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CHAPER 2 –PROCESS DESCRIPTION 
 

2.1 Ingredients of Beer 

 

There are several type of common ingredients are used for the beer brewing process. 

The basic ingredients of beer are water, starch source such as malted barley, able to 

be fermented (converted in to alcohol), brewer’s yeast to produce the fermentation, 

and a flavoring such as hops. A mixture of starch sources may be used, with a 

secondary starch source, such as maize (corn), rice or sugar, often being termed an 

adjunct, especially when used as a lower-cost substitute for malted barley. 

2.1.1 Water 
 

Water comprises more than 90% of beer. In the past, the mineral content of water 

influenced greatly the flavor of the final beer and was specific to the region of the 

earth from which it came. Today, almost any water can be chemically adjusted to 

create the exact style of beer desired, although pure water supplies are still prized 

greatly (4). 

 

2.1.2 Barley 
 

Barley is a basic cereal grain not particularly good for milling into flour and making 

bread or bakery goods. But it is great for beer. There are three major types of barley. 

These are differentiated by the number of seeds at the top of the stalk. Barley seeds 

grow in two, four and six rows along the central stem. European brewers traditionally 

prefer the two-row barley because it malts best and has a higher starch/husk ratio 

than four or six-row barley. Brewers in the US traditionally prefer six-row barley 

because it is more economical to grow and has a higher concentration of enzymes 

needed to convert the starch in the grain into sugar and other fermentable (4). 
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Before barley can be used to make beer, it must be malted, which involves a natural 

conversion process. 

First, the barley must be allowed to germinate, or start to sprout. This is done by 

soaking the barley in water for several days, and then draining the barley and holding 

it at about 150 centigrade for five days. This allows the husk to open and barley to 

start to sprout-at this point it is called green malt. Like all seeds, the barley contains 

nutrients that can sustain the growing seed until it can produce its own nutrients 

using photosynthesis. During the germination process, enzymes released by the plant 

convert these nutrients in to sugars that can feed the plant while it grows. The key to 

the malting process is to stop the germination of the barley at a point when the sugar-

producing enzymes are present but most of the starch is still unconverted. 

Eventually, these enzymes will produce the sugars that will feed the yeast to make 

the alcohol in the beer. After this natural process has released the enzymes, the green 

malt is dried by gradually raising the temperature. The intensity of the malt flavor 

and color depends on how high the temperature is raised during the drying process. 

One final step must be completed-removing any small roots that formed during 

germination-and the malted barley is ready to begin the brewing process. Most 

breweries buy barley that has already been malted to their specifications (5). 

 

 

 
 

 
 

 

 

 

 

Figure 2.1: Barley 
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2.1.3 Hops 
 

Hops (humulus lupulus) are a flowering vine whose flowers are used as a 

preservative and for their essential oils that add flavor (bittering hops) and aroma 

(aroma hops) to balance the sweetness of the malt. Usually dried before use, the 

bitter flavor of the hop is extracted during the boil. The aroma is provided by aroma 

hops whose essential oils provide the aroma. Each variety of hops has its own 

distinct flavor\aroma profile. 

Hops are a relatively new ingredient in the brewing process, only being used over the 

last couple of centuries with any regularity in brewing (6). 

 

2.1.4 Yeast 
 

Yeasts are unicellular fungi (7) and it is the most essential for the brewing process. 

Most brewing yeast belongs to the genus Saccharomyces. 

The yeasts are there to convert the sugars in the wort into alcohol. The first stage of 

this process is called the "lag" phase, marked by the breaking of proteins into their 

constituent amino acids. The ferment then enters the "respiration" phase, where the 

yeast absorbs oxygen and reduces the pH of the wort, so that it becomes acidic and 

anaerobic. The yeast breaks down the glucose sugars into carbon dioxide, water, and 

pyruvic acid. Pyruvic acid later becomes alcohol. Yeast cannot ferment all sugars, 

which is why beer still has a sweet taste at the end of the fermentation. The strain of 

yeast will impart its own flavor although malt and hops are the main flavor 

components. Yeast that adds little in the way of flavors is usually described as having 

a "clean taste" (4). Yeast produce three metabolic by-products that affects beer taste: 

phenols - spicy or clove like taste or medicinal taste; esters - a fruity taste; Diacetyls 

- a butterscotch or "woody" taste. The presence of any of these flavor components 

depend largely on the style of beer being brewed. 
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Ale yeast is fermented at the "top" of the fermentation vessel, at a higher temperature 

than lager yeast and work quicker. (Ale at 15°C-24°C) Ale yeasts are Saccharomyces 

cerevisiae. The average fermentation for ale yeast is 7-8 days. Ale yeast produce by-

products of fermentation called esters, the "flowery" aromas of apple, pear, 

pineapple, grass, hay, plum, and prune that are characteristic of ale (1,4). 

Lager, (lagern) the German word for "to store", is an excellent description of a beer 

kept in a cold dark place for 30 days or more. Lager yeasts are Saccharomyces 

uvarum, formerly “Carlsbergerensis” for the place where it was discovered, that is 

the lab at the Carlsberg brewery in Denmark. Lager yeast work best at a temperature 

around 1°C and ferments at the "bottom" of the fermenting vessel and works slowly. 

Lager yeast produces fewer aromatics than ale yeast and, as a result of the lack of 

esters, allows the aroma of the hop to be prominent, complementing the sweet flavor 

of the malt (1,4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2: Yeast cells and dried yeast 
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2.2 Beer Types 

 

Despite the regional variations, beer is categorized into two main types based on the 

temperature of the brewing which influences the behavior of yeast used during the 

brewing process — lagers, which are brewed at a low temperature, and the more 

regionally distinct ales, brewed at a higher temperature. 

 

2.2.1 Ale 
 

Ale is typically fermented at temperatures between 15°C and 24°C. At these 

temperatures, yeast produces significant amounts of esters and other secondary flavor 

and aroma products, and the result is often a beer with slightly "fruity" compounds 

resembling apple, pear, pineapple, banana, plum, or prune, among others (1,8). 

The main Ale beer types are Brown, Pale, Scotch, Mild, Burton, Old and Belgian (9).  

2.2.2 Lager 
 

The key difference between the ale and the lager is fermentation temperature. Lager 

is fermented at a much lower temperature, and with different yeast, than the ale (1,9). 

Lager beer is fermented at temperature between 70C–12°C (the fermentation phase), 

and then is given a long secondary fermentation at 00C–4°C (the lagering 

phase).During the secondary stage, the lager clears and mellows. The cooler 

conditions also inhibit the natural production of estersand other byproducts, resulting 

in a "cleaner"-tasting beer (4). There are two types of lagers, Purl lager and Dark 

lager (9). 
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2.3 Beer Measurements 

 

2.3.1 Colour 
 

Colour of the beer is one kind of measurement that is normally used.  Colour is 

depending on type and the amount of malt used. For some type of beers other 

ingredient may also contribute to the colour. Colour intensity can be measured by 

system such as EBC, SRM or Lovibond (°L). SRM gives results approximately equal 

to the °L. 

The Standard Reference Method or SRM is a system modern brewers use to measure 

colour intensity, roughly darkness, of a beer or wort. The method involves the use of 

a spectrophotometer or photometer to measure the attenuation of light of a particular 

wavelength, 430 nanometers, as it passes through a sample contained in a cavetti  

located in the light path of the instrument (1,10). 

Table 2.1: Colour based on Standard Reference Method (SRM) 

 
SRM/Lovibond Example Beer colour EBC 
2 Pale lager  4 
3 German Pilsener  6 
4 Pilsner Urquell  8 
6   12 
8 Weissbier  16 
10 Basspale ale  20 
13   26 
17 Dark lager  33 
20   39 
24   47 
29 Porter  57 
35 Stout  69 
40   79 
70 Imperial stout  138 

2.3.2  Source: Wikipedia encyclopedia  

http://en.wikipedia.org/wiki/Pilsener
http://en.wikipedia.org/wiki/Pilsner_Urquell
http://en.wikipedia.org/wiki/Weissbier
http://en.wikipedia.org/wiki/Bass_brewery
http://en.wikipedia.org/wiki/Bass_brewery
http://en.wikipedia.org/wiki/Dark_lager
http://en.wikipedia.org/wiki/Porter_%28beer%29
http://en.wikipedia.org/wiki/Stout
http://en.wikipedia.org/wiki/Imperial_stout
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2.3.2 Bitterness 
 

The International Bittering Units scale, or simply IBU scale, provides a measure of 

the bitterness of beer, which is provided by the hops used during brewing. Bittering 

units are measured through the use of a spectrophotometer and solvent extraction 

(1,11). An IBU is one parts per million of isohumulone. Isohumulones are 

compounds that contribute to the bitter taste of beer. When beer is exposed to light, 

these compounds can be decomposed in a reaction catalyzed by riboflavin, creating 

3-methylbut-2-ene-1-thiol, which causes beer to develop a "skunky" flavor (1,12). 

The bittering effect is less in beers with a high quantity of malt, so a higher IBU is 

needed in heavier beers to balance the flavor. The technical limit for IBU's is around 

100, some have tried to surpass this number, but there is no real gauge after 100 

IBUs when it comes to taste threshold. Light lagers without much bitterness will 

generally have 5 IBUs, while an India Pale Ale may have 100 IBUs or more (1,11). 

2.3.3 Specific gravity 
 

Specific gravity is a most common measurement among brewers. By looking at the 

specific gravity, it can be figured out how the fermentation process is going on. 

During the fermentation, sugar concentration is decreased as well as ethanol which is 

low dense than water is increased. Both will lower the specific gravity. Therefore by 

monitoring the decline in specific gravity over the time, the brewer obtains 

information about the health and progress of the fermentation and determines that it 

is complete when gravity stops declining. A gravity measurement taken at this time 

compared to the original gravity reading can be used to estimate the amount of sugar 

consumed and thus the amount of ethanol produced. Specific gravity is measured by 

a hydrometer, pycnometer or oscillating U-tube electronic meter (1,10). 
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2.4 Alcoholic Strength 

 

A Beer range from less than 3% alcohol by volume to almost 30%.The alcohol in 

beer comes from the metabolism of sugars that are produced during fermentation. 

The quantity of fermentable sugars in the wort and the variety of yeast used to 

ferment the wort are the primary factors that determine the amount of alcohol in the 

final beer. Additional fermentable sugars are sometimes added to increase alcohol 

content, and enzymes are often added to the wort for certain styles of beer (primarily 

light beers) to convert more complex carbohydrates (starches) to fermentable sugars. 

Alcohol is a byproduct of yeast metabolism and is toxic to the yeast; typical brewing 

yeast cannot survive at alcohol concentrations above 12% by volume. Low 

temperatures and too little fermentation time decrease the effectiveness of yeasts and 

consequently decrease the alcohol content. 

 

2.5 The Brewery Process 

 

The figure2.3 and 2.4 illustrate the main steps of brewing process, 

 

 

 

 

 

 

 

 

Figure 2.3: The brewery process (Block diagram) 

Milling 

Cooling Fermenting Boiling 

Maturing  

Mashing Separation 

Filtering Packaging 
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Figure 2.4: The brewery process 

 

2.5.2 Milling 
 

Most of the brewers are using malted barley as the raw material. The milling of the 

malt is critical to the brewing process. The purpose of milling is to break and open 

the malt corn and break up the malt starch it contains to allow the malt enzymes to 

penetrate the starch more efficiently during mashing (13). However, the fine grind 

can lead to subsequent wort separation problems and a loss of extract in the spent 

grains during wort separation. As a result, the brewer needs to consider the 

equipment used in the brewhouse when determining the particle size when milling 

the malt (4). 

 

 

Source: Internet 
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The milled malt is called "grist". The milling of malt for one brew will take about 

one hour and may incorporate a few different types of malt depending on the beer 

style desired. The grist is recovered into a grist hopper. Consideration is given when 

milling and transporting grist as to not fragment the husks which causes astringent 

flavors and stability problems (14). 

 

2.5.3 Mashing 
 

Mashing involves mixing milled malt and solid adjuncts (if used) with water at a set 

temperature and volume to continue the biochemical changes initiated during the 

malting process (4).Mashing allows the enzymes in the malt to break down the starch 

in the grain into sugars, typically maltose to create malty liquid called wort. Other 

sugars are called glucose and maltotriose. Mashing involves pauses at certain 

temperatures (45 °C, 62 °C and 73 °C), and takes place in a vessel with false bottom 

Figure 2.5: The mill                                              

 

Source: Brewing process summery (13)                                             
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called "mash tun” (1). The most important change brought about in mashing is the 

conversion of starch molecules into fermentable sugars and unfermentable dextrins. 

The principal enzymes responsible for starch conversion are alpha- and beta-

amylase. Three distinct stages can be distinguished in the enzymatic breakdown of 

starch: gelatinization, liquefaction, and saccharification (4). 

Alpha-amylase very rapidly reduces insoluble and soluble starch by splitting 

complex starch molecules into many shorter chains (i.e., partially-fermentable 

polysaccharide fractions-dextrins and maltotriose) that can be attacked by beta-

amylase. 

Beta-amylase is the other mash enzyme capable of degrading starch. Beta-amylase is 

more selective than alpha-amylase since it breaks off two sugars at a time from the 

starch chain. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.6: Hydrolysis during mashing 
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2.5.4 Wort separation (Lautering) 
 

After mashing the “wort” must be separated by the residual undisclosed solids can be 

found in the mesh. Wort separation is important because the solids contain large 

amounts of protein, poorly modified starch, fatty material, silicates, and polyphenols 

(tannins). The objectives of wort separation are, produce clear wort, obtain good 

extract recovery and operate within the acceptable cycle time (4). 

Lautering consist of three steps which are Mashout, Recirculation and Sparging. 

Mashout is the term for raising the temperature of the mash to 77°C. This both stops 

the enzymatic conversion of starches to fermentable sugars, and makes the mash and 

wort more fluid. This can be done by using external heat, or simply by adding hot 

water. 

Recirculation consists of drawing off wort from the bottom of the mash, and adding 

it to the top. Lauter tubs typically have slotted bottoms to assist in the filtration 

process. The mash itself functions much as a sand filter to capture mash debris and 

proteins. This step is monitored by use of a turbidity meter to measure solids in the 

wort liquid by their opacity. 

Sparging is trickling water through the grain to extract sugars from the grain. This is 

a delicate step as the wrong temperature or pH will extract tannins from the grain 

husks as well, resulting in a bitter brew. Typically, 50% more water is used for 

sparging than was originally used for mashing. Sparging is typically conducted in a 

lauter tun (1). 

The lauter tun is the most widely employed wort separation vessel system in North 

America and Europe. Lauter tuns are, in general, designed much like infusion mash 

tuns, but they are wider and shallower. Like the mash tun, filtering is through slots in 

a false bottom that supports the grain bed. However, there are some big difference 

between mash tuns and lauter tuns. Lauter tuns are suited for use of under-modified 

malts and high adjunct rates. However, if the recipe has less than 50% malt, there 

will be insufficient husk material to form an adequate filter bed. The grists used in a 



 

19 
 

lauter tun are finer, the mashes are more dilute, and the bed depth shallower all of 

which helps in extract performance (4). 

 

 

 

 

 
 

 

 

 

2.5.5 Boiling 
 

After mashing to liquid extract (wort) is transferred to the boiling kettle. In the 

boiling kettle, it is heated up to 100 0C. At this time hope are added to the kettle. The 

purpose of wort boiling is to stabilize the wort and extract the desirable components 

from the hops. The principal biochemical changes that occur during wort boiling are 

as follows: 

• Sterilization 

• Enzymatic inactivation 

• Protein precipitation 

• Colour development 

• Extract alpha acids from Hops 

• Concentration of wort 

Wort from the mashing may contain numerous microorganisms which course to off-

flavors and other health problems. During the boiling stage those microorganisms are 

Figure 2.7: Lauter tun 
Source: Internet 

 



 

20 
 

eliminated. Boiling also fixes the carbohydrate composition of the wort by 

inactivating residual enzymes that are responsible for carbohydrate and protein 

degradation and that may have survived mash-off or sparging. 

Residual protein in the wort may courses to make wort more turbid which makes 

unclear solution. In the boiling stage, these proteins are precipitated to the bottom of 

the kettle by coagulation. Also the formation of pigments, oxidation of phenols and 

caramalization of sugars are making colour of the wort darker. 

Hops are added to the kettle and the major flavor contribution of hops in beer is 

bitterness from iso-alpha acids. During the boil, the insoluble alpha acid extracted 

from hops is converted to a more soluble iso-alpha acid. The wort must be 

concentrated by evaporation since the water used in mashing and sparging has 

produced wort lower in specific gravity than the target gravity (4). 

 

2.5.6 Wort cooling 
 

After hot tub separation, the wort is preferably cooled to a temperature of 50C to 

150C for bottom-fermented beers and to 150C to 180C for top-fermented beers. The 

wort is then aerated in preparation for the addition of yeast and subsequent 

fermentation. This is done in two stages, whirl pooling and cooling by using heat 

exchanger. 

In whirl pooling, the wort is pumped tangentially into a cylindrical vessel. This 

process will leave the substances which were coagulated and precipitated during the 

boil into a compact mound at the bottom and center of the whirlpool. After that the 

clear wort is sent through the heat exchanger where it’s cooled to the lower 

temperatures according to the fermentation type. 
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2.6 Fermentation 

 

Fermentation is the most important step in the brewery process which fermentable 

carbohydrates are converted by yeast into alcohol, carbon dioxide, and numerous 

other byproducts. It is these byproducts that have a considerable effect on the 

taste, aroma, and other properties that characterize the style of beer. 

 

2.6.2 Pitching yeast 
 

Pitching of the yeast means adding yeast in to the unfermented wort.  Before add the 

yeast to the wort, the wort solution should be cooled to the yeast temperature. If the 

temperature of the yeast and the wort different from each other, the yeast will be 

shocked and will be affected to the beer flavor. For the pitching yeast, normally use 

starter tank prior to the fermentation tank. 

Figure 2.8: Temperature profile up to fermentation 

Sources: Internet 
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2.6.3 Pitching rates 
 

Basically pitching rate is the amount of yeast added to cooled wort. The rate is nearly 

always measured in millions of yeast cells per milliliter of wort. The amount of yeast 

needed is most dependent on the original gravity of the beer and the fermentation 

temperature. Simply, higher the original gravity, the more yeast is needed and colder 

ferment, also the more yeast is need (15). After pitching, oxygen should be added to 

produce flavor compounds. This is done by aeration or agitating the wort. 

 

2.6.4 Yeast collection 
 

Yeast recovery for reuse in subsequent fermentations is an important process in the 

brewery. The total amount of yeast produced is dependent upon the level of aeration, 

the fermentation temperature, the specific gravity of the wort, and the pitching rate. 

Increases in any of these variables will lead to greater yeast crops. 

2.6.5 Fermentation systems 
 

There are many different fermentation systems that are used worldwide that have 

evolved based on available technology, brewing materials, and perceived product 

quality.  

The traditional method of collecting lager yeast is to decant the "green" 

(unconditioned) beer from the settled yeast on the bottom of the open fermenters. 

The yeast is collected manually from the middle layer of the sediment on the floor. 

Traditionally, top-cropped ale yeast was harvested by skimming the head of 

yeast/foam that formed on top of the beer in the shallow, flat-bottomed fermentation 

vessel. Generally, the second crop that forms towards the end of fermentation is the 

one that is harvested since the yeast is pure, with very high viability. 
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Today, with the advent of cylindroconical fermenters, the differentiation on the basis 

of bottom and top cropping has become less distinct. Cylindroconical tanks allow 

improved yeast separation and collection strategies for both lager and ale yeast. The 

angle at the bottom of the tank allows the yeast to settle into the base of the vessel at 

the completion of primary fermentation. This aids in yeast collection from the bottom 

of the cone without exposing the yeast to outside air, leaving the beer comparatively 

free of yeast(4). 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.9: Fermentation tank (Closed head) 
Sources: Internet 
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2.7 Conditioning 

 

In the primary fermentation, the "green" or immature beer is far from finished 

because it contains suspended particles, lacks sufficient carbonation, lacks taste and 

aroma, and it is physically and microbiologically unstable. Conditioning reduces the 

levels of these undesirable compounds to produce a more finished product. The 

component processes of conditioning are: 

• maturation, 

• clarification, and 

• stabilization 

 

Conditioning is also called as secondary fermentation. 

Traditionally, maturation involves secondary fermentation of the remaining 

fermentable extract at a reduced rate controlled by low temperatures and a low yeast 

count in the green beer. During secondary fermentation, the remaining yeast becomes 

re-suspended utilizing the fermentable carbohydrates in the beer. The carbohydrates 

can come from the residual gravity in the green beer or by addition of priming sugar. 

Yeast activity achieves carbonation, purges undesirable volatiles, removes of all 

residual oxygen, and chemically reduces many compounds, thus leading to improved 

flavor and aroma. (4) 

With the use of modern equipment for refrigeration, carbonation, and filtration, 

obviates the need for secondary fermentation and a long cold storage. The green beer 

undergoing cold storage is fully attenuated and virtually free from yeast, which is 

achieved because of higher fermentation temperatures and a diacetyl rest. Cold 

storage comprises relatively short-term storage at temperatures- 20C to 40C for 

several weeks or less compared to secondary fermentation and subsequent cold 

storage that took several months (1). 
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Although much of the suspended yeast will settle to the bottom of the storage tank by 

gravity sedimentation, it can be very time consuming in preparing beers for filtration. 

Consequently, the brewer can add fining agents at the onset or during storage to 

speedup the sedimentation process. Alternatively, the brewer can use centrifugation 

to remove yeast and other solids after fermentation (4). 

 

2.8 Filtering, Packaging and Distributing 

 

Although conditioning-maturation, clarification, and stabilization-plays an important 

role in reducing yeast and haze loading materials, a final beer filtration is needed in 

order to achieve colloidal and microbiological stability. There are several methods 

are using for the filtration, 

• Depth filtration 

• Surface filtration 

• Single or double pass filtration 

Before packaging stage beer need to be carbonized by carbon dioxide gas. Carbon 

dioxide not only contributes to perceived "fullness" or "body" and enhances foaming 

potential it also acts as a flavor enhancer and plays an important role in extending the 

shelf life of the product.  

The time required to reach a desired carbon dioxide concentration depends on a 

number of physical factors. Temperature and pressure play an important role in 

determining the equilibrium concentration of carbon dioxide in solution. Increasing 

the pressure leads to a linear increase in carbon dioxide solubility in beer. Decreasing 

the temperature gives a nonlinear increase in carbon dioxide solubility in beer. 

Consequently, the equilibrium concentration cannot be attained without either 

increasing the pressure or decreasing the temperature. Thus, the closer the 

carbonating temperature is to 0°C and the higher the pressure, the greater the carbon 

dioxide absorption. The amount of carbon dioxide that dissolves is a function of 

time, with the rate decreasing exponentially as equilibrium is approached (4).  
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Once the final quality of the beer has been achieved, it is ready for bottling. The 

bottling of beer is one of the most complex aspects of brewery operations and the 

most labor intensive of the entire production process (1). 

Kegging is another option to packaging beer, involves filling carbonated pasteurized 

beer into sterile aluminum or stainless steel kegs of various sizes. Aluminum kegs 

are generally more popular than stainless steel kegs because they are lighter and 

more resistant to minor damage. Kegging fits into the cost structure for craft brewers 

with limited startup capital for bottling lines and low product output (4). 

 

2.9 Biochemical Pathways Involving to Flavor Formation 

 

It is important to study that, biochemical pathways involving to the flavor formation 

within the yeast cell. During the yeast metabolism numerous intermediate products 

are formed and those are responsible for the flavor compound formation.  

 

2.9.2 Yeast metabolism 
 

Metabolism refers to the biochemical assimilation (in anabolic pathways) and 

dissimilation (in catabolic pathways) of nutrients by a cell. Like in other organisms, 

in yeast these processes are mediated by enzymic reactions and regulation of the 

underlying pathways have been studied in detail in yeast. 

Anabolic pathways include reductive processes leading to the production of new 

cellular material, while catabolic pathways are oxidative processes which remove 

electrons from substrates or intermediates that are used to generate energy. 

Preferably, these processes use NADP or NAD, respectively. 
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Yeast can grow either aerobically or anaerobically. Yeast, under aerobic conditions 

completely oxidize sugars to carbon dioxide and water. However, under anaerobic 

conditions, yeast can convert sugars only to carbon dioxide and ethanol, recovering 

less of the energy.  

 

 

 

 

 

 

 

 

 

Figure 2.10: Inside organs of yeast cell 

Figure 2.11: Metabolic pathways under aerobic 

an anaerobic conditions in the yeast cell 
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Most yeasts get sugars as their main carbon and hence energy source, but there are 

particular yeasts which can utilize non-conventional carbon sources. With regard to 

nitrogen metabolism, most yeasts are capable of assimilating simple nitrogenous 

sources to biosynthesize amino acids and proteins. Aspects of phosphorus and 

sulphur metabolism as well as aspects of metabolism of other inorganic compounds 

have been studied in some detail, predominantly in the yeast,“Saccharomyces 

cerevisiae”(16). 

 

The major source for energy production in the yeast, Saccharomyces cerevisiae, is 

glucose and glycolysis is the general pathway for conversion of glucose to pyruvate, 

whereby production of energy in form of ATP is coupled to the generation of 

intermediates and reducing power in form of NADH for biosynthetic pathways. 

There are two pathways use pyruvate for energy production which is respiration and 

fermentation. In the presence of oxygen, respiration cycle is followed and absence of 

oxygen fermentation cycle is followed.  

In the presence of oxygen, pyruvate enters the mitochondrial matrix where it is 

oxidatively decarboxylated to acetyl CoA by the pyruvate dehydrogenize multi 

enzyme complex. This reaction links glycolysis to the citric acid cycle, in which the 

acetyl CoA is completely oxidized to give two molecules of CO2 and reductive 

equivalents in form of NADH and FADH2. However, the citric acid cycle is an 

Table 2.2:  Nutrients for growth of yeast of cells. 
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amphibolic pathway, since it combines both catabolic and anabolic functions. It will 

produce intermediates for synthesis of amino acids and nucleotides and the 

compounds necessary do drive the citric acid cycle, such as oxaloacetate and α-

ketoglutarate (16). 

 

 

 

 

 

 

 

 

 

 

 

2.9.3 Flavor formation 
 

There are ten flavor compound are discussed in this thesis. The possible bio chemical 

pathways for these flavor compounds are discussed as follows. 

2.9.2.1 Fusel alcohol 

 

Fusel alcohol is formed by two pathways (19), 

1. Synthetic pathway 

2. Erlich mechanism 

Figure 2.12: Metabolism in yeast under aerobic and anaerobic 

 Sources: Internet 
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The synthetic pathway depends on the carbohydrate metabolism for the precursor 

molecules needed for oxo acid synthesis. This is depends on the sugar uptake rate by 

the yeast cells. 

 

 

 

 

In the Erlich mechanism, exogenous amino acids are transported into the cell and 

transaminated by oxoglutarate to from their corresponding oxo-acids. This is 

depending on the amino acid uptake rate by the yeast cells. 

 

 

Figure 2.12: Synthetic pathway 

Figure 2.13: Erlich mechanism 



 

31 
 

 

 

 

 

 

 

Figure 2.14: The Erlich pathway 

 

 

Source: The erlich pathway for fusel alcohol production (33). 
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There are four type of fusel alcohol are considered. 

1. Isobutyl alcohol 

Isobutyl Alcohol is derived from its corresponding amino acid Valine. 

 

 

 

 

Possible biochemical pathway for the formation of isobutyl alcohol from valine as 

follows, 

 

 

2. Isoamyl alcohol 

 

Figure 2.15: Potential metabolic routs for metabolism of valine to isobutyl 

 Source :An Investigation of the Metabolism of Valine to Isobutyl Alcohol in 

Saccharomyces cerevisiae,(34). 
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2.  Isoamyl alcohol 

Isoamyl alcohol is derived from its corresponding amino acid Leucine. 

 

 

 

 

Possible biochemical pathways for forming Isoamyl alcohol from Leucine as 

follows, 

 

 

 

Figure 2.16: Potential metabolic routs for metabolism of leucine to isoamyl 

alcohol 
Source: A 13C Nuclear Magnetic Resonance Investigation of the Metabolism of Leucine 

to Isoamyl Alcohol in Saccharomyces cerevisiae (35). 
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3. 2-methyl-1-butanol 

 

2-methyl-1-butanol is derived from its corresponding amino acid Isoleucine. 

 

 

 

 

 

Possible biochemical pathways for forming 2-methyl-1-butanol from Isoleucine as 

follows, 

 

 

 

Figure 2.17: Potential metabolic routs for metabolism of isoleucine to 2-

methyl-1-butanol 

Source: An Investigation of the Metabolism of Isoleucine to Active Amyl Alcohol in 

Saccharomyces cerevisiae, (36). 
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4. n-propanol 

Formation of propanol has identified as a result of reduction of the acid propionate 

through propionyl-CoA.One identified biochemical pathway to produce propionyl-

CoA is,breakdown of the amino acids Valine and Isoleucine.Other pathway to form 

propionyl-CoA is a result from the uptake and catabolism of odd chain fatty acid 

from the wort since they are not produce in cell metabolism. 

 

(CH3)nCHOH 

 

 

 

 

 

 

 

Figure 2.18: Propanol formation pathway 
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2.9.2.2 Eaters 

 

Esters are one of the more volatile compounds in beer, hence contribute to great deal 

to beer aroma. The esters of beer can be divided into two main groups. The first 

group comprises acetate esters such as ethyl acetate gives fruity, solvent-like flavor, 

isoamyl acetate gives banana like flavor and phenylethyl acetate gives roses, honey, 

apple like flavor. The second group of esters is the so-called ethyl or medium chain 

fatty acid esters such as ethyl caproate and ethyl caprylate, both gives apple-like 

flavor. 

Flavor active esters are formed by the enzymatic reaction between acetyl/acyl-CoA 

and higher alcohols or ethanol which are results by the cell metabolism. In moderate 

quantities esters can add a pleasant character to beer aroma. When present in excess 

they give more fruity quality to the beer which is considered undesirable.   

There are so many esters are formed during the cell metabolism but in this thesis 

three type of esters are considered such as Ethyl acetate, Isoamyl acetate and Ethyl 

caproate . 

 

1. Ethyl acetate 

 

 

 

 

 

Ethyl acetate is formed by the enzymatic esterification of ethanol and acetyl-CoA. 

This gives fruity/solvent like flavor to the beer. 
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Sugars are converted to the pyruvate and under anaerobic condition pyruvate are 

converted to the acetaldehyde and then ethanol. Under aerobic condition these 

pyruvate is converted to acetyl-CoA and fed to the TCA cycle for the energy 

generation. The Ethanol and acetyl-CoA both are in the same media and they react 

together as a result ethyl acetate will be formed. 

 

2. Isoamyl acetate 

 

 

 

 

 

Isoamyl acetate is a result from the enzymatic esterification of Isoamyl alcohol and 

acetyl-CoA. This gives banana like flavor to the beer. 

 

Figure 2.19: Ethyl acetate formation pathway 
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Isoamyl alcohol is a fusel alcohol and it is converted from amino acid Leucine. 

Acetyl-CoA is delivered from pyruvate and it is a precursor molecule for the TCA 

cycle. Both Isoamyl alcohol and acetyl-CoA react together and Isoamyl acetate will 

be formed. 

 

3. Ethyl caproate 

 

 

 

 

Ethyl caproate is generated in the cell as the result of reaction between ethanol and 

caproyl-CoA. This adds apple like flavor to the beer. 

 

 

 

Figure 2.20: Ethyl acetate formation pathway 
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Caproyl-CoA exists as an intermediate product in the fatty acid anabolic and 

catabolic pathways. Ethanol is formed under anaerobic condition from pyruvate and 

caproyl-CoA is reacted with ethanol as a result Ethyl caproate is formed. This is 

considered as a medium chain fatty acid ester. 

 

2.9.2.3 Vicinal diketones (VDK) 

 

Vicinal diketones are classified as ketones. Two ketones are discussed in this thesis 

such as diacetyl and 2, 3-pentanedione. The brewers are not usually concerned with 

individual composition of these two compounds rather than put these two compounds 

into one group called VDK (20). Out of these two, more flavor active compound is 

known as diacetyl and it gives butterscotch flavor to the beer which is undesirable. 

The flavor threshold of diacetyl is very low about 0.1-0.15 ppm in lager beer. 

 

Figure 2.21: Ethyl caproate formation pathway 
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The accepted pathway is that diacetyl results from the chemical oxidative 

decarboxylation of excess α -acetolactate leaked from the valine biosynthetic 

pathway to the extracellular environment.2, 3-pentanedione is formed similarly from 

α-acetohydroxybutyrate. This chemical conversion is consideredthe rate limiting 

step of VDK formation. At the end of the main fermentation and maturation phase, 

diacetyl is re-assimilated and reduced by yeast to acetoin and 2,3-butanediol, 

compounds with relatively high flavor thresholds (32). 

 

 

 

 

 

 

 

 

 

 

 

 

Diacetyl 2,3-pentanedione 

Figure 2.22: Possible pathways for form VDKs 
Sources: Internet 
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2.9.2.4 Acetaldehyde 

 

 

 

 

Acetaldehyde is direct precursor to formation of ethanol. In absence of oxygen, 

acetaldehyde is converted to the ethanol. In presence of oxygen, acetaldehyde is 

reduced to acetyl-CoA and fed to the TCA cycle. Acetaldehyde add green apple 

aroma and flavor which is undesired to the beer. 

 

 

 

 

Figure 2.23: Acetaldehyde formation pathway 
Sources: Internet 
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2.9.3 Ethanol 
 

 

 

 

Ethanol is the main product of the beer fermentation. In anaerobic condition pyruvate 

is converted to the ethanol and carbon dioxide. Acetaldehyde is formed as an 

intermediate product. 

 

 

 

 

 

Figure 2.24: Ethanol formation pathway 

Sources: Internet 

 


