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The article highlights the properties and applications of biopolymers such as
chitin and chitosan. Traditional sources of chitosan obtaining and problems of
their application are reviewed. Alternative, more perspective sources for chitosan
obtaining are proposed.
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Introduction. With better appreciation of biopolymers derivednfr natural
organisms, there has been increased interest in ltl@medical and industrial
applications. Some of important molecules are mhithitosan, oligosaccharides
and their derivatives, which have attracted sigaift interest in view of their
broad range of applications, including in the bidmal, agricultural, food science,
and technological fields, and in various industfigs

Chitin is a nitrogen-containing polysaccharide whis chemically very
similar to cellulose — linear biopolymer ffD-glucose; only instead of hydroxyl
group (OH) next to the second carbon atom on eaxh (monomer) of chitin
amino group is located, in which one of the two reggn atoms is substituted by
acetyl group. The both polymers are linear, andbath monomeric units are
connected by-(1-4)-glycosidic bonds (Fig.1) [2].
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Fig. 1. Structure of chitin molecule

Chitin i1s one of the most common polysaccharidéss Iconsidered as
second after cellulose organic matter by the tigtion in the nature [3]. It can be
found as supporting materials in many aquatic asgas (in shells of lobsters,
crabs, shrimp), terrestrial organisms (scorpiongicle of insects), and in some
microorganisms and fungi. Each year in the worldualdO gigatons of chitin is
produced in living organisms, and then decompo$gd [

In all organisms that produce and use chitin, os in pure form but in the
combination with other polysaccharides, and isrofiesociated with proteins. In
the cell wall of fungi chitin is included into th&hitin-glucan complexes; insect
cuticle is built from chitin-melanin complexes, thiof crustaceans’ shells is
bounded to proteins, so forms chitin-protein comede

The deacetylated form of chitin is referred to lagosan [3, 4].

Chitosan is polysaccharide received from chitin dgetyl group in C2
position removing at alkali solution action (Fig[2) 3, 5]. Chitosan preparations
differ by the degree of deacetylation. Unlike ahitthitosan dissolves in water and
diluted organic acids, for example, in aqueous temiuof acetic acid. So, this
characteristic causes extensive usage of this potymride in different fields of

application [6].
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Fig. 2. Obtaining of chitosan from chitin

Chemical modifications of chitosan allow obtainipgoducts with widely
varied characteristics, preserving its useful proge It is referred to as material
of the 2f'century and this is not accident. More than 15 tdesare engaged in
researches of chitosan. It has a lot of useful gmogs making it in some cases
indispensable in industry, medicine and agricultd@w more than 70 practical
applications of chitin/chitosan and their modifioas are known, mostly in
biotechnology, ecology, food and cosmetics indystrgdicine, agriculture and
veterinary.

While synthetic compounds lose their appeal, natsudbstances such as
chitin and chitosan attract more attention. Diugrsof chitosan and its
derivatives caused interest to its widespread usagarious industries.

The main fields of chitosan application:

- food industry application — food additives, depoes of starch,
preservation food stuffs flavor and taste, manuf@ciof food films (chitosan
films have been developed for the purpose of ptavgrdampness, reduce the
growth of bacteria and increase shelf life of gaalde products such as fresh
fruits and vegetables. In one of the researchieagsitbeen proved that the coating
of fresh strawberries by chitosan film increasesagje period of berries from

one to five days or more);



- numerous medical application;

- biotechnological application (as a matrix for ymes and microorganisms
immobilization);

- ecological application — purification of wasteaaand drinking water [7, 8].

Chitosan useful properties:

- high reactivity (participates in reactions of yddtion, carboxylation etc.,
which allow series of its derivatives with new peojies usage);

- radiation resistance (resistance to gamma radig$io it can be used for the
purposes of protection and purification from radiciides);

- excellent sorption capacity (transient and eslgcheavy metals: copper,
zinc, nickel, cobalt, molybdenum, vanadium, titanjuantimony, ruthenium,
strontium);

- selectivity (the ability to separate some metats) and copper, nickel and
iron, cadmium and nickel and to absorb toxic metaksrcury, cadmium, lead);

- biocompatibility with living tissues (non-allenge and non-rejection) and
non-toxicity, easy excretion from the body;

- biodegradation (the ability to decompose underattion of enzymes);

- bacteriostaticity (the ability to inhibit the gwth and reproduction of
microorganisms such as bacteria and molds);

- good adhesiveness.

One of the main characteristics of chitosan is dagree of deacetylation
(DDA). It influences on the physical, chemical abmblogical properties of
chitosan, such as acid-base and electrostatic aleasdics, biodegradability, self
aggregation, sorption properties [9].

Nowadays chitin and chitosan are produced commnibrdi@m biowastes
obtained from aquatic organisms. The main souraewefmaterials in large-scale
industrial obtaining chitosan is shell king crathells of shrimp, crayfish,
gammarus crayfish. The terrestrial crustaceansgectass mushrooms and

microorganisms (fungi) also may be used as potetttitpsan source [10, 11].
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Marine organisms are source for chitosan production The basis for
chitosan obtaining from aquatic crustaceans ig tlvaste (shells). As mentioned
earlier, chitosan is obtained by removing acetgugs from chitin as a result of his
treatment by alkali solution in harsh conditionbug, the stage of deacetylation of
chitin is always preceded by the process of itec®n from chitin containing
material.

Chitin in crustacean cuticles is tightly associateth inorganic salts such as
calcium carbonate, proteins, and lipids, includipigments; and as insoluble
polymer is not exposed to the release directly fadrall. For it obtaining protein
and mineral compounds of the shell must be comdigtseparate, i.e. convert
them into soluble state and remove [4].

The isolation of chitin from crustacean shells ¢stssof three coherent steps:
deproteination (DP), demineralization (DM), and aledzation (DC); but the
order of the first two steps is generally considareslevant if protein or pigment
recovery is not an objective. Chitin is further cetglated (DA) to make chitosan
or other products for a wide array of applicatigh]. Two methods are widely
used on an industrial scale for the productionhiiosan:

1) Chemical extraction;
2) Enzymatic (biotechnological) method.

Chemical extraction. Several procedures for the preparation of chitid an
chitosan from different shellfish wastes have beeveloped over the years, some
of which form the basis of the chemical processesdufor the industrial
production of chitin and derivatives [13hdustrial techniques for chitin and
chitosan extraction from different shell waste @&tne normally rely on harsh
chemical processes due to covalent associations etlier shell constituents.
These methods generate large quantities of hazammemical wastes and partial
DA of chitin and hydrolysis of the polymer may occleading to inconsistent
physiological properties in the end products [14].

In general, proteins are first removed (and mayded as animal feed) from

ground shells by treating with mild sodium hydraxidr potassium hydroxide
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solution at elevated temperature. Alkali concerdret usually between 1 % and
10 % with temperatures ranging from 30 °C to 100ifdependent of starting
material, are most common. Typical reaction timesduvary between 30 min and
12 h. For example, the optimal method for the DRrab shell and shrimp shell
waste was reported to be 1 % — 2 % KOH at 90 °@ wishell to alkali solution

ratio of 1:20 (w/v). A minimum period of 1 h wasaued to extract 90 % of the
proteins, with Zn removing most proteins of the shells [12].

Removal of calcium carbonate and calcium phosplsateccomplished by
dissolution with dilute acids. Hydrochloric acidused most commonly, but other
acids can also be used (ethylenediaminetetraaaatic- EDTA) [15].

Commonly used industrial-scale DP and DM of stehifivastes produce a
brown to brownish-white product that may be bleachsing a variety of reagents
while removing residual lipids. Most commonly usexhgents include ethanol,
ether, acetone, sodium hypochlorite, hydrogen peeomr a combination, chiefly
used at ambient temperature.

Chitosan is produced from chitin by deacetylatiothvhighly concentrated
(40-50 %) solutions of sodium hydroxide at high pematures (100-150 °C),
exclusive of air, for about an hour [16]. Due tstmethod chitosan with a degree
of deacetylation ranging from 22 to 43 % is recdive

Highly deacetylated chitosan usually is not obtdinender the conditions
mentioned above. Effective deacetylation is at@himy intently washing the
intermediate product in two or more changes of wdteing the alkali treatment.
The procedure did not significantly degrade theypar, and recovered a product
of molecular weight of about 5 x 1Da with nearly 100 % deacetylation [17].

A representation of current industrial chitin preses are summarized in
Fig. 3 [14].
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Fig. 3. Industrial processes of chitosan obtaifirog shellfish wastes



8

Enzymatic method. An interesting alternative to chemical methodshis tise
of biotechnological processes for chitin and clatopreparation (Fig.4). At this

method enzymes of microorganisms are used.
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Fig. 4. Industrial processes of chitosan obtaifirog shellfish wastes
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Proteases can be used for the deproteinizatiorrusitacean shells for the
production of chitin or chitosan. Usage of baclepatease fronPseudomonas
maltophilia in culture medium with crustacean shell for 24duse the protein
content remaining in the shells was only about [iL8}.

Chitin deacetylase fromColletotrichum lindemuthianum, Mucor rouxii,
Abisidia butleri, or Aspergillus nidulans may convert chitin from shell waste to
chitosan. This enzyme shows a pH optimum at 5.5iandarkedly inhibited by
acetate.

Usage ofMucor rouxii to produce chitosan provides maximum weight after
two days of cultures obtained, with a decrease #fed period. Molecular weights
obtained were over 10Da after two days, with 10 L batch cultures. The
deacetylase activity of their purified enzyme shdwaegoH optimum of 4.5, and the
activity at this pH varied markedly with the buffemployed. Tris-HC1 buffer
solution appeared to be the most suitable for lmghyme activity. In general,
unlike the batch systems, molecular weights did detrease over time in
continuous culture systems. In addition, molecwarghts were generally higher
in the defined culture medium (ammonium sulfateéh&snitrogen source, trace of
metals and glucose as the carbon source) thaneircdimplex media (nutrient
broth. yeast extract, and glucose), although yieldshitosan were significantly
lower.

Fermentations with bacteria producing proteolytnd ahitinolytic enzymes
has been researched as an alternative with valgwueds of success [19, 20, 21].

The global amount of chitin annually extracted fromaste of aquatic
materials is 40.000 tons, and currently a few thadsons of chitosan is produced
per year.

Comparing these two methods attention should bé faihe fact that the
chemical method is more beneficial and simple, idesihe large numbers of
reagents are used. Residual protein, after treatdugimg enzymatic method, often
in high quality remains, and reaction times ar@ificantly increased compared to

chemical methodsAlso the enzyme costs are furthermore prohibitiajting
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enzymatic methods in industrial applications unlédss process is made more
efficient.

During the enzymatic process chitosan with degffegeacetylation ranging
from 8.9 to 0.6 % is obtained. This is lower thaues obtained by common
practices using sodium hydroxide which results mdpcts with a degree of
deacetylation ranging from 22 to 43 %. While a pragion of chitin, chitosan by
enzymatic means may not be feasible in large-socalestrial production, a
combination of chemical and enzymatic reactions prayide a cost effective and
environmentally friendly compromise.

Microorganisms are source for chitosan productionChitosan can be found
in fungi, molds, yeasts, some ciliates, and algae.

Microbial synthesis of chitosan has been identifiadvarious organisms
including Mucor rouxii, Phycomyces blakesleeanus, and others. Cell cultures of
these organisms have been used for the producfiahitosan, and the yields
obtained were improved by addition in the culturediam of a chitin source such
as Aspergillus niger, thus the mechanism of production was attributeaHitin
deacetylation. The yields after 96 hr of incubatregre of 26.9 % of dry cell wall
material, with a chitin source included. Furthereyahe degree of acetylation of
chitosan could be reduced to values ranging fr&md0.6 %.

Generally, the yield and composition of the polgdacide depends on the
used microbial species, age of the producing miatotells, growth nutrition
medium, and ambient conditions. The chitinous campis content also depends
on the type of fermentation and extraction method.

Chitin was first isolated in 1811 from fungi andmnmad fungine. A wide
variety of fungi are able to produce chitosan,@ttents and yields varying from
0.3 to 12.5% of cell dry weight. Furthermore, thean be cultivated on virtually
any substrate, although for sustainability the babtstrates are clearly by-products
or waste products of other industrial processesh sas rinse washes from
distilleries, molasses, whey retentate, or soybeamad mungbean residues.

Alternatively, chitin and chitosan can be produdaéctly from waste mycelia of
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common industrial fungi, e.gTrichoderma reesei mycelia from cellulase and
hemicellulase production dtenicillum verruculosum, Aspergillus niger, M. rouxii
or Rhizopus oryzae mycelia from antibiotic, citric acid or lactic acjtoduction,
respectively. In this context it is worth notingathmore than 80,000 tons of waste
Aspergillusniger mycelium per year is generated from citric acmbjoiction alone [9].
Various protocols have been used for chitosan wioigi from fungi in
published studies, which can be divided into chahménd enzymatic procedures,
as illustrated in Fig. 5 (where the enzymatic mdtisoon the right) [22].

Chidosextraction
Dried biomass iddrbiomass Dried biomass
grinding/milling) iding/milling) (wet biomass +0.2 MaRPO4-

NakP O, buffer pH 6.4 (4:1 wiv)
1g lysozyme +1g snailase, 50°C for 5h)

Centghtion+washing

Deproteination with dist. water
(1-5 M NaOH, 0.25 —2.00 h,
90-121 °C. 30-41:1 viw) Deproteination
(sisk-0,2 M NaHPQ,-NaH,PQ, buffer pH 7,5,
l 100$dlid protease/100g fresh mycelia)
Centrifugation and washing to v
pH 7 with dist water
Deacetylation
Deacetylation (50%NaOH, 2h at 100-130°C) Deacetylation
(50 %NaOH, 2h at 100-130°) (solids+50anTRIC-HCI pH 7.5
chitin deacetylase, 5i°C for 8h)
Extraction Extraction Extraction
(2-10% Acetic acid or HCI, (Freddried biomass in 1% (2% Acetic acid or H&lh, 30°C)
6-12h, 20-9503, 30-40:1 viw) 2$D4(1:20m/v),*121°C for 20 min) v
Precipitation Precipitation Precipitation
(adjust pH to 8,5-10) Hof filtration at T>90 °C, (adjudtipo 8.5-10)
precipitation of chitosan by cooling)
M
Centrifugation and washing Centrifugatéord washing 3x Centrifugation avashing 3x
dist.w. 96% GHsOH and with 96%,8:0H, freeze drying with 96%Hs0H, freeze drying
Acetone, drying irom 20-100 °C l l
Chitosan itGkan Chitosan

Fig. 5. Different protocols for extraxichitosan from fungi
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Known selection methods of chitin are based orude=of 5 % HCI or EDTA
(initially used to dissolve or bind the calcium loamnate), then 40 % NaOH at
110 °C to remove the proteins and lipids, with palraleacetylation of chitin to
chitosan. Chitin normally accounts for 14-27 % loé dry weight of shells, 60 -
80 % of it can be converted to chitosan. The fungfatosan have very low
contents of inorganic material. Hence, demineribmais not required. From
microorganisms chitosan with deacetylation degfe&%-40 % is obtained.

The great advantage of chitosan producing from ifungcompare with
crustaceans is that it can be directly extractedhffungal biomass at any time,
avoiding seasonal fluctuations. For fungi that goigvide chitin in their cell walls
an almost identical extraction procedure to thatdugo extract chitosan from
crustaceans must be applied. Hence, it is moreosaiwal to use only fungi that
already provide the target product. For instaneady-touse chitosan can be
reportedly produced frombsidia coerulea very simply by boiling in 25 % NaOH
without extracting with hot acetic acid because ¢hé@osan is not intermingled
with glucan [23].

Mushrooms are source for chitosan production.The extraction of chitin
and chitosan from different species of mushroofgsi(cus bisporus, Auricularia
auriculajudae, Lentinula edodes, Trametes versicolor, Armillaria mellea,
Pleurotus ostreatus, Pleurotus sajor-caju, andPleurotus eryngii) can be provided.
The growth rate of mushroom depends on cultivatmonditions such as
temperature, moisture content, medium compositiah tgpe, and mainly species
of the mushroom. The mushroom, sajor-caju showed highest yield of biomass
andL. edodes was the lowest when compared with other mushroamdgmusurface
fermentation (Table 1) [24].

The main components of mushroom are water, prqtemmsn, chitosan, and
glucans. The extraction of chitin from mushroomsimilar to its extraction from
crustacean shells, but the cell wall of mushroomstains smaller amounts of

calcium, so, during obtaining of chitin from musbines less concentrated solutions
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of acids are used. The yield of extracted chitid elnitosan depends on mushroom
species, harvesting time, chitin and chitosan ettma processes and conditions.

The processes and conditions for the extractiochatin and chitosan from
mushroom based on the usage of two methods:

1) used 1 M NaOH at 121 °C for 0.25 h for deprateam and the chitosan was
extracted from the collected alkaline insoluble enal using 2 % acetic acid at
95 °C for 8-14 h [24];

2) used 1 M NaOH at 40 °C for 15-17 h for deprateam and the chitosan was
extracted from the collected alkaline insoluble enal using 5 % acetic acid at
90° C for 3 h [25].

Table 1
Yield of chitin and chitosan from mushrooms
Mushroom Optimal Yield of Yield of chitin
species harvesting biomass (g/L) or *chitosan
time (days) (mg/g of biomass)

L. edodes 12 3 *40
A. bisporus 21 3.5 85
A. auricula-judae 21 6.8 196
T. versicolor 21 3.2 101
A. mellea 21 4.2 131
P. ostreatus 21 6.4 111
P. sajor-caju no 21 10 *12
L. edodes - - *240

*, yield of chitosan (mg/g of biomass).

In general methodic for chitin obtaining is repreee on the Fig. 6.
The total yield of chitosan is equal 10-40 mg/g dsfed mushroom. For
extraction of chitin and chitosan alkaline treatmetdecolorization and then

deacetylation with concentrated sodium hydroxidatgm are used.
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Fig. 6. Preparation procedure of chitin from musime

Mushroom chitosan have a degree of deacetylatioid0o% — 90 % that
depends on mushroom species and treatment corglittord average molecular
weight about 1-2 x fMDa [26].

So, chitosan which obtained from mushrooms has a higlegree of
deacetylation compared with crustaceans and musisamhitosan. This greatly
improves the chitosan viscosity and solubility ioncentrated acids, thereby
expanding the scope of chitosan usage.

Insects are source for chitosan production.The composition and
biosynthesis of chitin have been studied in insest&h as mosquitoes,
cockroaches, honeybees, silkwormByrosophila melanogaster, Extatosoma
tiaratum, Spyloidea sipylus. These insectsontain chitin in their wings and cuticle.
Dead bees may be considered a perspective sourckitimsan obtaining [27].

The procedure for extraction of chitin and chitodasm the cuticle of
insects is similar to that of crustacean sourcé& Jcheme of chitosan obtaining

procedure from silkworm pupa and cover of beetigsvd in Table 2 (a, b).
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Table 2
a)
Procedure for chitosan extraction and yield of chibsan from insects
Treatment Conditions
Deproteination Demineralization
Species NaOH Temp. Time (h) HCI Temp. Time Y(i;ilgir? f
Conc. (M) (°C) Conc. (M) | (°C) (h) (%)
Silkworm
pupa 1 100 42 2 25 96 33
Cover of
bees 1 40 2 — — — 25
b)
Treatment Conditions
Decolorization Deacetylation
Species NaOH Temp. Time (h) | NaOH | Temp. Time | Yield of
Conc. (°C) Conc. (°C) (h) Chitosan
(M) (M) (%)
Chitin
from C2Hs0H — 4 12,5 150 16 32,7
silkworm
pupa
Chitin
from H202 75-80 1 12,5 125 15 16-25
cover of
bees

Their demineralization studies were carried ouhgisi — 2 N HCI for 0.3—
96 h at 25°C - 100 °C, which is stronger than damineralization process of
aguatic crustacean materials. The demineralizagfoshrimp waste is completed

within 15 min using 0.25 M HCI at room temperatuZdang et al. (2000) found
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that the crystallinity of chitin increased and 55@fh the N-acetyl groups of
silkworm chitin were removed after treatment wittNZHCI at 100 °C. Therefore,
the treatment of insect cuticle with dilute HCInist only for removal of mineral
but also for removal of the acetyl groups of insgditin. The deproteination of
insect pupa and larva was carried out by using 8.2% N NaOH for 2 — 42 h at
40°C — 100°C, which is similar to that of crustmt raw materials. The
deacetylation of insect was carried out by using-12.5 M NaOH for 15 — 16 h at
110°C — 150 °C. The degree of deacetylation odahghitosan reaches 70 % —
95 %, this value is high then crustaceans and fcmigpsan [28].

Complex process of chitosan obtaining from chitsxaover of bees is
performed for pharmacology needs, but it is expenso obtained drugs are also
expensive and that's why are not all available.c&pattention should be paid to

bees’ dead bodies that may be proposed as chisosaoe [8].

CONCLUSIONS

Since the traditional methods of chitosan by catclé shellfish and
complex selection procedures of desired productagely limited, the needs in
new sources are very acute. Such sources may lbeargeanisms, mushrooms and
insects.

The mycelium of fungi can be considered an alté&raasource for the
production of chitin and chitosan that might befulséor some specific practical
applications. Seasonal availability does not affect the fungal chitosan.
Concurrently, the production of chitin/chitosan nfrofungal sources appears
promising because the process can be manipulatelokdm a pure, rather uniform
product with specific characteristics. In additidhe fermentative production of
fungi on cheap industrial by-products and wastegrastically unlimited and, in
principle, a very economic source of chitin/chito$a8]. But the disadvantages of
fungi as sources of chitosan obtaining are largeusnin of time spent for the
cultivation and usage of a large number of equigmBmese aspects make chitosan

obtaining from fungi economically less profitable.
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Usage of dead bees for chitosan manufacture isndgexl by economical
benefit. Getting of chitosan from dead bees are much cheapreasier than by
the treating of crustaceans or mushrooms. Dead treaing require smaller
number of equipment and less ting&nce in Ukraine dead bees are not used in
production and just ejected as waste, and annuainmaterial base of dead bees is
about 5 thousand tons, it allows us to considemthe large-scale and perspective
source of chitosan obtaining.

Thus, to meet the global demand for chitosan caotis production, it is

necessary to use alternative chitosan sourcegniilghrooms and dead bees.
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ITOPIBHAIbHUH AHAJII3 JIJKEPEJT OTPUMAHHA XITO3AHY

O.A. BACH/IBYEHKO, M. B. ABPAMOBA

Hayionanvnuu asiayitinuii ynieepcumem, m. Kuis

Y cmammi euceimneno enacmueocmi ma obaacmi 3acmocy8aHHs MAKUx
biononimepie ax Ximur i ximosaH. Pozensanymo mpaouyitini 0xcepena OmpumMaHts
xXimo3zamy ma npoonemu, fAKi GUHUKAIOMb 3a IX GUKOPUCMAHHA. 3aNponoHO8aHo
anbmMepHAmueHti, OLbUW NePCNeKMUBHi 0xcepena OMpPUMAHHS XIMO3aH) .

Knwuoei cnoea. ximun, Xximoszaw, MOPCbKi oOpeaHizmu, 2puou,

MIKDOOD2AHI3ZMU, KOMAXU.

CPABHHTEJIbHbIH AHAJIH3 HCTOYHHKOB I10JIYYEHUA
XUTO3AHA

O.A. BACH/IBPYEHKO, M. B. ABPAMOBA

Hayuonanvnoii asuayuonnwii ynusepcumem, 2. Kues

B cmamve oceeuyerHsvl ceoticmea u obracmu NPpUMEHEHUA MAKUX
6u0n0ﬂuMep06 KAaK XumuH U Xumo3aH. PaCCMOI’I’lpeHbl mpaduuuonﬂble UCMOYHUKU
noay4erusl xumosaHa u l’lp06ﬂeﬂ/lbl, 603HUKaAwwue npu ux ucnojib306aHUU.

HpeaﬂO.?lceHbl albmepHaniueHble, bosnee nepcneKkmueHble UCMOYHUKU NOJIYYEeHRUA

XUmo3daHd.

Knioueevle cnosa. xumun, Xumo3am, MOPCKUE OpeaAHU3MbL, 2puowl,

MUKDOOP2AHU3MbL, HACEKOMDblE.



