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Abstract. Isomalto-oligosaccharide (IMO), a mixture of glucooligosaccharides linked by α-(1 → 

6) and/or a low proportion of α-(1 → 4), α-(1 → 3) (nigerooligosaccharide) or α-( 1 → 2) glycosidic 

bonds (kojioligosaccharide), included glucose oligomers linked together by α-D-(1,6) glycoside 

bonds such as: isomaltose, panose, isomaltotetose, and isomaltotetose. IMO is considered as 

prebiotics found in several traditional foods such as rice miso, soybean sauce and sake, etc. This 

functional ingredient is attracting much attention from researchers and manufacturers because of 

its great health benefits such as beneficial effects on bowel functions and metabolism, 

bifidogenic effects, anti-cariogenic properties, immunity improvement, and techno-functional 

properties that helps IMO to apply widely in food technology. IMO is produced from hydrolysed 

starch that have been branched to form isomaltooligosaccharide using enzymes. In this article, 

the effect of some factors on hydrolysis of sweet potato starch by Spezyme Alpha to form 

oligosaccharide with degree of polymerization (DP) from 2 to 6 before being branched was 

studied. The optimum hydrolysis conditions were at 85 
o
C for 60 min., starch solution of 10 %, 

enzyme concentration of 0.03 % and pH = 5.8, after branching, the product contained 61.83 % 

IMO. It indicated that sweet potato starch could be used as a potential material for                               

IMO synthesis. 
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Classification numbers: 1.3.1; 1.3.2. 

1. INTRODUCTION 

Isomalto-oligosaccharide (IMO), a mixture of glucooligosaccharides linked by α-(1 → 6) 

and/or a low proportion of α-(1 → 3) (nigerooligosaccharide) or α-(1 → 2) glycosidic bonds 

(kojioligosaccharide), is found in commercial IMO syrup and is produced through various enzyme 

pathways [1 - 2]. IMO is currently of interest in the food and pharmaceutical industries with many 
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functional properties beneficial to health, notably prebiotic function [3], low-calorie sweetener [4], 

anti-constipation [5], and cholesterol level regulation [6]. IMO has a low glycemic index [7] and has 

appeared in long-standing traditional products such as honey [8], sake [9], and soy sauce [10]. In 

many countries, research and production of IMO have been carried out for many years [2, 11] and 

mainly on cassava, banana and mango starch. Several significant studies have been focused on 

IMOs produced from some different materials such as maize starch [12], chestnut [13], banana 

flour [2], rice crumbs [14], and cassava starch [15]. However, no research has been conducted on 

sweet potatoes. 

Sweet potatoes are suitable for the Vietnamese climate, they are easy to grow, have a short 

harvest time and a wide range of varieties available. In recent years, there are many varieties of 

sweet potato with high productivity as well as high starch yield. Furthermore, Vietnamese sweet 

potato is in the top 10 in the world, however the price is completely precarious due to 

dependence on Chinese traders. Sweet potato products have not yet taken advantage of its 

inherent nutritional benefits, and valuable products from sweet potatoes are still limited. 

Therefore, this study was carried out to produce IMO from sweet potato starch to increase the 

economic efficiency of sweet potato roots, with the desire to increase income as well as create 

career opportunities for Vietnamese labours.  

2. MATERIALS AND METHODS 

2.1. Materials 

Sweet potato starch (Hoang Long species or Tuong ban No 59 founded by Eng. Quach 

Ngoc An) was supplied by Food Technology Laboratory of the School of Biotechnology and 

Food Technology, Hanoi University of Science and Technology, Ha Noi, Viet Nam. Spezyme 

Alpha from DuPont, USA. Enzyme Transglucosidase, Aspergillus niger, from Megazyme. 

2.2. Composition analysis 

The determination of protein content was carried out according to TCVN 8125 : 2009, fiber 

content according to TCVN 4329 : 2007, ash content according to TCVN 9939 : 2013, lipid 

content according to TCVN 10730 : 2015, and amylose content according to TCVN 5716-1 : 2008. 

The average degree of polymerization (DP) and dextrose equivalent (DE) were determined by the 

method of Klucinec, 1998 [16]. 

2.3. Determination of oligosaccharide composition 

RID high-pressure liquid chromatography system (HPLC 1290 – Agilent) was used with 

HyperRez XP analysis column, Carbohydrate Na
+
, (7.7 × 300 mm) with guard column 

corresponding to HyperRez XP, Carbohydrate Na
+
, (7.7 × 50 mm) from Thermo Scientific 

(United States). Standard linear oligosaccharide standards include glucose, maltose, maltotrinose 

(DP3), maltotetraose (DP4), maltopentaose (DP5), maltohexaose (DP6), maltoheptaose (DP7), 

maltooctaose (DP8), maltononaose (DP9), maltodecaose (DP10), and linear 

maltooligosaccharide (DP = 10 - 40). The mobile phase was H2O (100 %) with a flow rate of 

0.15 mL/min, the sample injection volume was 20 µL. 

2.4. Statistical analysis 
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All tests were performed at least in duplicate. Analysis of variance was performed using 

Ducan’s multiple-range test on Microsoft Excel 2010 and SPSS software. Significance was 

defined at p < 0.05. 

3. RESULTS AND DISCUSSION 

3.1. Effect of hydrolysis time on starch hydrolysis product by Spezyme Alpha 

The hydrolysis process was carried out at a temperature of 80 
o
C, pH = 5.6, Spezyme Alpha 

concentration of 0.03 % db, substrate concentration of 10 % (db), and hydrolysis time of 30 - 90 

minutes. These parameters were chosen based on recommended information from the 

manufacturer and our preliminary investigations [19]. DP and DE of the product after hydrolysis 

are shown in Table 1. 

Table 1. Effect of hydrolysis time on the degree of polymerization and dextrose equivalents of sweet 

potato starch hydrolysates by Spezyme Alpha. 

Note: Values followed by the same letter in the same column were not significantly different at p = 0.05. 

It is clearly seen that when the hydrolysis time increased gradually from 30 minutes to 90 

minutes, DP of hydrolysates after hydrolysis decreased from 7.97 to 4.74. When the hydrolysis 

time increased from 30 minutes to 60 minutes, DP of hydrolysates decreased by 1.24, DP after 

hydrolyzing for 90 minutes reduced by 1.99 compared to that for 60 minutes. Thus, the longer 

the hydrolysis time, the shorter the oligosaccharides chains. If the hydrolysis time continued to 

increase, the chain length would decrease very slowly [17]. The statistical analysis indicated the 

significant difference in the results and DP decreased as hydrolysis time increased. However, an 

increase in time also caused an increase in energy costs, thus, in order to save time and energy 

along with the hydrolysis goal of obtaining a product with low polymerization, the 60-minute 

hydrolysis time was suitable for the following branching reaction by transglucosidase enzyme. 

When hydrolysing cassava starch [18] at 90 
o
C for 30 minutes with alpha amylase concentration 

of 0.02 %, the DE obtained was 12.6. In this study, with the same hydrolysis time of 30 minutes, 

the Spezyme Alpha concentration was 0.03 %, the reaction temperature of 80 
o
C, the DE 

resulting from sweet potato starch hydrolysates reached 13.3. 

The effects of hydrolysing time on the oligosaccharides composition in sweet potato 

hydrolysate by Spezyme Alpha are shown in Figure 1. 

Figure 1 showed that hydrolysis time affected the composition of oligosaccharides, at 

hydrolysis time of 30 minutes, the minimum total content of DP = 2 to DP = 6 (abbreviated as 

DP2-6) was 40.45 % and the maximum total content of DP = 7 to DP =10 (denoted as DP7-10) 

was 15.63 %. After 60 minutes of hydrolysis, DP2-6 reached 59.92 %, DP7-10 reached 12.4 %. 

The best hydrolysis results were obtained at 90 minutes when DP2-6 reached 69.85 % and DP7-

10 reached 9.38%. As the hydrolysis time increased, short-chain oligosaccharides (DP2-6) 

gradually increased, while longer-chain oligosaccharides (DP7-10) gradually decreased. 

Hydrolysis time (min) Average DP  DE  

30 7.97 ± 0.55 
a
 12.35 ± 0.88 

e
 

60 6.73 ± 0.07 
b
 14.59 ± 0.15 

f
 

90 4.74 ± 0.21 
c
 20.76 ± 0.94 

g
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Accordingly, the chromatographic results demonstrated that the longer the hydrolysis time, the 

lower the oligosaccharide content [17]. 

 

Figure 1. Effect of hydrolysis time on the composition of oligosaccharides in sweet potato starch 

hydrolysate by using Spezyme Alpha. 

3.2. Effect of starch concentration on starch hydrolysis products by Spezyme Alpha 

The sweet potato starch hydrolysis process was carried out at 80 
0
C, pH = 5.6, Spezyme 

Alpha concentration of 0.03 % of the dry matter, substrate concentration of 5-15 % (calculated 

on dry matter), and hydrolysis time of 60 minutes. Average DP and DE of products after 

hydrolysis are shown in Table 2. It was observed that when the sweet potato starch concentration 

increased, the DP increased while the DE of the hydrolysates decreased. When concentration of 

sweet potato starch was 5 %, the best hydrolysis results were obtained with DP = 3.88 and DE = 

25.33, and the lowest hydrolysis was observed at sweet potato starch concentration of 15 % with 

DP = 5.75 and DE = 17.77. Statistical analysis indicated that DP and DE values at different 

substrate concentrations were significantly different. Increasing concentration of starch led to a 

decrease in DP, meaning that the ability of hydrolysis decreased, the chain length of 

oligosaccharide increased with lowering concentration. This can be explained by the increase in 

viscosity of the solution, resisting the enzyme activity. However, if the hydrolysis was carried 

out at low concentrations, it did not give high economic efficiency. In the study on cassava 

starch [18], with hydrolysis time of 30 minutes, temperature of 90 
o
C, alpha amylase (Clearflow 

AA) concentration of 0.02 %, starch concentration of 10 %, the DE value of hydrolysate reached 

9.4. In this study, the hydrolyzing conditions of sweet potato were also with the same starch 

concentration of 10 %, hydrolysis time of 30 minutes, the Spezyme Alpha concentration was 

0.03 %, the reaction temperature was 80 
0
C, the resulting DE was obtained at 12.35. Thus, at the 

same concentration of 10 %, sweet potato starch produced hydrolysate with higher DE, which 

was more favorable for IMO branching process. Starch hydrolysis products were detected using 

HPLC to determine the individual components. The results (Figure 2) showed that the DP2-6 

content increased gradually when the sweet potato starch concentration decreased, the minimum 

DP2-6 content was 53.45 % when the sweet potato starch concentration was 15 % and the 

maximum DP2-6 content was 62.95 % when the sweet potato starch concentration was 10 %.  
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However, the DP7-10 content increased gradually with the substrate concentration, reaching 

9.31 % and 18.23 % at the starch concentration of 5 % and 15 %, respectively. Thus, for the 

purpose of hydrolysis to create a solution with low DP to facilitate branching and achieve 

economic efficiency, it was recommended to choose a starch concentration of 10 %. 

Table 2. Effect of starch concentration on the degree of polymerization and dextrose equivalents of sweet 

potato starch hydrolysates by Spezyme Alpha. 

Substrate concentration Average DP  DE  

5% 3.88 ± 0.08 
a

 25.33 ± 0.49 
e

 

10% 4.80 ± 0.13 
b

 20.46 ± 0.57 
f

 

15% 5.75 ± 0.20 
c

 17.77 ± 0.65 
g

 
Note: Values followed by the same letter in the same column were not significantly different at p = 0.05.. 

 

Figure 2. Effect of starch concentration on the composition of oligosaccharides in sweet potato starch 

hydrolysate by Spezyme Alpha. 

3.3. Effect of Spezyme Alpha concentration on starch hydrolysis products 

Table 3. Effect of α-amylase concentration on the degree of polymerization and dextrose equivalent of 

sweet potato starch hydrolysates. 

Note: Values followed by the same letter in the same column were not significantly different at p = 0.05. 

 Enzyme concentration (% db) Average DP  DE  

0.01 % 10.35 ± 0.18 
a

 9.48 ± 0.16 
f

 

0.02 % 6.62 ± 0.13 
b

 14.82 ± 0.28 
g

 

0.03 % 4.68 ± 0.13 
c

 20.96 ± 0.58 
h

 

0.04 % 5.74 ± 0.07 
d

 17.10 ± 0.21 
i

 

0.05 % 5.27 ± 0.03 
e

 18.61 ± 0.09 
k
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Figure 3. Effect of enzyme concentration on oligosaccharides composition in sweet potato starch 

hydrolysate. 

The hydrolysis of sweet potato starch was conducted at 80 
o
C, pH = 5.6, enzyme 

concentrations were 0.01 - 0.05 % (db), sweet potato starch concentration was 10 %, and 

hydrolysis time was 60 minutes. The average DP and DE of the products after hydrolysis are 

given in Table 3. 

Table 3 and Figure 3 show that the average DP and DE changed significantly when there 

were sharp changes in α – amylase concentration. Especially, when the concentration of α- 

amylase increased from 0.01 % to 0.03 % (db), the average DP of hydrolysate decreased sharply 

from 10.35 to 4.68 and DE increased rapidly from 9.48 to 20.96. When enzyme concentration 

increased to 0.04 % and 0.05 % (db), DP tended to increase slightly from 4.68 to 5.27 and DE 

decreased slightly from 20.96 to 18.61. This can be explained that increasing enzyme 

concentration too high leads to the inhibition of the reaction due to the interaction between the 

enzyme molecules. Statistical analysis showed that the DP and DE values (Table 3) were 

significantly different. When hydrolysing cassava starch [18], at 90 
0
C for 30 minutes, the 

concentration of alpha amylase (Clearflow AA) was 0.03 % (g/g starch), the DE of hydrolysate 

was obtained at 13.3. In this study, hydrolyzing sweet potato starch at 80 
o
C for 30 minutes by 

Spezyme Alpha (with concentration of 0.03 % based on starch), the DE of sweet potato starch 

hydrolysate reached 12.35. The hydrolysate components were detected by HPLC. The results 

shown in Figure 3 described that at an enzyme concentration of 0.01 % (db) the minimum DP2-6 

content reached 40.70 % and the maximum DP7-10 content reached 14.4 %, indicating an 

incomplete hydrolysis, where long-chain oligosaccharides were still in large concentrations. When 

the enzyme concentrations were 0.02 % - 0.05 % (db), contents of hydrolysate with DP from 2 to 6 

ranged from 57.91 % to 62.82 %, however, contents of those with DP7 to DP10 at enzyme 

concentrations of 0.04 % and 0.05 % were 7.03 % and 6.13 %, lower than those at enzyme 

concentrations of 0.02 % - 0.03 %, which were 12.05 % and 10.71 %, respectively. Thus, the 

appropriate hydrolytic enzyme concentration in the range from 0.02 % to 0.03 % is more favorable. 

This concentration is also in the range that the manufacturer had recommended [19]. From Table 3 

and Figure 3, it was seen that the highest content was of hydrolysate DP 2-6, so the enzyme 

concentration was chosen to be 0.03 %. 

3.4. Effect of pH on the hydrolysis process of sweet potato starch by Spezyme Alpha 
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The hydrolysis was carried out at a substrate (sweet potato starch) concentration of 10 % 

(db), 80 
o
C for 60 minutes, pH = 5.2 - 6.0, enzyme concentration of 0.03 % (db). The pH range 

was chosen based on the operating conditions recommended by the manufacturer and our 

preliminary investigations [19]. The average DP and DE of the products after hydrolysis are 

shown in Table 4. 

Table 4. Effects of pH on the degree of polymerization and dextrose equivalents of sweet potato starch 

hydrolysates by Spezyme Alpha. 

pH Average DP DE 

5.2 7.37 ± 0.15 
a

 13.33 ± 0.27 
e

 

5.4 8.20 ± 0.05 
b

 11.97 ± 0.08 
f

 

5.6 6.78 ± 0.13 
c

 14.48 ± 0.28 
g

 

5.8 6.23 ± 0.07 
d

 15.76 ± 0.18 
h

 

6.0 6.88 ± 0.09
 c

 14.27 ± 0.19 
g

 
Note: Values followed by the same letter in the same column were not significantly different at p = 0.05. 

Table 4 shows that as pH changed, the average DP and dextrose equivalent also changed. 

Thus, pH had a great effect on the hydrolysis reaction of α - amylase in Spezyme Alpha [19-20]. 

At pH of 5.2 - 6.0, the average DP ranged from 6.23 to 8.2, DE ranged from 11.97 to 15.76. It 

was also indicated that at pH 5.8, the DP of 6.23 was the lowest, that meant the highest level of 

hydrolysis or the shortest oligosaccharide chain length. The highest DE value at pH 5.8 was 

15.76. Enzyme activity was lowest at pH 5.4 and pH  5.2 with DP values of 8.2 and 7.37, 

respectively, and better at pH = 5.6 and 6.0 with average DP of 6.78 and 6.88, respectively. 

Thus, the α - amylase tended to perform better when the pH was higher. Statistical analysis 

showed that pH significantly affected the DP value of the hydrolysates, only at pH 5.6 and pH 

6.0, there was no difference in DP of the hydrolysate. Thus, with the aim to hydrolyse sweet 

potato starch by Spezyme Alpha to obtain a low polymerization product, pH 5.8 was suitable for 

the branching reaction by transglucosidase enzyme. The composition of the hydrolysate was 

determined using HPLC. The effect of pH on the oligosaccharide composition in sweet potato 

hydrolysate by Spezyme Alpha is shown in Figure 4. 

Figure 4. Effect of pH on the oligosaccharide composition in sweet potato starch hydrolysate by                   

Spezyme Alpha. 
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Figure 4 indicates that at pH 5.8, the DP2-6 was released in the highest amount of 63.74 %, 

and at pH 5.2, that was 54.53 %. The DP7-10 content at pH 5.8 and pH 5.2 was 9.67 % and 

10.45 %, respectively. Therefore, at pH 5.8, the enzyme was most active, the hydrolysis product 

had the shortest average DP. At pH = 5.4, 5.6 and 5.8, the content of DP2-6 was quite similar, 

ranging from 56.91 % to 62.07 %. Accordingly, choosing an appropriate hydrolysis pH of 5.8 

was suitable for the hydrolysis reaction to create short chain oligosaccharides, facilitating the 

branching by transglucosidase enzyme to create IMO. 

3.5. Effect of temperature on sweet potato starch hydrolysis by using Spezyme Alpha 

The hydrolysis of starch was conducted at 70 
o
C – 90 

o
C, pH= 5.8, enzyme concentration of 

0.03 % db, substrate concentration of 10 % db, for 60 minutes. The average DP and DE of the 

product after hydrolysis are given in Table 5. 

Table 5. Effects of temperature on the degree of polymerization and dextrose equivalents of sweet potato 

starch hydrolysates by Spezyme Alpha. 

Temperature (
o
C) Average DP DE  

70 7.80 ± 0.30 
a
 12.60 ± 0.50 

e
 

75 7.32 ± 0.15 
b
 13.42 ± 0.27 

f
 

80 5.65 ± 0.10 
c
 17.36 ± 0.32 

g
 

85 4.77 ± 0.07 
d
 20.56 ± 0.28 

h
 

90 5.86 ± 0.22
 c
 16.76 ± 0.63 

g
 

Note: Values in the same column with different exponential values are different at significant p= 0.05. 

Figure 5. Effect of temperature on the composition of oligosaccharides in sweet potato starch                

hydrolysate by Spezyme Alpha. 

The results in Table 5 show that when the hydrolysis temperature increased from 70 
o
C to 

85 
o
C, the average DP decreased sharply from 7.8 to 4.77, the chain length decreased more than 

200 times compared to the original sweet potato material, while the DE increased significantly 

from 12.60 to 20.56. At 85 
o
C, the best hydrolysis efficiency was obtained when the average DP 

was 4.77 and the DE was 20.56. This result was similar to the manufacturer's announcement and 

a previous study on cassava starch [19-20]. When the temperature continued to rise to 90 
o
C, the 
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DP increased to 5.86, higher than when hydrolysis was at 85 
o
C. This could be explained by the 

gradual decrease in enzyme activity when the temperature was too high. Statistical analysis 

showed significant differences between DP and DE values. At 80 
o
C and 90 

o
C, DP and DE were 

not different. Hydrolytic products of sweet potato starch were determined using HPLC. The 

effect of temperature on the oligosaccharide composition in sweet potato hydrolysate by 

Spezyme Alpha is described in Figure 5. 

It is shown that temperature had a great impact on the oligosaccharide composition in the 

hydrolysis product. At 85 
o
C, the DP 2-6 content was the highest (80.88 %) and at 90 

0
C it was 

the lowest (49.32 %). In the range from 70 
o
C to 80 

o
C, the DP2-6 had a slight fluctuation from 

60.81 % to 68.01 %. Thus, at a temperature of 85 
o
C, the α-amylase in Spezyme α had the best 

activity, making the content of oligosaccharides DP1-10 up to 90.8 %. DP1 (glucose) and DP2 

(maltose) component’s contents also increased significantly at 85 
o
C and those at other 

temperatures did not make a difference. The concentration of hydrolysates with DP7-10 did not 

change much at different temperatures, the highest was 12.73 % at 75 
o
C and the lowest was 

9.92 % at 85 
o
C. In short, 85 

o
C was the best hydrolysis temperature for the highest amount of 

hydrolysate with DP2-6, which could promote the branching reaction for the next step. 

Thus, the optimal parameters of the hydrolysis process by Spezyme Alpha to obtain 

hydrolysate with DP = 2 to 6 were as follows: hydrolysis temperature of 85 
o
C, hydrolysing time 

of 60 minutes, starch concentration of 10 %, enzyme concentration of 0.03 % db, and pH = 5.8. 

3.6. Isomaltooligosaccharide (IMO) production 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. IMO production. 
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Table 6. DP and DE after hydrolysis and IMO content in product during IMO production. 

DP of hydrolysis 

products by 

Spezyme Alpha  

DE of hydrolysis 

products by 

Spezyme Alpha  

IMO content after 

hydrolysis by Spezyme  

Alpha (% db) 

IMO content after branching 

by transglucosidase (% db) 

4.7 ± 0.065 21.12 ± 0.21 1.72 ± 0.07 61.83 ± 1.84 

IMO was produced from sweet potato starch under hydrolysis conditions as described 

above, followed by branching by transglucosidase. DP and DE after hydrolysis and IMO content 

in product are presented in Table 6. The results showed that after the addition of 

transglucosidase enzyme, IMO content increased from 1.72 % to 61.83 %. Suwimol 

Chockchaisawasdee in 2012 [2] reached 68.55 % after 6 hours of banana starch branching. 

Anindya Basu et al. in 2016 obtained 74.73 % after 12 hours of reaction [12]. Effects of several 

factors on the activity of transglucosidase enzyme to improve the yield of IMO production will 

be mentioned in further study.  

4. CONCLUSION 

The effect of some factors on hydrolysis of sweet potato starch by Spezyme Alpha to form 

oligosaccharide with DP = 2 - 6 before being branched was investigated. The optimal conditions 

for hydrolysing sweet potato starch by Spezyme Alpha towards IMO production were as 

follows: hydrolysis temperature of 85 
0
C, hydrolysis time of 60 minutes, sweet potato 

concentration of 10 %, enzyme concentration of 0.03 %, and pH = 5.8. The branching process 

was carried out immediately afterwards by transglucosidase enzyme with concentration of 3 U/g, 

temperature of 50 
0
C, pH = 5.0, and reaction duration of 5 hours. The total IMO content was 

obtained at 61.83 ± 1.84 %. 
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