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ABSTRACT 
Starch is a major carbohydrate easily extractable from various native sources, like potato, maize, corn, wheat, etc, which finds wide application in various food 
and non food industries. Since time immemorable various attempts are being made in order to modify this highly flexible polymer with an aim to enhance the 
positive attributes and eliminate the short comings of the native starches. Modifications are generally made by physical methods like osmotic-pressure 
treatment, deep-freezing and thrashing; chemical methods that primarily include derivatizations such as etherification, esterification and crosslinking, 
oxidation, cationization and grafting of starch; enzymatic degradation techniques and genetical modifications which involves the transgenic techniques 
targeting the various enzymes involved in starch biogenesis. All these techniques tends to produce a variety of derivatives with altered physicochemical 
properties and modified structural attributes of high technological value for instance carboxymethylated starch used as a binding and disintegrating agent. This 
review summarizes the various methods of starch modification that can be employed to produce a novel molecule with substantial applications in various 
industries including a large number of advances in pharmaceutical industry along with the future prospectives. 
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INTRODUCTION 
Starch is a naturally occurring, biodegradable, inexpensive 
and abundantly available polysaccharide molecule. It is 
widely distributed in the form of tiny granules as the major 
reserve carbohydrate in stems, roots, grains, and fruits of all 
forms of green leafed plants. Cereal grains, such as corn, 
wheat, sorghum, and tubers, and roots, such as potato, 
tapioca, arrowroot, etc., are some of the commercial sources 
of starch for industrial exploitation. It consists of glucose 
units (C6H10O5)n with n ranging from 300 to 1000. Starch is 
composed of a mixture of two polymers called amylose and 
amylopectin. Amylose is a linear polymer with molecular 
weight of less than 0.5 million Dalton (degree of 
polymerization of 15 × 102–6 × 103) depending on its 
botanical source. Amylose macromolecules consist of a-D-
glucopyranose units joined by α - 1,4 acetal linkages. 
Amylopectin molecules are much larger and highly branched 
with molecular weight of 50–100 million Dalton and degree 
of polymerization of about 3 × 105–3 × 106. The molecules 
contain α -1,4 linear bounds, and is branched through α -1,6 
linkages1-2. 
In addition to being a major food item, it is currently used 
industrially as coatings and sizing in paper, textiles and 
carpets, as binders and adhesives, as absorbants3, and as 
encapsulants4 bone replacement implants5, bone cements6, 
drug delivery systems, and tissue engineering scaffolds7. 
However, in native state it exhibits limited applications due 
to low shear stress resistance and thermal decomposition, 
high retrogradation and syneresis, in addition to poor 
processability and solubility in common organic solvents. 
Therefore, to meet the demanding technological needs of 
today, the properties of starch are modified by a variety of 
modification methods. Starch modification is aimed at 
correcting one or some of the abovementioned shortcomings, 
which will enhance its versatility and satisfy consumer 
demand. 
The techniques for starch modification have been broadly 
classified into four categories; physical, chemical, enzymatic 
and genetical modifications, that aim to produce various 
novel derivatives with improvised physiochemical properties 

along with useful structural attributes. There is a huge market 
for the many new functional and added value properties 
resulting from these modifications. A number of review 
articles8-10 on the subject of starch modification are available.  
However in the last few years there has been intense research 
by various pharmaceutical professional to quest for an 
appropriate modification method that can yield a suitable 
candidate to be used as pharmaceutical excipient in 
improvised drug delivery systems. This review covers the 
various techniques that yield modified starches for 
pharmaceutical as well as other industrial applications. 
Physical methods  
Physical modification of starch is mainly applied to change 
the granular structure and convert native starch into cold 
water-soluble starch or small-crystallite starch. These set of 
techniques are generally given more preference as these do 
not involve any chemical treatment that can be harmful for 
human use. A large no of physical methods are available 
today that include: 
1. Heat–moisture treatment 
Heat–moisture treatment (HMT) of pulse starches at 
restricted moisture levels (22–27%) and high temperature 
(100–120̊ C) for 16 h has been shown to alter the structure 
and physicochemical properties of smooth pea, wrinkled pea, 
navy bean, lentil and pigeon pea starches11-15. HMT of pulse 
starches has been shown by the above authors to decrease 
amylose leaching, granular swelling and peak viscosity, and 
to increase thermal stability, gelatinization temperatures and 
susceptibility towards α-amylase and acid hydrolysis. These 
changes were attributed to an interplay of factors such as: (1) 
amylose content, (2) interactions between starch chains, (3) 
arrangement of amylose chains within the amorphous 
domains and (4) lipid–amylose complexes. 
2. Annealing 
Annealing refers to treatment of starch in excess water 
(<65% w/w) or at intermediate water contents (40–50% w/w) 
at temperatures below the onset temperature of gelatinization. 
The physical aim of annealing is to approach the glass 
transition temperature, which enhances molecular mobility 
without triggering gelatinization. Annealing of lentil, smooth 
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pea and wrinkled pea starch11-12,16-17  has also been shown to 
decrease granular swelling and amylose leaching and to 
increase gelatinization temperatures, thermal stability, and 
susceptibility towards a-amylase. These changes were 
attributed by the above authors to an increase in crystalline 
perfection and increased interaction between amylose–
amylose and amylose– amylopectin chains. 
3. Retrogradation 
The retrogradation process is defined as the linking of starch 
chains into ordered crystalline structures18. The linear 
fraction of starch is particularly susceptible to retrogradation. 
Amylose crystals are characterized by high thermostability 
(dissolution in water at 120-150̊ C) and resistance to the 
activity of amylase. Amylopectin, being the branched fraction 
of starch is, however, slowly retrogradable; whilst crystalline 
forms appearing only on the outside of the globule are 
characterized by a significantly lower temperature (40-70̊ C) 
of re-pasting and an increased susceptibility to amylases 
activity than the retrograded amylose19. The productivity and 
properties of the retrograded starch obtained have been 
reported to be largely affected by: origin of starch20-21, 
amylose content22-23, length of the amylopectin end chains24-

25, density of the paste26-27, physical28-29 or chemical30-31 
modifications, the presence of other compounds29,32-34 as well 
as by paste storage conditions35. Recrystallization of starch 
occurs most easily at a temperature approximating 0̊ C, but 
also at temperatures over 100̊ C, yet then it applies to 
amylase only. The retrogradation is intensified by the 
application of repeated freezing and defrosting of the starch 
paste27. The resulting starch thus produced is known as 
resistant starch that demonstrates resistance to digestibility by 
amylase enzymes and thus can be as an alternative nutrient 
aid for diabetic patients and as a rate controlling polymer coat 
in controlled drug delivery systems. 
4. Freezing 
Freezing is a physical treatment widely applied for 
preservation, drying and lyophilisation of starchy food36-37. It 
is also used for sample preparation in granule structural 
investigations by means of many physical methods, for 
instance in scanning electron microscopy (SEM) or 
transmission electron microscopy (TEM)38-41. It was reported 
that freezing influenced textural and gelatinization 
characteristics of starch42-43. It was also considered to cause 
some changes in the nutritional properties of starch44. 
Freezing of starch sols resulted in their coacervation and 
increasing retrogradation, while pregelatinised starch became 
less sensitive to retrogradation and stayed smooth after the 
process43,45 as well as Perry and Donald (2001)46 reported that 
some reversible structural disorder of starch granules 
occurred at sub-zero temperatures. Freezing water inside or 
outside of the starch granule seems to be a particularly 
effective way for modification for potato starch. This is 
because the starch B granules contain a significant amount of 
structural water, which determines the granular inner 
structure. 
5. Ultra High Pressure Treatment 
 UHP treatment of the starch–water suspension reversibly 
hydrates amorphous regions within granules, leading to the 
granule swelling and crystalline region distortion, and thus, 
the crystalline regions become more accessible to water47-50. 
Finally, starch granules are non-thermally gelatinized over a 
critical pressure level which varied depending on botanical 
sources and crystal packing arrangements of starch47,50-52. 

Further, UHP-treated starch that is little or partially 
gelatinized maintains its granular structure51-53, and restricts 
amylose leaching from granules and granule swelling 
capacity52-54. Moreover, UHP treatment has been shown to 
transit A-type crystallite pattern to B-type crystallite 
pattern54-55. These noted physical and structural 
characteristics of UHP-treated starch granules are anticipated 
to impact its reactivity in starch chemical modification and 
modified starch property. 
6. Glow Discharge Plasma Treatment 
A glow discharge plasma is used which can produce high 
energy electrons and other highly active species at room 
temperature. This approach has been extensively used in 
material modification56. When applied to starch, the highly 
active species can excite chemical groups in starch, inducing 
modification process without the assistance of other 
chemicals. Thermal degradation is minimized. Starch is 
highly cross linked by glow discharge plasma, without the 
assistance of conventional chemical agents, thus avoiding any 
environmental concerns57. 
7. Osmotic-Pressure Treatment 
“Osmotic-pressure treatment” (OPT) was carried out in the 
presence of high salt solutions58. Starch solution was 
suspended in sodium sulphate to obtain a uniform starch 
suspension and heat distribution. The potato-starch treated 
changed from a B to an A type after treatment with the 
gelatinization temperatures increasing significantly. A 
uniform heat distribution is provided for using this method as 
compared to heat-moisture treatment and modified starch is 
able to be produced in a large scale. 
8. Thermal Inhibition 
Thermal inhibition of starch is done by dehydrating starch 
until it is anhydrous (<1% moisture) and treating it to a 
temperature of 100̊ C or greater for a period of time enough 
to inhibit starch. An alkaline condition enhanced the effect of 
heating. Pastes formed from theses starches had increased 
resistance to viscosity breakdown and a non-cohesive 
texture59. Thermal inhibition with ionic gums had sodium 
alginate, CMC and xanthan behaving as crosslinking agents 
and were able to form graft copolymers through ester 
formation60. 
9. Gelatinization 
The process of gelatinization causes substantial changes in 
both the chemical and the physical nature of granular starch 
due to the rearrangement of intra- and intermolecular 
hydrogen bonding between the water and starch molecules 
resulting in the collapse or disruption of molecular orders 
within the starch granule61. This results in irreversible 
changes in the starch properties62. Evidence of the loss of an 
organized structure includes irreversible granule swelling, 
loss of bifringence and crystallinity63,64.       
Chemical Modifications 
Chemical modification involves the introduction of 
functional groups into the starch molecule, resulting in 
markedly altered physico-chemical properties. Such 
modification of native granular starches profoundly alters 
their gelatinization, pasting and retrogradation behavior. The 
chemical and functional properties achieved when modifying 
starch by chemical substitution depend, inter alia, on starch 
source, reaction conditions (reactant concentration, reaction 
time, pH and the presence of catalyst), type of substituent, 
extent of substitution (degree of substitution, DS1; or molar 
substitution, MS2), and the distribution of the substituents in 
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the starch molecule65-69. Modification is generally achieved 
through derivatization such as etherification, esterification, 
cross-linking and grafting of starch; decomposition (acid or 
enzymatic hydrolysis and oxidization of starch). These 
techniques are however limited due to issues concerning 
costumers and the environment. These techniques include: 
1. Etherification & Esterification 
This method primarily includes substitution of hydrophilic 
hydroxyl groups of starch by various hydrophobic functional 
groups resulting into hyproxypropylation, 
carboxymethylation, acetylation, succinylation, etc.  
The carboxymethyl substitution of starch hydroxyl groups 
gives rise to derivatives that are cold water-soluble. To 
prevent starch gelatinization, the reaction has to be carried 
out in an organic medium. Carboxymethyl starch, under the 
name sodium starch glycolate, is used in the pharmaceutical 
industry as a disintegrant and as a sizing and printing agent in 
the textile industry. Highly substituted derivatives are 
possible. 
In acetylation, hydrophilic hydroxyl groups are substituted 
with hydrophobic acetyl groups. Acetylation makes starch 
more hydrophobic and prevents the formation of hydrogen 
bonding between hydroxyl groups and water molecules. 
Since the tendency of an aqueous starch dispersion to 
increase in viscosity on cooling and finally to gel is related to 
the association of amylose molecules, a treatment such as 
acetylation which retards or eliminates this crystallization or 
retrogradation will effect stabilization of the starch sol. 
Acetylation also prevents or minimizes association of 
amylopectin outer branches. This is of practical value in 
many industrial and food applications because such 
associations can cause cloudiness and syneresis in aqueous 
dispersions of starches70. 
Hydroxypropylated starches are generally prepared by 
etherification of native starch with propylene oxide in the 
presence of an alkaline catalyst. The hydroxypropyl groups 
introduced into the starch chains are capable of disrupting the 
inter- and intra-molecular hydrogen bonds, thereby 
weakening the granular structure of starch, leading to an 
increase in motional freedom of starch chains in amorphous 
regions. Hydroxyethyl starch, prepared by reaction with 
ethylene oxide, was of considerable biomedical interest as a 
blood plasma expander and also as a cryoprotective agent for 
erythrocytes71. 

Starch phosphorylation is the earliest method of starch 
modification72. The reaction gives rise to either monostarch 
phosphate or distarch phosphate (cross-linked derivative), 
depending upon the reactants and subsequent reaction 
conditions. Monoesters, rather than diesters, are produced 
with a higher level of phosphate substitution on starch. The 
introduction of phosphate substitution on amylose or outer 
branches of amylopectin prevents linearity of molecular 
chains due to steric hindrance. Thus, a situation is achieved 
where individual chain segments can no longer approach 
each other closely enough to establish intermolecular or 
intramolecular association; they, therefore, lead to a better 
paste clarity. The phosphate diester starches have the 
phosphate esterified with two hydroxyl groups, very often 
from two neighboring starch molecules73. This leads to the 
formation of a covalent bridge or cross-linking. Phosphate 
cross-linked starches show resistance to high temperature, 
low pH, high shear, and leads to increased stability of the 
swollen starch granule. They improve viscosity and textural 
properties of the starch. As a thickener and stabilizer, starch 
phosphate diesters are superior to unmodified starches. They 
also provide resistance to gelling and retrogradation, and do 
not synerese on storage. 
Derivatization of starch with an ionic substituent group such 
as succinate at low degree of substitution (DS) converts it 
into a polyelectrolyte, which makes it acquire typical 
properties of a polyelectrolyte like increased hydrophilic 
character and increased solution viscosity74. This 
modification is also known to weaken the internal bonding 
that holds the granules together. In addition starch succinate 
offers very desirable properties such as low-temperature 
stability, high-thickening power, and low-gelatinization 
temperature, clarity of cooked food, good film-forming 
properties and reduced tendency to retrograde. 
High cationic properties have been observed for starch 
citrates. The reaction is facilitated thermochemically by the 
dry heating (∼120̊ C for 24 h) of citric acid to an anhydride, 
which reacts with starch to form an adduct, followed by 
further reaction to yield cross-linked starch citrate. The 
reaction can be controlled to maximize reaction efficiency, 
minimize cross-linking, and maximize carboxyl content. 
They are used to remove toxic, heavy metal ions in water 
purification (industrial waste water) as biodegradable ion-
exchange materials against the petrochemically derived ion-
exchange resins .
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2. Cross-Linking 
Cross-linking reinforces the hydrogen bonds in the granule 
with chemical bonds that act as a bridge between the starch 
molecules. Important factors in the cross-linking reaction 
include chemical composition of reagent, reagent 
concentration, pH, reaction time and temperature. Because 
the degree of cross-linking for food starch is very low, the 
extent of reaction and yield of cross-linked starch are difficult 
to measure chemically; hence there is a need for physical 
property measurement. When phosphorus oxy chloride 
(phosphoryl chloride, POCl3, MW153.3) is added to starch 
slurry under alkaline conditions (pH 8–12), the hydrophilic 
phosphorus group immediately reacts with the starch 
hydroxyls, forming a distarch phosphate65. 
Cross-linking alters, not only the physical properties, but also 
the thermal transition characteristics of starch, although the 
effect of cross-linking depends on the botanical source of the 
starch and the cross-linking agent. Decrease in retrogradation 
rate and increase in gelatinization temperature has been 
observed with cross-linked starch, and these phenomena are 
related to the reduced mobility of amorphous chains in the 
starch granule as a result of intermolecular bridges75. 
However, Jyothi et al.76 showed that cross-linked starch has 
more pronounced syneresis than has native starch because of 
ordered structure in the starch paste, thus resulting in a higher 
degree of retrogradation. 
3. Acid Treatment 
 In acid modification, the hydroxonium ion attacks the 
glycosidic oxygen atom and hydrolyses the glycosidic 
linkage. An acid acts on the surface of the starch granule first 
before it gradually enters the inner region. Acid modification 
changes the physicochemical properties of starch without 
destroying its granule structure and the properties of acid-
thinned starches differ according to their origin70. The 
gelatinization temperature and the breadth of the 
gelatinization endotherm have also been shown to increase on 
acid hydrolysis. The retrogradation rate of acid thinned starch 

increased as hydrolysis proceeded. The method for the 
manufacture of acid thinned starch entails treating 
concentrated starch slurry with mineral acid at temperatures 
below gelatinization temperature for specific period 
depending on the desired viscosity or degree of conversion. 
Effect of different acids (HCl, HNO3, H2SO4 and H3PO4) 
under similar conditions of treatment on molecular weight, 
alkali fluidity number, iodine binding capacity and intrinsic 
viscosity of various starches has also been studied77. 
4. Oxidation 
Oxidized starch is produced by reacting starch with a 
specified amount of oxidizing reagent under controlled 
temperature and pH78. Oxidation causes depolymerisation, 
which results in a lower dispersion viscosity and introduces 
carbonyl and carboxyl groups, which retard 
Recrystallization79. 
5. Dual Modification 
These include methods that involve the chemical reaction in 
the presence of a specific physical environment or an 
enzymatic treatment that make serve to enhance the rate of 
derivatization or can enhance the degree of substitution in 
some instances. Microwave-assisted esterification to produce 
starch maleate using the dry method had a reaction efficiency 
of up to 98% and a reaction time of less than 5 min. This is 
thought to be an efficient method in esterifying starch80. The 
high efficiency in producing succinylated cassava starch with 
microwave assistance was also observed by Jyothi et al, 
(2005)81. This is a good method to decrease the use of 
chemicals to enhance production. 
Microwave and ultrasound irradiation was used for the 
Esterification of carboxymethyl cold-water-soluble potato 
starch with octenyl succinic anhydride. They were positively 
able to shorten the esterification time from a few hours to a 
few minutes. The derivatives displayed excellent emulsifying 
and surfactant performance properties82. A combined method 
of modification using crosslinking and phosphorylation on 
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rice starch provided modified rice starch with good freeze-
thaw stability. 
Modified corn and mung bean starch was prepared by 
treating native starch with a mixture of fungal α-amylase and 
glucoamylase followed by hydroxypropylation with 
propylene oxide. This partial enzymatic hydrolysis produces 
modified starch that possesses significantly different 
functional properties to that of hydroxypropyl starch prepared 
under normal conditions83.  
Rajan et al., 2007 have also demonstrated that the use of 
fungal lipase to enhance the Esterification of cassava starch 
using recovered coconut oil gives thermoplastic starch which 
has got wide use in plastic industry, pharmaceutical 
industries, and in biomedical applications such as materials 
for bone fixation and replacements, carriers for controlled 
release of drugs and other bioactive agents. Unlike chemical 
esterification, enzymatic esterification is ecofriendly and 
avoids the use of nasty solvents. 
 Enzymatic Modifications 
This involves the exposure of starch suspensions to a no of 
enzymes primarily including hydrolyzing enzymes that tend 
to produce highly functional derivatives. Origin of this 
technique can be dated back to the times when glucose syrup 
or high fructose corn syrup was produced. 
The enzymes amylomaltases(α-1,4˗α-1,4 glucosyl 
transferases)  found in eukarya, bacteria and archea 
representatives, breaks an α-1,4 bond between two glucose 
units to subsequently make a novel α-1,4 bond producing a 
modified starch that can be used in foodstuffs, cosmetics, 
pharmaceutics, detergents, adhesives and drilling fluids. It is 
also a good source of plant-derived substitute for gelatin 
except that it forms a turbid gel whereas gelatin gels are 
transparent84. In the study by Hansen, Blennow, Pedersen, 
Nørgaard, and Engelsen (2008)85 on gel texture formed in the 
modification of potato, high-amylose potato, maize and pea 
starch with amylomaltase (AM) isolated from the 
hyperthermophilic bacterium Thermus thermophilus, there 
was an improvement in gel texture compared to the parent 
starch. All the modified starches showed broadened 
amylopectin chain length profiles. 
Cyclomaltodextrinase (CDase; EC 3.2.1.54), isolated from 
alkalophilic Bacillus sp. I-5 (CDase I-5) was used to modify 
rice starch to produce low-amylose starch products. The 
amylose content was found to have decreased significantly 
from 28.5 to 9% while there was no significant change in the 
side chain length distribution of the amylopectin. Storage of 
the modified rice starch at 4̊ C for 7 days, showed that the 
retrogradation rate had significantly retarded compared to the 
control sample86. 
Treatment of maize starch with β-amylase, β-amylase and 
transglucosidase, maltogenic 
α-amylase, and maltogenic α-amylase and transglucosidase, 
resulted into significant reduction in digestion rate by 14.5%, 
29.0%, 19.8%, and 31.0%, respectively producing resistant 
starch with reduced glycemic index that can be used in 
diabetes, prediabetes, cardiovascular disease and obesity. An 
increase in the starch branch density and crystalline structure 
in the modified starches was thought to contribute to the slow 
digestion87. 
Kim & Robyt, 2000 worked with Cyclomaltodextrin 
Glucanosyltransferase (CGTase, EC 2.4.1.19) in the presence 
of isoamylase to produce cyclodextrins (CDs) with a 
maximum yield of 3.4 and 100% retention inside waxy maize 

starch granules. Cyclomaltodextrins are also formed in situ, 
with the retention of CDs in the granule and this leads to the 
production of a new material that has properties of starch 
granules and Cyclomaltodextrins. Formation of complexes of 
organic molecules with Cyclomaltodextrins provides 
stabilization of light, heat and oxygen-sensitive materials in 
the starch granules and also a mechanism for their slow 
release besides providing special tastes, odors and flavors to 
the starch granules. 
 Genetic Modification 
These set of techniques involve transgenic technology that 
targets the enzymes involved in starch biosynthesis thus 
avails the advantage over environmentally hazardous post 
harvest chemical or enzymatic modifications. Genetic 
modification can be carried out by the traditional plant-
breeding techniques or through biotechnology88. 
1. Amylose-Free Starch 
Amylose-free waxy starch was produced by the simultaneous 
antisense downregulation of three starch synthase genes 
(Granular Bound Starch Synthetase, Starch Synthetase II and 
Starch Synthetase III), that resulted in waxy starch with small 
amylopectin chains. Generally mutant maize is grown on 
commercial scale, through modified corn, wheat, sorghum, 
amaranth are also available. Waxy starch thus produced is 
generally used in food industry as it gelatinizes easily, 
yielding clear pastes that will not gel. 
2. High-Amylose Starch 
High-amylose starch in cereals is produced by a mutation in 
the gene that encodes starch-branching enzyme (SBE) IIb, 
which is also known as ‘amylose extender (ae)’. In potato, 
discovery of the corresponding gene and the downregulation 
of its expression in tubers using antisense techniques enabled 
the production of starches that have slightly increased 
amylose levels89. However, both SBEI and SBEII had to be 
inhibited to create starches with amylose levels of more than 
60%90. Recently, a more efficient method of inhibiting gene 
function using single domain antibodies against SBEII was 
used to produce starches that had even higher amylose 
levels91. 
The derivative thus produced serves as an important 
precursor for the development of coating polymers that are 
resistant to enzymatic degradation and can be used in colon-
targeted drug delivery systems. High-amylose starches can 
also be processed into ‘resistant starch’, which has nutritional 
benefits92. 
3. Altered amylopectin structure 
Amylopectin synthesis is governed by a no of enzymes 
including starch Synthetase, branching enzymes and 
debranching enzymes each of which also has an isoforms. 
Therefore the downregulation of any one enzyme fails to 
produce an entirely new amylopectin features. However the 
inhibition of SS II and SS III isoforms in a few rice species 
demonstrates functional derivatives with low gelatinization 
temperature (below 50̊ C). 
REFERENCES 
[1] Ellis, H. S., & Ring, S. G. A study of some factors influencing amylose 
gelation. Carbohydrate Polymers 1985, 5, 201–213. 
[2] Kerr, R. W. Chemistry and industry of starch 1950. New York: Academic 
Press, 262-293. 
[3] Kiatkamjornwong, S., Chomsaksakul, W., & Sonsuk, M. Radiation 
modification of water absorption of cassava starch by acrylic 
acid/acrylamide. Radiation Physics and Chemistry 2000, 59, 413–427. 
 [4] Stephen, A. M. (Ed.). Food polysaccharides and their applications. 1st ed.  
New York, Basel, Hong Kong: Dekker; 1995 



Kavlani Neelam et al. IRJP 2012, 3 (5) 

Page 30 

 [5] Reis, R. L., & Cunha, A. M. Characterisation of two biodegradable 
polymers of potential application within the biomedical field. Journal of 
Materials Science Materials in Medicine, 6, 786–792. 
[6] Reis, R. L., Mendes, S. C., Cunha, A. M., & Bevis, M. Processing and in-
vitro degradation of starch/EVOH thermoplastic blends. Polymer 
International 1997, 43, 347–353. 
 [7] Gomes, M. E., Ribeiro, A. S., Malafaya, P. B., Reis, R. L., & Cunha, A. 
M.. A new approach based on injection moulding to produce biodegradable 
starch-based polymeric scaffolds: morphology, mechanical and degradation 
behaviour. Biomaterials 2001, 22, 883–889. 
[8] BeMiller, J. N. Starch modification: challenges and prospects. 
Starch/Stärke 1997, 49, 127-131. 
[9] Jobling, S. Improving starch for food and industrial applications. Current 
Opinion in Plant Biology 2004, 7, 210-218. 
[10] Tharanathan, R. N. Starch-value addition by modification. Critical 
Reviews in Food Science and Nutrition 2005, 45, 371-384. 
[11] Chung, H. J., Liu, Q., & Hoover, R. The impact of annealing and heat– 
moisture treatments on rapidly digestible, slowly digestible and resistant 
starch levels in native and gelatinized corn, pea and lentil starches. 
Carbohydrate Polymers 2009a, 75, 436–447. 
[12] Chung, H. J., Liu, Q., & Hoover, R. Effect of single and dual 
hydrothermal treatments on the crystalline structure, thermal properties and 
nutritional fractions of pea, lentil and navy bean starches. Food Research 
International 2010,43(2), 501-508. 
[13] Hoover, R., & Manuel, H. Effect of heat–moisture treatment on the 
structure and physicochemical properties of legume starches. Food Research 
International 1996a, 29, 731–750. 
[14] Hoover, R., Swamidas, G., & Vasanthan, T. Studies on the 
physicochemical properties of native, defatted and heat–moisture treated 
pigeon pea (Cajanus cajan L.) starch. Carbohydrate Research 1993, 246, 
185–203. 
[15] Hoover, R., & Vasanthan, T. The effect of annealing on the 
physicochemical properties of wheat, oat, potato and lentil starches. Journal 
of Food Biochemistry 1994, 17, 303–325. 
[16] Hoover, R., & Manuel, H. The effect of annealing on the 
physicochemical properties of legume starches. In G. R. Fenwick, C. Hedley, 
R. L. Richards, & S. Khokhar (Eds.), Agri-Food quality: An interdisciplinary 
approach Cambridge, UK: Cambridge Royal Society of Chemistry 1996b,  
157–161. 
[17] Jacobs, H., Eerlingen, R. C., Charwart, W., & Delcour, J. A. Influence 
of annealing on the pasting properties of starches from varying botanical 
sources. Cereal Chemistry 1995, 72, 480–487. 
[18] Eerlingen, R. C., & Delcour, A. Formation, analysis, structure and 
properties of type III enzyme resistant starch. Journal of Cereal Science 1995, 
22, 129-138. 
[19] Silverio, J., Fredriksson, H., Andersson, R., Eliasson, A. C., & Aman, P. 
The effect of temperature cycling on the amylopectin retrogradation of 
starches with different amylopectin unit-chain length distribution. 
Carbohydrate Polymers 2000, 42, 175-184. 
[20] Fechner, P. M., Wartewig, S., Kleinebudde, P., & Neubert, R. H. H. 
Studies of the retrogradation process for various starch gels using Raman 
spectroscopy. Carbohydrate Research 2005, 340, 2563-2568. 
[21] Korus, J., Witczak, M., Juszczak, L., & Ziobro, R. Grass pea (Lathyrus 
sativus L.) starch as an alternative for cereal starches: rheological properties 
and retrogradation susceptibility. Journal of Food Engineering 2008, 88, 528-
534. 
[22] Bao, J., Sun, M., & Corke, H. Analysis of genotypic diversity in starch 
thermal and retrogradation properties in nonwaxy rice. Carbohydrate 
Polymers 2007, 67, 174-181. 
[23] Varavinit, S., Shobsngob, S., Varanyanond, W., Chinachoti, P., & 
Naivikul, O. Effect of amylose content on gelatinization, retrogradation and 
pasting properties of flours from different cultivars of Thai rice. Stärke. 
[Starch] 2003, 55, 410-415. 
[24] Ishiguro, K., Noda, T., & Yamakawa, O. Effect of cultivation conditions 
on retrogradation of sweet potato starch. Starch/Stärke 2003, 55, 564-568. 
[25] Vandeputte, G. E., Vermeylen, R., Geeroms, J., & Delcour, J. A. Rice 
starches. III. Structural aspects provide insight in amylopectin retrogradation 
properties and gel texture. Journal of Cereal Science 2003, 38, 61-68. 
[26] Kim, J. O., Kim, W. S., & Shin, M. S. A comparative of rice starch and 
a-amylase study on retrogradation gels by DSC, X-ray methods. 
Starch/Stärke 1997, 49 (2), 71-75. 
[27] Leszczynski W. Resistant starche classification, structure, production. 
Polish Journal of Food and Nutrition Sciences 2004, 13/54(SI 1), 37-50. 
[28] Ciesla, K., & Eliasson, A. C. DSC studies of retrogradation and 
amylose-lipid complex transition taking place in gamma irradiated wheat 
starch. Nuclear Instruments and Methods in Physics Research, B 2007, 265, 
399-405. 
[29] Funami, T., Kataoka, Y., Noda, S., Hiroe, M., Ishihara, S., Asai, I., et al. 
Functions of fenugreek gum with various molecular weights on the 

gelatinization and retrogradation behaviors of corn starch -1: 
characterizations of fenugreek gum and investigations of corn 
starch/fenugreek gum composite system at a relatively high starch 
concentration; 15 w/v%. Food Hydrocolloids 2008, 22, 763-776. 
[30] Lawal, O. S. Composition, physicochemical properties and 
retrogradation characteristics of native, oxidised, acetylated and acid-thinned 
new cocoyam (Xanthosoma sagittifolium) starch. Food Chemistry 2008, 87, 
205-218. 
[31] Morikawaa, K., & Nishinarib, K. Effects of concentration dependence 
of retrogradation behaviour of dispersions for native and chemically 
modified potato starch. Food Hydrocolloids 2008, 14, 395-401. 
[32] Mohamed, A., Peterson, S. C., Grant, L. A., & Rayas-Duarte, P. Effect 
of jet-cooked wheat gluten/lecithin blends on maize and rice starch 
retrogradation. Journal of Cereal Science 2006, 43, 293-300. 
[33] Wu, Y., Chen, Z., Li, X., & Li, M. Effect of tea polyphenols on the 
retrogradation of rice starch. Food Research International 2009, 42, 221-225. 
[34] Zhou, Y., Wang, D., Zhang, L., Du, X., & Zhou, X. Effect of 
polysaccharides on gelatinization and retrogradation of wheat starch. Food 
Hydrocolloids 2008, 22, 505-512. 
[35] Singh, J., Kaur, L., & Singh, N. Effect of acetylation on some properties 
of corn and potato starches. Stärke. [Starch] 2004, 56(12), 586-601. 
[36] Ahmed, M., & Lelievre, J. Effect of various drying procedures on the 
crystallinity of starch isolated from wheat grains. Starch/Stärke 1978, 30(3), 
78–79. 
[37] Biliaderis, C., Swan, R., & Arvanitoyannis, I. Physicochemical 
properties of commercial starch hydrolytes in the frozen state. Food 
Chemistry 1999, 64, 537–546. 
[38] Conde-Petit, B., Nuessli, S., Handschin, S.,& Escher, F. Comperative 
characterisation of aqueous starch dispersions by light microscopy, 
rheometry and iodine binding behaviour. Starch/Stärke 1998, 50(5), 184–192. 
[39] Gallant, D. J., & Guilbot, A. Artefacts au cours de la preparation de 
coupes de grain d’amidon. Etude par microscopie photonique et electronique. 
Starch/Stärke 1971, 23, 244–250. 
[40] Gallant, D. J., Bouchet, B., & Baldwin, P. M. Microscopy of starch: 
Evidence of a new level of granule organization. Carbohydrate Polymers 
1997, 32, 177–191. 
[41] Oostergetel, G. T., & van Bruggen, E. F. J. The crystalline domains in 
potato starch granules are arranged in a helical fashion. Carbohydrate 
Polymers 1993, 21, 7–12. 
[42] Jericevic, D., & Ooraikul, B. Influence of the processing on the surface 
structure of potato granules as viewed by SEM. Die Stärke 1977, 29(5), 166–
172. 
[43] Tomasik, P., & Zaranyika, M. F. Nonconventional methods of 
modification of starch. In D. Horton (Ed.), Advances in carbohydrate 
chemistry and biochemistry 1995, New York: Academic Press, 51, 296-298. 
[44] Guraya, H. S., James, Ch., & Champagne, E. T. Effect of cooling, and 
freezing on the digestibility of debranched rice starch and physical properties 
of the resulting material. Starch/Stärke 2001, 53, 64–74. 
 [45] Waigh, T. A., Perry, P. A., Riekel, Ch., Gidley, M. J., & Donald, A. M. 
Chiral side-chain liquid-crystalline polymeric properties of starch. 
Macromolecules—Communications to the Editor 1998, 31, 7980–7984. 
[46] Perry, P. A., & Donald, A. M. The effect of low temperatures on starch 
granule structure. Polymer 2001, 41, 6361–6373. 
[47] Buckow, R., Heinz, V., & Knorr, D. High pressure phase transition 
kinetics of maize starch. Journal of Food Engineering 2007, 81, 469–475. 
[48] Douzals, J. P., Marechal, P. A., Coquille, J. C., & Gervais, P. 
Microscopic study of starch gelatinization under high hydrostatic pressure. 
Journal of Agricultural and Food Chemistry1996, 44, 1403–1408. 
[49] Douzals, J. P., Perrier-Cornet, J. M., Gervais, P., & Coquille, J. C. High-
pressure gelatinization of wheat starch and properties of pressure-induced 
gels. Journal of Agricultural and Food Chemistry 1998, 46, 4824–4829. 
[50] Oh, H. E., Pinder, D. N., Hemar, Y., Anema, S. G., & Wong, M. Effect 
of high pressure treatment on various starch-in-water suspensions. Food 
Hydrocolloids 2008a, 22, 150–155. 
[51] Blaszczak, W., Fornal, J., Valverde, S., & Garrido, L. Pressure-induced 
changes in the structure of corn starches with different amylose content. 
Carbohydrate Polymers 2005, 61, 132–140. 
[52] Stolt, M., Oinonen, S., & Autio, K. Effect of high pressure on the 
physical properties of barley starch. Innovative Food Science & Emerging 
Technologies 2001, 1, 167–175. 
[53] Stute, R., Klingler, R. W., Boguslawski, S., Eshtiaghi, M. N., & Knorr, 
D. Effects of high pressures treatment on starches. Starch/Stärke1996, 48, 
399–408. 
[54] Katopo, H., Song, Y., & Jane, J.-L. Effect and mechanism of ultrahigh 
hydrostatic pressure on the structure and properties of starches. Carbohydrate 
Polymers 2002, 47, 233–244. 
[55] Hibi, Y., Matsumoto, T., & Hagiwara, S. Effect of high pressure on the 
crystalline structure of various starch granules. Cereal Chemistry 1993, 70, 
671–676. 



Kavlani Neelam et al. IRJP 2012, 3 (5) 

Page 31 

[56] Coburn, J. W. Surface processing with partially ionized plasmas. IEEE 
Transactions on Plasma Science 1991, 19, 1048–1061. 
[57] Zou j-j, Liu c-j, Eliasson B. Modification of starch by glow discharge 
plasma. Carbohydrate Polymers 2003, 55, 23–26. 
[58] Pukkahuta, C., Shobsngob, S., & Varavinit, S. Effect of osmotic 
pressure on starch: new method of physical modification of starch. 
Starch/Stärke 2007, 58, 78-90. 
[59] Chiu, C.-W., Schiermeyer, E., Thomas, D. J., & Shah, M. B. Thermally 
inhibited starches and flours and process for their production 1998, U.S. 
Patent 5,725,676. 
[60] Lim, S.-T., Han, J.-A., Lim, H. S., & BeMiller, J. N. Modification of 
starch by dry heating with ionic gums. Cereal Chemistry 2002, 79, 601-606. 
[61] R.A. Freitas, R.C. Paula, J.P.A. Feitosa, S. Rocha, M.-R. Sierakowski, 
Amylose contents, rheological properties and gelatinization kinetics of yam 
(Dioscorea alata) and cassava (Manihot utilissima) starches, Carbohydrate 
Polymer 2004, 55,  3–8. 
[62] R. Kizil, J. Irudayaraj, Discrimination of irradiated starch gels using FT-
Raman spectroscopy and chemometrics, J. Agric. Food Chemistry 2006, 54, 
13–18. 
[63] A.L. Olett, A.R. Kirby, S.A. Clark, R. Parker, A.C. Smith, The effect of 
water content on the compaction behavior of potato starch, Starch 1993, 45, 
51–55. 
[64] M. Rahmouni, V. Lenaerts, D. Massuelle, E. Doelker, J.C. Leroux, 
Influence of physical parameters and lubricants on the compaction properties 
of granulated and non-granulated cross-linked high amylose starch, 
Chemistry Pharmaceutical Bulletin 1993. 50 (9), 1155–1162. 
[65] Hirsch, J. B., & Kokini, J. L. Understanding the mechanism of cross-
linking agents (POCl3, STMP, and EPI) through swelling behavior and 
pasting properties of cross-linked waxy maize starches. Cereal Chemistry 
2002, 79, 102–107. 
[66] Kavitha, R., & BeMiller, J. N. Characterization of Hydroxypropylated 
potato starch. Carbohydrate Polymers 1998, 37, 115–121. 
[67] Richardson, S., & Lo Gorton, A. C. High-performance anionexchange 
chromatography-electrospray mass spectrometry for investigation of the 
substituent distribution in hydroxypropylated potato amylopectin starch. 
Journal of Chromatography A 2001, 917, 111–121. 
[68] Takahashi, S. I., Fujimoto, T., Miyamoto, T., & Inagaki, H. 
Relationship between distribution of substituents and water solubility of O-
methyl cellulose. Journal of Polymer Science 1987, 25, 987–994. 
[69] Wang, Y.-J., & Wang, L. Characterization of acetylated waxy maize 
starches prepared under catalysis by different alkali and alkaline-earth 
hydroxides. Starch 2002, 54, 25–30. 
[70] Bentacur, A. D., Chel, G. L., & Canizares, H. E. Acetylation and 
characterisation of canavalia ensiformis starch. J. Agric. Food Chemistry 
1997, 45, 378–382. 
[71] Greenwood, C.T., Muir, D.D., and Whitcher, H.W. Hydroxyethyl starch 
as a cryoprotective agent for human red blood cells. The relation between the 
molecular properties and the cryoprotective effect. Staerke 1977, 29:343–349. 
Carbohydrate Polymers 2004, 55, 23–26 
[72] Sitohy, M.Z., Labib, S.M., El Saadany, S.S., and Ramadan, M.F.  
Optimizing the conditions for starch dry phosphorylation with sodium mono- 
and dihydrogen orthophosphate under heat and vacuum. Staerke 2000, 
52:95–100. 
[73] Nabeshima, E.H. and Grossmann, M.V.E. Functional properties of 
pregelatinized and crosslinked cassava starch obtained by extrusion with 
trimetaphosphate. Carbohydrate Polymers 2001, 45:347–353. 
[74] Bhandari, P. N.; Singhal, R. S. Preparation of sugarcane bagasse 
hemicellulosic succinates using NBS as a catalyst.  Carbohydrate Polymers 
2002, 47, 277–283. 

[75] Singh, J., Kaur, L., & McCarthy, O. J. Factors influencing the 
physicochemical morphological thermal and rheological properties of some 
chemically modified starches for food application – A review. Food 
Hydrocolloids 2007, 21, 1–22. 
[76] Jyothi, A. N., Moorthy, S. N., & Rajasekharan, V. Effect of cross 
linking with epichlorohydrin on the properties of cassava (Manihot esculenta 
Crantz) starch. Starch/Stärke 2006, 58, 292–299. 
[77] Singh, V., & Ali, S. Z. Acid degradation of starch. The effect of acid 
and starch type. Carbohydrate polymers 2000, 41, 191–195. 
 [78] Kuakpetoon, D., & Wang, Y. J. Characterisation of different starches 
oxidised by hypochlorite. Starch 2001, 53, 211–218. 
[79] Rutenberg, M. W., & Solarek, D. Starch derivatives: Production and 
uses. In R. L. Whistler, J. N. Bemiller, & E. F. Paschall (Eds.), IN starch 
Chemistry and Technology, Orlando, USA: Academic Press, Inc. 1984, 311–
388. 
[80] Xing, G.-X., Zhang, S.-F., Ju, B.-Z., & Yang, J.-Z. Microwave-assisted 
synthesis of starch maleate by dry method. Starch/Stärke 2006, 58, 464-467. 
[81] Jyothi, A. N., Rajasekharan, K. N., Moorthy, S. N., & Sreekumar, J. 
Microwave assisted synthesis and characterization of succinate derivatives of 
cassava (Manihot esculenta Crantz) starch. Starch/Stärke 2005, 57, 556-563. 
[82] Cízová, A., Sroková, I., Sasinková, V., Malovíková, A., & Ebringerová, 
A. Carboxymethyl starch octenylsuccinate: microwave- and ultrasound-
assisted synthesis and properties. Starch/Stärke 2008, 60, 389-397. 
[83] Karim, A. A., Sufha, E. H., & Zaidul, I. S. M. Dual modification of 
starch via partial enzymatic hydrolysis in the granular state and subsequent 
hydroxypropylation. Journal of Agricultural and Food Chemistry 2008, 56, 
10901-10907. 
[84] Kaper, T., van der Maarel, M. J. E. C., Euverink, G. J. W., & 
Dijkhuizen, L. Exploring and exploiting starch-modifying amylomaltases 
from thermophiles. Biochemical Society Transactions 2003, 32, 279-282. 
[85] Hansen, M. R., Blennow, A., Pedersen, S., Nørgaard, L., & Engelsen, S. 
B. Gel texture and chain structure of amylomaltase-modified starches 
compared to gelatine. Food Hydrocolloids 2008, 22, 1551-1566. 
[86] Auh, J.-H., Chae, H. Y., Kim, Y.-R., Shim, K.-H., Yoo, S.-H., & Park, 
K.-H. Modification of rice starch by selective degradation of amylose using 
alkalophilic Bacillus cyclomaltodextrinase. Journal of Agricultural and Food 
Chemistry 2006, 54, 2314-2319. 
[87] Ao, Z., Simsek, S., Zhang, G., Venkatachalam M., Reuhs, B. L., & 
Hamaker, B. R. Starch with a slow digestion property produced by altering 
its chain length, branch density, and crystalline structure. Journal of 
Agricultural and Food Chemistry 2007, 55, 4540-4547. 
[88] Johnson, L. A., Baumel, C. P., Hardy, C. L., & White, P. J. Identifying 
valuable corn quality traits for starch production. A project of the Iowa Grain 
Quality Initiative Traits Task Team. Ames, IA: Center for Crops Utilization 
Research, Iowa Agriculture & Home Economics Experiment Station, Iowa 
State University 1999. 
[89] Jobling SA, Schwall GP, Westcott RJ, Sidebottom CM, Debet M, 
Gidley MJ, Jeffcoat R, Safford R: A minor form of starch branching enzyme 
in potato (Solanum tuberosum L.) tubers has a major effect on starch 
structure: cloning and characterization of multiple forms of SBE A. Plant 
Journal 1999, 18:163-171. 
[90] Schwall GP, Safford R, Westcott RJ, Jeffcoat R, Tayal A, Shi YC, 
Gidley MJ, Jobling SA: Production of very-high-amylose potato starch by 
inhibition of SBE A and B. Nature Biotechnology 2000, 18:551-554. 
[91]Jobling SA, Jarman C, Teh MM, Holmberg N, Blake C, Verhoeyen ME: 
Immunomodulation of enzyme function in plants by single-domain antibody 
fragments. Nature Biotechnology 2003, 21:77-80. 
[92] Bird AR, Brown IL, Topping DL: Starches, resistant starches, the gut 
microflora and human health. Current  Issues in Intestinal Microbiology 
2000, 1:25-37. 

 


