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PHYSICOCHEMICAL PROPERTIES AND ANTIMICROBIAL ACTIVITY OF CHITOSAN
FROM VARIOUS NATURAL SOURCES FOR USE IN THE FOOD INDUSTRY

Abstract: in the article the authors present the results of research on the synthesis of chitosan from
various sources of raw materials, their molecular weight, physicochemical characteristics, as well as studied
their applications in various industries. It is shown that the use of chitosan and its derivatives in food industries
as packaging materials contributes to the preservation of freshness of food products and increasing their shelf
life when chitosan exhibits high antibacterial and antimicrobial properties. This is especially important for
products with short shelf life, such as meat, fish, dairy products, and fresh fruits and vegetables. The use of
chitosan as food additives in foods improves the quality and digestibility of products by the human body, and
increases their antioxidant properties. Chitosan additives because of their antibacterial and antimicrobial
activity help in lowering blood cholesterol levels, improving metabolism and are safe for human health. The
ability of chitosan to bind fats in the gastrointestinal tract prevents cardiovascular diseases. Chitosan's
antioxidant properties protect the body from free radicals, lower lipid levels, and maintain normal body cells.

Key words: chitin, chitosan, natural polysaccharide, crustaceans, bee subpestilence, fungi, mulberry
pupae, diacetylation, antimicrobial and antibacterial activity, biocompatibility and biodegradation.

Introduction
Chitosan is a polymer that is produced by depolymerization of chitin, which is present in the
exoskeletons of many invertebrates such as crustaceans, as well as in the cell walls of fungi,
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mulberry silkworm pupae and other natural sources. Chitosan has a number of unique
physicochemical and biological properties that make it in demand in the medical, pharmaceutical,
cosmetic, food and agricultural industries.

The chemical structure of chitosan consists of glucosamine and N-acetylglucosamine, which
gives it unique physicochemical properties such as water solubility, biodegradation and antibacterial
activity.

However, the properties of chitosan can vary significantly depending on the starting material
from which it was obtained. This is due to differences in molecular weight characteristics, structure
and degree of degradation of chitin, as well as to the peculiarities of processing of the starting
material. In this article, the authors review the molecular weight and physicochemical properties of
chitosan obtained from various raw material sources, such as crustaceans, bee subpestilence,
mushrooms, mulberry silkworm pupae, and its application in the food industry.

Research Methods

The following research methods were applied to evaluate the molecular weight and
physicochemical characteristics of chitosan obtained from different raw material sources:

— Determination of molecular weight by gel permeation chromatography;

— Measurement of the degree of deacetylation by spectrophotometric method;

— Solubility study in aqueous acid solutions;

— Viscosity analysis of chitosan solutions;

— Evaluation of antimicrobial activity.

Results

Chitosan derived from crustaceans. Crustaceans (shrimps, crabs, etc.) are the main source
of chitosan production. Chitin extracted from crustacean shells is a polysaccharide composed of N-
acetylglucosamine and glucosamine. The process for producing chitosan involves treating chitin in
an alkaline medium to remove acetyl groups, which converts it to a more amine polymer.

The molecular weight of crustacean-derived chitosan ranges from 100 to 500 kDa, which
makes this chitosan suitable for use in the pharmaceutical industry. Because of its high molecular
weight, such chitosan has good mechanical properties, including elasticity and strength.

The solubility of chitosan obtained from crustacean shells in water is rather low, but it
improves significantly in slightly acidic media. The degree of deacetylation is about 85%, which is
guite high. The antimicrobial activity against Gram-positive bacteria is high, especially against
Staphylococcus aureus.

Crustacean-derived chitosan is soluble in acidic solutions (e.g., acetic acid), making it
suitable for use in medicine and biotechnology. Crustacean chitosan is characterized by higher
crystallinity than chitosan obtained from other sources, which affects its heat resistance. It is highly
biocompatible and biodegradable and is actively used in medical applications such as tissue
engineering and wound healing [1-3].

Chitosan derived from bee subpestilence. Bee subpestilence contains chitin in their
exoskeleton, which can be converted into chitosan. To obtain chitosan from bee subpestilence, a
chitin extraction and degradation method is used, similar to the methods used for crustaceans, but
taking into account the peculiarities of the chitin structure in bee bodies.

Bee subpestilence contain active biological components that can improve tissue
regeneration, while the chitosan itself retains its biodegradability.

Chitosan isolated from bee subpestilence shows a high degree of deacetylation (about 90%),
which indicates the high quality of the product. The molecular weight is in the range of 30-150 kDa,
which demonstrates pronounced antibacterial properties and allows its use in food storage and
agriculture. The antimicrobial activity of such chitosan is moderate, directed mainly against Gram-
negative bacteria. Due to its low molecular weight, chitosan from bee subpestilence has less
pronounced mechanical properties but has good adsorption properties [4, 5].

The solubility of chitosan from bee subpestilence in water is limited, but it improves in an
acidic environment. Like chitosan from crustaceans, this species is also soluble in acids, making it
convenient for pharmaceutical use.

Chitosan derived from mushrooms. Mushrooms, especially mushrooms such as fly agaric,
represent another source of chitin. Chitosan derived from mushrooms has several distinctive
features due to the characteristics of the cell wall of mushrooms, which contain large amounts of
chitin.
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The molecular weight of chitosan from mushrooms is typically between 20 and 100 kDa,
making it suitable for food and biotechnology applications.

The degree of deacetylation is about 75%. Water solubility is better than chitosan from other
sources due to its low molecular weight values, but its mechanical performance is lower than that of
chitosan derived from crustaceans. Antimicrobial activity is medium, with the greatest efficacy
against yeast and mold.

Anti-inflammatory and antioxidant properties: Mushroom chitosan has anti-inflammatory and
antioxidant properties, it shows potential in anti-inflammatory therapy, which opens up its application
in the field of medicine and cosmetology [6].

Chitosan derived from mulberry silkworm pupae. Mulberry pupae are another source of
chitin. This material, unlike crustacean chitin, contains fewer proteins and other impurities, making it
easier to obtain pure chitosan.

Chitosan obtained from mulberry silkworm pupae has a molecular weight ranging from 30 to
150 kDa. The degree of deacetylation reaches 95%, which indicated the high quality of the material.
Solubility in water is limited but improves under acidic conditions. Antimicrobial activity is most
pronounced against Gram-positive and Gram-negative bacteria.

Chitosan from mulberry silkworm pupae is characterized by its stability and good mechanical
properties, as well as its tendency to form stronger films compared to chitosan obtained from other
sources.

Chitosan from mulberry silkworm pupae is readily soluble in acids, but its solubility may be
limited depending on conditions. Such chitosan is actively used to create gels and films in medical
and cosmetic applications due to its ability to form strong structures.

Chitosan from mulberry silkworm pupae is also highly biodegradable and is widely used in
pharmaceuticals [7, 8].

The average molecular weight of chitosan obtained from different raw material sources was

determined by viscometric method using the Mark-Hauvinck-Sakurady equation.
1

- ()

A system containing 0,25 M sodium acetate solution and 0,25 M acetic acid solution was
used as solvent at K =1,4- 10“ and a = 0,83.
The following conclusions can be drawn from the data presented in Table 1:

Table 1 — Molecular weight and physicochemical characteristics of chitosan samples
synthesized from different raw material sources

. Degree of Mv, Insoluble .-
Ne Chitosan sample N, % diacet?/lation, % KkDa [n] residue, % Humidity, %
1 Chitosan derived from 8,10 94,50 1123 2,85 1,30 9,70
2 crustaceans 8,25 96,10 278,5 3,50 1,10 10,00
3 8,40 97,30 492,7 4,10 0,95 10,50
4 Chitosan derived from 7,70 91,20 324 1,95 2,60 10,80
5 bee subpestilence 7,85 93,00 78,9 2,40 2,10 11,20
6 8,00 94,60 145,6 2,95 1,75 11,00
7 Chitosan derived from 6,50 83,40 22,7 1,60 4,20 12,80
8 mushrooms 6,70 86,10 58,5 2,15 3,60 12,30
9 6,90 88,90 97,3 2,60 3,00 11,90
10 | Chitosan derived from 7,20 88,50 35,6 2,00 2,10 10,60
11 mulberry silkworm 7,40 90,80 82,1 2,55 1,75 10,40
12 pupae 7,60 93,10 148,3 3,05 1,40 10,20

Chitosan from crustaceans is the most highly deacetylated and high-molecular-weight with
good solubility compared to other samples. It is preferable where high molecular weight and stable
properties are important (Figurel).

Chitosan from bee subpestilence has balanced indicators. In terms of mass and solubility, it is
inferior to crustaceans, but better than chitosan obtained from mushrooms.

Chitosan obtained from mushrooms is the least deacetylated and has a low molecular weight.
To achieve high solubility and stable properties, more thorough purification is necessary.
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Chitosan from silkworm pupae is a good compromise in terms of solubility and has moderate
molecular weight. Based on the data, it is close to bee subpestilence and slightly inferior to
crustaceans.
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Figurel — Concentration dependence of the reduced viscosity for chitosan with
molecular weight M, = 78,9 kDa

Discussion

With the development of industrialization and increasing food production, problems related
to food storage and packaging arise. To solve these problems, scientists and industry are beginning
to actively explore new materials that can provide long-term storage of products without reducing
their quality. One such material is chitosan, a natural polysaccharide derived from chitin. Chitosan
has unique properties such as antimicrobial activity, biocompatibility and the ability to form films,
which makes it promising for use in the food industry.

One of the most valuable properties of chitosan for the food industry is its ability to form films
and coatings that can be used in the packaging of products such as fruits, vegetables, meat, dairy
products and fish. They provide a barrier function, protecting the product from external influences
such as moisture, oxygen, and microbial contamination. In addition, chitosan has antimicrobial
activity, making it effective against bacterial and fungal contaminants in food [9].

Chitosan films are environmentally friendly as they are biodegradable and do not pollute the
environment. In addition, such films can be used to create functional packaging that will not only
protect the product but also extend its shelf life [10].

The antimicrobial activity of chitosan is due to its ability to interact with the cell membranes
of microorganisms, disrupting their integrity and leading to the death of bacteria and fungi. This
property is also used in the creation of antibacterial packaging, which not only extends shelf life but
also preserves the nutritional quality of foods [11].

The use of chitosan in packaging can significantly extend the shelf life of food products,
improving their freshness and nutritional properties. This is especially important for products with a
short shelf life, such as meat, fish, dairy products, and fresh fruits and vegetables.

Chitosan films and coatings are biodegradable, making them environmentally friendly. This
reduces plastic waste, which is currently a major environmental concern.

Chitosan is a natural product that does not cause allergic reactions and is safe for human
health, making it ideal for use in food packaging.

In recent decades, there has been a growing interest in the use of chitosan as a food additive
due to its many beneficial properties. This substance exhibits antimicrobial activity, helps to reduce
blood cholesterol levels, improves metabolism and is safe for human health.

Chitosan has antibacterial and antimicrobial effects, making it useful in preventing food
poisoning and improving food quality. One of the best-known effects of chitosan is its ability to bind
fats in the gastrointestinal tract, which helps lower blood cholesterol levels and prevent
cardiovascular disease. Chitosan helps normalize the gastrointestinal tract, improves digestion and
helps with metabolic disorders. Chitosan has the ability to reduce the level of free radicals in the
body, which helps protect cells from oxidative stress and slows down the aging process.
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Chitosan is actively used to lower blood cholesterol levels. Its ability to bind fats and eliminate
them from the body helps to lower total cholesterol concentrations as well as low-density lipoprotein
(LDL) levels, which is an important factor in the prevention of cardiovascular disease. Chitosan is
often used as part of complexes to improve cardiovascular health, making it a useful dietary
supplement for people suffering from hypercholesterolemia.

Chitosan exhibits antioxidant properties that are important in protecting the body from free
radicals. Chitosan supplements may be useful in the prevention of oxidative stress related diseases
such as cancer, cardiovascular disease and diseases of aging. Chitosan reduces oxidized lipid levels
and maintains normal cellular health in the body.

One of the most popular uses of chitosan in dietary supplements is as a weight loss aid.
Chitosan can bind fats, preventing them from being absorbed in the intestines. This helps to reduce
the calorie content of food and helps to reduce fat storage in the body. Studies have shown that
chitosan supplements can help in weight control, especially when following a balanced diet.

Chitosan is also considered a source of soluble fiber, which is important for improving
digestion and normalizing intestinal function. Fiber helps prevent constipation, improves intestinal
peristalsis, and helps improve overall gastrointestinal function. Chitosan supplements may be
beneficial for people suffering from digestive problems or those who wish to improve their diet.

The data obtained by the authors of the article not only provide a scientific description of the
differences between chitosan sources, but also demonstrate their practical application in the
industry: the selection of raw materials for a specific task (film, coating, or solution), the predicted
properties of finished materials, and the technological modes of solution preparation, which are
directly related to extending shelf life and reducing packaging waste in the food industry.

Conclusion

With the increasing interest in natural and functional supplements, it can be expected that
the use of chitosan in the food industry will continue to expand. Research into improving the
properties of chitosan and finding new uses for chitosan will contribute to the development of more
effective additives. The future may also see the use of chitosan in more convenient forms, such as
capsules or powders, which will be easily integrated into the daily human diet.
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TAFAM ©HOIPICIHOE KOJIAAHY YLIH TYPJI TABUFU K©3OEPAEH AlNFAH XUTO3AHObIH
DOUBUKAIIK-XUMUATbIK KACUETTEPI )KOHE MUKPOBKA KAPCbl SPEKETI

Makanada aemopnap epmypri wukizam ke3depiHeH xumo3aH cuHmesi 6olbiHwa 3epmmeynepdiH
HemuxesnepiH, onapObiH MorseKynasnbiK-MaccasnblK, u3UKa-XUMUSbIK curnammamanapbiH, coHOal-aK
onapdbl spmypni cananapda KondaHy cananapbiH 3epmmedi. Xumo3aH MeH OHbIH MybIHObIIapbiH Mamak
eHepkacibiHOe opay mamepuandapbkl pemiHOe KoridaHy maramHbiH 6arnfbiHObIFbIH CaKkmayfa XoHe XUumo3aH
JKOFapbl bakmepusiFa Kapcbl XoHe MUKpobKa Kapckl KacuemmepiH KepcemkeH ke30e onapObiH cakmay
Mep3imMiH y3apmyfa biknan ememiHdiai kepceminzeH. Xumo3aHObl eHiMae maramOblK Kocrianap pemiHoe
KondaHy adam ar3acbiHblHA OHIMHIH CiHiMOinieiH >akcapmaldbl XoHe onapObiH aHMUOKCUOaHMMbIK
KacuemmepiH apmmbipadkbl.

TyliH ce30ep: xumuH, Xxumo3saH, maburu nonucaxapud, wasH maepi3dinep, apa Kypmmapsbl,
caHblpayKynakmap, Xibek KypmbiHbIH Kyblpwakmapsl, duauemundeHy, MUKpobKa Kapcbl XoHe bakmepusira
Kapcel 6ernceHOinik, buoydnecimainik xaHe buodeepadayusi.
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®U3UKO-XUMUYECKUE CBOUCTBA U AHTUMUKPOBHAA AKTUBHOCTb XUTO3AHA
N3 PA3NIMYHbLIX NPUPOAOHBLIX NCTOYHUKOB OJ1A UCMNMOJNIb3OBAHUA B NMULLEEBOU
NMPOMBILUNTIEHHOCTH

B cmambe asmopamu rpusedeHbl pe3ynbmambl uccredosaHull Mo CUuHmMe3dy Xumo3aHa U3
pasuUYHbIX UCMOYHUKO8 CbIPbs, UX MOJEKYIISIPHO-Maccoseble, (QU3UKO-XUMUYECKUE XapakmepucmuKu, a
makxxe usy4deHbl cghepbi UX MPUMEHEHUS 8 pa3fiuyHbix ompacnsx. [TokasaHo, 4mo nMpuMeHeHUe xumo3saHa u
€20 pou3B0O0OHbLIX 8 ompacssx NUUWEeeol MPOMbILUIIEHHOCMU 8 Kayecmee yrako80YHbIX Mamepuarios,
criocobecmeyem COXpaHeHUKo ceexecmu rnpodyKmoe8 numaHusi U y8esIUMEHUK0 UX CPOKO8 XpaHeHUs npu
rposIB/IEHUU XUMO3aHOM B8bICOKUX aHmubakmepuaribHbIX U aHMUMUKPOOHBbIX ceolicme. Omo 0CO6eHHO
B8aXxHO 0111 MPoAyKMO8 C KOPOMKUM CPOKOM XPpaHEeHUS, Makux, Kak Msco, pbiba, MO/oYHble npodyKmbi, a
makxe ceexue ppykmbl U ogowu. lNpumeHeHuUe xumo3aHa 8 Kadecmee nuujesbix 006asok 8 rnpodyKmai
numaHusl yry4duiaem Ka4ecmeo U yceausaemMocmb MpoOyKyuU Op2aHU3MOM 4Yesloseka, yeesuqueaem ux
aHmuokculdaHmHbIe cgolicmea. Xumo3aHosble dobasku Uu3-3a ceoux aHmubakpuasrbHol U aHMUMUKPOBHOU
aKkmusHOCmMuU MOMO2alom 8 CHUXEHUU YPOBHS XOrlecmepuHa 8 Kpoeu, yryduweHuro obMmeHa seujecms U
sensitomesi  besonacHbiMu Ol 300po8bsi  Yesiogeka. CrnocobHOCMb Xumo3aHa C8si3bleamb XXUPbl 8
XKeryO04YHO-KULWEYHOM mpakme npedomepauwjaem cepOeyHo-cocyducmsle 3aboriesaHusl.
AHMuUoKcuGaHmMHbIe ceolicmea xumo3saHa 3awuuwarom opaaHusM om Ce0000HbLIX padukasios, CHuUXarom
ypogeHb nunudos u rnoddep>xusarom HOpMasibHOE COCMOSIHUE KITemoK op2aHu3ma.

Knroyeenie cnoga: xumuH, Xumo3aaH, npupoOHbIl rnonucaxapud, pakoobpasHblie, n4esuHbIl noomop,
epubbl, KyKOnKu mymoegoeo weskonpsida, duayemursuposaHue, aHMuUMuUKpobHas u aHmubakmepuasbHas
akmugHocmb, buocoemecmumocms U 6uodeepadayusi.
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BJIIMAHUE YNIbTPA3BYKOBbIX KOJNIEBATEJIbHbIX BOJIH HA HAMNPAXEHUE CPE3A
MACHOIO CbIPbA

AHHOmauyusi: B pabome uccrnedosaHoO 6MuUsHUE Ybmpa3syKoebix KornebamesibHbIX 60/H Ha
HarnpsikeHue cpesa pasfudHbiX UO08 MSICHOZ0 Chipbsi — Msica Maparsa, MsSICHOU 0bpe3u U 208sxbe20 pybya.
SkecnepumeHmb! npoeodusnu ¢ UCMoIb308aHUEM Yrbmpa3gyKkosbix g8aHH Yacmomou 35 u 60 kl'y, a 8
Kadyecmee cpelbi obpabomku npumeHsinu 800y u 2% pacmeop ackopbuHosol Kucriombl. Memoduka
eKJIroYana Hapesky obpasyoe crmaHdapmHbIX pa3mMepos, yrbmpasgykosyto obpabomky 8 mevyeHue 30—300
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