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REVIEW

Abstract. The article provides information on the chemical structure, sources of acquisition, main properties and areas of application
of chitin and chitin-containing sorbents used in various industries. The purpose of research is to study the characteristics of chitin-
containing sorbents in order to improve clarification of wine material, as well as the dynamics of clarification of table wine material
using chitosan, and compare its effect with traditional clarifying agents bentonite and gelatine. The study of clarification process was
carried out in 2, 4, 6, 12 hours, only with chitosan, only with bentonite, and with gelatine-chitosan mixture. The main factors related to
the application of chitosan, which is a chitin-containing sorbent, in the food industry, and dynamic description of the results of using
chitosan together with other clarifying preparations, bentonite and gelatine, are described. The dynamics of optical density changes
during processing of white and red table wine materials is analysed. Clarification dynamics of red wine material is characterized by the
longer retention of high turbidity and the formation of high fraction. The clarification was noticeably accelerated and the wine material
was well clarified to the 12th hour from the moment of processing. Thus, the results presented show that chitosan can be used both
independently and in the combination with other sorbents, which provides high-quality transparency. A decrease in the optical density
during the process was observed.
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AHAJNTUTHYECKHHA OB30FP

OcHOBHbIE CBOMCTBA XUTHUHCOAEeP>KAIINX COpOEeHTOB
U JUHaMMKa OCBeTJIeHUS UMHU CTOJIOBOrO BUHOMaTepuaJa

MamegoBa X.H.®

HayuHo-ucciie10BaTeIbCKUM HHCTUTYT BUHOTPAaAapCTBa U BUHOZe s, I. Baky, Azepbaiiikas
®halila.mammadova@mail.ru

AnHoTanuus. B cTaTbe IpUBe/ieHbI CBeJIeHNS 0 XUMUUYeCKOM CTPOeHUH, UCTOYHMKAX TI0JIyIeHNs], OCHOBHLIX CBOMCTBAX M 06JIACTAX
TIpUMeHeHVs XUTHUHA U XUTHHCOAEP>KAIINX COPOEHTOB, IPHMEHSIEMBIX B PA3JIMYHBIX OTPACJISIX TPOMBIIIIEHHOCTH. Lleb paboTh! - u3-
yUeHHe XapaKTePUCTHK XUTUHCOAEPSKAIINX COPOeHTOB, IPIMeHIeMbIX [ YIYULIeHNs] OCBET/IeHNS] BUHOMATepUaa, a Takke JUHa-
MUKH OCBETJIEHHS CTOJIOBOIO BUHOMAaTepHaia XUTO3aHOM, ¥ CPaBHEHUY ero NeCTBYS C TPAAUIMOHHBIMY MaTepralaMyl 6eHTOHUTOM
U XeJlaTUHOM. MccejoBaHue Ipoliecca OCBeTJIeHUsT IPOBOAYIK depes 2, 4, 6, 12 U TOJIbKO C XUTO3aHOM, TOJILKO C 6EHTOHUTOM U C
JKeJIaTUH-XUTO3aHOBOY cMechio. ONMCaHbl OCHOBHLIE HaKTOpLL, CBS3aHHDIe C IPYMeHeHNeM XUTO3aHa - XUTHHCOZepKallero copbeHTa B
IIMIIEBOY IPOMBILIIEHHOCTY, @ TAK)Ke JUHAMITIECKOe ONUCAHVe Pe3yIbTaToB IpUMeHeH s XUTO3aHa COBMECTHO C APYTUMHU OCBETJISIO-
VUMY peTapaTamMy, 6eHTOHUTOM U JKeJIaTHHOM. [[poaHanu3upoBaHa JUHAMUKa N3MeHeH)s OITUYEeCKOH IIOTHOCTH IIPH ITepepaboTke
6eJIbIX ¥ KPACcHDBIX CTOJIOBLIX BUHOMATepUaoB. [IMHaMIKa OCBeT/IeHUs KpaCHOr0 BUHOMATeprala XapakTepusyeTcs 6oJiee JIUTe b
HBIM COXpaHEeHWEeM BLICOKOM MYTHOCTH U 06pa3oBaHMeM BLICOKOH ¢pakrnuu. C MoMeHTa 06paboTku o 12-To 4 ocBeT/IeHHe 3aMeTHO
YCKOPUJIOCh ¥ BUHOMATEepHaJl XOPOIIO OCBeTIuIICs. TakiuM 06pasoM, IpefiCTaBIeHHbIe pe3y ILTaThbl TI0K3bIBAOT, UTO XUTO3aH MOXKHO
HCTIOJIb30BATh KaK CAMOCTOATENIBLHO, TaK ¥ B COUETAHWH C JPYTMMU COpOeHTaMY, UYTO 0becrieunBaeT KadyeCTBEHHYIO IPO3PavyHOCTb. B
X0[ie TIpoliecca HabJIoAAI0Ch CHIDKeHVe OITHYeCKO IIIOTHOCTH.

KiaroueBble cj10Ba: XUTUH; XMTO3aH; OCBeTJIeHUe; OCBeTIeHue BHHOMATEPHAJIA; OCBETJIeHNEe BUHOTPAAHOI'O COKa,; GEeHTOHUT;
JKeJlaTHuH.

Js nutuposaHua: Mameznosa X.H. OCHOBHbIe CBOMCTBA XUTHUHCOAEP>KaIX COPOeHTOB U AUHAMUKA OCBeTJIeHNsI UMH CTO-
JIOBOTO BUHOMaTepuaa // «Marapad». Bunorpagapctso u suHofenue. 2024;26(3):296-301. EDN SENAOR.

Introduction

Chitin was discovered in 1821 by G. Bracon, director
of the botanical garden of the Academy of Sciences of
Nancy. He isolated a substance insoluble in sulfuric acid
from mushrooms during chemical experiments and
called it "mushroom". Two years later, in 1823, the French
scientist A. Odier studied elements of the exoskeleton
of insects and tarantulas, obtained the same substance
from the elytra of insects and proposed to use the term
“chitin". In 1859, the deacetylated form of chitin called
“chitosan” was obtained for the first time under the
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influence of alkalis. However, during the discovery of
chitosan, scientists didn’t pay due attention to it, and
only in the 30s of the 20th century, they again paid
attention to the substance itself and the possibilities of
its experimental application.

Chitin is the second most widely spread organic
compound in nature after cellulose, its reserve is 100
billion tons, which makes it interesting for application
in various fields. More promising fields of experimental
use of chitin and its derivatives are agriculture, food
industry, medicine, cosmetics industry, pulp and paper
industry and others.

Chitin is found in nature in three forms: a, 3, Y -
chitin, which differs from each other by the location of
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Fig. 1. Structural formula of chitin
Puc. 1. CtpyxkTypHas popmyJia XUTHHA

the molecular chain and the presence of combined water
molecules (Fig. 1). It was determined that the o form is
the most stable, resistant to reagents and widely spread
in nature.

Wide application of chitin materials in food industry
is due to their non-toxicity, high emulsification and
stabilization ability. In dietary nutrition, chitosan is used
as a thickener and structuring agent in multicomponent
emulsions, paste and sauces. Chitosan has been proposed
to be used for selective removal of heavy metal ions,
especially radioactive isotopes from various solutions
(Fig. 3).

Nyanikoviy G.G. and several authors proposed
to use chitin-containing substances and biosorbents
based on Bacillus Mucilaginosus bacteria as an eco-
rehabilitation additive in soil. Pestova O.V. determined
that B. Mucilaginosus exopolysaccharide acquires sorption
properties in reaction with copper. Immobilization of
bacteria on chitin sorbents allows creating highly effective
complex preparations for remediation and improvement
of soil contaminated with heavy metals [1-3].

Chitin and chitin-containing sorbents are also of
the particular importance for clarification of juice and
wine material. Chitosan can be applied for clarification
of table wine material both alone and with the combined
use of other clarifying agents (bentonite, gelatine, etc.).

Chitosan production is based on the cleavage
reaction of chitin's structural unit - acetyl group. The de-
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Fig. 2. Structural formula of chitosan
Puc. 2. CrpykTypHas popmyJia XUTO3aHa

acetylationreaction canbe accompanied by simultaneous
breaking of glycosidic bonds of the polymer, which
is based on the incompleteness of the de-acetylation
reaction and breaking of the polymer chain. Molecular
weight, de-acetylation and acetylation degrees should
be considered while working with chitin and chitosan.

De-acetylation degree indicates relative molar
amount of amine groups in the polymer, and acetylation
indicates relative molar amount of N-acetyl groups.
Chitosan is a de-acetylated product of chitin, and it is a
polymer chain composed of glucosamine units (Fig. 2).
Chitosan is the most widely used chitin derivative. Its
chemical name is: poly (1>4) - 2 — amino - 2-deoxy - 3
- D - glucan.

Chitin is present in the exoskeleton of arthropods
(crustaceans, insects), skeletal elements of marine
zooplankton, and cell walls of fungi and yeasts [1, 4-7].

Currently, the main source for obtaining chitin and
chitosan is crustaceans. The most accessible industrial
raw materials for production of chitosan are processing
wastes of armoured marine hydrobionts: crabs, lobsters,
etc. The main feature of such raw materials is the absence
of cultivation and cultivating costs [8, 9]. Crustacean
shells contain the o form of chitin, which consists of 19
molecular chains of about 0.3 m length each, forming
nanofibrils with a diameter of 3 nm.

Chitin forms complexes with proteins (up to
50%) interacting with aspartic acid or histidine

|
Chitosan

\ \ | \ \
Separation of the Structure Protection L Increase of the Addition of the
substances _  adjustment \_ against spoiling biological value healing properties
D | \ \
Sorbent Structure Conservant 31010 gically Therapeutic
(flocculate) ; builder = active substance supplement
| | |
Clarification of Formulation, Inclusion in the Inclusion Inclusion in the product
juice, wine and emulsification, adhesion product as a barrier in the product as a therapeutic
_ beer \_ enhancement, hydration \_ compound _ as BAS _ supplement

Fig. 3. Application of chitosan in the food industry
Puc. 3. [[puMeHeHVe XUTO3aHa B UIIEBOY IPOMBIIILIEHHOCTH
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residues, minerals (amorphous calcium carbonates
and phosphates) and pigments (lutein, P-carotene,
astaxanthin) that provide mechanical strength and
flexibility [10].

It is known that negatively charged active groups
also prevail on the surface of bentonite. However, their
charge is balanced by the positive charge of alkali and
alkaline earth metal cations located in the interlayer area
of minerals. Gelatine is a protein-based sorbent with a
positive charge, whose value depends on the pH of the
medium. All gelatine particles in aqueous suspension are
positively charged.

Chitosan is an anion exchanger, since its molecule is
positively charged, due to this the sorption of negative
particles - anions - occurs.

Processing of wine material with gelatine was carried
out both individually and together with other clarifying
agents. Gelatine removes small odour, flavor and colour
defects in wine. Dark, discolored or darkened wines can
be restored with the help of gelatine. It also removes
the slight wood flavor, yeast or musty odours and some
other defects. Maximum dose of gelatine should not
exceed 500 mg/dm’ [11, 12].

Maximum allowed dose of bentonite based on dry
matter should not exceed 3 g/dm’ for processing of juice
and wine materials. The optimal dosage of bentonite for
juice processing is chosen according to its transparency,
and the nature and volume of formed sediment.

The effect of complex processing with chitosan
and bentonite, chitosan and gelatine on clarification
dynamics of white and red table wines was studied
during the research. The same wine material treated
only with chitosan in different doses was taken as a
control sample. Changes in the optical density during
clarification process were determined.

Chitin is similar to cellulose in terms of physical
and chemical properties. At the same time, the presence
of acetamide groups in the chitin molecule gives it the
properties of practical importance. Chitin becomes
a white to light brown solid that is insoluble in water,
dilute acids, dilute and concentrated alkalis, alcohol,
and other organic solvents after standard purification
methods. It is dissolved by heating in concentrated
chloride solutions, sulfuric and formic acids, as well as
in some salt solutions. Dissolved chitin is noticeably
depolymerized.

Chitosan is the most popular and widespread
derivative of chitin. Unlike chitin,whichisexperimentally
insoluble, chitosan is soluble in acidic solutions.

Chitosan is from white to creamy, in most cases
with a yellowish, grayish or pink shade, odourless flakes
with a size of not less than 10 mm or powder of various
thicknesses. Other properties of dry chitosan include an
electrisation or astringent flavour. Chitosan belongs to
the class 4 for its toxicity level and it is considered safe.

The uniqueness of chitosan as a derivative of
chitin, being a natural biopolymer, is the fact that it
has practically valuable complex properties due to the
presence of various charged reactive amine, acetamide,
hydroxyl and other functional groups in its molecules.
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It is easily modified, and interacts with biologically
active substances, ensuring long-term activity of these
substances and serving as a carrier matrix. It realizes
its immune and growth-stimulating effect, forms a
complex from water, wine, and soil with heavy metals
and radionuclides because of its ampholytic properties,
sorbs harmful mixtures, and possesses an antiviral,
antibacterial and fungicidal effect.

We noted that two main sources of chitin are
known - these are crustaceans and fungi. Some authors
believe that chitins from hydrobionts and fungi don’t
differ practically in their chemical properties [13].
Nevertheless, many researchers have mentioned that
sorption properties of fungal chitin are significantly
different from the sorption properties of crustacean
chitin. Also, although insignificant, differences are
observed within each of these groups. Comparative
studies of the sorption capacity of chitosan obtained
from crabs, crustaceans, and squid in relation to a
number of metals have shown that it is substantially
independent of the source of chitosan [14]. While
studying the kinetics of sorption of metals from aqueous
solutions, it was found that the limiting stage of the
process is the diffusion of metal ions into the sorbent. In
this case, the sorption equilibrium is reached in about an
hour and depends very little on the pH of the medium.

Interaction processes of most metal ions with chitin
and its derivatives depending on the physicochemical
conditions are still not deeply understood. Probably,
one of the reasons for this is a lack of well-purified and
certified samples of the main sorbents - chitin and
chitosan - until recently. Another problem is related
to the multifunctionality of the analyzed sorbents and
variety of chemical elements with which chitin and its
derivatives interact. During sorption of elements of the
first group, it should be noted that chitin and chitosan
sorb only transition metal ions with electrons in their
structure.

The second subgroup (zinc, cadmium, mercury)
consists of representatives of transition metals of d —
electron carriers and differs for high sorption capacity on
chitin and its derivatives. Sorption of Mg, Ca, Sr, chitin
and its derivatives by alkaline earth elements is relatively
poorly studied. This is due to the fact that elements of
this subgroup, as well as alkali metals, are very weakly
sorbed or not sorbed by chitin and chitosan.

The characteristics of zinc and cadmium sorption
on chitin and chitosan sorbents under different physical
and chemical conditions have been studied in details.
It was found that chitin and chitosan usually sorb zinc
and cadmium worse than mercury under the same
conditions. The sorption effect of these metals can be
increased by increasing the pH [15, 16].

Chitosan is a sorbent that has been applied for
processing of table wines almost recently. At the same
time, its advantages as the presence of active centres,
therefore electrostatic charging of the surface and
internal zeolite channels indicate the possibility of
using chitosan for clarification and stabilization of
winemaking products. The molecule of chitosan has

Magarach. Viticulture and Wincmaking 2024-26-3
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numerous free amine groups, which
allows it to combine hydrogen ions
and acquire an excess positive charge.
This is the reason of good cationic

wine material
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Table 1. Dynamics of optical density changes during processing of white table

TaGJmna 1. JuHaMyKa KW3MeHeHHs OITUYeCKON IJIOTHOCTU B mnmponecce
nepepa60T1<H 6€eJI0TO CTOJIOBOTO BHHOMaTeEpHaJa

property of chitosan [17, 18].

ofil Dose Duration of clarification, hours

The purpose of researgh fuibidiy - 5 =

The purpose of researchistostudy NTU 1?53311’ C(i“%mtc’ ] tosan + . 4 6 12
dynamics of application of chitin- mg/dm® | g/dm pelatinG mp/dm
containing sorbents in clarification 25 - 1368 1234 1101 1.073
of table wine materials together with R
chitin-containing ~ sorbents,  their e s s s
acquisition and sorption properties. 200 1543 1437 1119 1073

Object and methods of research T B
suspension and _gelatine solution %! M b 0T 0088 0057
were also used for the experiments. 15 - 0.097 0.075 0.069 0.054
Natural Herbal), a chitin-containing ettt
sorbent, was soaked in distilled 300:5 0.080  0.072 0.063 0.053
water (sorbent: water ratio 1:10, T R
respectively) for 24 hours. It was then © 10025 0197 0137 020 0.088

compressed using technical nylon.

The moisture content of sorbents
was determined by the gravimetric
method. The activation of sorbents
was carried out with 20% sodium
chloride solution at 50-55°C for 3

wine material

Table 2. Dynamics of optical density changes during processing of red table

Tabauua 2. [JuHaMuKa M3MeHEeHHS ONTHYEeCKOil MJIOTHOCTH B Ipolecce
nepepaboTK¥ KPacHOro CTOJIOBOr0 BHHOMAaTepraia

hours and with 96% ethanol at 20°C

for 24 hours. Optjcal density was Initial Dose Duration ofclarification, hours
determined by spectrophotometry. turbidity  Chirosan.  Bentonite.  Chitosan +

Results and their discussion NTU © pg/dm? ’ g/dm’ ’ gelatine, mg/dm’ E J 12

Conducted researches (Table 1) 25 . . 1424 1301 1234
showed that 'after. 12 hoprs .of S e
treatment of white wine material with e e en oot
chitosan, optical density became less o0 - - 133 14 1Bl 1181
important and the best transparency 00 - 18 AT L9 07
of the wine material was achieved. 05 - 1301 1270 1268

A similar degree of clarification 7 g
bentonite suspension. At the same e o
time, volume of sediment was twice L 00s o LOs4 L1016 1006 1002 ¢
less during treatment with chitosan 200:10 L. L1l 1054
comared o treatment with bentomite. T

This confirms effectiveness of using
chitosan in white table wine material
clarification technology.

Observation of clarification dynamics showed that
large amount of clarified fraction layer was formed
in wine material treated with chitosan in 2 hours of
interaction, after which rapid clarification of the entire
wine volume was observed. Densification of sediments
continued at the same rate regardless of the dose of
chitosan, but differences were observed in the volume
of sediments. The largest sediment was determined in
the wine material treated with 100 mg/dm’ chitosan.
Comparison of the results presented in Table 1 shows
that chitosan can be used as an independent sorbent,
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and the results obtained are equal to the results with the
use of bentonite. However, combined use of chitosan
and gelatine provided high-quality clarification with
minimum 5 mg/dm?® gelatine, which allowed to avoid
the phenomenon of sticky wine materials. Similar
experiments were carried out on red table wine material
as well (Table 2).

The analysis of presented indicators shows that the
best results were obtained by complex processing of wine
material with gelatine and chitosan. Using of bentonite
and chitosan allowed to obtain similar results. However,
the volume of sediments was different, it was 5% for
chitosan and 7-10% - for bentonite. This was due to the
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fact that sediments become more dense when chitosan

is used.

It should be noted that clarification dynamics of red
wine material is characterized by the longer retention
of high turbidity and formation of high fraction.
Opalescence in the wine material remained for 6 hours
after processing. However, clarification accelerated
significantly and wine material was well clarified between
the moment of processing and 12th hour.

Conclusions

Among  chitin-containing  sorbents, chitosan
was studied according to the previously set goals. It
is determined that chitosan is the most widespread
derivative of chitin. It was found that there are two main
sources of chitin - crustaceans and fungi. It was also
found that there are free amino groups in the molecular
structure of chitosan, and it acquires a positive charge by
connecting hydrogen to itself through these groups, and
as a result, cationic properties arise from this.

Wine material was pre-processed alone using
chitosan during the research. Later, it was processed
with only bentonite and with a mixture of gelatine and
chitosan during the third experiment. The same research
was conducted on white and red wine materials. The
dynamics of changes in optical densities were monitored
after 2, 4, 6 and 12 hours, and according to the obtained
sediments, it was determined that close results were
obtained after processing with chitosan and bentonite,
but the best result was obtained with the mixture of
chitosan and gelatine.

Thus, presented results show that chitosan can be
used both independently and in combination with other
sorbents, while providing high-quality transparency.
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