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THE USE OF FRUIT AND BERRY FILLERS IN THE PRODUCTION OF FERMENTED
MILK PRODUCTS

Annotation: The article discusses the possibility of using fruit and berry fillers in the production of
fermented milk products. To increase the nutritional value and functional properties of yoghurts, various fillers
and additives are introduced into their composition, especially those that enhance their therapeutic and
prophylactic effect. The use of food additives and fillers rich in dietary fiber, which are pectins, microcrystalline
cellulose, vegetable gums, vegetable and fruit and berry additives, allows you to give yoghurts additional
functional properties. The purpose of the research was to study the features of using domestic natural fruit and
berry fillers for the production of yoghurts and curd products. To assess the effective use of fillers, the nutritional
value and chemical properties, stability of color, taste and consistency of the dairy product were studied.
Organoleptic indicators, physicochemical indicators and energy value of yoghurt with fruit and berry fillers were
studied. The developed yogurt with fruit and berry filling is characterized by reduced energy value (77.3 kcal),
good organoleptic indicators, which is explained by the introduction of a plant component.

Key words: milk product, yogurt, vegetable filler, berry mix, food value, milk, fruit-berry, thermostat
technology.

INTRODUCTION

In recent decades, food industry specialists have been faced with the urgent task of
expanding the range of fortified foods for mass consumption. Currently, consumers tend to purchase
products that prevent diseases and metabolic disorders caused by negative environmental
influences. Among the huge variety of products of animal and plant origin, milk and dairy products
are the most nutritionally and biologically valuable, the value of which is determined by the rich and
balanced composition of its components and the high digestibility of all nutrients [1].

Traditions of consumption of fermented milk products, actively promoted at present «healthy
nutrition» provide a stable demand on the market for such products, in particular - for yoghurts. The
range of products is constantly expanding, new types of yoghurt with different levels of acidity,
viscosity, various flavors and biologically active additives are being developed. Requirements for
packaging are also changing.

Milk and dairy products, including yoghurts, are mass-market products that often contain
plant-based additives that increase their nutritional and biological value.

The history of yogurt is long, and legend has it that ancient Turks invented yoghurts in order
to set up their guardian angels in a peaceful way. They called this delicious and healthy product
"white oxygen." However, another version is the most realistic. According to it, the precursor of yogurt
appeared in those distant times when ancient nomadic peoples traveled transporting milk in goatskin
skins. Bacteria got into the milk from the air, and the movement of the animals caused the milk in
the skins on their backs to constantly mix and ferment in the heat, turning into a special product that
was the forerunner of modern yogurt [2].

This is explained, among other things, by current trends in the food industry, reflected in the
development of technologies and production of healthy food products [3]. Valuable suppliers of fillers
that significantly increase the nutritional and biological value of dairy products are local berry crops
growing in Kazakhstan, for example, cherries and strawberries. In addition, it is relevant to study and
introduce into the recipe ingredients with functional properties. The current issue is the development
of vitamin-rich fermented milk products, especially yogurts, because this fermented milk product is
in great demand among all age groups of the population, especially children.

It is known that the human body during childhood and adolescence is especially in need of
balanced, fortified nutrition, so it is very important to use vitamin and multivitamin supplements in
yogurt production technology [4].
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There are quite a lot of works in the field of production of yoghurts enriched with plant
ingredients and biologically active additives. However, expansion of their range is possible due to
introduction of new generation food fortifiers based on enzymatic meals, which exhibit antioxidant,
antitoxic, immunomodulatory and radioprotective properties [5, 6].

The use of food fortifiers in the production of yoghurts has been little studied. However, the
prospects and feasibility of their use in obtaining fortified yoghurts with a high content of biologically
active substances have been shown.

The aim of the work is to develop and evaluate the quality and competitiveness indicators of
new types of yoghurts fortified with plant ingredients, taking into account their demand in the
consumer market of Kazakhstan.

Milk, as a raw material for yoghurts, is a source of biologically active substances [7]. Yogurt
is a fermented milk product with an increased content of dry skim milk solids, produced using a
mixture of starter microorganisms - thermophilic lactic streptococci and Bulgarian lactobacillus [8].

To increase the nutritional value and functional properties of yoghurts, various fillers and
additives are introduced into their composition, especially those that enhance their therapeutic and
prophylactic effect. The use of food additives and fillers rich in dietary fiber, which are pectins,
microcrystalline cellulose, plant gums, vegetable and fruit additives, make it possible to impart
additional functional properties to yoghurts [9].

Such a variety of plant materials used in the production of yoghurts indicates broad
opportunities for creating a wide range of them, a balanced composition, as well as products with
functional target purposes. The food ingredients industry has opened up virtually unlimited
opportunities for manufacturers of dairy products with new consumer properties - nutritional value,
balance of constituent elements, taste, smell, consistency, shelf life, medicinal and dietary indicators
[10].

Fruits and berries are sources of glucose and fructose, vitamins, minerals, phenolic
compounds, and dietary fiber. Vegetables are rich in vitamins, minerals, nitrogen compounds, and
dietary fiber. Taking into account compatibility with milk, pumpkin, carrots, spinach, peas, and
cabbage are considered the most acceptable. To give yoghurts a distinct taste and smell of fruits
and berries, vegetables, and to give them an attractive appearance, fruit, berry, and vegetable
additives in the form of syrups, concentrates, or dry mixes are used. These fillers regulate the content
of vitamins, carbohydrates, and minerals in fermented milk products. Dietary fiber plays a special
role in the formation of functional properties [11, 12].

EXPERIMENTAL METHODS

The determination of safety and quality indicators of raw materials, processed plant raw
materials (semi-finished plant products) and finished yoghurts was carried out in accordance with
the current regulatory documentation. Drinking yoghurt was chosen as the object of the study as one
of the most popular fermented milk products. Prunes and peaches were used for its enrichment, the
berry mix consists of raspberries, strawberries, lingonberries, rose hips, and hawthorn. The chemical
composition of the above berries was studied. To establish the ratio of components and develop a
recipe, studies of the organoleptic and physicochemical indicators of the test samples were carried
out.

The proposed lactic acid product - yogurt production technology is developed as follows. Fruit
yogurt is produced according to the general scheme of conventional kefir technology. The fruit
supplements are pumped into the tank together with kefir, mixed well and left for further ripening at
a temperature of 8-100C for 1-2 hours. Mass fraction of sucrose in yogurt is not less than 5%. Fruit
yogurt and added additives have a characteristic taste and aroma.

The thermostatic method of production of yogurt with fruit consists of the following operations:
receiving and sorting milk, standardizing and purifying milk, homogenizing milk, pasteurizing milk,
cooling milk, adding yeast, adding fruit supplement, fermentation, cooling, ripening, packaging and
save.

As vegetable additives — fruit fillers include prunes, peaches, and berry fillers include
strawberry, cranberry, raspberry, rosehip, and hawthorn. Hawthorn fruits belong to a universal
therapeutic dietary product, they have a good effect on the human body.

Physicochemical methods for accounting for the chemical composition of fruit and berry
fillers, analysis of the composition of biologically active substances of fruits and berries,
determination of physicochemical indicators (refractometry, pH-metry, titration, spectrophotometry,
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viscometry, atomic absorption spectrometry, gas chromatography). These methods are based on
the requirements of the general standard [14], the methodology for evaluating the organoleptic
characteristics of whey (color, aroma, taste and consistency) using organoleptic and
physicochemical methods was carried out in accordance with the requirements of GOST 31981-
2013 «Yoghurts. General specifications» [16].

RESEARCH RESULTS AND DISCUSSION

The chemical composition of the liquid is different depending on the principle and degree of
its effect on the body. Aromatic liquid is widely used for medical purposes, from household purposes,
because in most cases it contains biologically active substances, ephip ointment, and aromatic
components. It is defined as a large volume and a positive effect on the body [13, 15].

In the process of choosing raw materials for the production of plant extracts, we came out of
the real specificity of the chemical composition of fruit-bearing raw materials. Studies have shown
that there is a difference between the chemical composition of fruit and Berry raw materials [14].
Hawthorn and rosehip differ from rosehip in that they have less mash (about 78%), more clechatka
(9.3 and 8.4%, respectively), which affects the yield in the process of their mechanical processing.
With all berries, fruits are a source of valuable vitamins (C — up to 57.0 mg/100g), dubile (1.24-5.8%)
substances. The content of organic substances in fruits and berries ranges from 1.7% (rose hips) to
3.5% (lemongrass). After squeezing fruits and berries, the remaining mash contains a sufficient
amount of biologically valuable substances, which can be obtained by extraction. We further studied
three types of raw materials (rosehip, raspberries, strawberries, cranberries) and Hawthorn, rosehip
Syrups.

The chemical composition of fruit fillings as a functional ingredient of yogurt is presented in
Table 1 [14].

Table 1 — Nutritional value of fruit fillings per 100 grams

Indicators Proteins, g | Fats, g | Carbohydrates, g Ash, g Water, g Calorie value, kCal
Prunes 2.18 0.38 56.78 2.64 30.92 240.0
Peach 0.91 0.25 9.54 0.43 88.87 45.0
Strawberries 0.8 0.4 7.5 2.2 87.4 41.0
Cranberries 0.4 0.1 12.2 0.2 87.1 46.0
Raspberries 1.2 0.6 11.9 0.5 85.8 52.2
Rose hip 1.6 0.7 22.4 0.33 54.0 109.0
Hawthorn 1.12 0.01 14.2 2.73 72.0 62.2

The amount of microelements in fruits and berries is given in Table 2.

Table 2 — Amount of trace elements in fruits and vegetables

Refined raw Amount of mineral properties, mg

material Na K Ca P Fe Al Mg
Prunes 2.0 732.0 43.0 69.0 0.93 - 41.0
Peach 30.0 363.3 20.0 34.2 0.6 - 16.0
Strawberries 18.0 161.0 40.0 23.0 1.2 - 18.0
Cranberries 89.7 85.0 8.0 13.0 0.14 48.1 6.0
Raspberries 1.0 224.0 40.0 37.0 - 200.0 22.0
Rose hip 13.21 158.0 66.0 127.18 279.56 - 11.7
Hawthorn 29.0 1310.0 326.0 87.0 32.6 9.6 100.0

Therefore, the fruits selected on the basis of the pre-treatment can be used as plant fillers
due to their chemical element content.

Factors that influenced the popularity of fermented milk drinks: organoleptic characteristics -
pleasant taste due to various fruit mixtures, pleasant consistency; healing properties - has a positive
effect on human health; the possibility of modification - the composition of drinks can be changed
depending on demand and taste; life extension - the presence of microorganisms in fermented milk
drinks that suppress harmful microflora; use of genetic engineering achievements in the production
of fermented milk drinks - yogurt based on new and traditional technologies.

Organoleptic indicators of yogurt were determined at 18+20C according to the standard.
Organoleptic indicators of the finished product are shown in table 3.
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Table 3 — Organoleptic indicators of yogurt

Indicators Characteristic of the indicator

Taste Pure lactic acid, with a characteristic flavor of the supplement, faintly sweetened.
Smell Has a pleasant, lactic acid herbal supplement smell

Color Light pink

Consistency Gentle, homogeneous liquid, easy to apply.

In terms of physical and chemical parameters, pumpkin nectar must meet the requirements
established in the standard [16]. Physico-chemical indicators of yogurt with fruit supplements are
shown in table 4.

Table 4 — Physico-chemical properties of fruit yogurt

Raw . . Dry Energy value
material pH Acidity, T° Dens'gy ' Proteins, | Fats, Carbohydrates, % Ash, stuff, in 100 g of
kg/m % % %
type % product, kcal
Fruit 4.55 84.4 1020.0 2.7 25 11.0 06 | 17.0 77.3
yogurt

The quality of fruit and berry yoghurt in terms of organoleptic and physicochemical indicators
meets the requirements of GOST 31981-2013. No defects were found in the yoghurts, which
indicates the use of high-quality raw materials and starter cultures in production (table 5).

Table 5 — Fruit yogurt 2.5% fat recipe (without cost per 1000 kg of product)

. Recipe number

Raw material 1 > 3
Natural milk 2.5% fat, kg 684.40 684.40 678.0
Skimmed milk, kg 145.24 145.24 102.0
Cranberry tray, kg 120.00 - -
Strawberries, cranberries, raspberries, hawthorn, plums, kg - 120.00 109.0
Natural peach paste, kg - - 130.0
Sugar, kg - - -
Dry beetroot juice, kg 0.36 0.36 0.30
Fat-free milk starter, kg 50.00 50.00 50.00
Total, kg 1000 1000 1000

CONCLUSION

Thus, the technology and recipe of yogurt with fruit and berry fillings were developed in the
work. The organoleptic indicators, physicochemical indicators and energy value of yogurt with fruit
and berry fillings were studied. The developed yogurt with fruit and berry filling is characterized by
reduced energy value (77.3 kcal), good organoleptic indicators, which is explained by the
introduction of a plant component.

References
1. Kodentsova V.M. Enrichment of mass-market food products with vitamins and minerals as a way
to increase their nutritional value / V.M. Kodentsova // Food industry. — 2014. — Ne 3. — P. 14-17.
2. Dogareva N.G. Yogurt — a product of therapeutic and prophylactic and special nutrition / N.G.
Dogareva, M.B. Rebezov // University complex as a regional center of education, science and
culture. — 2017. — P. 1566-1572.
3. Influence of the addition of different hazelnut skins on the physicochemical, antioxidant,
polyphenol and sensory properties of yogurt / M. Bertolino et al // Food Science and Technology. —
2015. - V.63, Is. 2. — P. 1145-1154.
4. Khamitova B.M. Study of the quality of fermented milk products for functional purposes. / B.M.
Khamitova, A. Nazarkasym // Collection of materials of the International scientific and practical
conference «Current state, prospects for development and modernization of the agro-industrial
complex of the Republic of Kazakhstan»: Semey, September 27, 2019. — P. 186-190.
5. Evdokimova O.V. Commodity, biochemical, functional and technological properties of ginseng
root / O.V. Evdokimova, S.G. Fuks // Technology and commodity science of innovative food
products. — 2011. — Ne 1(6). — P. 59-72.
6. Evdokimova O.V. Medical and biological studies of biologically active additives based on medicinal
and technical raw materials / O.V. Evdokimova, S.A. Kalmanovich // Materials of the interregional

ISSN 2788-7995 (Print) Bectuuk Yuusepcurera [llakapuma. Texuudeckue mayku Ne 2(18) 2025 333
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 2(18) 2025



scientific and practical conference «Actual problems of the consumer market of goods and services».
— Kirov: State Educational Institution of Higher Professional Education Kirov State Medical Academy,
2009. — P. 167-168.

7. Artyukhova S.I. Use of probiotics and prebiotics in biotechnology of bioproduct production:
monograph/ S.I. Artyukhova. — Omsk: Publishing house of OmskGTU, 2010. — 112 p.

8. Bjerre P. In Recombination of Milk and Milk Products, Special Issue. 9001 / P. Bjerre //
International Dairy Federation, Brussels. — 1990. — P. 157-165.

9. Kryuchkova V.V. Enriched fermented milk drink / V.V. Kryuchkova // Dairy industry. — 2011. — Ne
12. - P. 70-71.

10. Dudkin M.S. Complex use of plant raw materials in the food industry / M.S. Dudkin // News of
universities. Food technology. — 1980. — Ne 6. — P. 10-12.

11. Belokrinitskaya E.A. Influence of fillers on the physicochemical properties of yoghurts / E.A.
Belokrinitskaya, N.Yu. Chesnokova, L.V. Levochkina // Food industry. — 2009. — Ne 5. — P. 52-53.
12. Zobkova Z.S. Dietary fiber / Z.S. Zobkova // Dairy industry. — 2006. — Ne 10. — P. 30-34.

13. Roschupkina O.E. Prospects for the use of plant-based components in the production of
fermented milk products / O.E. Roschupkina // Publisher: Olimp (lvanovo). — 2017. — Ne 1(24). — P.
27-28.

14. Skurikhin .M. Handbook. Chemical composition of food products: Reference tables of the
content of basic nutrients and energy value of food products / |.M. Skurikhin. — M.
AGROPROMIZDAT, 1987. — 224 p.

15. Dunchenko N.I. New scientific approach to forming the quality of yoghurts with functional
ingredients / N.I. Dunchenko, V.S. Yankovskaya // Equipment and technology of food production. —
2022. -Vol. 52, Ne 2. — P. 214-221.

16. GOST 31981-2013. Yoghurts. General specifications. Moscow: Standartinform, 2014. — 20 p.

B.M. XamutoBa'*, A.P. TacnonTaeBal, I".A. KoxabekoBal, C.[1. TokaeB2, 5.M. UckakoB?
HOxHo-KasaxcTtaHckun yHuBepcuteT um. M. Aa3oBa,
160012, Pecnybnuka Kasaxctah, r. LLbimkeHT, np. Tayke xaHa, 5
2Kazaxckuin arpoTexHU4Yeckuii uccrnenoBaTtenbckuin yHmsepceutet umermn C. CendpynnuHa,
010011, Pecnybnuka KasaxcTaH, r. ActaHa, np. XXenuc, 62
*e-mail: barno-007@mail.ru

NUCNOJIb30BAHUE ®PYKTOBbIX U ArOAHbLIX HAMONHUTEJNEN B MPOU3BOACTBE
KUCNOMOIJIOYHbIX NMPOAYKTOB

B cmambe paccmampugaemcsi 803MOXHOCMb MPUMEHEHUST ¢hpyKMo80o-s200HbIX HaronHumerneul 8
rpou3eoocmee KUCIIOMOJIOYHbIX Podykmos. s noebiweHuss nuuwesol UeHHoCcmu U (hyHKUUOHasbHbIX
ceolicme Uo2ypmoe 8 ux cocmas e800sim pa3sfiuyHble HaronHumenu u dobasku, oCo6eHHO me, Komophble
nosbiwarom ux Jie4ebHo-npogbunakmuydeckoe Oelcmeue. MWcrnonb3ogaHue nuuwesbix 00b6asok U
HarnonHumened, b6oeambix nuwesbiMu 80JI0KHaMU, KomopbIimMu sen1st0mcs MeKMUHbI,
MUKpOKpucmarnmnuyeckasi Uesnsnnsnosa, pacmumesbHble Kameldu, 080WHbIe U n100080-9200Hble 0obasku
rnogsonsirom npudams ogypmam OononHuUmersbHble QyHKUUOHasbHble ceolicmea. Llenbto uccnedosaHull
S6/14710Cb U3y4YeHUe 0cobeHHocmel UCMOoIb308aHUSI OMeYEeCmMBEHHbIX HamyparsibHbIX (bpyKMOB0o-200HbIX
HarnonHumeneu 0Ons npoussodcmea (o2ypmo8 U MeOPOXHbIX npoldykmos. [ns oueHKu aghghekmusHo20
rnpuMeHeHus1 HarosiHUmesnedl 6biniu U3y4YyeHbl Nuuesasl UeEHHOCMb U XuMu4yeckue ceoticmea, cmabusibHOCmb
OKpacku, eKyca U KOHCUCMEHUUU MOJIO4HO20 Mpodykma. M3yyeHbl opzaHonenmuyeckue rnokazamenu,
U3UKO-XUMUYECKUE [oKa3amesnu U 3Hepezemu4yeckass UeHHocmb Uo2ypma C @OpyKmo8o-s1200HbIMU
HarnonHumensamu. PaspabomaHHsil ocypm € pyKmoeo-s200HbIM HaronHuUmerneMm xapakmepusyemcs
MOHUXEHHOU 3Hepeamu4yeckol UeHHOCMbIo (77,3 KKarsl), XopowuMu Op2aHoienmuyYecKuMu rnokasamessamu,
4mo obbsicHsemcsl 88e0eHUEM pacmumesibHO20 KOMIIOHeHmMa.

Knroyeebie crioea: MOMIOYHbIU npodykm, Uo2ypm, nuweeol HarosHuUmesib, 5i200Hasi CMECh,
nuwesasi UeHHOCMb, MOJIOKO, (hpyKmbl, mepMocmamHasi mexHos102Uusl.
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Makanada awsbimbiniraH cym 6HiMOepiH eHOipyde Xemic-XudeK mosmbiprbilumapbiH natdanaHy
MyMKiHOi2i Kapacmbipbinadsl. Mo2ypmmapdbiy maramObik KyHObIIbIFbI MEH (hyHKUUOHanObIK KacuemmepiH
apmmbIpy ywiH onapobIH KypaMbiHa apmypiii mosmbipFbilimap MeH Kocranap Kocblinadbl, acipece onapobiH
eMOIK XoeHe npoguiakmukarsblK acepiH Kyuwelimedi. [TekmuHOep, MUKpOKpucmarobl Uesoo3a, KOKeHIC
carbl30apbl, KOKOHIC XoHe XeMic Kocrianapbl CUsiKmbl maramObiKk masnwbikmapra 6ali maramMObIK Kocrianap
MeH monmbipfrbitumap0bl KondaHy Uo2ypmmapra KocbiMwa hyHKUUOHan0biKk kacuemmep 6epyae MyMKiHOIK
bepedi. 3epmmey XyMbiCbiHbIH Makcambl tioegypmmap MeH cy3be eHiMOepiH eHAipy ywiH omaHAblK maburu
XKemic-xudek monmelprbilumapbiH natdanaHy epekwesnikmepiH 3epmmey 6050bl. TonmbipsbiumapObi
muimdi natdanaHydel baranay ywiH cym eHiMOepiHiH maramObiK KyHObIMbIFbl MEH XUMUSIIbIK Kacuemmepi,
myciHiH mypakmbifbifbl, demi MeH KOHcucmeHuusicbl 3epmmendi. Xemic xoHe xudek canmacbl bap
tioeypmmbiH opaaHoienmukarbiK Kacuemmepi, husuKkabIK-XUMUSbIK Kacuemmepi XoHe dHepaemukarsbIK
KYyHObINbIFbI 3epmmendi. XKemic-xudek canmacskl 6ap o3iprieHeeH tioeypm memMmeHOeminieeH 3HepeemuKarbiK
KYHObINbIFbIMEH (77,3 KKars), akcbl op2aHonenmukasbiK KepcemkiuimepmeH curnammanaodsbi, 6yn ecimoik
KOMIMOHEeHMIH eHaizymeH myciHOipinedi.

TyiiH ce3dep: cym eHiMOepi, Uo2ypm, KOKeHiC MmonmbIpfbluibl, XUOEK Kocrackl, maramobiK
KYHOBIbIFbI, CYm, XeMic-XUOeK, mepmMocmam MexHO/102UsIChl.
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DEVELOPMENT AND RSM-BASED OPTIMIZATION OF BIODEGRADABLE EDIBLE FILMS
FROM ELECTRON BEAM-IRRADIATED STARCH AND CHITOSAN

Annotation: This study aimed to develop and optimize edible antimicrobial films using electron beam-
irradiated starches and biopolymer additives. Rice starch («Marzhan» variety) and cassava starch («Cassava
531» variety) were physically modified via irradiation at doses of 0, 3, 6, and 9 kGy using an ILU-10 accelerator.
Film-forming solutions were prepared by blending starch, chitosan, and glycerol, followed by casting and
drying. One-Factor-at-a-Time (OFAT) screening was conducted to evaluate the effects of starch content,
gelatinization time, glycerol, and chitosan on film properties including tensile strength (TS), elongation at break
(EAB), water vapor permeability (WVP), and transparency.

A Box — Behnken Design (BBD) based on Response Surface Methodology (RSM) was used for multi-
factor optimization. The regression model for transparency (%) revealed that starch and chitosan contents had
positive linear effects but exhibited diminishing returns due to significant negative quadratic terms.
Gelatinization time and glycerol content showed negative linear effects on transparency, while several
interaction terms also influenced the response.

Although the model demonstrated modest statistical significance (R? = 35.05%), it highlighted complex
factor interdependencies and provided direction for optimal formulation. The findings support the potential of
irradiated starch in functional biodegradable films and offer a foundation for future development of sustainable
packaging materials with improved physical and barrier properties.

Key words: edible film; starch irradiation; chitosan; biodegradable packaging; transparency
optimization; response surface methodology (RSM); Box — Behnken design.

Introduction

In recent years, the development of biodegradable and edible films has gained increasing
attention as a sustainable alternative to conventional plastic packaging. These bio-based materials
are derived from renewable resources and offer the added advantage of environmental compatibility,
biodegradability, and in some cases, functional properties such as antimicrobial activity or
antioxidant capacity. Among various biopolymers investigated, starch has emerged as a particularly
promising film-forming agent due to its abundance, cost-effectiveness, film transparency, and
biodegradability.

However, native starch-based films often suffer from several limitations, including poor
mechanical strength, high water vapor permeability, and low flexibility, which restrict their broader
industrial applications. To overcome these drawbacks, chemical, physical, or enzymatic
modifications of starch have been proposed. In particular, irradiation-induced modification using
electron beam technology has proven effective in altering the structural and physicochemical
properties of starch, such as molecular weight, crystallinity, and gelatinization behavior, thereby
enhancing its suitability for film formation.
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