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PROPERTIES AND APPLICATION OF MODIFIED STARCHES IN FOOD PRODUCTION

Mazurenko Igor

Doctor of Technical Sciences, Professor

Sumy National Agrarian University, Sumy, Ukraine
ORCID: 0000-0002-5309-7702
0487222489@ukr.net

Koshel Olena

Doctor of Philosophy, Associate Professor

Sumy National Agrarian University, Sumy, Ukraine
ORCID: 0000-0002-2184-2106
koshelolena85@ukr.net

Marenkova Tatyana

Senior Lector

Sumy National Agrarian University, Sumy, Ukraine
ORCID: 0000-0001-7481-0848
tanya_201@ukr.net

Shkaraputa Roman

Master

Sumy National Agrarian University, Sumy, Ukraine
ORCID: 0009-0009-9497-1222
roman.shkaraputa@gmail.com

Starch is the most abundant organic compound found in nature after cellulose. The properties of native starch do
not always meet the requirements for a multitude of industrial applications. Functional limitations of native starch can be
overcome by modifications of physical, chemical and enzymatic methods to broaden its applications. In this article, some
common chemical modifications such as esterification, etherification, crosslinking of starch, as well as dual modification of
physical and chemical method or chemical and enzymatic method, have been reviewed. This article also highlighted the
application of chemical modified starch in food industry.

The analysis of literary and Internet sources showed that among the additives used in the food industry, modified starches
occupy a special place, and their use in modern food technologies as structure-forming additives allows for the creation
of a wide range of products. A review of the literature showed the lack of a sufficient number of works and developments
on studying the properties of modified starches and establishing the changes that occur in the starch molecule during
processing.

Their ability to form pastes was studied, the gelatinizing ability of modified starches was studied according to the
organoleptic indicators of the formed pastes.

The article establishes the influence of various types of modification on the crystallinity of modified starch and its
properties.

Analysis of the nature of the diffractograms of potato starch shows that after modification, the relative degree of
crystallinity generally changes due to the breaking of existing bonds, as well as the formation of new ones in the process of
modification. Since the decrease in the degree of crystallinity leads to a better attack of starch by enzymes, the human body
better assimilates products that have undergone the destruction process, but the use of cross-linked and oxidized starches
allows you to obtain pastes of the required structure.

Key words: modified starches, chemical modification, application, drag forming ability, organoleptic indicators, the
process of pasteurization.
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Introduction. Starch is a natural macromolecule | forming ability and inability to form stable adhesive systems,

compound synthesized in plastids in photosynthetic and non-
photosynthetic cells and is the second largest renewable
resource after cellulose (Tetlow & Butler, 2023, p.83-129). It
has the characteristics of low price, non-toxic, degradable,
modifiable, environmentally friendly, and has gradually
become an important base raw material for food industry or
non-food industry (Lu et al., 2013, p.9882-9821). However,

due to its insolubility in cold water, poor dispersibility, poor film-

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

the practical applications of starch in textile, papermaking,
pharmaceuticals, food and other industries has been greatly
limited (Simi & Emilia Abraham, 2007, p.173-180). Therefore,
it is necessary to improve the functional properties of starch
by chemical, physical and enzymatic modification to meet
the increasing application needs of people, among which
chemical modification produce the most diverse and versatile
types of modified starch (Chen et al., 2018, p.283-321). The
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microstructure of starch is a macromolecular cyclic structure
composed with glucose groups. There are a large number of
alcohol hydroxyl groups in starch molecules, which can react
with numerous chemical reagents to produce various types
of modified starch (Zia ud et al., 2017, p.2691-2705; Wang et
al., 2020b, p.116-292). Starch has been chemically modified in
different ways by using chemical agents to reduce or increase
the molecular weight of starch in recent years. Chemical
modification is the most widely explored modification method
due to the non-destructive nature of some selected processes
and potential increases in the functionality of the modified
starch (Masina et al., 2017, p.1226-1236).

A large number of hydroxyl groups in starch molecules
provides active sites for chemical modification. Chemical
modification is insertion of new functional group such as
carboxyl, acetyl, hydroxypropyl, amine and amide on the
starch backbone to give specific properties to the starch.
Different chemical modification methods are achieved
by decomposition such as acid hydrolysis and oxidation
or by derivatization, such as esterification, etherification,
crosslinking, and dual modification (Haq et al., 2019,
p.12-35.; Lemos et al., 2021, p.218-234).

Esterification of starch refers to the conversion of hydroxyl
groups in starch molecules to alkyl or aryl derivatives by
inorganic or organic acids. The common esterified starch
mainly includes acetate starch (Lin et al., 2017, p.316-326),
phosphate starch (Sang & Seib, 2006, p. 167-175,;
Ramadan & Sitohy, 2020), starch octenyl succinate (Wang
et al., 2020b) etc.

The hydroxyl groups in starch molecules is etherified with
reactive substances under alkaline conditions to produce
etherified starch, which mainly includes hydroxypropyl starch
(Wang et al., 2020a, p.131-149) and carboxymethyl starch
(Zhou et al., 2018, p.1700250.; Liang et al., 2021, p.601-606).

Crosslinked starch is synthesized by strengthening
intermolecular hydrogen bonds through chemical bonds
that form bridges by connecting polymer chains, in which
sodium trimetaphosphate (STMP), sodium tripolyphosphate
(STPP), epichlorohydrin (ECH), and phosphoryl chloride
(POCI3) are commonly used as crosslinking agents. (Wang
et al., 2020b; Sandhu et al., 2021). The functional properties
of crosslinked starch are mainly determined by the types of
crosslinking agents.

Dual modification of starch involves the combination of
physical and chemical modification methods or chemical
and enzymatic modification methods for enhancing the
functional properties of starch and improving its utilization
(Hagq et al., 2019, p.12-35). Chemically dual modified
starches are widely used as binder, thickeners and
emulsifiers in food industry, whereas it can be used as
heavy metal absorbents in non-food industry (Zia ud et al.,
2017, p.2691-2705). Dual modification of crosslinking and
octenylsuccinylation of cassava starch had great effects
on the physicochemical and emulsifying properties, which
can expand its applications and make it suitable for a wider
range of food products such as canned, refrigerated, and
frozen foods (Sriprablom et al., 2023).

Modified starch is widely used in food and non-food
industry due to its characteristics of low gelatinization

temperature, high transparency, high solubility, good freeze-
thaw stability and viscosity. With the development of food
industry, the demands of chemically modified starches as
chelator, cryoprotectant, drying aid, fat replacer, flavor carrier,
flavor and color precursor through Maillard reactions, and
substrate in fermentations are increasing (Lee & Puligundla,
2017, p.311-316). Acid-hydrolyzed starch is used as gelling
agent in gum and cheese loaves, as fat replacer in low-
fat ice cream due to it low past viscosity, high gel strength
and water solubility, as well as used in slowly digestible
cookies for rich in resistant starch (Wang & Copeland, 2015,
p.1081-1097). Octenyl succinylated starch is frequently
used as emulsifier in creams, salad dressings and is used
as clouding agent in drinks due to its well emulsifying action,
pasting properties and slow digestibility (Altuna et al.,
2018, p.97-110). Using crosslinked starch as fat replacer
not only has the same functionality as native starch, but
also has greater emulsifying ability, lower digestibility and
fewer calories (Chen et al., 2018, p.283-321). With the
incorporation of crosslinked waxy maize starch for partial
substitution of wheat flour, the nonfried noodles exhibited
a soft texture with bright and yellow appearance (Zhou et
al., 2015, p.1035-1043). Acetylated starch can meet the
changing demands of food industry for its improvements
in transparency, water absorption, precipitation and
condensation (Lin et al., 2017, 316-326). The acetylated
starch also could be applied in high concentrations than
native starch for its lower swelling power and solubility,
providing higher concentrations of solids (Colussi et al.,
2015, p.1076-1082).

Materials and Methods. In the course of work, we used
one sample of native starch and three samples of starches
of various maodifications: native potato starch — NS, cold
swelling thickener - MS 1, gelling agent - MS 2, brewing
thickener - MS 3.

X-ray structural studies were carried out using a DRON-3
diffractometer. From the obtained diffractograms, the degree
of crystallinity was determined by the Mathews method.
The drag-forming ability was determined organoleptically. A
solution of starch samples was prepared and the condition
of the formed jelly was analyzed: structure, consistency,
color, transparency, and storage stability.

The degree of pasteurization of starch was determined
by measuring the pasteurization time and pasteurization
temperature.

Results and Discussion. Starch pasteurization is the
process of starch transformation into a starch paste due
to the swelling and partial dissolution of starch grains in
water during heating due to the penetration of water into the
hydrogen bonds between starch macromolecules. In food
production, this indicator is important.

Starch polysaccharides are very labile, reactive
compounds that actively interact with metal ions, acids,
oxidants, and surfactants. This makes it possible to modify
starch molecules - to change their ability to pasteurize.
Some types of modification help to increase the solubility of
starch in water, others limit swelling. The results of the study
of the pasteurization process of starch pastes are presented
in Table 1.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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Conditions of the pasteurization process of modified starches

Table 1

Initial temperature of Time of beginning of Time of end of Time dqring which
Sample P ° o, N pasteurization was
pasteurization, °C pasteurization, T pasteurization, T formed. min
NS 67-70 12.31 12.35 5
MS -1 15-18 12.22 12.23 1
MS -2 62-65 12.28 12.32 4
MS -3 61-65 12.41 12.46 5

As can be seen from the table, sample MS - 1 pasteurized
the fastest. Pasteurization took the longest in samples NS
and MS - 3. Sample MS - 3 has a pasteurization temperature
similar to that of native potato starch. This is explained by the
fact that the cross-linked types of starch are characterized by
a low rate of swelling and pasteurization, which creates the
effect of prolonged action. Split starches due to the effect on
them of high temperatures during modification are already
partially pasteurized, so they swell immediately when they
are introduced into water. In addition, studies have shown
that the process of madification of native starch leads to a
slight decrease in the temperature of pasteurization.

Starch refers to compounds that look like spherocrystals
under a microscope under polarized light. This property is
explained by the fact that during the growth of starch grains,

1 2

branched polysaccharide chains are oriented in the radial
direction. This contributes to the formation of regions with
an ordered structure characteristic of crystals, the nature of
which has a significant impact on the properties of the starch
polymer and depends on many factors of the nature of the
polymer, the ratio of amylose and amylopectin, their molecular
weight, the degree of branching, the length and conformation
of external branches, as well as from the shape and size of
the crystalline zones in the internal molecular lattice.

It is known that the assimilation of the product by
the human body depends on the degree of crystallinity.
Therefore, the ratio of crystalline and amorphous phases
in the studied samples was determined using the X-ray
method. The radiographs shown below showed that different
modifications of starch have different crystallinity (Fig. 1).

3 4

Figure 1 - Study of the crystallinity of modified starches: 1 - NS, 2-MS 1,3 -MS 2,4 - MS 3.

Analysis of the nature of the diffractograms of potato
starch shows that after modification, the relative degree of
crystallinity generally changes due to the breaking of existing
bonds, as well as the formation of new ones in the process
of modification. For oxidized and cross-linked starches, the
degree of crystallinity increases, for swelling starches, an
amorphous structure is formed.

Since a decrease in the degree of crystallinity leads to a
better attack of starch by enzymes, the human body better
assimilates products that have undergone the destruction
process, but the use of cross-linked and oxidized starches
allows you to obtain pastes of the required structure.

Another of the most important characteristics of starch,
which determines the specifics of their use, is gelatinizing
ability. The formation of starch jelly occurs during the cooling
of starch pastes of a sufficiently high concentration, as a
result of the arrangement of the structure. The properties of
dragees and their strength depend on the type of starch, the
duration and temperature of cooking the paste, the intensity
of mixing, the presence of impurities, cooling conditions,
etc. Due to the formation of gels, branched amylopectin
molecules complicate the process of ordering the structure,

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

and linear amylose molecules tend to quickly associate and
form micelles with an ordered structure.

To conduct the research, 50 cm? of distilled water and
40 ml of hot water were added to 10 g of starch in a flask.
Solutions of each starch sample were pasteurized in a
boiling water bath and poured into molds. After 24 hours, an
organoleptic evaluation of the obtained jelly was carried out,
the results of which are shown in Table 2.

The study of the organoleptic indicators of the formed
jelly showed that the modification of starch leads to changes
in its properties. Sample MS - 2 is able to form concentrated
pastes of reduced viscosity and increased transparency.
Valuable properties of pastes of this starch are high stability
during storage, mixing and cooling. Such starch is produced
for refrigeration (ice cream production), confectionery and
bakery industry. Swellable starches include those types
of starch that can swell in cold water (MC 1). The basis of
obtaining such types of starch are physical transformations
that lead to the destruction of starch molecules, partial
or complete destruction of the structure of starch grains.
Swelling potato starch is included in the recipes of dry ice
cream mixes. It can also be with methylcellulose, thanks to
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Table 2

Organoleptic evaluation of gelatins of modified starches

Sample

Organoleptic assessment

NS Forms a viscous thick paste of light gray color. Opaque. It delaminates during storage.

sludge.

MS -1 Forms a highly viscous paste. Transparent. Does not form jelly (necessary special conditions of leaving in cold
water to prevent the formation of lumps).

MS -2 Liquid transparent paste with minor film formations. They do not form dragles. It delaminates during storage. Has
low viscosity at high concentrations.

MS -3 A thick homogeneous paste of light gray color. Short-blooded, relatively transparent, smooth. Does not form

which the whippedness of the ice cream increases and the
average diameter of air bubbles decreases. Cross-linked
types of starch (MC 3) are characterized by a reduced rate
of swelling and pasteurization, which creates the effect of
prolonged action. Pastes of cross-linked types of starch are
more viscous, resistant to external factors - high temperature,
prolonged heating, low pH value, mechanical stress. Cross-
linked starches are widely used in the production of sauces,
pastes, and dairy products.

Conclusion. Nowadays, modification of starch is
developing in the direction of multi-type, multi-compound
and serialization, and modified starch can be applied in more
fields in the future. The use of chemically modified starch is
becoming more and more widely due to its unique properties.
The study of modified starch is still a hot research field and
has a very broad application prospect. Therefore, we should

continuously deepen our understanding of modified starch,
determine its performance properties and utility, and apply it
in more suitable fields.

Starch modification allows you to change the properties
of native starch. Modified starches differ from ordinary
starches by the increased final viscosity of pastes, their
greater stability to mechanical actions and the acidity of the
environment, as well as to high and low temperatures. The
spectrum of use of modified starches is quite wide. They
are used to thicken canned meat, as a stabilizer of low-fat
dietary mayonnaise, fat creams, sauces, jelly, quick-frozen
foods, to improve the quality of bread, cookies, and waffles.
Therefore, the study of the properties of modified starches
is a necessary prerequisite for their use to ensure the
creation of physiologically safe food products in conditions
of increased environmentalization of production.
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Bnacmueocmi ma 3acmocyeaHHs1 MOOuhikoeaHUX Kpoxmarslie y xap4oeux eupobHuymeax

Kpoxmarb € HalnowupeHiwor opaaHiyHOK Cromykow 6 npupodi nicns yemonosu. Bnacmusocmi HamugHo20 Kpo-
XMaro He 3aexou eidrnogidatomb gumMozam 07151 1020 3acmOoCy8aHHS y 8UPOBHUUMEI pi3HOMaHIMHUX Xap4yo8ux npodykmis.
QYHKYjOHabHI 0OMeXeHHs1 HamUBHO20 KPOXMasTio MOXHa rnodornamu wiisixoM Mooudikayii Kpoxmario Wiisixom 3acmocy-
8aHHS Pi3HUX Di3UYHUX, XiMiYHUX | thepmeHmamugHuUx memodie s HadaHHS UoMY HO8UX eracmueocmel ma po3WUPEHHS
cghepu Onsi suKopucmaHHs. Y uiti cmammi posanssHymo 0esiki nowupeHi Memodu mMooudbikayii, maki sk emepucbikauisi,
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3WUBaHHS Kpoxmark, a makox nodsitiHa Moduchikauis 3 BUKOpUCMaHHAM (i3UYHUX ma XiMiYHUX memodie abo XiMiYHUX ma
hepmeHmamugHux. Y cmammi makox 8ucsimieHo 3acmocygaHHs MoOUGhIKOBaHUX KpOXMartie 8 Xap4osili IpoMuci080CMi.

AHani3 nimepamypHux ma iHmepHem-0Xepes rnokasas, wo ceped 00b6asokK, siKi BUKOPUCMOBYOMbCS 8 Xap4osil npo-
mucnosocmi, MoOucbikosaHi Kpoxmari rnocidatoms ocobnuge Micye, a ix 8UKOPUCMAHHSI 8 CyYyaCHUX Xapyo8UX MEXHOIIO-
2igx Ik cmpykmypoymeoptoroyux 0ob6agok 00380/15€ CmMeoposamu WUpPoKUl acopmumeHm npodykuyii. [Topsid 3 eenukor
Kiribkicmto pisHUx eudie MoOuUhikosaHUX Kpoxmartie AOCidxKeHb y HanpPsIMKy 8UBYEHHS iX enacmueocmell i 6CMaHOB/IEeHHS
3MiH, sKi 8i0bysarombCs 8 MOeKyi Kpoxmarsto npu 06pobreHHi docums masno. Tomy sugyeHHs enacmusocmet Modugiko-
8aHUX Kpoxmariie pisHoi Modugbikauii dosgonums Halamu pekomeHOauii 055 iX 8UKOPUCMAaHHS ma ecmaHo8umu ix enmuH
Ha opaaHi3m [KOUHU MpU iX CrioxueaHHi y cknadi xapyosux MpodyKmie.

LocnidxeHo ixHI0 OpazneymeopiogaribHy 30amHicmb 3a 0peaHONENMUYHUMU MoKasHUKaMu chopmosaHux dpaasie ma
npouec kneticmepusauii ModugbikosaHUX Kpoxmariie.

BcmanoeneHo ennue pisHux sudie moduehikauii Ha kpucmanidHicms mModughikosaHO20 Kpoxmaro ma (io2o enacmu-
eocmi.

AHarniz xapakmepy dughpakmozpam KapmornssHo20 KpoXmarto nokasye, Wo nicis modugbikauii 6i0HOCHUU cmyriHb Kpu-
cmarniyHocmi 8 OCHOBHOMY 3MIHIOEMBCS 3@ PaxyHOK pPO3pusy ICHYHUYUX 38’s3Kig, @ MakKoX YmEOPEeHHs HO8UX y MPOoUeci
modudpikauii. OCKiNbKU 3HUXEHHST cmyreHsl KpucmartiyHocmi npu3sodums 00 Kpaujoi amakoeaHOCMi KpoXmarlo (hepMeH-
mamu, opaaHi3m modUHU Kpalwe 3aceote npodyKkmu, wo npodwriu npouec 0ecmpykuii, arne 8UKOPUCMaHHS 3WUMo20
i OKUCIeH020 Kpoxmars A0380/19€ ompumMyeamu nacmu nompibHoi cmpykmypu.

Knroyoei cnoea: modudbikosaHi kpoxmari, XimidHa Modudpikayis, 3acmocyeaHHsi, Opaaneymeoprooda 30amHicme,
Op2aHosIenmuYHi MoKasHUKU, NMpoyec Kneticmepu3auii.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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