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Synthesis and properties of oligochitosan ascorbate from Bombyx mori

Oligochitosan samples were obtained by acid hydrolysis of high molecular weight chitosan isolated from
Bombyx mori (B.M.). Carrying out acid hydrolysis for 6 hours, it was found that after 4 hours and further with
increasing duration, the molecular weight of chitosan decreases to a value corresponding to the ranges of mo-
lecular weights of oligochitosan 2-16 kDa. It has been seen that the optimal duration of hydrolysis, leading to
the production of oligochitosan with a molecular weight of less than 16 kDa, should be considered 4-5 hours.
Depolymerization of chitosan with a molecular weight of 177 kDa was carried out using sodium nitrite in so-
lution to obtain oligochitosan with a molecular weight of 6 kDa. On the basis of oligochitosan samples ob-
tained by two methods, their ascorbates were received. Under constant conditions with varying the ratio of
the components (ChS:AA) and the pH of the solution, the reaction of chitosan ascorbate formation was car-
ried out on the basis of the suspension method. The composition, structure, and molecular weight characteris-
tics of oligochitosan ascorbate and oligochitosan Bombyx mori samples were confirmed by physicochemical
methods. It has been seen that the obtained samples have antimicrobial properties against Fuzarium
oxysporum.

Keywords: Bombyx mori chitosan ascorbate, Bombyx mori oligochitosan, ascorbic acid, donor-acceptor bond,
degree of binding, degrees of acetylation, depolymerization.

Introduction

One of the most promising and relevant areas of modern chemistry and technology is the production of
water-soluble natural polymers, the study of the structure, properties, physical and chemical modifications,
their application in various fields. The production of water-soluble chitosan derivatives expands the range of
applications of this natural aminopolysaccharide in agriculture and biomedical sphere. The solubility of chi-
tosan in water depends on a number of factors including the molecular weight and deacetylation degree (DD)
of the polymer, the degree of protonation of amino groups in the macromolecule (pH of the solution) [1, 2].
Chitosan macromolecules are characterized by different molecular weights (degree of polymerization), de-
gree of deacetylation, degree of protonation (pKa value), viscosity of solutions, arrangement of acetylated
and deacetylated residues in the polymer chain and molecular weight distribution. Most of the mentioned
characteristics affect the solubility of chitosan in water, while the manifestation of biologically active proper-
ties by chitosan largely depends on the solubility [3-4]. In [5, 6], the antibacterial activity of narrowly dis-
persed samples of oligochitosans, varying in molecular weight, at different pH values was studied. It was
shown that under acidic conditions a stronger inhibitory effect is characteristic of samples with a higher mo-
lecular weight, while under slightly alkaline conditions, chitosan forms close to oligomeric are more active.
It is assumed that the antibacterial activity of chitosan is determined by the protonation degree of its amino
groups, which is variable and depends on both the molecular weight of the substance and the pH of the me-
dium.

The analysis of numerous studies shows that the water solubility of low molecular weight chitosan
(oligochitosan) increases with biological activity, especially antiviral and antibacterial activity, as well as
biocompatibility with a decrease in molecular weight compared to the high molecular weight chitosan [6-8].

Chitosan derivatives are of great interest in the world, including chitosan ascorbate, which has bacteri-
cidal, growth-stimulating and antifungal properties. It should be noted that water-soluble forms of
oligochitosan with organic acids have the most pronounced antimicrobial properties against the following
bacteria: Streptococcus mutans, Lactobacilli brevis using in vitro and in vivo methods compared to similar
forms of high molecular weight chitosans [9]. Chitosan ascorbate also has antioxidant properties against a
number of bacteria, such as E. coli, P. aeruginosa, S. typhimurium, L. monocytogenes, and S. aureus at low
concentrations [9-11]. In order to obtain biologically active, water-soluble derivatives of oligochitosans with
ascorbic acid, the synthesis was carried out by the suspension method with varying the pH of the solution.

© 2021 The Authors. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) 91


https://doi.org/10.31489/2021Ch1/91-98
mailto:qudrat.pirniyazov@mail.ru

K.K. Pirniyazov, V.E. Tikhonov, S.Sh. Rashidova

Experimental part

Two samples of high molecular chitosan which were achieved from pupae of the silkworm Bombyx mo-
ri with a molecular weight of 123 kDa (ChS-1) and 177 kDa (ChS-2) have been used in this experiment. The
molecular weights of the samples were determined by viscometry, and the degree of deacetylation was
measured by conductometric titration, where the value was 94 % and 80 %, respectively. The degree of
deacetylation was also confirmed by PMR spectroscopy. The molecular weight of the initial chitosan was
determined by the viscometeric method using an Ubellode viscometer based on the Mark-Kuhn-Houwink
equation, and the kinematic viscosities of the starting chitosans and oligochitosan were measured at constant
temperature. The average weight (Aw) and average number (An) molecular weights of oligochitosan and
oligochitosan ascorbate, and the value of the polydispersity index (pl) were determined by gel-penetrating
chromatography. In this case, we used 0.3 M CH;COOH / 0.225 M CH3;COONH, (pH 4.5) buffer solutions
and hydrophilic polyvinylidene membranes for preliminary filtration of the analyzing solutions. Next, IR
spectroscopic studies were carried out using an IR spectrometer from Bruker (Germany). The process of acid
hydrolysis of chitosan ChS-1 in a solution of hydrochloric acid at 75 °C for 6 hours was studied, while
6 samples were taken (variants were encrypted depending on the duration of the reaction, for example, ChS-
1/1 was taken from the reaction mixture for 1 hour) every 60 minutes. Oligochitosan ascorbate Bombyx mori
(ChA-1 B.M.) was obtained on the basis of the formed oligochitosan by the acid hydrolysis method. The re-
action of chitosan ascorbate formation was carried out on the basis of the suspension method under constant
conditions with varying the ratio of the components (ChS:AA) and the pH of the solution [12]. The
depolymerization of chitosan ChS-2 was carried out using an inorganic sodium nitrite salt in solution to ob-
tain oligochitosan ChS-2/1 with a molecular weight of 6 kDa. The reaction was carried out at room tempera-
ture during 60 minutes. A chitosan derivative — oligochitosan ascorbate Bombyx mori (ChA-2 B.M.) was
formed on the basis of the oligochitosan.

Results and Discussion

The results show that with an increase in the duration of the chitosan hydrolysis reaction, a significant
decrease in the average number and weight mass of the obtained samples is observed up to 6 kDa Mn and
11 kDa Mw. The degree of acetylation of the samples was determined by the PMR method. For this,
oligochitosan samples were dissolved in D,0O, and chitosan samples — in D,O + DCI. The results obtained
are presented in Table 1. The molecular weight and the degree of acetylation (DA) of the initial chitosan
ChS-1 are 123 kDa and 20 % according to the GPC and PMR data, respectively.

Table 1
The chromatography results of oligochitosan and oligochitosan ascorbate samples

The samples Synthesis time, min *'\]/-I83 L\%\é *'\{Iég *'\fgg (MVSIIM n) CA+1, %
Chs-1/1 60 15.9 28.3 41.5 28.5 1.77 16.7
Chs-1/2 120 11.8 22.1 34.3 19.0 1.88 15.3
ChSs-1/3 180 13.0 21.7 317 21.8 1.67 14.0
Chs-1/4 240 8.56 15.6 24.7 9.28 1.82 13.8
Chs-1/5 300 8.16 14.1 22.0 9.15 1.73 9.1
ChSs-1/6 360 6.06 10.8 18.2 5.60 1.75 9.0
ChSA-1 B.M. 60 7.68 14.8 26.3 7.63 1.93 9.0

As can be seen from the data obtained, with an increase in the duration of the reactions, a strong cleav-
age of the glycosidic and acetamide bonds of chitosan macromolecules occurs, therefore, due to
depolymerization, a noticeable recession in the molecular weight and the degree of acetylation is observed.
Carrying out acid hydrolysis for 6 hours, it was found that after 4 hours and further the molecular weight of
chitosan falls to the value corresponding to the molecular weights of oligochitosan 2—16 kDa [6]. The yield
of the final product comparing with the original chitosan is approximately 40 % after 6 hours of hydrolysis.
The optimal duration of hydrolysis under these conditions should be 4-5 hours. After the completion of the
hydrolysis the product was isolated by sedimentation with an aqueous ammonia solution, followed by wash-
ing with distilled water. The oligochitosan ascorbate ChSA-1 B.M. was formed on the basis of obtained
product. In order to compare the properties of the oligochitosan and its ascorbate, the oxidative
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depolymerization of chitosan ChS-2 was carried out using a 0.2 % NaNO, solution. The results show that the
nitrite method causes deep depolymerization even at room temperature in a short time. The obtained
oligochitosan ChS-2/1 was used to prepare oligochitosan ascorbate ChSA-2 B.M. The results are shown in
Table 2.

Table 2
The results of chromatography of oligochitosan and oligochitosan ascorbate samples
Synthesis time, Mn Mw Mz M
The samples y min *103 *103 *103 *183 pl Mo/Mn) | CA+1,%
ChS-2/1 60 4.13 5.93 8.23 4.0 1.46 9.6
ChSA-2 B.M. 60 3.73 6.20 9.93 3.48 1.66 6.1

The data given in the table above inform that the average number and average weight masses of the
oligochitosan and oligochitosan ascorbate samples practically coincide. Also, during hydrolysis with sodium
nitrite, in comparison with the acid hydrolysis method, the molecular weight characteristics of the samples
decrease. Despite this, the literature data show that redistribution of functional groups is observed in the
structure of oligochitosan, and aldehyde groups are also formed [11].

In addition to the GPC (gel-penetrating chramotography) data, the kinematic viscosity of the samples of
the initial chitosan and its ascorbate was determined. For measurements, 1 % aqueous solutions of the sam-
ples were prepared. Viscometers of the VPJ-2 type were used for measurements (the radius of the capillary is
0.34 or 1.31 mm). Kinetic viscosity (V, mm?/s) was calculated by the formula:

V =(g/9.807) xK x T,

where: K is the constant of the viscometer, 0.0045632 or 0.30215 mm?/s?, respectively; T is the liquid flow
time (s); g — acceleration due to gravity (m/s?). The obtained results are shown in the Table 3.

Table 3
Kinematic viscosity of samples of initial chitosans and oligochitosan ascorbates
Capillary Solution Kinetic viscosity, Molecular weight C%,
The samples radius, mm flow time, s mPas of samples, kDa N, % AK
Chs-1 1.31 39.0 13.0 M 123 8.36 -
Chs-2 1.31 59.0 19.6 WM 177 8.56 -
ChSA-1 B.M. 0.34 265.0 1.33 M, 14.8 6.18 26
ChSA-2 B.M. 0.34 233.0 1.17 M, 6.2 4.10 52

The results show that the Kkinetic viscosity of oligochitosan ascorbate ChSA-1 B.M. in comparison with
the initial chitosan, ChS-1 decreases almost 10 times, and the kinetic viscosity of the obtained sample by the
nitrite method decreases 16.7 times. The results indicate that oxidative depolymerization degrades the chi-
tosan macromolecule more actively in comparison with acid hydrolysis. The ratio of oligochitosan was de-
fined: ascorbic acid in the product was determined by elemental analysis for nitrogen content. The results
show that with the growing of ascorbic acid content, a decrease in the amount of total nitrogen and kinetic
viscosity of the samples is observed.

The structure of the samples was confirmed using IR and PMR spectroscopy. In order to compare the
structural characteristics the IR spectra of the initial chitosans, oligochitosans, and their ascorbates have been
obtained.

The results are shown in Figure 1. In the IR spectrum of chitosan (Fig. 1 b), characteristic absorption
bands at 1645 and 1574 cm™ were found corresponding to the functional groups of acetamide (amide 1) and
amine. In the range of 1310-1420 cm™ and at 2900 cm™, absorption bands of methylene groups were re-
vealed. In the range 3200-3350 cm™, absorption bands of the hydroxyl group were found.
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Figure 1. IR-spectra of ascorbic acid (a), chitosan-1 (b) and oligochitosan ascorbate Bombyx mori (c)

There are absorptions of stretching vibrations of C2 and C3 hydroxyl groups in the IR spectrum of
ascorbic acid in the range of 3200-2900 cm™. The absorption bands for the methylene group in the range of
2915-2900 cm™ also have been found (Fig. 1.). At 1750 cm™, an absorption band is observed for the carbon-
yl group included in the lactone ring of ascorbic acid; at 1650 cm™ — absorption band characteristic of
C=C groups. Along with this, at 1320, 1270, 1140 cm™, absorption bands of C3-, C2-, C5- hydroxyl groups
are found.

In the IR spectrum of the obtained oligochitosan ascorbate, a mixing of absorption bands appears, com-
pared to the absorption bands of chitosan and ascorbic acid. Slight difference was observed due to the mixing
of absorption bands towards lower wave numbers from 1645 and 1568 cm™, which means the formation of
oligochitosan ascorbate in the presence of amino groups. In the range of 1400-900 cm™ absorption bands
appear which are characteristic of chitosan with low intensity which indicate a decrease of the hydrogen
bonds. The change in the intensity and shift of the characteristic absorption bands in the IR spectrum of
oligochitosan ascorbate in comparison with the IR spectra of the initial components — ascorbic acid and chi-
tosan — indicate the formation of a water-soluble derivative of chitosan — oligochitosan ascorbate.

NMR spectroscopic studies were also carried out. NMR spectra were recorded on a VARIAN-400 spec-
trophotometer (USA). In all experiments, the D,O solvents were used with the addition of DCI. It is known
that the NMR spectra of chitosan are characterized by resonances in the range of 4.6-4.9 ppm, which coin-
cide for the proton at C-1, which indicates glucosidic bonds. Further, chemical shifts of the C-2, C-3, C-6
protons are observed in the range of 3.7-4.0 ppm. There are also resonances in the 3.2 ppm and — 2.1 ppm
region, which correspond to the protons of the amino group and the acetamide group of this polysaccharide
(Fig. 2) [12]. The obtained NMR spectra of the initial chitosan and oligochitosan are shown in Figures 3, 4.

The degrees of acetylation (DA) of the samples were also calculated. Based on the equation of
CA =n/(n-100) = (0.1/3) / (1/6) = 0.199 then 1.199 n = 19.9, and n = 0.167 or CA (%) = 16.7 %. The results
show a gradual decrease in the content of acetamide groups can be seen in the spectrum of the achieved
oligochitosans, for example in the spectrum of samples ChS-1/6 (Fig. 3).
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Figure 2. H'-NMR spectra of the initial chitosan ChS-1
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Figure 4. H'-NMR spectra of chitosan oligoascorbate ChSA-2
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As can be seen from the spectrum (Fig. 3), the degree of acetylation (DA) based on the equation
DA = n/(n-100) = (0.05/3) / (1/6) = 0.099 then 1.099 n = 9.9 and the value of the n = 0.09 or CA = 9 %.
Thus, it can be concluded that as a result of acid hydrolysis up to 6 hours, the degree of acetylation decreases
from 16.7 % to 9 %.

In the NMR spectrum of oligochitosan ascorbate, a shift of signals compared to the signals of the initial
oligochitosan from 2.8 ppm to 3.1 ppm was found, which can be explained by the interaction of the amino
groups of oligochitosan with ascorbic acid [12, 13]. An increase in the intensity of signals in the range of
3.5-4.1 ppm is also observed, which indicates the surge in the polydispersity of the sample and proton sig-
nals at C-6, C-5, C-4 due to the formation of oligochitosan ascorbate (Fig. 4.).

In the spectrum of ascorbic acid, characteristic signals are observed at 3.6 ppm, which correspond to the
C-6 carbon protons and two protons in the CH,OH group of ascorbic acid molecules. Peaks 3.8, 3.9 ppm.
refer to the protons associated with the C-4, C-5 and C-3 atoms of the lactone ring of ascorbic acid, respec-
tively. The detected signals in the range of 4.9 ppm correspond to protons at C-4 in the furanose ring of
ascorbic acid, which corresponds to the literature data [13].

0.5 % solutions of oligochitosan ascorbate were prepared in order to realize these studies. Experiments
were carried out on the basis of the obtained solutions 4 times. Certain biologically active properties of
oligochitosan ascorbate showed that the obtained samples have antimicrobial properties against Fuzarium
oxysporum in comparison with the reference and control. It was revealed that oligochitosan and
oligochitosan ascorbate have antimicrobial properties, the zone of suppression of which is 22 mm on aver-
age, and no zone of suppression was found in the control (water).

Conclusions

Thus, the process of acid hydrolysis of chitosan ChS-1 in a solution of 1 M hydrochloric acid at 75 °C
for 6 hours has been studied. It has been shown that the optimal duration of hydrolysis, leading to the pro-
duction of oligochitosan with a molecular weight of less than 16 kDa, should be considered as 4-5 hours.
Depolymerization of chitosan ChS-2 was carried out using sodium nitrite in solution to obtain oligochitosan
with a molecular weight of 6 kDa. On the basis of the achieved oligochitosan samples by two methods, their
ascorbates were prepared. The composition, structure, and molecular weight characteristics of oligochitosan
ascorbate samples were confirmed by physicochemical methods. Certain biologically active properties of
oligochitosan ascorbate showed that the obtained samples have antimicrobial properties against Fuzarium
oxysporum in comparison with the reference and control.

This work was carried out with the financial support of the «El-Yurt Umidi» Foundation of the Republic
of Uzbekistan. There is no conflict of interest. K.K. Pirniyazov with the leadership of S.Sh. Rashidova and
V.E. Tikhonova carried out synthesis and calculations. All authors participated in data processing and in the
discussion of the results.
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K.K. ITupuusszos, B.E. Tuxonos, C.I11. Pamugosa

Bombyx mori-nen aapiHFaH 0JTHroXUTO3aH
acKOpOATHIHBIH CHHTE3I K9He KacueTTepi

Onuroxurto3aH chlHamamapsl Bombyx mori-meH oxmiayigaHFaH JKOFapbl MOJICKYNATBIK XHTO3aHHBIH
KBIIIKBUIIBIK THAPOIN31 apKbUIbl albIHABL. 6 carar imIiHAe KBIIIKBUI TMAPOJIM3IH JKYprisreHae, 4 caraTtaH
KeHiH OHE ONaH opl Y3aKTBIFbl apTKAH CaibIH XHTO3aHHBIH MOJEKYJIAJbIK CaJIMarbl ONHTOXHUTO3aHHBIH
2-16 x/la MoyeKynalblK CaJMaKTapBIHBIH JHaNa30HbIHA COHKEC MOHIre JSHiH a3asThIHIBIFBI aHBIKTAJIBL.
Mornekynanslk canmarbl 16 kJ{a-maH a3 OJMrOXWTO3aH OHAIpICIHE OKeJeTiH T'MIAPONN3AIH OHTAIIbI
Y3aKTHIFBIH 4—5 caraT Jiel caHay KepeK eKEHIITi KepceTinreH. Momekynanbik canmarsl 177 k/la XuTo3aHabl
JeTIouMepiiey HaTpUi HUTPHUTIH NalJaJIaHbI, MOJIEKYJIAlTbIK Maccackl 6 k/la ONMIOXWTO3aH aiy YIIiH
Kyprizinmi. Exi omicmeH anbplHFaH OJHMIOXWTO3aH ChIHAMAJAaphl HETi31HAE OJapAblH acKopOaTTapbl
CUHTe3ei. XHUTO3aH acKOPOATBIHBIH TY3UTy PEaKUUACHl CYCIIEH3US OiCi Heri3iHAe KOMIIOHEHTTEpIiH
(X3:AA) xone epiTiHaiHiH pH KaTbIHACBIHBIH €3repyiMeH TYpaKThl jKargaima Kyprizingi. OIUroxurosan
ackopbar meH omuroxurozan Bombyx mori celHamanapbIHBIH Kypambl, KYpPBUIBIMBI JKOHE MOJEKYIIabIK
cUIaTTaManapbl (GU3MKAIBIK-XHMUSUIBIK 9/IICTEPMEH pacTalAbl. AJIBIHFAH YIATLIEpAiH MUKPOOKaKapchl acepi,
sFHE Fuzarium oxysporum-ra kapcsl acepi 6ap eKeH/IIr Ao ICHTeH.

Kinm ce30ep: xuto3aH ackopoar Bombyx mori, onuroxuro3an Bombyx mori, ackopOHH KBIIIKBUIBI, JTOHOP-
aKIENTOPJIBIK OallyIaHbIC, GailIaHbIC TOPEXEC, AUSTHIACHY TOPEKeCi, NeMOTUMEPU3aLHs.

K.K. ITupnuszos, B.E. Tuxonos, C.111. Pamunosa

CuHTe3 U CcBOIiCTBA acKopdaT omroxuro3ana uz Bombyx mori

Tlomydaensr 00pa3mbl OMUTOXUTO3aHA KUCIOTHBIM THAPOIN30M BBICOKOMOJICKYIISIPHOTO XHTO3aHA, BBIICICH-
Horo u3 Bombyx mori. B xoxe mpoBeneHusi KHCIOTHOTO THAPOIH3a B TeYeHHE 6 4 OBUI0 OOHAPYKEHO, YTO
4yepes 4 9 ¥ Jajee ¢ yBEeIHUCHNEM MTPOIODKUTEIBHOCTH MOJIEKYIIIPHAs Macca XUTO3aHa CHIDKAETCS 10 3Ha-
YeHUs], COOTBETCTBYIOIIEr0 HHTEpBaJIaM MOJIEKYJISIpHBIX Macc onuroxuroszana 2—16 x/la. Ilokazano, 4to om-
TUMAJIBHOH TPOJOJDKUTEBHOCTBIO THAPOIIN3a, IIPUBO/SIIIET0 K MOTYyYESHHIO OJIUTOXUTO3aHa C MOJISKYJISIPHON
Maccoil MeHee 16 k/la, cienyer cuutarh 4—5 u. OcyliecTBlIeHa AENOJMMEPU3alisl XUTO3aHa C MOJICKYIIAp-
Hoi Maccoit 177 x/la ¢ HOMOIIBIO HUTPUTA HATPHUSI B PACTBOPE € MOIYUYEHHEM OJIMTOXUTO3aHA C MOJICKYJIIp-
HOH Maccoit 6 k/la. Ha ocHOBe MOydeHHBIX JBYMS METOJaMH 00pa3IloB OJIMTOXHUTO3aHA CHHTE3WPOBAHBI X
ackopbatbl. Peaknust oO6pa3zoBaHms ackopOaT XHTO3aHA IPOBOMIN HA OCHOBE CYCIIEH3HOHHOM METOJIOM IIpH
MIOCTOSIHHBIX YCJIOBHSIX C BapbUpoOBaHHMEM cooTHomeHni xommoHeHToB (X3:AK) m pH pactBopa. Cocras,
CTPYKTYpa ¥ MOJICKYJISIPHO-MacCOBBIE XapaKTEPUCTUKH 00pa3IIoB acKopOaTa OJMIOXUTO3aHa M OJMTOXUTO3a-
Ha Bombyx mori moarBepikaeHbl HH3UKO-XUMHUCCKUME METOJaMH. [10Ka3aHO, YTO MOJydYEHHBIC 0Opasiibl
00J1a1a10T aHTHMHUKPOGHBIM JieiicTBHeM npoTuB Fuzarium oxysporum.

Kuioueswvle crosa: ackop6at xuro3ana Bombyx mori, onuroxurozan Bombyx mori, ackopGuHoBast kucsora,
JOHOPHO-aKIENTOPHAsA CBA3b, CTCIICHb CBA3BIBAHHNSA, CTCIICHD AlICTUIIMPOBAHUA, ACTIOJIUMEPHU3ALInA.
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