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Abstract  
 

Starch is the most abundant naturally occurring carbohydrate reserve in plants and is found in cereals, roots, tubers, legumes 

and some immature fruits like bananas or mangos. Starch is usually employed as a food additive, such as a thickening, 

stabilizer, or texture enhancer to improve some of the products quality characteristics, pharmaceutical and among other. 

The application of native starch is often restricted owing to its constricted solubility, weak functional attributes and limited 

tolerance to a wide array of processing conditions. Its low resistance to shear, high retrogradation, and poor freeze-thaw 

stability, limit the use of starch in industrial applications. These natural shortcomings can be overcome by different methods 

of modification. In recent decades, enzymatic modifications have been adopted, partly replacing the chemical and physical 

methods for the preparation of modified starch, as enzymes are safer and healthier than chemical method for both the 

environment and food consumers. Several enzymes viz., -amylase, -amylase, glucose isomerase, pullulanase, xylanase, 

among others are use in modification of starch. The enzymatic modification of starch molecules directly affected properties 

of the modified starch especially in freeze-thaw stability of gels and retardation of retrogradation during storage. Combined 

enzymatic modification resulted in a marked increase in resistant starch and enzyme modified starch can be well utilized 

as a fat replacer. It is environment-friendly method and can provide desired functional characteristics.  
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INTRODUCTION  
Starch is the most abundant naturally occurring, 

inexpensive and biodegradable polysaccharide and 

carbohydrate reserve found in leaves, flowers, fruits, 

seeds, different types of stems and roots of plants. Major 

starch synthesis and storage in cereals (40 to 90%) 

mainly endosperm, roots (30 to 70%), tubers (65 to 

85%), legumes (25 to 50%) and some immature fruits 

like bananas or mangos, which contain approximately 

70% of starch by dry weight. Stach is composed of 

glucose molecules and a mixture of two polymers called 

as Amylose and Amylopectin (Krithika and Ratnamala, 

2019). Amylose is a linear polymer with α-1,4 glycosidic 

bonds, while amylopectin molecules is a branched-chain 

of glucose units linked by α-1,4 and α-1,6 glycosidic 

bonds Figure 1 (Park and Kim, 2021). Starch is a major 

energy source on earth, providing up to 80% of the 

calories by releasing glucose during cellular respiration. 

Starch is one of the most common biodegradable 

polymers found in nature with wide application 

including food and beverage, bioplastic industry, paper 

industry, textile, and biofuel industries. Starch has 

received significant attention due to its easy fabrication, 

relative abundance, non-toxicity and biodegradability. 

However, native starch application is often restricted 

owing to its poor thermo-mechanical properties, higher 

water absorptivity, constricted solubility, weak 

functional attributes and limited tolerance to a wide array 

of processing conditions. Therefore, native starch needs 

to be modified before its use (Amaraweera et al., 2021, 

Yu et al., 2021). Starch plays an essential role in 

developing food products as a food additive such as a 

thickening, stabilizer, or texture enhancer to improve 

some of the products quality characteristics including 

moisture retention, the potential to be employed as a 

delivery vehicle for chemicals of interest to the food and 

pharmaceutical sectors such as antioxidants, colorants, 

flavors and pharmaceutically active proteins among 

other things (Abegunde et al., 2013). However, its low 

resistance to shear, high retrogradation, and poor freeze-

thaw stability limit the use of starch in industrial 

applications and these natural shortcomings can be 
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overcome by different methods of modification as 

chemical, physical, enzymatic and genetic techniques 

(Tang et al., 2020, Bensaad et al.,2022). The enzymatic 

modification method has recently attracted much 

attention from academia and the corporate sector since it 

is environment-friendly method (Zhang and Bao, 2021) 

considered “Clean LabelTM ingredients” as they are free 

from artificial and synthetic ingredients (Park and Kim, 

2021) and can provide desired functional characteristics.  

 

 
Figure 1: Structure of Amylose and amylopectin (Krithika and Ratnamala, 2019) 

 

Starch Modifying Enzymes 

Enzymes are versatile catalysts largely used in 

industry. The starch industry – considered in terms of 

either starch extraction from raw material or starch 

modification – uses huge amounts of enzymes 

(glucoamylase, glucose isomerase, -amylase, -

amylase, pullulanase, xylanase, fungal acid protease and 

so on) (Vitolo, 2020). Enzymes are biocatalysts 

obtainable from plants, animals, or microorganisms. 

They are widely used to improve the various aspects of 

food processing and are generally recognized as safe 

(GRAS) (Obadi and Xu, 2021). Several enzymes, 

including α-amylase, β amylase, glucoamylase, 

debranching enzymes, cyclodextrin glycosyltransferase, 

among others are used in enzymatic alteration to starch 

(Wang et al., 2020) and various enzymes employed for 

starch modification have been shown in Figure 2 (Bangar 

et al., 2022). 

 

 
Figure 2: Various starch modifying enzymes (Bangar et al., 2022) 

 

Alpha-amylase is an enzyme that can hydrolyze 

the bonds of α-1,4-glycosidic randomly at the end of the 

non-reduction site and can reduce the size of starch 

molecules and the viscosity of starch paste solution. 

Beta-amylase is an enzyme that can hydrolyze α-1,4-

glycosidic bonds regularly at the end of the non-

reduction site to remove maltose residue, shorten the 

external branch chain, as well as increase branch density. 

Glucoamylase is an enzyme that can cut the bonds of α-

1,4-glycosidic at the end of the non-reducing site and 

slowly hydrolyze the bonds of α-1,6-glycosidic. 

Pullulanase is an enzyme that catalyzes the hydrolysis of 

1,6-bonds at pullulan, amylopectin, and 

oligosaccharides. Usually pullulanase is combined with 

glucoamylase or β-amylase to break down starch during 

the saccharification process. Like pullulanase, 

isoamylase (glycogen-6-glukanohydrolase) can 

hydrolyze bonds α-1,6- glycosidic in amylopectin to 

produce amylose and oligosaccharides. The branching 

enzyme cuts down the α-1,4 bonds on the linear chains 

of amylose and amylopectin followed by a transglycosil 

reaction to create a new bond with the α-1,6 bond (Li et 

al., 2017, Hutabarat and Stevensen, 2023). Figure 3, 

depicted the enzymatic hydrolysis of starch pullulanase, 

isoamylase, and oligo-1,6-glucosidase are mainly used to 

debranch the α-1,6-glycosidic bonds in starch, giving 
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linear amylose whereas amylosucrase, α-amylase, and 

amylomaltase are capable of debranching the 1,4 and 1,6 

glycosidic bonds, resulting in small amylose or 

amylopectin chains (Amaraweera et al., 2021)  

 

 
Figure 3. Enzymatic hydrolysis of starch. (Amaraweera et al., 2021) 

 

Enzymatic Modification of Starch 

Recently, enzymatic modifications have been 

adopted partly replacing the physical and chemical 

methods for the preparation of modified starch as 

enzymes are safer and healthier than chemical method 

for both the consumers and environment (Park et al., 

2018). Enzymatic modification is a clean and accurate 

way to modify starch digestibility, including pullulanase, 

𝛼-amylase and branching enzymes. The enhanced 

ordered arrangement of semi-crystalline structure and 

the higher proportion of linear short chains in enzyme 

modified starch resist the digestive enzymatic hydrolysis 

resulting in higher resistant starch contents (Zhang and 

Bao, 2023). Numerous enzymes have been added to 

starches to increase the content of resistant starch 

(Sorndech et al., 2016; Harder et al., 2015; Kim et al., 

2015), to inspect the impact of starch structure/type on 

degradation of starch (Naguleswaran et al., 2014) and for 

malt production (Chu et al., 2014). Starch are modified 

by hydrolysis and broken down into smaller units by 

cutting the glycosidic bonds. Glycosidic bonds of the 

starch are hydrolyzed or cut by hydrolyzing enzymes by 

forming polymeric or oligomeric compounds and these 

enzymes are divided into three as endo-acting enzyme α-

amylase which breaks α-1,4 bonds in amylose and 

amylopectin. Exo-acting enzymes acts by breaking the 

glycosidic bonds of the nonreducing ends successively 

of the substrate producing monomeric or oligomeric 

compounds. Exo-acting enzyme β-amylase work to 

break α-1,4 bonds successively on amylose and 

amylopectin while pullulanase a debranched enzymes 

work in breaking α-1,6 glycosidic bonds. ((Bertoft, 2013, 

Hutabarat and Stevensen, 2022) 

 

 
Figure 4: Enzymatic Conversion of starch (Hutabarat and Stevensen, 2022) 
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Enzymatically modified starch was used in the 

microencapsulation of ascorbic acid (AA) by prepared 

microcapsules using enzyme (α-amylase and 

glucoamylase) -treated corn starch with 16h (ETCS 16h-

GA) and 20 h (ETCS 20h-GA) of hydrolysis time and 

coated with gum (GA). The study suggest that ETCS 

16h-GA microcapsules lost less AA during storage time, 

shows greater stability in the protection of AA and 

allows for a controlled release in the gastrointestinal tract 

(GIT) and is an efficient way of encapsulating functional 

food ingredients (Leyva-Lopez et al., 2019). 

 

Enzymatic hydrolysis modifications of Potato 

Starch Granules using Pullulanase enzyme followed by 

nanoprecipitation of the hydrolysates obtain very tiny 

starch nanoparticles sized between 20 and 50 nm, much 

smaller than the native starch granules of average size 10 

µm. The most promising results were obtained with a 

Pullulanase enzyme concentration of 160 npun /g of 

starch, at a temperature of 60 ◦C in a pH 4 phosphate 

buffer solution resulting in the production of 

hydrolysates containing starch polymers with low 

molecular weights (Chorfa et al., 2022). 

 

Dual-enzymatic modification of maize starch 

using b-amylase and transglucosidase decreased the 

molecule weigh while the amount of short chains and a-

1, 6 linkages increased. A maximum SDS content 

(33.5%) was obtained using double enzymes hydrolysis 

for 6 h compared to native starch. The results suggested 

that starches using combined b-amylase and 

transglucosidase treatment not only increased the 

amount of short chains accompanying with shortening 

long chains, but also produced an increase of a-1,6 

linkages, which led to a more slow digestion property 

(Miao et al., 2014). 

 

Nanostarch production by enzymatic hydrolysis 

of cereal (maize) and tuber (potato and cassava) crops 

and the conventional acid hydrolysis process. The 

nanostarch produced by enzymatic process from maize 

is smaller than that of potato and cassava i.e., 18, 29 and 

41 wt% for maize, potato and cassava starches, 

respectively and the melting enthalpies of nanostarches 

were lower than their bulk counterparts. The acid 

hydrolysis resulted in a much smaller size 18 ± 3 nm of 

nanostarch as compared to that of enzyme hydrolysis162 

± 23 nm however, the eco-friendly enzymatic process 

will add to its value for diversified applications (Dukare 

et al., 2021). 

 

 Enzymatic modification of cassava starch 

(Corpoica M-Tai) around the pasting temperature with a 

commercial α-amylase, presented dextrose equivalents 

(DE) ranging between 13 and 92%, yield (Y) between 0 

and 45.5%. The Scanning electron microscope (SEM) 

analysis showed that the granules suffered exo-corrosion 

in agreement with the degree of hydrolysis and the 

crystallinity degree increased following modification. 

The native starch showed a greater setback and amylose 

values than hydrolyzed starches, which shows that it is 

more susceptible to retrogradation or water lost 

(syneresis) (Jairo Salcedo-Mendoza et al., 2018). 

 

Modified taro starch is prepared by enzyme 

modification (α-amylase) and use as stabilizer in ice-

cream with effective overrun, foam stability, and 

viscosity. EMTS prepared by treating the taro starch by 

α-amylase resulted in improvement of functional 

properties Viz. Swelling power (18.28 g/g) and enzyme 

digestibility (62.7%) which were higher than that of 

extracted starch Swelling power (17.43 g/g) and enzyme 

digestibility (59.32%). It was also noticed that the 0.5% 

incorporation of EMTS resulted in improvement in the 

ice cream stability and overall quality with improved 

viscosity (110.21Cp) and overrun (65.67%) which might 

be due to high swelling or gas retention capacity of α-

amylase modified taro starch (More et al., 2017). 

 

Enzyme modified sweet potato starch use with 

khoa viz., 0:100, 10:90, 20:80, 30:70 and 40:60 

respectively to replace fat in formulation of ice cream. It 

was noticed that there was remarkable decrease in fat 

content from 9.85 to 5.79 percent with increased enzyme 

modified starch level. It concluded that use of enzyme 

modified sweet potato starch can be well utilized as a fat 

replacer in the formulation of ice cream (Kale et al., 

2020).  

 

The combined enzymatic modification of corn 

starch with thermostable α-amylase and pullulanase 

resulted in a marked increase in resistant starch. Corn 

starch was dually modified using thermostable α-

amylase and pullulanase to prepare resistant starch (RS) 

and a maximum resistant starch content of 10.75% was 

obtained using 15% starch liquid, 3 U/g thermostable α-

amylase, 35 min of enzymatic hydrolysis and 8 U/g 

pullulanase significantly higher than that of native and 

single enzyme-treated starch (Liu et al.,2022).  

 

 Enzymatically modified potato starch with the 

help of amylosubtilin and amylase from Bacillus 

licheniformis use as the fat replacer. The results showed 

that the characteristics of yogurt formulated with 

modified potato starch of amylosubtilin and amylase are 

similar to those of native potato starch formulated 

yogurt; therefore can be used as an alternative in a low-

fat yogurt (Nikitina et al., 2019). 

 

Sopawong et al. (2022) modified native lotus 

seed flour (N-LSF) by different methods, namely, partial 

gelatinization (PG), heat–moisture treatment (HMT) or 

pullulanase treatment (EP). PG increased rapid 

digestible starch (RDS) and decreased resistant starch 

(RS) while HMT and EP increased amylose and RS 

contents to 34.57–39.23% and 86.99–92.52% of total 

starch, respectively. Pullulanase treated enzyme-

modified flour exhibited more rapidly pasting and much 

larger changes in viscosity during pasting cycle than both 

the native and other modified flours and improve the 
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thickening effect of lotus seed flour while maintaining 

the low glycemic value. 

 

Ulbrich et al. (2021) modified granular potato 

starch using the debranching enzyme isoamylase in 

aqueous suspension (40% w/w) at 35 °C by grading the 

volume (100, 250, and 400 µL/50 g of starch, 200 U · 

mL−1) of enzyme solution added. A slight reduction of 

the weight average molar mass of the amylose fraction 

and partial molecular degradation of the starch 

polysaccharides and shows that debranching enzymes 

like ISO and PUL could be an alternative to acid-

involved processes. 

 

Zhang et al. (2019) sequential modification of 

amylopectin by amylosucrase and pullulanase in which 

elongation of side chains of amylopectin by 

amylosucrase, followed by debranching with pullulanase 

produce linear chains that self-assembled to form 

microparticles containing aggregated nanoparticles 200-

400 nm that were suspendible and lost gelation 

properties and increased the content of resistant starch 

from 9.1% of native amylopectin to be as much as 67.2% 

of microparticles. The enzymatic treatments remarkably 

altered the molecular and crystalline structures of 

modified starch to produce functional starch 

microparticles with reduced digestibility provide an 

effective and environmentally friendly technology to 

manufacture novel modified starches, Figure 5. 

 

 
Figure 5: Enzymatically modified starch from amylopectin by sequential amylosucrase and pullulanase 

treatments (Zang et al., 2019) 

 

Advantages of Enzyme Modification of starch 

Physical methods being eco-friendly and low 

cost they destroy starch structure limiting their industrial 

applications. Physically modified starch have application 

in food and non-food sector such as packaging and 3D 

printing. Chemical methods such as crosslinking, alkali 

treatment, etherification, esterification, acid 

hydrolyzing, grafting, and dual modifications can be 

used to alter the structural properties of starch to prepare 

chemically modified starch and its derivatives to achieve 

the desired product attributes. Chemically modified 

starch are widely used in the industry and show potential 

in packaging, bio-based adhesives, pharmaceutical, 

agriculture, superabsorbent and wastewater treatment 

applications (Amaraweera et al., 2021). However, 

modification of starch by means of chemical being low 

cost, ease modification is not acceptable to consumers 

because of safety concerns (Onyango, 2016) and huge 

effluents of chemical acids, acetates, hypochlorides, 

phosphates, etc., cause detrimental to the environment 

and requires recycling. Starches treated with enzymes 

result in producing fewer byproducts compared to 

physical and chemical modification as enzyme reactions 

are target specific and mild (Park et al., 2018). 

Enzymatically modification of starches being clean label 

offer various other benefits such as improved purity, 

consistency of high-quality products, free from 

unwanted products, less expensive and desirable 

functional properties (Park and Kim, 2021). Enzymatic 

modification of starch results in the emergence of low-

molecular-weight, linear short chains fractions of 

amylopectin, enhances the amount of resistant starch 

content, promoting freeze-thaw (Liu et al., 2017; Woo et 

al., 2021; Zhang and Bao, 2021) exhibited distinct 
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rheological properties, reduced the paste viscosity, 

increases starch elastic behavior and digestibility (Kim 

et al., 2017; Singla et al., 2020).  

 

Application of Enzymatic Modified starch 

Enzymes were widely explored for the 

environment and consumers in healthier and safer starch 

foods than those generated by chemical methods and 

enzyme treatments have been used for starch hydrolysis 

(Obadi and Xu, 2021). One of the main objectives of 

enzymatic starch modification is to reduce starch 

molecules to different oligosaccharides and increase the 

products' functional characteristics and nutritional value 

for broader industrial applications (Wang et al., 2015). 

Carbohydrate enzymes play an essential role in the food 

and noodle industry in the manufacturing of food 

products, improving product quality, and increasing food 

processing performance (Obadi and Xu, 2021). There are 

several applications in the food industry, such as binders, 

thickeners and emulsifiers for chemical dual-modified 

starches. In contrast, these can be used as heavy metal 

absorbents in the non-food industry (Bensaad et al., 

2022).These modified starches can exhibit fat-like 

carbohydrates, form thermos reversible gels that can 

efficiently replace one or more fats in dishes and provide 

a range of fat-like mouth feel characteristics and from 

like textures from fatty to velvety to tacky and thus can 

be used in low calorie foods, noodles, baked goods, 

alternate to gelatin, emulsion stabilizer in ice cream and 

water oil-water emulsions, Figure 6 (Liu et al., 2017, 

Bangar et al., 2022). 

 

Enzyme-modified sweet potato starch can be 

successfully used up to 20% as a fat replacer in low-

calorie ice cream formulation. (Kale et al., 2020). 

Transfer of glucan fraction of amylose to amylopectin by 

disproportionation enzyme decrease in amylose content 

which is also directly proportional to hardness thus 

resulted in soft bread with high specific volume (Le Loan 

et al., 2021). Enzyme modifies taro starch at 0.5% levels 

results in effective foam stability, higher viscosity, and 

overrun in ice cream than the ice cream prepared with 

conventional stabilizer guar gum. Several advantages 

over other standard food additives including optimal 

texture, low price and low melting qualities for greater 

storage stability (More et al., 2017). The viscosity and 

texture of low fat yogurt could be maintained by using 

potato starch modified by amylosubtilin and amylase 

(Nikitina et al., 2019). Li et al. (2019) used thermostable 

α-amylase and mesophilic α-amylase isolated enzymes 

from extruded noodles to modify wheat starch. As 

enzymes were introduced to the dough and subsequently 

starch was extracted, extruded noodles displayed starch 

gelatinization and a well-developed porosity structure, 

which aids in the rehydration and palatability of extruded 

noodles compared to noodles without enzymes. 

Debranched starches (DBS) prepared by pullulanase or 

isoamylase enzymes have excellent elastic modulus 

properties and are an outstanding direct compression 

tablet binding agent that gives tablets a high gloss, 

smooth texture. They could be used to prepare 

pharmaceutical drug formulations such as capsules and 

tablets either for instantaneous or delayed release of the 

active agents (Liu et al., 2017). Microcapsules prepared 

by using modified corn starch and gum Arabic as wall 

material exhibited pronounced stability, protection of 

ascorbic acid and also sustained release in the digestive 

tract. The enzymatic treatment of starch lead to the 

formation of voids on the surface of microcapsules in 

which ascorbic acid trapped and was further coated with 

gum Arabic (Levya-Lopez et al., 2019). 

 

 
Figure 6: Application of enzyme modified starch (Bangar et al., 2022) 
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CONCLUSION 
Starch is the most abundant naturally occurring 

carbohydrate however application of native starch is 

often restricted owing to its constricted solubility, weak 

functional attributes and limited tolerance to a wide array 

of processing conditions. Physical, chemical and 

enzymatic modifications are applied to overcome the 

limitations of native starches. Enzymatically modified 

starch can cause changes in morphology, crystal 

structure and amorphous regions. Enzymatically 

modified starch can affect the swelling power and 

increase the starch solubility, affecting the decrease of 

peak viscosity and increase of pasting temperature. 

Enzymatically modified starch increases resistant starch 

content, it is environment-friendly method and can 

provide desired functional characteristics.  

 

REFERENCES 
• Abegunde, O. K., Mu, T. H., Chen, J. W., & Deng, 

F. M. (2013). Physicochemical characterization of 

sweet potato starches popularly used in Chinese 

starch industry. Food hydrocolloids, 33(2), 169-177. 

• Amaraweera, S. M., Gunathilake, C., Gunawardene, 

O. H., Fernando, N. M., Wanninayaka, D. B., 

Dassanayake, R. S., ... & Manipura, A. (2021). 

Development of starch-based materials using 

current modification techniques and their 

applications: A review. Molecules, 26(22), 6880. 

• Bangar, S. P., Ashogbon, A. O., Singh, A., Chaudhary, 

V., & Whiteside, W. S. (2022). Enzymatic 
modification of starch: A green approach for starch 

applications. Carbohydrate Polymers, 287, 119265. 

• Bangar, S. P., Ashogbon, A. O., Singh, A., Chaudhary, 

V., & Whiteside, W. S. (2022). Enzymatic 
modification of starch: A green approach for starch 

applications. Carbohydrate Polymers, 287, 119265. 

• Bensaad, D. E., Al-Ismail, K., & Lee, Y. (2022). 

Recent Advances in Physical, Enzymatic, and 

Genetic Modifications of Starche. Recent Advances 

in Physical, Enzymatic, and Genetic Modifications 

of Starche (February 7, 2022). Jordan Journal of 

Agricultural Sciences, Jordan Journal of 

Agricultural Sciences. 

• Bertoft, E. (2013). On the building block and 

backbone concepts of amylopectin structure. Cereal 

Chemistry, 90(4), 294-311. 

• Chorfa, N., Nlandu, H., Belkacemi, K., & Hamoudi, 

S. (2022). Physical and enzymatic hydrolysis 

modifications of potato starch granules. Polymers, 

14(10), 2027. 

• Chu, S., Hasjim, J., Hickey, L. T., Fox, G., & 

Gilbert, R. G. (2014). Structural changes of starch 

molecules in barley grains during germination. 

Cereal Chemistry, 91(5), 431-437. 

• Dukare, A. S., Arputharaj, A., Bharimalla, A. K., 

Saxena, S., & Vigneshwaran, N. (2021). Nanostarch 

production by enzymatic hydrolysis of cereal and 

tuber starches. Carbohydrate Polymer Technologies 

and Applications, 2, 100121. 

• Dura, A., Błaszczak, W., & Rosell, C. M. (2014). 

Functionality of porous starch obtained by amylase 

or amyloglucosidase treatments. Carbohydrate 

polymers, 101, 837-845. 

• Harder, H., Khol‐Parisini, A., & Zebeli, Q. (2015). 
Treatments with organic acids and pullulanase 

differently affect resistant starch and fiber composition 
in flour of various barley genotypes (Hordeum vulgare 

L.). Starch‐Stärke, 67(5-6), 512-520. 

• Hongbo, T., Yanping, L., Haoran, M., & Min, S. 

(2020). EFFECT OF MIXING CASSAVA, 

POTATO AND SWEET POTATO STARCHES 

ON THE PROPERTIES OF THEIR BLENDS. 

CELLULOSE CHEMISTRY AND TECHNOLOGY, 

54(3-4), 265-273. 

• Hutabarat, D. J. C., & Stevensen, J. (2023, April). 

Physicochemical Properties of Enzymatically 

Modified Starch: A Review. In IOP Conference 

Series: Earth and Environmental Science (Vol. 

1169, No. 1, p. 012093). IOP Publishing. 

• Kale, R. V., Sontakke, M. D., Raut, G. S., & Chavan, 
V. R. (2020). Use of enzyme modified sweet potato 

starch in formulation of ice cream. International 

Journal of Chemical Studies, 8(4), 3002-3008. 

• Kim, B. S., Kim, H. S., & Yoo, S. H. (2015). 

Characterization of enzymatically modified rice and 

barley starches with amylosucrase at scale-up 

production. Carbohydrate polymers, 125, 61-68. 

• Kim, Y. L., Mun, S., Rho, S. J., Do, H. V., & Kim, Y. 

R. (2017). Influence of physicochemical properties of 
enzymatically modified starch gel on the encapsulation 

efficiency of W/O/W emulsion containing NaCl. Food 

and bioprocess technology, 10, 77-88. 

• Krithika, P. L., & Ratnamala, K. (2019). 

Modifiction of starch: A review of various 

techniques. International Journal of Research and 

Analytical Reviews, 6(1), 32-45. 

• Le Loan, T. K., Thuy, N. M., Le Tri, Q., & 

Sunghoon, P. (2021). Characterization of gluten-

free rice bread prepared using a combination of 

potato tuber and ramie leaf enzymes. Food Science 

and Biotechnology, 30, 521-529. 

• Leyva-López, R., Palma-Rodríguez, H. M., López-

Torres, A., Capataz-Tafur, J., Bello-Pérez, L. A., & 

Vargas-Torres, A. (2019). Use of enzymatically 

modified starch in the microencapsulation of 

ascorbic acid: Microcapsule characterization, 

release behavior and in vitro digestion. Food 

Hydrocolloids, 96, 259-266. 

• Li, Y., Xu, J., Zhang, L., Ding, Z., Gu, Z., & Shi, G. 

(2017). Investigation of debranching pattern of a 

thermostable isoamylase and its application for the 

production of resistant starch. Carbohydrate 

Research, 446, 93-100. 

• Liu, G., Gu, Z., Hong, Y., Cheng, L., & Li, C. 

(2017). Structure, functionality and applications of 

debranched starch: A review. Trends in Food 

Science & Technology, 63, 70-79. 
• Liu, Y., Jiang, F., Du, C., Li, M., Leng, Z., Yu, X., & Du, 

S. K. (2022). Optimization of Corn Resistant Starch 



 

Skarma Choton et al., Saudi J Med Pharm Sci, Jan, 2024; 10(1): 1-8 

© 2024 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                                                           8 
 

 

Preparation by Dual Enzymatic Modification Using 
Response Surface Methodology and Its Physicochemical 

Characterization. Foods, 11(15), 2223. 

• Miao, M., Xiong, S., Jiang, B., Jiang, H., Cui, S. W., 

& Zhang, T. (2014). Dual-enzymatic modification 

of maize starch for increasing slow digestion 

property. Food Hydrocolloids, 38, 180-185. 

• More, P. R., Solunke, R. V., Talib, M. I., & Parate, 

V. R. (2017). Stabilization of Ice-cream by 

incorporating α-Amylase Modified Taro (Colocasia 

esculenta) Starch. In International Conference 

Proceeding ICGTETM, IJCRTICGT052. 

• Naguleswaran, S., Vasanthan, T., Hoover, R., & 

Bressler, D. (2014). Amylolysis of amylopectin and 

amylose isolated from wheat, triticale, corn and 

barley starches. Food Hydrocolloids, 35, 686-693. 

• Nikitina, E., Riyanto, R. A., Vafina, A., Yurtaeva, 

T., Tsyganov, M., & Ezhkova, G. (2019). Effect of 

fermented modified potato starches to low-fat 

yogurt. Journal of Food and Nutrition Research, 

7(7), 549-553. 

• Obadi, M., & Xu, B. (2021). Review on the 

physicochemical properties, modifications, and 

applications of starches and its common modified 

forms used in noodle products. Food Hydrocolloids, 

112, 106286. 

• Onyango, C. (2016). Starch and modified starch in 

bread making: A review. African Journal of Food 

Science, 10(12), 344-351. 

• Park, E. Y., Ma, J. G., Kim, J., Lee, D. H., Kim, S. 

Y., Kwon, D. J., & Kim, J. Y. (2018). Effect of dual 

modification of HMT and crosslinking on 

physicochemical properties and digestibility of 

waxy maize starch. Food Hydrocolloids, 75, 33-40. 

• Park, K. H., Park, J. H., Lee, S., Yoo, S. H., & Kim, 

J. W. (2008). Enzymatic modification of starch for 

food industry. In Carbohydrate-active enzymes (pp. 

157-183). Woodhead Publishing. 

• Park, S. H., Na, Y., Kim, J., Kang, S. D., & Park, K. 

H. (2018). Properties and applications of starch 

modifying enzymes for use in the baking industry. 

Food science and biotechnology, 27, 299-312. 

• Park, S., & Kim, Y. R. (2021). Clean label starch: 

production, physicochemical characteristics, and 

industrial applications. Food science and 

biotechnology, 30, 1-17. 

• Salcedo-Mendoza, J., Paternina-Urzola, S., Lujan-

Rhenals, D., & Figueroa-Flórez, J. (2018). 

Enzymatic modification of cassava starch (Corpoica 

M-Tai) around the pasting temperature. Dyna, 

85(204), 223-230. 

• Singla, D., Singh, A., Dhull, S. B., Kumar, P., Malik, 

T., & Kumar, P. (2020). Taro starch: Isolation, 

morphology, modification and novel applications 
concern-A review. International Journal of Biological 

Macromolecules, 163, 1283-1290. 

• Sopawong, P., Warodomwichit, D., Srichamnong, 

W., Methacanon, P., & Tangsuphoom, N. (2022). 

Effect of Physical and Enzymatic Modifications on 

Composition, Properties and In Vitro Starch 

Digestibility of Sacred Lotus (Nelumbo nucifera) 

Seed Flour. Foods, 11(16), 2473. 

• Sorndech, W., Sagnelli, D., Meier, S., Jansson, A. 

M., Lee, B. H., Hamaker, B. R., ... & Blennow, A. 

(2016). Structure of branching enzyme-and 

amylomaltase modified starch produced from well-

defined amylose to amylopectin substrates. 

Carbohydrate polymers, 152, 51-61. 

• Ulbrich, M., Asiri, S. A., Bussert, R., & Flöter, E. 

(2021). Enzymatic Modification of Granular Potato 

Starch Using Isoamylase—Investigation of 

Morphological, Physicochemical, Molecular, and 

Techno‐Functional Properties. Starch‐Stärke, 73(1-

2), 2000080. 

• Vitolo, M. (2020). Enzymatic modification of 

starch. World Journal of Pharmacy and 

Pharmaceutical Sciences, 9(4), 1341-135 

• Wang, S., Li, C., Copeland, L., Niu, Q., & Wang, S. 

(2015). Starch retrogradation: A comprehensive 

review. Comprehensive Reviews in Food Science 

and Food Safety, 14(5), 568-585. 

• Wang, S., Wang, J., Liu, Y., & Liu, X. (2020). Starch 
modification and application. Starch structure, 

functionality and application in foods, 131-149. 

• Woo, S. H., Kim, J. S., Jeong, H. M., Shin, Y. J., 

Hong, J. S., Choi, H. D., & Shim, J. H. (2021). 

Development of freeze-thaw stable starch through 

enzymatic modification. Foods, 10(10), 2269. 

• You, S., & Izydorczyk, M. S. (2007). Comparison of 
the physicochemical properties of barley starches after 

partial α-amylolysis and acid/alcohol hydrolysis. 
Carbohydrate Polymers, 69(3), 489-502. 

• Yu, M., Ji, N., Wang, Y., Dai, L., Xiong, L., & Sun, 

Q. (2021). Starch‐based nanoparticles: Stimuli 

responsiveness, toxicity, and interactions with food 

components. Comprehensive Reviews in Food 

Science and Food Safety, 20(1), 1075-1100. 

• Zhang, H., Wang, R., Chen, Z., & Zhong, Q. (2019). 

Enzymatically modified starch with low 

digestibility produced from amylopectin by 

sequential amylosucrase and pullulanase treatments. 

Food Hydrocolloids, 95, 195-202. 

• Zhang, H., Wang, R., Chen, Z., & Zhong, Q. (2019). 

Enzymatically modified starch with low 

digestibility produced from amylopectin by 

sequential amylosucrase and pullulanase treatments. 

Food Hydrocolloids, 95, 195-202. 

• Zhang, Z., & Bao, J. (2023). Recent advances in 

modification approaches, health benefits, and food 

applications of resistant starch. Starch‐Stärke, 75(9-

10), 2100141. 

• Zhang, Z., & Bao, J. (2023). Recent advances in 

modification approaches, health benefits, and food 

applications of resistant starch. Starch‐Stärke, 75(9-

10), 2100141. 

 


