THEME: ENZYME PREPARATIONS PRODUCTION TECHNOLOGY
Plan:
1. Classification of Enzymes and Their Sources
2. Microbiological Production Technology. Selection and improvement of producer microorganisms.
3. Downstream Processing, Formulation, and Quality Control. Biomass separation and filtration.
Glossary
	Term (English)
	Русский
	Oʻzbekcha
	Function

	Enzyme
	Фермент (энзим)
	Ferment (enzim)
	A biological catalyst of protein nature that speeds up biochemical reactions without being consumed itself.

	Substrate
	Субстрат
	Substrat
	The starting compound that an enzyme acts upon and chemically converts.

	Catalytic activity
	Каталитическая активность
	Katalitik faollik
	A measure of how much substrate an enzyme can convert into product per unit time.

	Producer strain
	Штамм-продуцент
	Produsent (ishlab chiqaruvchi shtamm)
	A microorganism strain selected or improved to synthesize the target enzyme in high yield for industrial fermentation.

	Submerged fermentation
	Глубинная ферментация
	Chuqur fermentatsiya
	A fermentation method in which the microorganism is grown in a stirred, aerated liquid medium.

	Solid-state fermentation
	Твердофазная ферментация
	Sirt (qattiq fazali) fermentatsiya
	A fermentation method in which the microorganism is grown on the surface of a moistened solid substrate with little or no free liquid.

	Biomass
	Биомасса
	Biomassa
	The total mass of microbial cells produced during fermentation.

	Separation
	Сепарация
	Separatsiya (ajratish)
	The step of separating solid biomass particles from the liquid phase of the fermentation broth, typically by filtration or centrifugation.

	Ultrafiltration
	Ультрафильтрация
	Ultrafiltratsiya
	A membrane-based method that concentrates a solution by retaining enzyme molecules while letting smaller molecules pass through.

	Precipitation
	Осаждение (преципитация)
	Choʻktirish (presipitatsiya)
	A process of adding a chemical agent, such as alcohol or salt, to precipitate enzyme molecules out of solution.

	Immobilization
	Иммобилизация
	Immobilizatsiya
	A technique that attaches or entraps an enzyme on a solid carrier, allowing it to be reused repeatedly.

	Enzyme unit (U)
	Ферментативная единица (Е)
	Fermentativ birlik (U)
	The standard unit used to measure enzyme activity, usually defined as the amount converting one micromole of substrate per minute.

	Optimum temperature
	Оптимальная температура
	Optimal harorat
	The temperature at which an enzyme shows its highest catalytic activity.

	Denaturation
	Денатурация
	Denaturatsiya
	The loss of an enzyme's three-dimensional structure and activity under excessive heat or unfavorable pH.

	Standardization
	Стандартизация
	Standartlashtirish
	The process of adjusting the activity level of a finished enzyme preparation to a specified target value.


Enzymes are biological catalysts that speed up biochemical reactions in living organisms without being consumed during the reaction. Most enzymes are proteins, although some RNA molecules can also have catalytic activity. Enzymes play an important role in many biological processes, including digestion, metabolism, energy production, cell growth, and development.

The substance on which an enzyme acts is called a substrate. The enzyme binds to the substrate and forms an enzyme–substrate complex. This interaction reduces the activation energy required for the reaction, allowing the reaction to occur more rapidly. After the reaction is completed, the enzyme remains unchanged and can be used again.

Enzyme activity is influenced by several factors, including temperature, pH, substrate concentration, and enzyme concentration. Each enzyme has an optimum temperature and pH at which it works most effectively. Extremely high temperatures or unsuitable pH conditions can reduce enzyme activity or cause the enzyme to lose its structure.

Different enzymes perform different functions. For example, amylase breaks down starch, proteases break down proteins, and lipases break down fats. Enzymes are widely used in the food industry, medicine, agriculture, biotechnology, and pharmaceutical industries. In food production, they are used in bread making, dairy processing, juice clarification, fermentation, and many other technological processes.

Enzymes are natural biocatalysts that speed up nearly every biochemical reaction taking place in living organisms. Their high selectivity, strong specificity toward a given substrate, and ability to work efficiently under relatively mild conditions, such as moderate temperature and neutral pH, have made them extremely valuable industrial products. Enzyme preparations are widely used today in the food industry, textiles, detergents, paper manufacturing, pharmaceuticals, and biotechnology.Most modern industrial enzymes are produced through microbial fermentation, since this route is far faster, cheaper, and easier to scale up than extracting enzymes from plant or animal sources. This guide walks through the subject step by step: starting from the classification of enzymes, moving through the technology used to produce them at industrial scale, and finishing with the downstream processing, formulation, and quality control steps required to deliver a finished enzyme preparation.
1. Classification of Enzymes and Their Sources
According to international biochemical nomenclature, enzymes are divided into six major classes, though in industrial practice they are more often grouped by the type of reaction they catalyze. The two groups of greatest industrial importance are hydrolases and oxidoreductases. Hydrolases break down a substrate into smaller fragments in the presence of water and account for the majority of industrial enzymes: amylases break down starch, proteases break down proteins, lipases break down fats, and cellulases break down cellulose.
Oxidoreductases, in turn, catalyze oxidation-reduction reactions; this group includes enzymes such as glucose oxidase, catalase, and laccase, which are used in food preservation, diagnostics, and environmental treatment.
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Figure 1. Main classification of industrial enzymes and representative examples.
Classification of Enzymes and Their Sources

Enzymes can be classified according to the type of chemical reaction they catalyze. The International Union of Biochemistry and Molecular Biology (IUBMB) divides enzymes into several major classes. Each class performs a specific type of reaction and can be obtained from different biological sources such as plants, animals, and microorganisms.

1. Oxidoreductases catalyze oxidation–reduction reactions, involving the transfer of electrons or hydrogen atoms. Examples include dehydrogenases and oxidases. They can be obtained from microorganisms, plants, and animal tissues.

2. Transferases catalyze the transfer of functional groups, such as methyl, amino, or phosphate groups, from one molecule to another. Examples include aminotransferases and kinases. These enzymes are commonly found in microorganisms, plants, and animals.

3. Hydrolases catalyze the breakdown of chemical bonds through the addition of water. Important examples include amylases, proteases, lipases, and cellulases. They are widely produced by microorganisms and are also present in plants and animals.

4. Lyases catalyze the breaking or formation of chemical bonds without hydrolysis or oxidation. Examples include decarboxylases and aldolases. They are found in bacteria, fungi, plants, and animals.

5. Isomerases catalyze the rearrangement of atoms within a molecule, converting one isomer into another. Examples include racemases and isomerases. They are commonly produced by microorganisms and are also present in animal and plant cells.

6. Ligases catalyze the joining of two molecules, usually using energy from ATP. Examples include DNA ligase and synthetases. They are found in microorganisms, plants, and animals.

Enzymes can be obtained from plants, animals, and microorganisms. Plant sources include papaya, pineapple, barley, and soybeans. Animal sources include the pancreas, stomach, liver, and blood. Microorganisms such as bacteria, yeasts, and fungi are particularly important industrial sources because they can produce large amounts of enzymes under controlled conditions.

Microbial enzymes are widely used in biotechnology and the food industry because microorganisms grow rapidly, require relatively inexpensive nutrients, and can be cultivated on a large scale. Common industrial enzymes include amylase, protease, lipase, cellulase, pectinase, and lactase.

Enzymes can in principle be obtained from three natural sources: microorganisms, plants, and animals. Historically, many enzymes were extracted from plant tissue, such as papain from papaya fruit, or from animal tissue, such as trypsin from bovine pancreas. However, these sources are limited in volume and often seasonal, so they cannot meet industrial demand on their own.
For this reason, an increasing share of industrial enzymes is now produced through microbial fermentation. Microorganisms, whether bacteria or fungi, grow quickly, are relatively easy to modify genetically for strain improvement, and can be cultivated in bioreactors of virtually any size, which allows production volume to be adjusted to demand.
Table 1. 
Main sources of enzymes and their industrial significance
	Source
	Example
	Industrial share

	Microorganisms
	Bacillus, Aspergillus, Trichoderma genera
	Dominant source; fast growth, cheap substrate, easy scale-up

	Plants
	Papain (papaya), bromelain (pineapple)
	Limited, seasonal, and relatively expensive raw material

	Animals
	Trypsin, pepsin, chymosin (traditional)
	Declining; increasingly replaced by recombinant equivalents


In addition, modern biotechnology now allows enzymes of animal or plant origin to be produced in microbial hosts (for example, yeast) through recombinant DNA methods, which significantly reduces dependence on traditional animal-derived sources.
2. Microbiological Production Technology
Choosing a microorganism for industrial fermentation involves several criteria: the ability to synthesize the target enzyme in high yield, rapid growth on simple and inexpensive media, absence of pathogenicity, and stable performance under industrial conditions such as fluctuating temperature and pH. Genera such as Bacillus, Aspergillus, and Trichoderma meet these requirements well and are therefore used to produce the majority of industrial enzymes.A wild-type strain's natural enzyme-producing capacity is usually insufficient for industrial purposes, so strain improvement is required. This is achieved either through classical mutagenesis and selection, or through modern genetic engineering and recombinant DNA technology, in which the number of copies of the gene encoding the target enzyme is increased, or the gene is placed under a stronger promoter. As a result, yields many times higher than those of the original wild-type strain can be achieved.
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Submerged fermentation is the most widely used method for producing industrial enzymes: the microorganism is grown in a liquid medium inside a stirred and aerated bioreactor. This method is well suited to automation, allows precise control of process parameters such as temperature, pH, and dissolved oxygen, and is readily adapted to large production volumes.  
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Figure 2. Typical dynamics of biomass, substrate, and enzyme activity during submerged fermentation.
During fermentation, the microorganism first consumes the substrate actively while growing (the growth phase); the target enzyme is then often synthesized in the largest amounts once growth has slowed or plateaued, since many industrial enzymes are produced as secondary metabolites. Once fermentation is complete, the broth is sent on to the downstream processing steps.
In solid-state fermentation, a microorganism, typically a fungus, is grown on the surface of a moistened solid substrate, such as wheat bran or rice bran, with little or no free liquid present. This method is traditionally used with Aspergillus fungi to produce enzymes such as amylase and protease, since many fungi show high activity under conditions that closely resemble their natural habitat.The advantages of solid-state fermentation include low energy consumption, simple equipment, and a high product concentration, owing to the low water content. However, scaling this method up and evenly distributing heat and moisture across a large volume is considerably more difficult, so it is more commonly used at small to medium scale or for specialized products.
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                                       Work-flow for enzyme catalyst preparation.

Amylases break starch down into dextrins and glucose and are widely used in baking, alcohol production, and textiles; they are usually produced by Bacillus bacteria through submerged fermentation. Proteases break proteins down into amino acids and peptides and are used in laundry detergents, leather processing, and the food industry, for example in meat tenderizing.
Lipases break fats and oils down into fatty acids and glycerol and are used as flavoring agents in dairy processing as well as in biodiesel production. Cellulases break cellulose down into glucose and play an important role in textile finishing (fabric softening), paper production, and bioethanol manufacturing; they are commonly produced using the fungus Trichoderma reesei.
Table 2. 
Major industrial enzymes and their applications
	Enzyme
	Typical producer
	Main field of application

	Amylase
	Bacillus subtilis, B. licheniformis
	Baking, alcohol production, textiles

	Protease
	Bacillus spp., Aspergillus
	Detergents, leather processing, food industry

	Lipase
	Candida, Rhizopus genera
	Dairy products, biodiesel, pharmaceuticals

	Cellulase
	Trichoderma reesei
	Textiles, paper, bioethanol production


3.Downstream Processing, Formulation, and Quality Control
Once fermentation is complete, the liquid phase containing the target enzyme must first be separated from the solid microbial cells (biomass). This is usually done by centrifugation or membrane filtration. If the enzyme remains inside the cell (an intracellular enzyme), an additional cell disruption step, mechanical or enzymatic, is required; however, since most industrial enzymes are secreted into the medium (extracellular), this step is often unnecessary.
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Figure 3. Complete downstream processing flow for enzyme preparations.
Concentration and Purification Methods
The enzyme concentration in the separated liquid is usually low, so it must be concentrated and purified. Ultrafiltration, in which a semi-permeable membrane allows small molecules such as water and salts to pass through while retaining the enzyme molecules, is the most widely used industrial concentration method, since it operates under relatively mild conditions and preserves enzyme activity well.Where high purity is required, for example for enzymes intended for medical or diagnostic use, additional steps such as precipitation (using alcohol or ammonium sulfate), ion-exchange chromatography, and gel-filtration chromatography are used. For industrial purposes, such as enzymes used in detergents or food processing, a high degree of purity is generally not required, so cheaper and simpler concentration methods are sufficient.
Immobilization Technology
Enzyme immobilization technology is a biotechnology method in which enzymes are physically confined, attached, or entrapped within a solid material while retaining their catalytic activity. Unlike free enzymes, immobilized enzymes can be easily separated from the reaction mixture and reused several times. This makes enzyme immobilization particularly important for industrial biotechnology and food processing.
There are several main methods of enzyme immobilization. Adsorption involves attaching enzymes to the surface of an insoluble carrier through weak interactions. Covalent binding uses strong chemical bonds between the enzyme and the carrier. Entrapment involves trapping enzyme molecules inside a gel or polymer matrix. Encapsulation surrounds the enzyme with a semi-permeable membrane, while cross-linking connects enzyme molecules to each other to form an insoluble enzyme preparation.

The materials used as carriers can be natural or synthetic. Common natural carriers include alginate, chitosan, cellulose, starch, and agarose, while synthetic materials include various polymers and porous materials. The choice of carrier depends on the enzyme, reaction conditions, required stability, and intended application.

Immobilization can improve enzyme stability, operational lifetime, resistance to temperature and pH changes, and ease of enzyme recovery. Immobilized enzymes can also be used continuously in bioreactors, which can reduce production costs.

Enzyme immobilization is widely applied in the food, pharmaceutical, chemical, environmental, and biotechnology industries. For example, immobilized lactase is used to produce lactose-free dairy products, while immobilized glucose isomerase is used for the production of high-fructose syrups. Thus, immobilization technology is an important tool for making enzymatic processes more efficient, economical, and suitable for industrial-scale production.

In many industrial processes it is more economical to reuse an enzyme repeatedly rather than use it once in free form. Immobilization technology addresses this: the enzyme molecule is attached to a solid carrier material, such as alginate gel, silica gel, or polymer beads, through covalent bonding, adsorption, or entrapment.An immobilized enzyme can be easily separated from the product stream, reused multiple times, and is often more resistant to changes in temperature and pH than its free form. This approach is especially common in continuously operating industrial reactors, for example in the production of glucose syrup or lactose-free dairy products.
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The purified, concentrated enzyme solution is usually converted into a dry powder through spray drying or freeze-drying (lyophilization), which significantly extends shelf life and reduces transport costs. Controlling temperature during drying is particularly important, since excessive heat can denature the enzyme and cause it to lose activity.
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Figure 4. Dependence of enzyme catalytic activity on temperature and the optimal operating zone.
The dried preparation is then standardized: its activity, usually measured in enzyme units, is adjusted to a specified target value by adding inert filler material or blending batches, which ensures consistent dosing for the end user across every batch.
Table 3. 
Main quality indicators of a finished enzyme preparation
	Indicator
	Description
	Typical test method

	Enzymatic activity
	How closely the preparation's activity matches the specified target level
	Spectrophotometric activity assay

	Moisture content
	Residual moisture level in the powder preparation
	Gravimetric (weight-based) method

	Microbiological purity
	Confirms microbial counts do not exceed permitted limits
	Microbiological plating

	Heavy metal content
	Amount of harmful elements remaining from the production process
	Atomic absorption spectrometry

	Stability (shelf life)
	Rate at which activity declines over time
	Accelerated stability testing


The quality of a finished enzyme preparation is determined by several important physical, chemical, microbiological, and functional indicators. These indicators ensure that the enzyme is active, stable, safe, and suitable for its intended application.
1. Enzyme activity is one of the most important quality indicators. It shows the ability of the enzyme preparation to catalyze a specific biochemical reaction. Enzyme activity is usually expressed in units such as U/g or U/mL.

2. Specific activity indicates the enzyme activity per unit of protein. A higher specific activity generally indicates a more concentrated and active enzyme preparation.

3. Purity refers to the amount of the desired enzyme compared with other proteins, cellular components, or impurities present in the preparation. High purity is particularly important for pharmaceutical and analytical applications.

4. Moisture content is important for dry enzyme preparations. Excessive moisture can reduce stability and promote microbial growth or enzyme degradation during storage.

5. Stability describes the ability of the enzyme to maintain its activity during storage and under different temperature and pH conditions. A high-quality preparation should retain its activity for the specified shelf life.

6. Microbiological purity ensures that the preparation does not contain harmful microorganisms, pathogens, or excessive microbial contamination. This indicator is especially important for enzymes used in food and pharmaceutical industries.

7. pH and temperature characteristics determine the conditions under which the enzyme demonstrates maximum activity. The preparation should have a defined optimal pH and temperature range.

8. Appearance and physical properties include color, odor, texture, solubility, and particle size. These characteristics should correspond to the established specifications for the particular enzyme preparation.

9. Absence of toxic or undesirable substances is essential for enzyme preparations intended for food, pharmaceutical, and medical applications.

Therefore, a high-quality finished enzyme preparation should demonstrate high enzymatic activity, appropriate purity, good stability, microbiological safety, and consistent physical and chemical properties.

The entire production process is organized in accordance with relevant quality standards, such as FSSC 22000 for the food industry or GMP for pharmaceutical applications, which require every step to be documented and equipment to undergo regular validation.
Enzyme preparation technology is a multi-step process that combines microbiology, chemical engineering, and quality assurance. From correctly selecting and genetically improving a producer microorganism, through synthesizing the enzyme via submerged or solid-state fermentation, to separating, concentrating, optionally immobilizing, and finally converting it into a stable, standardized powder, every step directly affects the quality and economic efficiency of the final product.Because of their high selectivity and mild operating conditions, enzymes offer an environmentally friendly and energy-efficient alternative to many traditional chemical processes, which is why the market for enzyme preparations continues to grow steadily across the food, textile, detergent, and biofuel industries. The glossary, process diagrams, and self-check material included in this guide are intended to help students build a systematic understanding of the subject.
Self-Check Control Questions
1. Define an enzyme and explain how it interacts with its substrate.
2. Explain the main difference between hydrolases and oxidoreductases, with examples.
3. List the three natural sources of enzymes and explain why microorganisms are the dominant industrial source.
4. What criteria are considered when selecting a producer microorganism?
5. Explain the difference between classical and modern (genetic engineering) methods of strain improvement.
6. List the main advantages of submerged fermentation.
7. Why are many industrial enzymes synthesized in the largest amounts after the growth phase has ended?
8. Under what conditions is solid-state fermentation carried out, and which microorganisms is it especially suited to?
9. Compare the advantages and disadvantages of solid-state fermentation relative to submerged fermentation.
10. Briefly describe the main applications of amylase, protease, lipase, and cellulase.
11. What is the purpose of the biomass separation step, and how is it carried out?
12. Explain the principle behind ultrafiltration.
13. What is immobilization, and what advantages does it provide?
14. How does an enzyme's catalytic activity depend on temperature, and why does denaturation occur?
15. Name three quality indicators used to evaluate a finished enzyme preparation, along with the test method for each.
16. Explain the purpose of the standardization process.
17. Why does recombinant DNA technology help reduce dependence on traditional animal sources?
18. What does the enzyme unit (U) represent, and why is it an important measure in industry?
Self-Assessment Test
1. Which is the most accurate definition of an enzyme?
A. Any industrial chemical reagent
B. A biological catalyst of protein nature that speeds up biochemical reactions
C. A substance found only in animal tissue
D. Another name for a vitamin
2. Hydrolases break down a substrate through:
A. Oxidation reactions
B. Hydrolysis in the presence of water
C. Photolysis under light
D. Simple heating
3. Which of the following belongs to the oxidoreductase group?
A. Amylase
B. Protease
C. Glucose oxidase
D. Lipase
4. Most industrial enzymes today are obtained from:
A. Plant tissue
B. Animal tissue
C. Microorganisms, through fermentation
D. Chemical synthesis alone
5. Which of the following is NOT a criterion for selecting a producer microorganism?
A. High yield of the target enzyme
B. Fast growth on inexpensive media
C. The color of the microorganism
D. Absence of pathogenicity
6. The defining feature of submerged fermentation is that:
A. The microorganism grows on the surface of a solid substrate
B. The microorganism grows in a stirred, aerated liquid medium
C. The process is carried out only under anaerobic conditions
D. No water is involved at all
7. Solid-state fermentation is especially well suited to which organisms?
A. Bacteria
B. Viruses
C. Fungi
D. Algae
8. The main function of amylase is to:
A. Break down proteins
B. Break down fats
C. Break starch down into dextrins and glucose
D. Break down cellulose
9. The fungus Trichoderma reesei is mainly used to produce which enzyme?
A. Cellulase
B. Protease
C. Lipase
D. Catalase
10. The main purpose of ultrafiltration is to:
A. Denature the enzyme
B. Concentrate the solution by retaining enzyme molecules and removing smaller molecules
C. Grow microorganisms
D. Break down the substrate
11. The main advantage of immobilization technology is that it:
A. Allows the enzyme to be used only once
B. Allows the enzyme to be reused repeatedly and separated easily from the product stream
C. Increases the enzyme's molecular weight
D. Completely destroys enzymatic activity
12. Denaturation of an enzyme usually occurs:
A. At the optimum temperature
B. At low temperature
C. At a temperature significantly above the optimum
D. Only in dry conditions
13. Which method is used to determine the enzymatic activity of a finished preparation?
A. Spectrophotometric activity assay
B. Visual inspection
C. Weight measurement alone
D. Color testing
14. The purpose of standardization is to:
A. Completely eliminate the enzyme
B. Adjust the preparation's activity level to a specified target value
C. Increase the number of microorganisms
D. Increase the amount of substrate
15. Why is temperature control important during spray drying?
A. Because it increases production cost
B. Because excessive heat can cause the enzyme to denature
C. Because it slows the process down
D. Temperature has no real importance
Answer Key
1B   2B   3C   4C   5C   6B   7C   8C   9A   10B   11B   12C   13A   14B   15B
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