosity of 
peroxide-oxidized sago starch are higher than hypochlorite-oxidized starch. Oxidation of starch using peroxide 
and hypochlorite catalyzed UV irradiation increased specific volume of starch. Baking expansion of hypochlorite-
oxidized starch is lower than peroxide-oxidized starch. Oxidation starch using peroxide with UV irradiation for 15 
min gave the highest specific volume of sago starch at 8.65 mL/g with degree of baking expansion 65,6%. 
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1. Introduction  

Native starch have been used since ancient time as a raw material to prepare different products in food and non-
food industries. Sago starch is one kinds of nnative starch derived from the pith of Sago Palm (Metroxylon sago). 
Sago palm is one of the important economic plants, mainly because it has the highest yield of starch in terms of its 
caloric yield per hectare. Its grown in several humid tropical countries, such as Indonesia, Malaysia and Thailand 
(Lim et al., 1991).  

Sago starch is more difficult to used as raw material for refined products in the food industry because of the 
limitations of its physicochemical properties (Limbongan, 2007). Tethool et al., (2009) reported that sago starch 
has low swelling power, whereas this properties is required in food industry, especially noodles and bakery. But 
the shortcomings of starch physicochemical properties may be overcome by modifications, either by chemical, 
physical or enzymatic methods (Ketola and Hagberg, 2003). 

Oxidation of starch is one of a chemically modification. This method is important and widely used, because the 
resulted starch has a low viscosity, high stability, clarity, film forming and binding properties (Sanchez-Rivera et 
al., 2005). Oxidized starch has been used in many industries particularly in the paper, textile, laundry finishing and 
binding materials industries to provide surface sizing and coating properties (Kuakpetoon and Wang, 2006). One 
of the important properties of oxidized starches to be applied in the food industry is baking expansion properties 
(Bertolini et al., 2001; Demiate et al., 2000). 

Oxidized starch is produced by reacting starch with a specific amount of oxidizing agents under controlled 
temperature and pH (Wang & Wang, 2003). Several oxidizing agents have been applied to starch oxidation 
including sodium hypochlorite, bromine, periodate, permanganate and ammonium persulfate. Among them 
hypochlorite oxidation is the most common method for the production of oxidized starch in an industrial scale, 
because it is very efficient and cheap (Sanchez-Rivera et al., 2005). Hydrogen peroxide, is the other oxidizing 
agent, has been used in a commercial practice. In the oxidation of starch, hydrogen peroxide does not produce 
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harmful by product, because decomposes inevitably to oxygen and water. Therefore, these chemical are safer and 
more environmentally friendly, making it suitable applied in the food industry (Ketola and Hagberg, 2003). 

Several studies on the oxidation of starch in presence of Ultraviolet (UV) light has been done (Vatanasuchart et al., 
2003; Vatanasuchart et al., 2005; Lorlowhakarn and Naivikul, 2005). El-Sheikh et al., (2010) reported that cassava 
starch oxidation with UV irradiation are affected on the physicochemical properties. Another research states that 
UV irradiation is important for baking expansion ability of cassava starch and its biscuit products (Bertolini et al., 
2001; Vatanasuchart et al., 2003; Vatanasuchart et al., 2005). This is caused the oxidizing agents such as hydrogen 
peroxy and hypochlorite which exposed to UV light will be formed the radical groups that trigger the oxidation 
process (El-Sheikh et al., 2010; Wang et al., 2012). 

The purpose of this study was to compare the physicochemical and baking expansion properties of peroxide- and 
hypochlorite-oxidized sago starch. Sago starch was oxidized use hydrogen peroxide and sodium hypochlorite with 
catalized by UV irradiations at varying oxidation times. The change in physicochemical and baking expansion 
behavior were evaluated and compare. 

 

2. Materials and Methods 

2.1. Source of  Raw Materials  

Native sago starch was obtained from traditional market in Manokwari, Indonesia. Hydrogen peroxide (30%) and 
sodium hypochlorite containing 10% active chlorine (w/w) was obtained from Merck (Germany), and all other 
chemicals for analysis were analytical grade.  

2.2. Design of Photochemical Reactor 

Photochemical reactor design was shown in Fig.1. The photochemical reactor equiped with stainless steel reactor 
tank to place the material and mechanical stirring to prevent precipitation of starch during oxidation reaction, 
pump to circulate slurry through a stainless steel funnel containing an UV lamp with 100-400 nm wavelength, the 
funnel being designed in such a way that its volume is smaller than the total volume of the slurry to be treated.  

2.3. Preparation of peroxide-oxidized sago starch  

Oxidation of starch was performed used UV catalizator instrument (Fig. 1), with UV ligtht (wavelengths 100-400 
nm) as an oxidation catalyst. Hydrogen peroxide oxidation of sago starch catalyzed by UV irradiation was 
prepared as previously described by El-Sheikh et al., (2010) with some modification. A known weight of native 
sago starch was mixed with a known volume of distilled water to making the starch-water slurry, with 
material:liquor ratio is 1:6. The starch slurry inserted into the reactor tank (No.1), and then 3% of hydrogen 
peroxide based on weight starch were added to the slurry. Starch slurry is pumped (No. 2) and circulated through 
the tube of UV irradiation (No. 4) and UV light was immersed. The process of oxidation with UV irradiation was 
performed for 10, 15, and 20 minutes (the time was counted after all oxidant was added and UV ligth was turned 
on). To prevent precipitation of starch during oxidation, mechanical stirring was performed (No.5). After the 
oxidation, the oxidized starch can be separated from reacting slurry by filtration. The separated oxidized starch 
were washed with destilled water and dried in a drying oven at 50 oC. 

2.4. Preparation of hypochlorite-oxidized sago starch  

Sodium hypochlorite oxidation of sago starch catalyzed by UV irradiation was carried out as described by 
Sangseethong et al., (2009) with some modifications. Oxidation with UV irradiation was performed as described 
in the oxidation with hydrogen peroxide. The native sago starch was mixed with a destilled water to making the 
starch-water slurry with 1:6 ratio, and then 3% of sodium hypochlorite based on weigth starch were added. Starch 
slurry is pumped and circulated through the tube of UV irradiation and UV light was immersed for 10, 15 and 20 
minutes. After the oxidation, the oxidized starch can be separated from reacting slurry by filtration. The separated 
oxidized starch were washed with destilled water and then be dried in a drying oven at 50 oC.  

2.5. Starch color measurement 

The color of oxidized starch in terms of L*, a* and b* values were measured by Chromameter CR-400 (Konica-
Minolta, Japan).  

2.6. Amylose content 

Amylose contentof oxidized sago starch determined by iodine assay method from AOAC (2005). 

2.7. Swelling Power and Solubility 
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Swelling power and solubility of the oxidized starches were determined  by a procedure described by Adebowale 
et al., (2002). A starch sample 1.0 g was accurately weighed and quantitatively transferred into a clear dried test 
tube and re-weighed (W1). The starch was then dispersed in 50 ml of distilled water. The resultant slurry was 
heated at 95oC for 30 min. The mixture was cooled to 30oC and centrifugated (500 rpm, 15 min). Aliquots (5 ml) 
of the supernatant were dried to a constant weight at 110 oC. The residue obtained  after drying the supernatant 
represented the amount of starch solubilised in water. Solubility was calculated as g per 100 g of starch on a dry 
weight basis. 

The residue obtained from the above experiment (after centrifugation) with the water it retained was quantitatively 
transferred to the clean dried test tube used earlier and weighed (W2). 

Swelling of starch = 
(W2-W1) 

(weight of starch) 

2.8. Carbonyl content 

The carbonyl content was determined as described by Kuakpetoon and Wang (2001). Satrch sampel (4g) was 
slurried in 100 mL of distilled water. The slurry was gelatinized in a boiling water bath for 20 min, cooled to 40 oC 
and adjusted to pH 3.2 with 0.1 M HCl. Then 15 mL of hydroxylamine reagent was added. The flask was 
stoppered and agitated in a water bath at 40 oC. After 4 h, the sample was rapidly titrated to pH 3.2 with 0.1 M 
HCl. A blank determination with only hydroxylamine reagent was performed in the same manner. The 
hydroxylamine reagent was prepared by dissolving 25g hydroxylamine hydrochloride in 100 mL of 0.5 M NaOH. 
The final volume was then adjusted to 500mL with distilled water. Carbonyl content was calculated as follows:  

Carbonyl content= 
[(blank - sample)mL x Acid Normality x 0.028 x 100 

sample weigth (g, dry basis) 

2.9. Carboxyl content 

The carboxyl content of starch was determined using a modification of FAO method described by Sangseethong et 
al., (2010). Starch sample (5g) was stirred in 25mL of 0.1 M HCl for 30 min. The slurry was then filtered and 
washed with distilled water until free of chloride ions. The filtered cake was transferred to a 600 mL beaker, and 
the volume was adjusted to 300 mL with distilled water. The starch slurry was heated in a boiling water bath with 
continuous stirring for 15 min to ensure complete gelatinization. The hot sample was immediately titrated with 0.1 
M NaOH using phenolptalein as indicator. A blank determination was run on the original sample in the same 
manner but being stirred in 25 mL of distilled water instead of 0.1 M HCl. Carboxyl content was calculated as 
follows: 

Carboxyl content= 
[(sample - blank)mL x N NaOH x 100 

x 0.045 
sample weigth (g, dry basis) 

2.10. Pasting properties 

The RVA parameters were determined using the RVA according to Zaidul et al., (2007). Each sample of native and 
oxidized sagu starch was added to 25 ml of distilled water to prepare a 6% suspension on a dry weight basis 
(w/w).. Each suspension was kept at 50 oC for 1 min and then heated up to 95 oC at 12.2 oC/min and held for 2.5 
min at 95 oC. It was then cooled to 50 oC at 11.8 oC/min and kept for 2 min at 50 oC. The pasting temperature (PT), 
peak viscosity (PV), hot paste viscosity (holding; HPV), cool paste viscosity (CPV) and their derivative 
parameters breakdown (BD = PV - HPV), and setback (SB = CPV - PV) were recorded and presented in 
centipoise (cP). 

2.11. Baking expansion properties 

The baking property of starches was determined as described by Demiate et al., (2000) with some modification. 
The baking property was measured by weighing 10g of starch sample and partially cooking by addition of 10 mL 
of boiling de-ionized water over this starch mass. This partially cooked starch was homogenized to produce a 
dough, that was molded to three small balls and baked on an electric oven at 200 oC for 25 min. After baking, the 
doughs were weighed, and made impermeable by using paraffin and their volumes determined on graduated 
cylinders as the volume of water displaced. The expansion was obtained by dividing volume by weight and was 
expressed as specific volume (mL/g). 

2.12. Statistical analysis 

The data obtained from this study were analyzed using analysis of variance at a 95% confidence level and 
comparisons significant for all treatments used LSD test. SPSS v17.0 software (SPSS Inc.) was used to analyze 
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the data. 

 
3. Results and Discussion 

3.1. Color evaluation of oxidized starch 

Table 1 showed the effect of hydrogen peroxide and sodium hypochlorite oxidation catalyzed by UV irradiation on 
oxidized sago starch color. The L* value was a parameter for characterizing starch color and it was a direct 
measurement of its whiteness. The L* value increased, when UV irradiation time was increase. The L* value close 
to 100 indicates white material. Increasing the L* value due to the peroxyl groups and active chlorine produced 
while UV irradiation time can act as bleaching agent (Sanchez-Rivera et al., 2005; Indra, 2009). But when 10 min 
of UV irradiation time, L* value of oxidized sago starch was lower than L* value of native sago starch. This is 
probably due to the presence of polyphenol oxidase enzyme at native sago starch that promotes enzymatic 
browning. This reaction cannot be completely eliminated during the modification processes (Miftahorrachman and 
Novarianto, 2003; Flores et al., 2010). During oxidation process, aldehyde groups is formed and its presence 
increase the b* value or yellownes of starch color (Chiu and Solarek, 2009). 

 
3.2. Amylose content 

Amylose content, swelling power and solubility of oxidized sago starch are shown in Table 2. Amylose content of 
sago starch increase with peroxide and hypochlorite oxidation process. Increasing irradiation time, increase 
amylose content of oxidized sago starch. Increasing amylose content might be due to depolymerization of starch 
molecules into the polymer chain with chain lengths shorter in greater numbers (Kuakpetoon and Wang, 2006). 
Besides carbonyl and carboxyl groups formed while oxidation reaction, oxidation also causes degradation of 
starch molecules by mainly cleaving amylose and amylopectin molecules at α-1,4 glucosidic linkages (Wang and 
Wang, 2003). 

 
3.3. Swelling power and solubility 

Swelling power and solubility of oxidized sago starch was increase from 10 min to 15 min irradiation time and 
then decrease. Increasing swelling power might be attributed to the formation of more hydrophilic groups (–
COOH) during oxidation (Lee et al., 2005). Decreasing swelling power when increasing irradiation time may be 
due to photocrosslinking occur during oxidation reaction. Photocrosslinking inhibit swelling power of oxidized 
starch (Wang and Wang, 2003; Lorlowhakarn and Naivikul, 2005) 

Solubility indicate a quantity of soluble starch molecules at a certain temperature. Table 2 showed that solubility 
of starch will increase along with peroxide and hypochlorite oxidation reaction. The UV Irradiation time until 15 
min increasing solubility, but at 20 min time irradiation the starch solubility was decreased. Increasing solubility 
of starch after oxidation process resulting from the depolymerization and weakening structure of starch granule 
cause amylose leaching occured (Adebowale et al., 2002; Lorlowhakarn and Naivikul, 2005). Decreasing the 
starch solubility at 20 min time irradiation might be due to photocrosslinking of starch molecule was occur while 
oxidation reaction. These crosslinks could stabilize the swollen granules and overcome the negative impact from 
minor depolymerization (Kuakpetoon and Wang, 2001; Wang and Wang, 2003). Table 2 showed that swelling 
power and solubility of peroxide-oxidized sago starch higher than hypochlorite-oxidized starch. 

 
3.4. Carbonyl and carboxyl content 

During oxidation process, hydroxyl groups on starch molecules are oxidized to carbonyl and carboxyl groups. 
Kuakpetoon and Wang (2006) and El-Sheikh et al., (2010) have proposed a consecutive reaction path in which 
hydroxyl groups in starch molecules are first oxidized to carbonyl groups and then to carboxyl groups. It is 
depending on the type of oxidant used and the reaction conditions. Parallel reaction paths in which carbonyl or 
carboxyl groups are selectively formed by oxidation of the hydroxyl groups at  C-2, C-3, and C-6 positions 
(Kuakpetoon and Wang, 2006).  

Carbonyl and carboxyl content of peroxide- and hypochlorite-oxidized sago starch are shown in Table 3. Carbonyl 
content of peroxide and hypochlorite-oxidized starch decrease by increasing UV irradiation time. Decreasing 
carbonyl content may be due to carbonyl groups formed while oxidation reaction are converted to carboxyl groups 
(El-Sheikh et al., 2010; Sangseethong et al., 2010; Zavareze et al., 2010). Carboxyl content increase by increasing 
irradiation time at 15 min and then decrease. Increasing of carboxyl content may be due to further oxidation of the 
carbonyl to carboxyl groups and after 15 min reaction the decarboxylation occurs (El-Sheikh et al., 2010). 
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Carbonyl was a primary functional group produced in the peroxide-oxidized starches, while carboxyl was a 
primary functional group produced hypochlorite-oxidized starch (Vatanasuchart et al., 2005). 

 
3.5. Pasting properties 

Table 4 showed the pasting properties of peroxide- and hypochlorite-oxidized sago starch. The pasting 
temperature of oxidized starch was lower than native sago starch. Peak viscosity, hot paste (holding) viscosity and 
cool paste viscosity increase with oxidation reaction. Decreasing pasting temperature might be due to increasing 
hydration capacity of starch molecules, so the energy necessary to carry out the gelatinization process decrease 
(Zaidul et al., 2007; Wang and Wang, 2003). Increasing peak viscosity was attributed to the formation of 
hemiacetal or hemiketal cross-links from oxidation, which are assumed to occur mostly among amylopectin 
molecules and to a lesser extent between amylopectin and amylose molecules. Crosslinking was attributed to 
increasing molecular weight and paste viscosity (Kuakpetoon and Wang, 2006; Wang and Wang, 2003). 

The peak viscosity and hot paste viscosity of peroxide-oxidized sago starch higher than hypochlorite-oxidized 
starch. This phenomenon might be due to hemiacetal crosslink formation and it increase of the starch molecular 
weight. The cool paste viscosity of  hypochlorite-oxidized starch higher than peroxide-oxidized starch. Increased 
UV irradiation time, increasing cool paste viscosity. This phenomenon due to amylose chains were solubilized 
during the heating step forming a network that had a more compact structure (Sanchez-Rivera et al., 2005). This 
condition attribute to increasing cool paste viscosity and setback of hypochlorite-oxidized starch. 

 
3.6. Baking test 

Table 5 showed baking expansion properties of peroxide- and hypochlorite-oxidized sago starch. The starch 
oxidation using peroxide and hypochlorite catalyzed by UV irradiation are effectively increasing specific volume 
of the oxidized starch. Oxidation using peroxide with UV irradiation time for 15 min produce the highest specific 
volume of sago starch at 8.65 mL/g with degree of baking expansion 65,6% compared to native sago starch. While 
oxidation using sodium hypochlorite with UV irradiation time for 10 min gave the lowest specific volume at 7,35 
mL/g with degree of baking expansion 40,7%. Figure 2 showed baking expansion of oxidized sago starch.  

Increased degree of baking expansion due to carbonyl and carboxyl groups formation while oxidation reaction. 
Carbonyl and carboxyl groups are affect to increasing hydration capacity of oxidized sago starch (Wang and Wang, 
2003). Increased hydration capacity of starch contribute to water bonding increase in starch molecules, and it 
affect  increasing water vapor and internal pressure during baking process. Increased the baking expansion due to 
the formation of matrix amorph structure along with hydrogen bonds (Bertolini et al., 2001). Baking expansion of 
hypochlorite-oxidized starch is lower than peroxide-oxidized starch. This phenomenon might be due to the 
formation of more compact amylose structure while gelatinization process and its inhibit increased of the baking 
expansion (Sanchez-Rivera et al., 2005; Vatanasuchart et al., 2003). 

 
4. Conclusions 

Oxidation sago starch using hydrogen peroxide and sodium hypochlorite catalyzed by UV irradiation are affected 
on physicochemical properties of oxidized sago starch. Carbonyl content of peroxide- and hypochlorite-oxidized 
starch decrease by increasing UV irradiation time. Carboxyl content increase by increasing of irradiation time at 
15 min and then decrease at 20 min irradiation time. Increasing irradiation time, increasing amylose content of 
oxidized sago starch. Swelling power and solubility of oxidized sago starch increase at 10 min to 15 min 
irradiation time and then decrease at 20 min irradiation time. Swelling power and solubility of peroxide-oxidized 
sago starch was higher than hypochlorite-oxidized starch. Oxidation reaction decrease the pasting temperature and 
increase peak viscosity, hot paste viscosity and cool paste viscosity of oxidized sago starch. The peak viscosity 
and hot paste viscosity of peroxide-oxidized sago starch higher than hypochlorite-oxidized starch. Oxidized starch 
is suitable to improve baking properties. Oxidation starch using peroxide with UV irradiation time for 15 min gave 
the highest specific volume of sago starch at 8.65 mL/g with degree of baking expansion 65.6%. 
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Table 1. Effect of hydrogen peroxide and sodium hypochlorite oxidation catalyzed by UV irradiation on oxidized 
sago starch color  

Sampel treatments Starch color 

Oxidizing agent 
irradiation time 

(min) 
L* a* b* 

Native Sago Starch 87.86 1.72 2.76 

H2O2 10 85.32 3.45 2.85 

15 89.48 3.20 3.15 

20 90.56 2.84 3.63 

NaOCl 10 84.12 3.49 2.86 

15 87.94 3.35 3.07 

20 88.45 3.26 3.20 

Result are expressed as an average of three replications. Means in a column with different superscripts are 
significantly different at P<0.05 by ANOVA and LSD 
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Table 2. Effect of hydrogen peroxide and sodium hypochlorite oxidation catalyzed by UV irradiation on amylose 
content, swelling power and solubility of oxidized sago starch  

Sampel treatments 
Amylose content 

(%) 
Swelling  

(%) 
Solubility  

(%) Oxidizing agent 
irradiation time 

(min) 

Native Sago Starch 31.9 ± 0.25 a 38.1 ± 0.92 d 25.3 ± 0.47 c 

 H2O2 10 33.7 ± 0.41 b 36.2 ± 0.12 c 28.2 ± 0.36 d 

15 33.8 ± 0.14 bc 40.1 ± 1.37 e 35.1 ± 0.35 f 

20 34.5 ± 0.46 cd 37.8 ± 0.15 d 33.6 ± 0.18 e 

NaOCl 10 33.3 ± 0.48 b 33.5 ± 0.57 ab 18.4 ± 0.02 a 

15 33.8 ± 0.54 bc 34.6 ± 0.19 b 23.6 ± 0.14 b 

20 34.8 ± 0.16 d 32.8 ± 0.22 a 17.9 ± 0.23 a 

Result are expressed as an average of three replications. Means in a column with different superscripts are 
significantly different at P<0.05 by ANOVA and LSD 

 

Table 3. Effect of hydrogen peroxide and sodium hypochlorite oxidation catalyzed by UV irradiation on carbonyl 
and carboxyl content of oxidized sago starch  

Sampel treatments 
Carbonyl content  

(%) 
Carboxyl content  

(%) Oxidizing agent 
irradiation time 

(min) 

Native Sago Starch 0.45 ± 0.02 ab 0.33 ± 0.03 b 

H2O2 10 0.52 ± 0.04 c 0.23 ± 0.02 a 

15 0.49 ± 0.04 bc 0.44 ± 0.04 c 

20 0.44 ± 0.02 ab 0.35 ± 0.03 b 

NaOCl 10 0.49 ± 0.03 bc 0.30 ± 0.04 b 

15 0.43 ± 0.03 a 0.32 ± 0.04 b 

20 0.41 ± 0.02 a 0.29 ± 0.03 b 

Result are expressed as an average of three replications. Means in a column with different superscripts are 
significantly different at P<0.05 by ANOVA and LSD 
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Table 4. Effect of peroxide and hypochlorite-oxidized with UV irradiation on pasting properties of oxidized sago 
starch 

Sampel treatments Pasting 
Temp 

(oC) 

Peak 
Viscosity 

(cP) 

Hot 
Paste 

Viscosity 

(cP) 

Cool Paste 
Viscosity 

(cP) 

Break 
Down 

Set 
Back Oxidizing 

agent 
irradiation 
time (min) 

Native Sago Starch 72.6 471.5 480.0 865 -8.5 393.5 

H2O2 10 68.8 590.4 585.4 982.7 5.0 392.3 

15 69.2 692.0 642.8 975.0 49.2 283.0 

20 68.2 651.7 615.6 1032.9 36.1 381.2 

NaOCl 10 71.6 490.5 4854 1006.4 5.1 515.9 

15 70.5 532.0 545.0 1021.5 -13.0 489.5 

20 70.1 556.2 560.2 1038.0 -4.0 481.8 

 

Table 5. Effect of peroxide and hypochlorite-oxidized with UV irradiation on baking expansion of oxidized sago 
starch 

Sampel treatments 
Specific volume  

(mL/g) 

Degree of Baking 
Expansion (%)* Oxidizing agent 

irradiation time 
(min) 

Native Sago Starch 5.22 ± 0.42 a - 

H2O2 10 7.58 ± 0.33 b 45.1 

15 8.65 ± 0.29 c 65.6 

20 8.43 ± 0.22 c 61.4 

NaOCl 10 7.35 ± 0.19 b 40.7 

15 7.62 ± 0.23 b 46.0 

20 7.68 ± 0.26 b 47.1 

Result are expressed as an average of three replications. Means in a column with different superscripts are 
significantly different at P<0.05 by ANOVA and LSD. 

* sample treatments compare with native sago starch 
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Figure 2. Baking expansion of oxidized sago starch
H2O2 for 20 min; e) NaOCl for 10 min; f) NaOCl for 15 min; g) NaOCl for 20 min
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Figure 1. UV catalyst instrument. 
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