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elementlari va qurilmalari
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08.00.11 – Marketing
08.00.12 – Mintaqaviy iqtisodiyot
08.00.13 – Menejment
08.00.14 – Iqtisodiyotda axborot tizimlari va texnologiyalari
08.00.15 – Tadbirkorlik va kichik biznes iqtisodiyoti
08.00.16 – Raqamli iqtisodiyot va xalqaro raqamli integratsiya
08.00.17 – Turizm va mehmonxona faoliyati

Maʼlumot uchun, ОАК 
Rayosatining 2024-yil 28-avgustdagi 360/5-son qarori 

bilan “Dissertatsiyalar asosiy ilmiy natijalarini chop 
etishga tavsiya etilgan milliy ilmiy nashrlar ro‘yxati”ga 
texnika va iqtisodiyot fanlari bo‘yicha “Muhandislik va 

iqtisodiyot” jurnali ro‘yxatga kiritilgan.

M u a s s i s: “Tadbirkor va ishbilarmon” MChJ
H a m k o r l a r i m i z: 
1.	 Toshkent shahridagi G.V.Plexanov nomidagi Rossiya iqtisodiyot universiteti 
2.	 Toshkent davlat iqtisodiyot universiteti
3.	 Toshkent irrigatsiya va qishloq xo‘jaligini mexanizatsiyalash muhandislari instituti” milliy tadqiqot universiteti 
4.	 Islom Karimov nomidagi Toshkent davlat texnika universiteti
5.	 Muhammad al-Xorazmiy nomidagi Toshkent axborot texnologiyalari universiteti 
6.	 Toshkent davlat transport universiteti 
7.	 Toshkent arxitektura-qurilish universiteti
8.	 Toshkent kimyo-texnologiya universiteti
9.	 Jizzax politexnika instituti
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Abstract. Cellulase enzyme complexes derived from a number of bacterial and fungal sources are widely used for the 
industrial enzymatic hydrolysis of cellulose-containing raw materials. Recently, cellulase enzyme complexes have been 
increasingly applied in the textile, pulp and paper, food, and other industries. In this study, we investigated the possibility 
of using three commercial enzyme complexes for the enzymatic hydrolysis of cotton cellulose.

Keywords: cellulose, cellulase, selloviridine, pectophoedine, pectinase.
Annotatsiya. Bir qator bakterial va zamburug‘ manbalaridan olingan sellyulaza ferment komplekslari sellyuloza saqlovchi 
xom ashyolarni sanoat miqyosida fermentativ gidroliz qilishda keng qo‘llaniladi. So‘nggi vaqtlarda sellyulaza ferment 
komplekslari to‘qimachilik, sellyuloza va qog‘oz ishlab chiqarish, oziq-ovqat hamda boshqa sanoat tarmoqlarida tobora 
keng qo‘llanilmoqda. Ushbu tadqiqotda paxta sellyulozasini fermentativ gidroliz qilish uchun uch turdagi ferment 
kompleksidan foydalanish imkoniyati o‘rganildi.

Kalit so‘zlar: sellyuloza, sellyulaza, selloviridin, pektofoedin, pektinaza.
Аннотация. Целлюлазные комплексы ферментов, полученные из ряда бактериальных и грибковых источников, 
широко используются в промышленности для ферментативного гидролиза сырья, содержащего целлюлозу. В 
последнее время ферментные комплексы целлюлазы все чаще применяются в текстильной, целлюлозно-
бумажной, пищевой и других отраслях промышленности. В данном исследовании изучена возможность 
использования трех коммерческих ферментных комплексов для ферментативного гидролиза хлопковой 
целлюлозы.

Ключевые слова: целлюлоза, целлюлаза, селловиридин, пектофоэдин, пектиназа.

I N T R O D U C T I O N
Important characteristics of cellulase enzyme preparations include their activity toward various substrates, 

the composition of the enzyme complex, and their hydrolytic ability in the bioconversion of cellulose-containing 
raw materials. The study of the properties of different cellulase enzymes and their effects on the molecular 
structure of cellulose is essential for achieving efficient industrial bioconversion.

A comparative evaluation of thermostability, enzymatic hydrolysis efficiency, catalytic activity, and 
adsorption capacity makes it possible to determine the variation limits among cellulolytic enzymes obtained 
from different sources, to identify optimal properties, and, if necessary, to provide a basis for the genetic 
modification of industrial strains.

L I T E R A T U R E  R E V I E W
Cellulase enzyme complexes derived from various bacterial and fungal sources are widely used for the 

industrial enzymatic hydrolysis of cellulose-containing raw materials [1]. These complexes typically include 
endo-β-1,4-glucanase (EC 3.2.1.4), exocellobiohydrolase (EC 3.2.1.91), and β-glucosidase (EC 3.2.1.21) [2; 
3].

In recent years, cellulase enzyme complexes have been increasingly applied in the textile, pulp and paper, 
food, and other industries. One of the key criteria for evaluating the effectiveness of enzyme preparations used 
in the bioconversion of cellulose-containing raw materials is their specific activity toward different substrates. 
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These substrates include soluble and insoluble polysaccharides, such as microcrystalline cellulose (MCC, 
Avicel), carboxymethyl cellulose (CMC), xylan, as well as oligosaccharides (e.g., cellobiose) [4].

In this study, the possibility of using three commercial enzyme complexes for the enzymatic hydrolysis of 
cotton cellulose was investigated: Celloviridin G3x, Pectophoedin G3x, and Pectinase 500.

The cellulase preparation Celloviridin G3x, produced by the Privozhsky Biochemical Plant from Trichoderma 
viride, has an activity of 83 U/g (C activity), 65 U/g (endoglucanase), and 3000 U/g (cellobiase).

The pectinase preparation Pectophoedin G3x, obtained from Aspergillus foetidus and produced by the 
Privozhsky Biochemical Plant, has an activity of 90 U/g and 37 U/g of cellobiase activity.

The enzyme preparation “Pectinase 500,” produced by the Moscow Experimental Plant of Enzyme 
Preparations from Aspergillus foetidus, exhibits a pectolytic activity of 800 U/g and a cellobiase activity of 3200 
U/g (actual data).

In large-scale testing of enzyme preparations or cellulose-containing raw materials, activity is typically 
determined using a “single-point” method, i.e., at a fixed substrate and enzyme concentration, temperature, 
medium composition, pH, and hydrolysis time. To establish these optimal conditions, preliminary studies of 
hydrolysis using the given enzyme complex on a specific substrate are conducted.

Furthermore, when determining enzyme activity using insoluble cellulose, such as cotton fiber, it is 
necessary to consider the possible nonlinear relationship between the initial rate of hydrolysis and substrate 
concentration.

R E S E A R C H  M E T H O D O L O G Y
A comparative study of the activity of three polyfermentative preparations on cotton fiber of the F-108 

cotton variety was conducted. The activity was determined based on the formation of glucose and reducing 
sugars using the Somogyi–Nelson method [3]. One unit of enzyme activity was defined as the amount of 
enzyme required to produce 1 μM of reducing sugars from the corresponding substrate within 1 minute.

The results of the experiments (Figures 2 and 3) indicate that a mixture of Celloviridin G3x and 
Pectophoedin G3x in a ratio of 3:1 exhibited the highest activity. Therefore, this mixture was used in all 
subsequent experiments.

To determine the optimal hydrolysis conditions, experiments were carried out at different pH levels 
and temperatures. As shown in Figure 1, the hydrolysis process proceeded most efficiently at pH 5.0 and a 
temperature range of 55–60 °C.

The initial rate of enzymatic hydrolysis significantly depends on the degree of enzyme adsorption onto 
the substrate. In certain cases, the initial reaction rate can be enhanced by the addition of surfactants, which 
improve the wettability of cellulose and, consequently, increase its bioavailability for enzymes.

A N A LY S I S  A N D  R E S U LT S
At the next stage of the study, the following optimal conditions were determined: a 3:1 ratio of the cellulase 

enzyme preparations Celloviridin G3x and Pectophoedin G3x, pH 5.0, a temperature of 55 °C, and the addition 
of 0.5% Triton X. These conditions were found to be favorable for the enzymatic degradation of cellulose 
samples.

The obtained results were subsequently applied to investigate the properties of enzymatic hydrolysis of 
cotton fiber (Figure 1).

Figure 1. Dependence of cellulase activity on the pH (a) and temperature (b) of the medium. Substrate: cotton fiber 
(F-108). Hydrolysis time: 12 h.
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Figure 2. Glucose production during enzymatic hydrolysis of cotton fiber (F-108) under different enzyme treatment 
conditions.

Yield of reducing sugars (RS, g/L) during the enzymatic hydrolysis of cotton fiber (F-108) using different 
enzyme preparations: Celloviridin G3x, Pectophoedin G3x, and Pectinase 500 in various ratios.

1 — Pectinase 500
2 — Pectophoedin G3x
3 — Celloviridin G3x
4 — Celloviridin G3x and Pectophoedin G3x (1:1)
5 — Celloviridin G3x and Pectophoedin G3x (2:1)
6 — Celloviridin G3x and Pectophoedin G3x (4:1)
7 — Celloviridin G3x and Pectophoedin G3x (3:1)

C O N C L U S I O N S  A N D  R E C O M M E N D A T I O N S
Based on the results obtained in this study, it can be concluded that the optimal conditions for the enzymatic 

degradation of cellulose samples include a 3:1 ratio of the cellulase enzyme preparations Celloviridin G3x and 
Pectophoedin G3x, pH 5.0, a temperature of 55 °C, and the addition of 0.5% Triton X.

Furthermore, the obtained results demonstrate that the synergistic interaction between different enzyme 
components plays a crucial role in enhancing the efficiency of cellulose hydrolysis. The use of optimized 
enzyme compositions and process parameters not only increases the yield of reducing sugars but also 
improves the overall efficiency of bioconversion processes. These findings may serve as a scientific basis for 
the development of more efficient industrial technologies for cotton cellulose processing, as well as for further 
research aimed at improving enzyme formulations and optimizing hydrolysis conditions.
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