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Abstract. The article contains the synthesis of chitosan aminopolysaccharide Apis 

mellifera in liquid nitrogen and the preparation of Schiff bases based on glutaraldehyde with 

chitosan, electron microscopy of chitosan synthesized by a cryogenic method, and IR spectroscopy 

of the resulting chitosan and glutaraldehyde. The presence of intermolecular hydrogen bonds 

between the polymer and the aldehyde allows us to conclude that the mechanism of interaction 

between glutaraldehyde and chitosan is valid. 
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The unique structure of chitosan aminopolysaccharide and the presence of  

a positive charge determines its introduction into practice, as well as the expansion of their areas 

of application. Ideally, chitin is a linear polymer based on N-acetyl glucosamine units. Chitin, poly 

(β-(1-4)-N-acetyl-D-glucose-2-amine), is a natural polysaccharide of great importance [1]. 

Chitosan is an aminopolysaccharide consisting of   β-(1→4)-linked D-glucosamine residues, as 

well as N-acetyl-D-glucosamine.  

As a rule, chitosan is isolated from chitin, which is part of the shells of crustaceans, but can 

also be isolated from chitin of other origins (chitin from mushrooms, crabs, mollusks, insects and 

others). 

 
Figure 1. Natural sources of chitosan a) crabs b) mushrooms c) chafer  

c) honey bees e) flies 

The method for producing chitosan by the cryogenic method [2] using liquid nitrogen from 

dead bees is carried out as follows: dried bee dead is pre-crushed to a size of 350 Mesh for 2-3 

minutes (cryogenic method), then demineralization is also carried out in a liquid nitrogen 



 

SCIENCE AND INNOVATION 
INTERNATIONAL SCIENTIFIC JOURNAL VOLUME 3 ISSUE 5 MAY 2024 

ISSN: 2181-3337 | SCIENTISTS.UZ 

 55  

 

      environment of crushed bee dead in 4% hydrochloric acid simultaneously for 30 minutes and left 

for 2 hours at room temperature, followed by washing with water to pH 7, then the crushed 

demineralized bee dead is deproitenized at a ratio of T:L = 1:10 in sodium hydroxide solution 

concentration 1H for 30 minutes at a temperature of 60-70 °C, followed by washing with water to 

pH 7, then demineralized and deproitenized bee dead meat is deacetylated in a 35% NaOH solution 

at 90 °C for 60 minutes at a ratio T:L = 1:10 s for the purpose of chitosan synthesis. 

 

 

 

 

 

 

 

А) 

 

 

 

 

В)        

Figure 2.  Scanning electron microscopy images of A) chitosan obtained in a liquid nitrogen 

environment B) chitosan obtained without nitrogen 

Scanning electron micrographs of the resulting chitosan in liquid nitrogen are shown in Fig. 2. The 

figure shows the difference between chitosan obtained in liquid nitrogen, since after cryogenic grinding the 

chitosan particles are much smaller and it becomes light and airy. 

The addition of nucleophilic reagents to the carbon atom of the carbonyl group is one of the 

fundamental reactions and is of significant interest, since it plays a certain role in chemical reactions and 

biochemical processes. Schiff bases have a multifactorial effect, exhibiting antioxidant, anti-inflammatory, 

hepatoprotective, analgesic [3], bactericidal [4–8], antitumor [1, 9], and antiviral [10] activity. Glutaraldehyde - 

(glutaric dialdehyde, pentandial) is an organic compound, aldehyde with the chemical formula C5H8O2. 

Transparent and colorless liquid, easily soluble in water, irritating to the eyes and lungs. It is used as a tanning agent 

in leather production, and is also used in the textile industry [11]. In the study, we obtained Schiff bases, that is, 

based on chitosan and glutaraldehyde. 
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      IR spectroscopic studies were carried out on a Spekord-75UR spectrophotometer in the wavelength range 

4000-500 cm-1. The assignment of characteristic absorption bands was interpreted according to the procedure. In 

the spectra of glutaraldehyde (Fig. 3a) there is an intense stretching vibration band in the range of 1775-1645 cm-

1; another band of moderate or low intensity at 2830-2690 cm-1, characteristic only of the spectra of aldehydes, 

often has the form of a doublet. 

А)  

B)  

C)  

Figure 3. Fourier transform IR spectrum of a) glutaraldehyde 

b) Chitosan Apis Mellifera c) Chitosan-glutaraldehyde 

In the IR spectra of glutaraldehyde, the first overtone of the νC=O absorption bands is 

observed in the region of 3400 cm-1. High intensity band in the region of 2720 cm-1. There is a 
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      very broad high-intensity band of the bound hydroxyl group ν O-H in the frequency range 1800-

1700 cm-1. C-H bonds and groups are less strongly absorbed in the frequency range of 1400 cm-1. 

Two weak vibrations of the nC-O group were also found in the frequency range of 1010 and 900 

cm-1 related to alcohol compounds. Apparently, the stretching vibrations of C=O alkyl–CHO 

bonds in the region of the absorption band 750-400 cm-1 are not very informative [12]. 

The IR spectrum of chitosan (Fig. 3 (b)) shows peaks in the region of 3272 cm-1  and 1377–

1028 cm-1, which indicate the presence of an NH2 group. With this absorption, absorption bands 

appear in the region of 1360–1000 cm-1 for all types of amines, caused by the participation of the 

C–N bond in the skeletal vibrations of the molecule. In the sample of chitin and chitosan, bands 

with maxima at 1446 cm-1 of the bending vibration of the -CH2- and -CH3 groups and 1373 cm-1 

(inflection) of the bending vibration of the OH bond were also recorded. In the chitosan sample, a 

broad band of average intensity is observed  in the region of 1320–1387 cm-1, corresponding to 

the vibration of the OH bond. When studying the spectra of the third sample, one can observe the 

presence of intermolecular hydrogen bonds between chitosan and aldehyde. The results of IR 

spectroscopic studies, clearly defining the types of chemical bonds, allow us to conclude that the 

mechanism of interaction of glutaraldehyde with chitosan is valid. Thus, the occurrence of mainly 

hydrogen bonds between the amine groups of chitosan on the one hand and hydroxyl groups and 

due to the carbonyl group of glutaraldehyde has been established. 
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