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Abstract: Chitosan was synthesized from Apis Mellifera dead bees by traditional and cryogenic 

methods, and the degree of deacetylation, viscosity, and molecular mass of the synthesized sample 

was studied. Chitosan was synthesized by deacetylation of chitin under cryogenic conditions. NaOH 

concentration 40%, temperature 90 ± 3 °C, time 120 min. The degree of deacetylation, and molecular 

mass was determined using an Ubbelode viscometer. DDA was determined by conductometric 

titration under standard conditions. The degree of deacetylation of Apis Mellifera chitosan was 87%. 

synthesized by cryogenic method DDA of chitosan was 83% synthesized by traditional method. 

Conducting the synthesis in liquid nitrogen atmosphere leads to a certain decrease in the molecular 

mass of chitosan.  This research aims to study the important parameters of chitosan molecule such as 

deacetylation level, viscosity and molecular mass. 

Keywords: cryogenic method, chitin, chitosan, liquid nitrogen, viscosity, degree of 

deacetylation, molecular mass. 

 

Annotatsiya: Xitosan jonsiz Apis Mellifera asalarilardan an'anaviy va kriogen usullar 

yordamida sintez qilindi, sintez qilingan namunaning deasetillanish darajasi, yopishqoqligi va 

molekulyar og'irligi o'rganildi. Xitozan kriogen sharoitda xitinni deatsetillash orqali sintez qilingan. 

NaOH konsentratsiyasi 40%, harorat 90 ± 3 °C, vaqt 120 min. Deatsetillanish darajasi va molekulyar 

og'irlik Ubbelohde viskozimetri yordamida aniqlandi. DAD standart sharoitlarda konduktometrik 

titrlash orqali aniqlandi. Kriogen usulda sintez qilingan Apis Mellifera xitozanining deatsetillanish 
darajasi 87% ni tashkil etdi. An'anaviy usul bilan sintez qilingan xitozanning DAD 83% ni tashkil 

etdi. Suyuq azot atmosferasida sintezning olib borilishi xitozanning molekulyar massasi ma’lum 

darajada pasayishiga olib keladi. Ushbu tadqiqot, xitozan molekulasining deatsetillanish darajasi, 

qovushqoqligi va molekulyar massasi kabi muhim parametrlarini o'rganishga qaratilgan 

Tayanch iboralar: kriogen usul, xitin, xitozan, suyuq azot, yopishqoqlik, deatsetillanish 

darajasi, molekulyar og'irlik. 

 
Аннотация: Хитозан синтезирован из подмора пчел Apis Mellifera традиционным и 

криогенным методами, изучены степень деацетилирования, вязкость и молекулярная масса 

синтезированного образца. Хитозан синтезировали деацетилированием хитина в криогенных 

условиях. концентрация NaOH 40%, температура 90 ± 3 °С, время 120 мин. Степень 

деацетилирования, молекулярную массу определяли с помощью вискозиметра Уббелоде. СДА 

определяли кондуктометрическим титрованием в стандартных условиях. Степень 

деацетилирования хитозана Apis Mellifera, синтезированного криогенным методом, 

составила 87%. СДА хитозана, синтезированного традиционным методом, составила 83%. 

Проведение синтеза в атмосфере жидкого азота приводит к некоторому уменьшению 

молекулярной массы хитозана. Целью данного исследования является изучение важных 

параметров молекулы хитозана, таких как уровень деацетилирования, вязкость и 

молекулярная масса. 

Ключевые слова: криогенный метод, хитин, хитозан, жидкий азот, вязкость, степень 

деацетилирования, молекулярная масса. 

 

 

Introduction 
Historically, the processing of natural products 

into biodegradable products has been an area of great 

interest in the medical, commercial, and scientific 

communities worldwide [1]. Chitosan belongs to the 

class of monosaccharides and is a cationic natural 

biopolymer. Recent scientific studies indicate its 

 

 

 

UDС 577.3 

 

STUDY OF THE PHYSICAL-CHEMICAL PROPERTIES OF CHITOSAN 

SYNTHESIZED BY THE CRYOGENIC METHOD FROM APIS MELLIFERA 

BEES 

D.S.ISOMITDINOVA, G.A.IKHTIYAROVA, J.M.SHAROPOV (1 – Tashkent State 

Technical University, Tashkent city, Republic of Uzbekistan)* 

Received: Jul 6, 2024; Accepted: Aug 19, 2024; Online: October 04, 2024. 

*Isimotdinova Dilnoza Sohibovna – PhD student, isomitdinovadilnoza231@gmail.com, https://orcid.org/0009-0003-7338-8798;  
Ikhtiyarova Gulnora Akmalovna – Professor, DSc, https://orcid.org/0000-0002-1687-682X; 

Sharopov Jahongir Mustaqim o’g’li – Research assistant, https://orcid.org/0000-0001-9528-1690. 

mailto:isomitdinovadilnoza231@gmail.com


CHEMISTRY AND CHEMICAL TECHNOLOGY 

12      Technical science and innovation. №3/2024 

unique properties and excellent chemical and 

biological properties, such as biocompatibility, 

biodegradability, and antimicrobial properties, and its 

promising applications in human and veterinary, 

pharmaceutical, agro, and food industries [2]. 

Chitosan is easily obtained from natural sources such 

as crabs, shrimps, mulberry silkworms, dead bees, 

and mushrooms. and changes it from a solid state to a 

compact structure [4-6]. Due to this, water solubility 

and swelling properties increase [7-8]. As a result of 

the deacetylation of chitin, a copolymer of N-acetyl-

glucosamines and glucosamines is formed. When this 

copolymer contains more than 50% glucosamine 

units, it is usually called chitosan. 

Due to the presence of highly active amino 

groups in chitosan polymer, it is used in food [9-10], 

textile [11], cosmetic [12], environmental [13], 

biomedical [14-17] and pharmaceutical [18] ] are 

widely used in the fields. 

 
Fig.1. Natural sources and structural formulas of chitin and chitosan 

 

Physico-chemical and biological activity of 

chitosan samples of different molecular masses was 

studied in the following works. Molecular mass 

(MM) affects the solubility of chitosan, its 

mechanical strength, and the elasticity of films and 

fibers, which determines the requirements for MM in 

various areas of chitosan application. The high MM 

of chitosan reduces its solubility in aqueous solutions 

and increases the tensile strength and moisture 

adsorption properties of the films [19-20]. Chitosans 

with high MM are used in medicine in the production 

of dental materials, in the treatment of burns and 

infections, in the fight against pests and plant diseases 

in agriculture, in the production of food products, in 

the production of films and microencapsulation in 

biotechnology [21 -22]. Chitosan samples at low MM 

with high DDA have better solubility and higher 

biological activity than samples at high MM. It has 

been studied that samples of chitin and chitosan with 

low MM and high DDA are more effective in fighting 

against wound healing and wound-causing 

microorganisms. 

 

Research Object and Methods 

Viscometry- (determination of viscosity 

properties) in determining the viscosity properties of 

chitosan solutions depending on the polymer 

concentration (C), with the flow time 106 seconds, in 

the presence of a buffer solvent of 0.66 molar sodium 

acetate salt in 2% acetic acid, is considered a simple 

and effective method was used [26]. 

Since chitosan macromolecules have 

polyelectrolytic properties in solution, sodium acetate 

salts were added to the polymer solution to prevent 

the polyelectrolytic effect. At least 5 measurements 

were made during each dilution by taking the point of 

5-fold dilution of the solutions. The molecular mass 

of chitosan was determined using the viscometric 

method. For viscosity determination, 0.2 g of chitosan 

was dissolved in 0.33 M acetate buffer. 

Calculations were made using the following 

equation: 

M=[η] α/ K 

The characteristic viscosity of the samples was 

measured in an Ubbelode viscometer at a temperature 

of 25 ͦ C based on the solvent flow time in a 

thermostat. In this case, indicators a and K will be 

equal to α =083; K=1,4·10-4. 

Experimentally, the intrinsic viscosity was 

determined by two-way graphical extrapolation of 

ηud/s and ln(ηotn/C values to zero concentration. , 

which are described by equations [23]. 

Huggins equation: ηуд/с=[η]+Kx[η]2×C. 

(Kx=tgα/[η]2) 
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Kremer's equation: ln(ηотн/с)=[η]-Ккр[η]2×C. 

(Ккр=tgß/[η]2) 

The quantities Kx and Kkr are related to 

Kx+Кkr≈1/2. 

The dynamic viscosity of cryogenic and 

conventionally synthesized chitosan solutions was 

determined by Viscotester 2 plus rotational 

viscometer. 

Conductometric titration. The degree of 

deacetylation (DDA) of chitosan was determined by 

conductometric titration on a Mettler-Toledo AG, 

Analytical CH-8603 (Schwarzenbach, Switzerland). 

The value of DDA is calculated according to the 

following formula: 

NH2=
[Cm (NaOH)] (𝑉2−𝑉1)×𝑀𝑟

𝑚
 

where: m is the mass of chitosan; Mr - a molecular 

mass of chitosan elementary unit; ∆V− is the volume 

of titrant NaOH, ml; Cm molarity of NaOH 

 

Results and Discussion 

Synthesis. To synthesize chitosan by 

cryogenic method, we use local raw material Apis 

mellifera dead bees, liquid nitrogen, HCl, and NaOH 

reagents. 

Apis mellifera dead bees were ground in a 

porcelain mortar in the presence of 4% HCl acid in 

liquid nitrogen, then the mass was filtered and 

neutralized in distilled water. The resulting 

demineralized mass was dried at room temperature. 

For the deproteinization stage, it was carried out from 

a 4% solution of alkali solution at 80°C for 1 hour. 

After the reaction, the mixture was filtered and 

washed with distilled water and dried at 25°C. Then, 

to clean the dry mass from melanin pigment, it was 

left in a 3% solution of hydrogen peroxide for 24 

hours at room temperature. The mixture was filtered 

and washed with distilled water and dried in a 

desiccator. The dry mass was subjected to the next 

deacetylation process in a 40% alkali solution at 90 ± 

1°C for 120 minutes to synthesize chitosan [24-25]. 

After the deacetylation process, the product was 

filtered and neutralized in distilled water until pH=7, 

then washed in 96% ethyl alcohol. The resulting 

chitosan is dried in a lyophilic dryer. 

By controlling the reaction time, chitosan 

with high DDA can be synthesized. When the 

reaction time is increased to 48 hours, the DDA can 

be up to 95%, but due to the degradation of the 

polymer in this reaction, the molecular weight of 

deacetylated chitin may decrease even to the 

monomer state [26-29]. 

Conductometric titration 

Currently, there are several methods used for 

the deacetylation of chitosan, of which 

Conductometric titration, i.e. alkali treatment, is 

widely used. In this method, sodium hydroxide is 

usually used for the deacetylation process. Factors 

affecting the degree of deacetylation are NaOH 

concentration, reaction time, temperature, chitosan 

concentration, and molecular weight of the starting 

polymer. 

An acidic solution of chitosan is titrated with 

dilute NaOH and its electrical conductivity is 

measured. When the volume of added NaOH resists 

conduction, three different phases can be represented 

by curves and they can fit straight lines. In the first 

region of the curve, the conductivity decreases 

because NaOH causes the HCl in the chitosan 

solution to neutralize the H+ (the mobility of H+ is 

higher than that of Na+). In the second region, the 

conductivity increases due to the neutralization of the 

–NH2 groups in the chitosan solution because the 

added Na+ ions have a higher mobility compared to 

chitosan. Finally, in the third region, the permeability 

increases due to the increase in the concentration of 

Na+ and OH- ions. 

Determination of deacetylation level of 

cryogenically and conventionally synthesized 

chitosan from Apis mellifera bees using a 

conductometer. 

Titration was carried out by adding 35 ml of 

water to 15 ml of 0.97% solution of Apis mellifera 

chitosan (dissolved in 0.1 N HCl) and pouring 0.2 ml 

of 0.1 N NaOH solution into the resulting solution. 

First, 50 ml of the prepared solution was placed in the 

flask and magnetically stirred (Fig. 2(a)). 

 

a) b) 
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Fig.2. Conductometric titration curves of Apis Mellifera chitosan obtained by cryogenic (a) and 

conventional (b) methods 

a) %DDA= 
[∆𝑉]∗𝐶𝑁∗161    ]

𝑚∗1000
 

 

∆𝑉=15.2-7.4=7.8ml NaOH 

 

%DDA= 
[7.8]∗0.1∗161    ]

0.145∗1000
 = 86.6% 

 

To determine the DDA of chitosan in a traditional 

method, 35 ml of water was added to 15 ml of a 

0.91% solution (dissolved in 0.1 N HCl) and the 

resulting solution was titrated with a 0.1 N NaOH 

solution. First, 50 ml of the prepared solution was 

placed in the flask and 0.2 ml of NaOH solution was 

added while rotating on a magnetic stirrer. (Figure 

2(b)).  

 

b ) %DDA=[∆V]*CN*161/(m*1000) 

 

∆V=13.4-6.4=7 ml NaOH 

 

%DDA=[7.0ml]*0.1*161 /(0.136*1000)=82.86% 

 

 
a) 

 

b) 

Figure 3. Viscosities of a) traditional and b) 

cryogenically synthesized chitosans 

a) 𝔶= K∙ 𝑀𝛼 

K=1.4∙ 10−4 

𝑀𝛼=0.83 

𝔶 =3.4 

3.4=1.4∙ 10−4 ∙ 𝑀0.83 

𝑀0.83=4.3853 

M=192112 

 

b ) 𝔶= K∙ 𝑀𝛼 

K=1.4∙ 10−4 

𝑀𝛼=0.83 

𝔶 =4.1 

4.1=1.4∙ 10−4 ∙ 𝑀0.83 

𝑀0.83 = 4.4666 

M=240000 

 

Since chitosan macromolecules have 

polyelectrolytic properties in the solution, sodium 

acetate salts were added to the polymer solution to 

prevent the polyelectrolytic effect [30]. At least 5 

measurements were made during each dilution by 

taking the point of 5-fold dilution of the solutions. 

The molecular mass of chitosan was determined using 

the viscometric method. For viscosity determination, 

0.2 g of chitosan was dissolved in 0.33 M acetate 

buffer. 

1% solutions of Apis mellifera samples 

synthesized by traditional (a) and cryogenic (b) 

methods were prepared and their viscosities were 

determined using an Ubbelode viscometer and MM 

was calculated based on viscosity (Fig. 3 a,b). 

 

MM of cryogenically synthesized chitosan 

was 192 KDa, and conventionally synthesized 

chitosan was 240 KDa. 

 

Conclusion 

Chitosan was synthesized from Apis 

Mellifera dead bees by cryogenic and conventional 

methods. The process of deacetylation of chitosan 

synthesized by the traditional method is carried out 

for 300 minutes at 100 ± 1 °C, and chitosan 

synthesized by the cryogenic method is carried out for 

120 minutes. In both methods, effective deacetylation 

occurs, but in the cryogenic synthesis, a large amount 

of energy is saved and the obtained chitosan has a 

higher molecular mass and an increase in DDA from 

83% to 87%. This is because cryogenic synthesis has 

better economic results than the traditional method 
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