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Abstract - One of the earliest and most popular fermented drinks, beer is made by brewing yeast to 
microbially ferment carbohydrates taken from cereals. The brewing procedure, fermentation 
microbiology, post-fermentation treatments, and raw ingredients used in beer production are all 
summarized in this overview. The main processes of brewing-malting, mashing, wort boiling, 
fermentation, maturation, filtering, pasteurization, and packaging-as well as the functions of water, malt, 
hops, and yeast in determining beer quality are covered. Saccharomyces cerevisiae and Saccharomyces 
pastorianus, two brewing yeasts that produce ethanol, carbon dioxide, and flavor-active chemicals from 
fermentable carbohydrates, are given special attention. Beer quality, production efficiency, and 
sustainability have all increased because of recent developments in brewing biotechnology and process 
optimization. 
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1. INTRODUCTION 
Beer, one of the first fermented beverages in human history, is still one of the world's most important 
alcoholic beverages in terms of economic impact. It is produced by carefully controlling the fermentation 
of carbohydrate-rich cereal wort by microorganisms, primarily Saccharomyces yeasts. The brewing 
process, which uses microbial metabolism to convert fermentable carbohydrates into ethanol, carbon 
dioxide, and hundreds of secondary metabolites that give beer its flavor, smell, mouthfeel, and overall 
quality, is a great example of industrial microbiology.  

Fermentable sugars, mostly from the starch in malted barley, are brewed and fermented to generate 
beer. Depending on the intended beer style and brewing method, other cereal grains like wheat, rice, 
maize (corn), and oats are also frequently used as adjuncts or alternate substrates, even though barley is 
the primary raw material. Starch is enzymatically transformed into fermentable sugars during the 
mashing process. These sugars are then broken down by brewing yeasts to yield carbon dioxide, ethanol, 
and a variety of flavor-active chemicals. [1] 

A crucial component of brewing, hops (Humulus lupulus) provide bitterness, aroma, microbiological 
stability, and foam retention. One of the most powerful naturally occurring phytoestrogens, 8-
prenylnaringenin (8-PN), is one of the many bioactive substances found in hops. But while the distinctive 
hop scent is mostly produced from volatile essential oils like myrcene, humulene, caryophyllene, and 
farnesene, the characteristic bitterness of beer is mostly caused by iso-α-acids created by the 
isomerization of hop α-acids (humulones) during boiling. The bitter taste and scent of beer are not 
primarily caused by 8-prenylnaringenin, even if it does contribute to the phytochemical profile of hops. 
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Fig -1: Alcoholic Fermentation Pathway in Beer Production 
 

Alcoholic fermentation begins at the molecular level when brewing yeast uses the glycolytic pathway to 
metabolize glucose, generating pyruvate, ATP, and reducing equivalents in the form of NADH. Pyruvate 
decarboxylase decarboxylates pyruvate under the oxygen-limited conditions of beer fermentation, 
releasing carbon dioxide and forming acetaldehyde. (Fig. 1) Alcohol dehydrogenase then converts 
acetaldehyde to ethanol while producing the NAD⁺ needed for further glycolysis. The general 
fermentation process can be summed up as follows: 

C6H12O6 → 2C2H5OH + 2CO2 + Energy (2 ATP) 

1. Glycolysis 

In the cytoplasm of yeast cells, fermentation starts with the metabolism of a single glucose molecule 
(C₂H₂₂O₄) via the glycolytic route. Glycolysis is the process by which glucose travels through ten enzyme-
catalyzed reactions to yield two pyruvate molecules. 

The overall glycolytic reaction is: 

Glucose+2ADP+2Pi+2NAD+→2Pyruvate+2ATP+2NADH+2H++2H2O 

2. Decarboxylation of Pyruvate 
Pyruvate cannot enter the tricarboxylic acid (TCA) cycle during anaerobic brewing. Instead, the enzyme 
pyruvate decarboxylase (PDC) transforms it into acetaldehyde. 

Pyruvate → Acetaldehyde + 𝐶𝑂2 

3. Reduction of Acetaldehyde to Ethanol 
Acetaldehyde is subsequently reduced to ethanol by the enzyme alcohol dehydrogenase (ADH). 

Acetaldehyde + 𝑁𝐴𝐷𝐻 + 𝐻+ → Ethanol + 𝑁𝐴𝐷+ 

 

2. BREWING RAW MATERIALS AND THEIR MICROBIOLOGICAL SIGNIFICANCE 
Water, malt, hops, and yeast are the four primary raw materials that affect the quality, stability, and 
sensory aspects of beer. Enzymatic reactions, microbial fermentation, taste development, foam stability, 
color, aroma, and shelf life are all impacted by these substances' interactions during the brewing process. 
Adjunct grains like wheat, rice, maize, oats, rye, and sorghum are commonly added to these main 
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ingredients to create particular beer styles or alter physicochemical characteristics. [2] 

Brewing water: Water is the most plentiful and essential brewing ingredient since it makes up 90–95% of 
the finished beer. Its chemical makeup has a substantial impact on enzyme activity, yeast metabolism, 
hop usage, beer flavor, and overall product quality in addition to acting as the solvent for mashing and 
fermentation.  

1. Brewing Water Quality Requirements: The following qualities should be present in brewing water: 

• Microbiologically safe and potable 
• Devoid of harmful microbes  
• Minimal amounts of unwanted organic chemicals  
• Low levels of nitrates, manganese, and iron  
• The proper hardness and mineral composition  
• The pH is neutral to slightly acidic. 

 
Composition of Minerals  
Water's appropriateness for various beer styles depends on the proportion of dissolved minerals. (Table 
1) 

 
Table -1: Functions of major mineral ions in brewing water during beer production 

Mineral Brewing Function 

Calcium (Ca²⁺) Improves enzyme activity, yeast flocculation, and protein coagulation 

Magnesium (Mg²⁺) Essential cofactor for yeast enzymes 

Sodium (Na⁺) Enhances sweetness at moderate concentrations 

Sulfate (SO₄²⁻) Accentuates hop bitterness 

Chloride (Cl⁻) Enhances malt sweetness and fullness 

Bicarbonate 
(HCO₃⁻) 

Buffers mash pH; excessive levels may reduce enzyme efficiency 

 
2. Malt: The main source of fermentable carbohydrates, proteins, enzymes, vitamins, and minerals 
needed to make beer is malt. It is made by carefully regulating the germination (malting) of cereal 
grains, most frequently barley (Hordeum vulgare).  

The three main steps of the malting process are as follows:  

a. Steeping: To boost moisture content and start germination, barley grains are immersed in water.  
b. Germination: The synthesis or activation of hydrolytic enzymes, including α-amylase, β-amylase, 
proteases, and β-glucanases. These enzymes break down polysaccharides in cell walls, proteins, and 
starch.  
c. Kilning: Controlled drying stops germination, stabilizing enzymes, and giving malt its distinctive color 
and flavor.  

Enzymatic hydrolysis of starch during mashing produces fermentable sugars, mainly maltose, glucose, 
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and maltotriose, which are used as carbon sources for yeast brewing. 

3. Hops:  The female inflorescences (cones) of a perennial climbing plant in the Cannabaceae family are 
called hops (Humulus lupulus L.). They are indispensable brewing ingredients responsible for beer 
bitterness, aroma, microbial stability, antioxidant activity, and foam retention.[3] Only the unfertilized 
cones of female hop plants are used in commercial brewing because they contain abundant lupulin 
glands rich in bitter acids and essential oils. 

Major Bioactive Constituents of Hops: Hops contain more than 1,000 identified chemical compounds, of 
which the most important groups include: 

• Bitter resins (α- and β-acids)  
• Essential oils  
• Polyphenols  
• Flavonoids  

Hop Resins: Ten to twenty percent of the dry weight of hops is made up of hop resins. Their main 
constituents are:  

α-Acids (Humulones): The main cause of beer bitterness is α-acids, which are isomerized into iso-α-
acids (isohumulones) during wort boiling.  

β-Acids (Lupulones): These substances have antibacterial qualities but are less soluble in wort, which 
means they add very little to the bitterness of beer.  

In addition to adding bitterness, hop resins increase the microbiological stability of beer by promoting 
foam stability and preventing the growth of numerous Gram-positive spoilage bacteria. 

Hop Essential Oils: Hop essential oils account for approximately 0.4–2.0% of hop dry weight and are 
responsible for the characteristic aroma and bouquet of beer. Major volatile compounds include: 

• Myrcene  
• Humulene  
• Caryophyllene  
• Farnesene  
• Linalool  
• Geraniol  

More than 300 volatile aroma compounds have been identified in hops, contributing floral, citrus, 
resinous, herbal, spicy, and fruity notes. 

Polyphenols: With their antioxidant activity, taste stability, and colloidal stability, polyphenols, which make 
about 4–14% of the dry weight of hops, improve the quality of beer. 

Flavonoid: Xanthohumol, a prominent prenylated flavonoid produced from hops, has garnered 
significant scientific attention due to its purported antioxidant, anti-inflammatory, antibacterial, and 
perhaps anticancer qualities. 

4. Yeast: The most crucial microbe in brewing, yeast is the biological catalyst that causes alcoholic 
fermentation. Fermentable sugars are converted by brewing yeasts into ethanol, carbon dioxide, and a 
variety of secondary metabolites that affect the flavor, mouthfeel, fragrance, and general quality of beer. 
Yeast strains from the Saccharomycetaceae family are mostly used in commercial brewing. [4]  
Qualities of the Perfect Brewing Yeast: An effective brewing yeast should have the following 
characteristics:  
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• Quick and thorough fermentation  
• Excellent tolerance to ethanol 
• Effective use of maltose and maltotriose  
• Excellent flocculation properties  
• Consistent generation of aromas  
• Minimal production of unwanted byproducts 
• Efficient reduction of diacety  
• Elevated ability for propagation  
• Stability of genes 

 
Types of Brewing Yeast 
Based on their preferred temperature, flocculation traits, and fermentation behavior, brewing yeasts are 
divided into two main categories: top-fermenting yeast and bottom-fermenting yeast.  

1. Saccharomyces cerevisiae, or top-fermenting yeast:  
Ale-style beers are frequently made with Saccharomyces cerevisiae. At 15 to 25 degrees Celsius, it 
ferments effectively and climbs to the top of the fermenting wort when carbon dioxide bubbles attach. 
Fruity and complex flavor profiles are produced by this yeast due to its comparatively high amounts of 
esters and higher alcohols. Ale, porter, stout, wheat beer, and Belgian specialty beers are all made with it. 
Because top-fermenting yeast ferments quickly and takes less time to mature, it can be used to produce 
craft and specialty beers. [5, 6] 

2. Saccharomyces pastorianus, a bottom-fermenting yeast : 
The main purpose of Saccharomyces pastorianus, originally known as Saccharomyces carlsbergensis, is 
to produce lager beer. It settles to the bottom of the fermenter after fermenting at lower temperatures 
(8–14°C). This yeast gives beers a clear, crisp, and well-balanced flavor by producing more alcohols and 
fewer esters. Lager, pilsner, bock, Vienna lager, and other Central European beer varieties are frequently 
made using it. S. pastorianus is the most often employed brewing yeast in the commercial beer sector 
because of its excellent flocculation ability and effective sugar consumption. 

The Brewery Method:  
The brewing process is a series of microbiological and biochemical processes that use yeast 
fermentation and enzymatic starch degradation to turn malted grains into beer. Malting, milling, 
mashing, lautering, boiling, cooling, fermentation, maturation, filtration, and packaging are the main 
processes. (Fig.2)  
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Fig -2: A flow diagram showing the main steps in the creation of industrial beer 
 

1. Malting  
To activate the hydrolytic enzymes needed for the breakdown of protein and starch during brewing, 
barley grains are carefully germinated. This process is known as malting. For traditional beer brewing, 
barley with 11–11.5% protein is usually thought to be optimum. Reduced beer quality, haze development, 
and colloidal instability can all be caused by higher protein levels. (Fig. 3)  
Because small grains germinate more quickly and typically contain higher protein levels than bigger 
grains, uniform grain size is crucial. Heterogeneous malt from uneven germination results in uneven 
enzyme activity and reduced brewing efficiency. 

 

Fig -3: Industrial mash tun used for enzymatic conversion of malt starch into fermentable wort Process 
 

Germination and Steeping 
The first step in malting is steeping, which involves soaking barley grains until their moisture level is 
between 42 and 48%. Both germination and metabolic activities are triggered by this.  
At 14–18°C for about 5–6 days during germination: 
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• While carbon dioxide must constantly be eliminated, oxygen is necessary for embryonic 
respiration.  

• The embryo grows an acrospire and visible rootlets.  

• Hydrolytic enzymes are produced, including α-amylase, β-amylase, proteases, and β-glucanases. 

• The breakdown of starch and storage proteins produces soluble sugars and amino acids, which 
are then used as nutrition to brew yeast.  

• High enzymatic activity and improved wort fermentability are ensured by proper germination. 

Kilning: Following germination, malt is dried by kilning, which stops germination while maintaining 
enzymatic activity and giving the malt its distinctive flavor and color. [7]  
There are two phases to kilning:  

Withering: At comparatively low temperatures, the moisture content drops from roughly 45% to 10%.  

Curing: Depending on the preferred beer style, malt is heated to 80–105°C. 

 Maillard reactions are encouraged by higher curing temperatures (between 95 and 105°C), resulting in 
darker malts with rich caramel and roasted scents. For the production of pale malt, lower curing 
temperatures (76–80°C) are desirable since they maintain enzyme activity.  

Rootlets are eliminated during kilning because they easily absorb moisture and could give the final beer 
an unwanted bitterness and excessive color. 

Malt Adjuncts  
While barley is the main cereal used in brewing; a variety of adjuncts are often added to change the 
composition of the wort, increase brewing efficiency, lower production costs, and create types of beer. 
Beers made solely from barley may have a darker color, less colloidal stability, and more haze 
development due to the relatively high protein level of barley malt. Adjuncts high in starch or fermentable 
sugars are added to improve the final product's physicochemical qualities and dilute the protein level in 
order to get around these restrictions. Rice, corn, wheat, oats, rye, sorghum, dextrose, glucose syrup, and 
maltose syrup are often used in malt adjuncts. In addition to increasing extract yield and providing more 
sources of fermentable carbohydrates, these adjuncts help produce beers with lighter colors, better 
clarity, a cleaner flavor profile, and increased stability. The desired beer type, sensory qualities, brewing 
technique, and financial factors all influence choice and number of adjuncts. 
2. Milling 
The first step in making wort is milling, which is done right before mashing. This procedure creates grist, a 
coarse powder, by crushing dried malted barley in roller or hammer mills. The main goal of milling is to 
break the endosperm while keeping the husk intact so that it can be used as a natural filtration bed 
during lautering. In order to facilitate the dissolving of starch, proteins, and other malt ingredients during 
mashing, proper milling improves the surface area available for enzymatic reactions. Mashing efficiency, 
wort extraction, lautering performance, and finally the quality of the final beer are all greatly impacted by 
the quality of the milling. Poorly modified malt generally requires finer milling to improve enzymatic 
degradation, whereas excessive milling may damage the husk and hinder wort filtration. [8]  
3. Mashing 
To activate hydrolytic enzymes, milled malt (grist) is combined with heated water in a mash tun during 
the crucial mashing step of the brewing process. To enable the enzymatic transformation of insoluble 
proteins and starches into fermentable sugars and soluble nitrogenous substances, the mash is usually 
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kept at 60–72°C for roughly 60–90 minutes. Proteolytic enzymes break down proteins into peptides and 
amino acids, which are vital nutrients for yeast during fermentation, while α-amylase and β-amylase 
hydrolyze starch during mashing into glucose, maltose, and maltotriose. Temperature, pH (5.2–5.6), 
enzyme activity, and mash makeup all affect how well enzymatic hydrolysis works. (Fig. 4) After mashing, 
a liquid extract known as wort is produced. It contains fermentable sugars, amino acids, minerals, 
vitamins, and other nutrients needed for yeast growth. 

 

 

Fig -4: Industrial mash tun used for enzymatic conversion of malt starch into fermentable wort 
 

Amylolysis: The enzymatic breakdown of starch into fermentable sugars is known as amylolysis. The two 
main polysaccharides that make up barley starch are amylose and amylopectin. Gelatinization, 
liquefaction, and saccharification are the three successive steps in the processing of starch.  
Starch granules absorb water, expand, and lose their crystalline structure during the gelatinization 
process, leaving them vulnerable to enzymatic attack. While starches from auxiliary grains like rice, maize, 
and sorghum need greater temperatures to gelatinize, barley starch typically does so at about 60°C. [9]  
During the liquefaction step, starch molecules' α-1,4-glycosidic linkages are randomly hydrolyzed by α-
amylase, resulting in shorter dextrins and decreased mash viscosity. This procedure makes starch more 
accessible to β-amylase. 

β-amylase hydrolyzes dextrins during saccharification by gradually extracting maltose units from the 
non-reducing ends of starch chains. While α-amylase works best at 70–75°C, β-amylase is most active at 
57–65°C. These enzymes work together to define the wort's fermentable sugar composition, which in turn 
affects the beer's body and alcohol concentration. 

Proteolysis: Proteolysis is the process by which endopeptidases and exopeptidases break down malt 
proteins into peptides and free amino acids. While exopeptidases liberate individual amino acids from 
the ends of peptide chains, endopeptidases break peptide bonds within protein molecules, increasing the 
concentration of soluble nitrogen compounds. The production of Free Amino Nitrogen (FAN), a crucial 
nitrogen source for yeast growth and metabolism, depends on protein breakdown, which peaks at about 
50°C. Beer mouthfeel, foam stability, and flavor development are all enhanced by medium- and high-
molecular-weight peptides that are produced between 60 and 70°C. 
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Cytolysis: The enzymatic breakdown of cell wall polysaccharides, specifically β-glucans and 
hemicelluloses, by β-glucanases and related enzymes is referred to as cytolysis. This procedure improves 
mash filtration, lowers wort viscosity, and increases extract recovery. Degradation of β-glucan mostly 
happens below 50°C and decreases quickly beyond 60°C. By reducing excessive viscosity and enhancing 
wort separation, effective cytolysis makes lautering easier. During mashing, the majority of lipids stay 
insoluble and are later eliminated along with the discarded grains. 

Mash Preparation 
To create the best circumstances for enzymatic activity, grain is combined with around 3–4 L of water per 
kilogram of malt in a mash tun. The high-short mashing process is one often used technique, where the 
mash is first kept at 60–63°C for 30–45 minutes before being gradually heated to 72°C. Until the iodine 
test confirms full starch conversion, the mash is kept at this temperature. Iodine normalcy in this test 
refers to the absence of a blue or reddish tint once iodine is added, which denotes full starch hydrolysis. 
During the lautering process, the resulting sweet liquid—known as wort—is removed from the discarded 
grains and then cooked with hops. 

4. Lautering 
After mashing, the liquid wort is separated from the insoluble spent grains by a process called lautering. 
In this stage, the barley husks provide a natural filtration bed that lets the clear wort pass through while 
retaining solid particles. The extract concentration of the first liquid recovered, referred to as the first wort, 
is comparatively high (about 16–20%). After that, the leftover fermentable sugars are recovered by 
repeatedly washing the spent grains in hot water, a procedure called sparging. An extract concentration 
of 0.5–1% is usually present in the final liquid recovered, known as the last runnings. The brewing wort is 
made up of the first and last runnings. [10] 

In lautering, temperature is crucial because it lowers wort viscosity and increases filtration effectiveness. 
However, temperatures above 80°C should be avoided as they inactivate α-amylase, which reduces 
extract recovery and prevents additional starch hydrolysis. Typically, lautering is done in a mash filter or 
lauter tun. While mash filters employ polypropylene filter sheets to effectively separate wort from wasted 
grains, lauter tuns enable the mash to settle to create an efficient grain bed prior to wort collection. 

5. Wort Boiling 
One of the most crucial steps in making beer is boiling the wort in a brew kettle after lautering. Hops are 
used during boiling to offer antibacterial qualities, scent, and bitterness. Fermentable adjuncts like invert 
sugar, dextrose, or corn syrup may also be added in some breweries to modify the wort's composition 
and boost fermentation effectiveness. (Fig. 5) 

Inactivating endogenous enzymes, removing unwanted volatile compounds like dimethyl sulfide (DMS), 
concentrating the wort by evaporating excess water, sterilizing the wort by eliminating contaminating 
microorganisms, coagulating proteins, and polyphenols to form the hot trub, and isomerizing hop α-acids 
into iso-α-acids—which give beer its distinctive bitterness—are the main goals of wort boiling. Beer color 
and flavor development are also influenced by Maillard reactions that take place during boiling. 
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Fig -5: Industrial wort boiling process showing the boiling of wort with hops in the brew kettle. 

After boiling, a whirlpool or clarification device is used to remove the hot trub, which is primarily made up 
of coagulated proteins, hop residues, and other insoluble impurities. A heat exchanger is then used to 
quickly cool the clarified wort in order to reduce the possibility of microbiological contamination. Before 
yeast is added, the cooled wort is brought to the proper fermentation temperature, which is normally 5–
10°C for bottom-fermented lager beers and 15–25°C for top-fermented ale beers. 

6. Fermentation 
Brewing yeast transforms the wort's fermentable carbohydrates into ethanol, carbon dioxide, and several 
flavor-active chemicals during the crucial fermentation step of beer manufacturing. For top-fermented 
beers (ales), commercial breweries use Saccharomyces cerevisiae; for bottom-fermented beers (lagers), 
they use Saccharomyces pastorianus (formerly S. carlsbergensis or S. uvarum). Yeast cultures are 
propagated under sterile conditions prior to inoculation, and recovered yeast from prior fermentations 
may be acid-washed using tartaric or phosphoric acid to minimize bacterial contamination and preserve 
culture integrity. [11, 12] 

A suitable amount of yeast is added to the cooled, aerated wort before it is moved to fermentation 
vessels. Closed cylindrical-conical fermenters, which allow for effective temperature, pressure, and 
hygienic control as well as the recovery of carbon dioxide emitted during fermentation for later beer 
carbonation, are typically used in modern breweries. Top fermentation is usually done at 15–25°C, 
whereas bottom fermentation is usually done at 8–14°C. Depending on the yeast strain, fermentation 
temperature, and preferred beer style, primary fermentation typically takes seven to fourteen days. (Fig. 
6) 
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Fig -6: Beer fermentation in stainless-steel fermenters using Saccharomyces yeast. 

 

Through glycolysis and alcoholic fermentation, yeast breaks down fermentable carbohydrates including 
glucose, maltose, and maltotriose during fermentation, with carbon dioxide and ethanol being the main 
byproducts. Beer's flavor and aroma are greatly influenced by the small amounts of secondary 
metabolites that are also produced, such as glycerol, organic acids, esters, higher alcohols, aldehydes, 
and sulfur compounds. The initial few days of fermentation are when carbon dioxide evolution is most 
active, and as fermentable carbohydrates are used up and yeast cells flocculate, it progressively 
decreases. Although stronger beer varieties may have much greater alcohol percentages, the majority of 
commercial beers have between 3 and 5% (v/v) alcohol. 

Overall Fermentation Reaction 
𝐂𝟔𝐇𝟏𝟐𝐎𝟔 → 𝟐𝐂𝟐𝐇𝟓𝐎𝐇 + 𝟐𝐂𝐎𝟐 + 𝐄𝐧𝐞𝐫𝐠𝐲 

7. Post-Fermentation Treatments 
Maturation and Carbonation: The young or "green" beer goes through maturation (conditioning) after 
primary fermentation. Depending on the kind of beer, it is kept at low temperatures (usually −2 to 4°C) for 
a few days to several weeks. Remaining yeast continues to break down unwanted substances like 
acetaldehyde and diacetyl throughout maturity, which improves flavor stability. Proteins, polyphenols, 
hop resins, and yeast cells all progressively precipitate at the same time, making the beer clearer and 
more stable. (13) During this phase, more flavor-active substances, such as esters, emerge, improving the 
overall sensory quality and scent. To get the required carbonation level, which is typically 0.45–0.52% 
(w/v), carbon dioxide created during fermentation is either maintained or added. This helps to give the 
beer its distinctive effervescence, mouthfeel, and foam stability. 

Filtration, Pasteurization, and Packaging 
Filtration is used to remove suspended yeast cells, proteins, and other particles from the beer after it has 
matured. To achieve dazzling clarity, modern brewers frequently use plate-and-frame filtration systems, 
membrane filters, or diatomaceous earth filters. Depending on the product, the filtered beer may be 
briefly pasteurized at 60–65°C to get rid of any remaining microbes and increase its shelf life. To maintain 
their fresh flavor and aroma, many draft or craft beers are purposefully left unpasteurized, necessitating 
constant cooling. 
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Glass bottles, aluminum cans, or stainless-steel kegs are used to package the finished beer under 
hygienic, oxygen-free conditions. In order to minimize oxidative deterioration and maintain beer quality 
during storage and distribution, packaging materials are extensively cleaned and sanitized before filling, 
and nitrogen or carbon dioxide is frequently utilized to displace oxygen. 

 
3. BREWING BY-PRODUCTS AND WASTE UTILIZATION 
A circular bioeconomy can make use of several useful by-products produced during the manufacture of 
beer. Due to their high protein and dietary fiber content, spent grains are increasingly utilized as 
components of functional meals and as animal feed. Because of their high protein and vitamin content, 
barley rootlets made during malting are also used as animal feed. While leftover brewing yeast is a great 
source of proteins, β-glucans, and B-complex vitamins for the food, feed, and pharmaceutical industries, 
spent hops can be composted or utilized as agricultural fertilizer. Additionally, by recycling glass bottles, 
aluminum cans, and processing water, brewers contribute to environmental sustainability by lowering 
waste production and increasing resource efficiency. 

 
4. CONCLUSION 
Enzymatic starch conversion and yeast-mediated fermentation are two of the highly regulated 
biochemical and microbiological processes that turn malted grains into beer throughout the brewing 
process. The final product's quality, stability, flavor, aroma, and shelf life are all greatly influenced by each 
step, including malting, mashing, wort boiling, fermentation, maturation, filtration, pasteurization, and 
packaging. Achieving consistent beer quality requires the employment of specialized brewing yeast 
(Saccharomyces cerevisiae and Saccharomyces pastorianus), effective process control, and the 
selection of suitable raw ingredients. Modern brewing is a successful fusion of microbiology, biochemistry, 
and industrial biotechnology thanks to developments in brewing technology and process optimization 
that have further enhanced production efficiency, product safety, and sensory qualities. 
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   C 6  H 12  O 6 → 2  C 2  H 5 OH + 2 C  O 2 + Energy   ( 2   ATP )


  Pyruvate → Acetaldehyde + C   O 2


  Acetaldehyde + N A D H +   H + → Ethanol + N A   D +


    𝐂  𝟔   𝐇  𝟏 𝟐   𝐎  𝟔 → 𝟐   𝐂  𝟐   𝐇  𝟓 𝐎 𝐇 + 𝟐 𝐂   𝐎  𝟐 + 𝐄 𝐧 𝐞 𝐫 𝐠 𝐲

