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9.9.1 Hazard Analysis 

Hazard Analysis is a crucial step in the HACCP system and involves identifying potential 

hazards in the food production process that could pose a threat to consumer safety. It is important to 

approach this step systematically by examining all raw materials, ingredients, and processing steps, as 

well as potential sources of contamination throughout packaging, distribution, and storage. 

The hazard analysis must identify raw materials and ingredients that may contain harmful 

microorganisms or toxic metabolites, as well as the likelihood of these hazards occurring and the 

severity of their adverse health effects. The potential for contamination at different stages in processing 

must also be evaluated, as well as the physical and chemical characteristics of intermediates and 

products that could promote microbial growth or the production of toxic metabolites. 

To effectively control these hazards, measures such as lethal or bacteriostatic process steps must 

be identified. The expertise of a food microbiologist is crucial in this step to distinguish between 

microbiologically sensitive raw materials and ingredients, and to provide quantitative tools such as 

predictive models to estimate potential microbial growth or survival at each step. 

9.9.2 Identification of Critical Control Points (CCPs) 

Identification of Critical Control Points (CCPs) is a crucial step in HACCP, which involves 

identifying specific points in the production process where potential hazards can be controlled or 

eliminated to ensure the safety of the final product. CCPs are the points in the production process where 

a failure to control a hazard would result in an unacceptable risk to the consumer or product. 

To identify CCPs, a hazard analysis is conducted to identify potential hazards and the steps in the 

production process where they are likely to occur. Then, the decision tree is used to determine which of 

these steps should be designated as CCPs. Decision trees are designed to help identify CCPs by asking a 

series of questions, such as whether a control measure exists at a particular step or if a hazard can be 

eliminated or reduced to an acceptable level. Once the CCPs have been identified, specific control 

measures are implemented to ensure that the hazards are effectively controlled or eliminated. The 

control measures may include process modifications, such as temperature or pH adjustments, the use of 

microbial inhibitors, or changes to equipment design, employee hygiene, or sanitation practices. 

The effective identification of CCPs requires a thorough understanding of the production 

process, the hazards that may be present, and the control measures that can be implemented to ensure the 

safety of the final product. The process should be reviewed regularly to ensure that CCPs remain 

effective and that new hazards are identified and controlled as necessary. 
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Fig 2: Decision tree 

9.9.3 Establishment of CCP Critical Limits 

After identifying the CCPs, the next step is to establish critical limits for each CCP. Critical 

limits are specific parameters or values that must be met to ensure that the hazard is controlled at the 

CCP. These limits can be based on regulatory requirements, scientific studies, industry standards, or 

other sources of information. Critical limits can be physical, chemical, or biological parameters, such as 

temperature, pH, water activity, microbial count, and so on. For example, the critical limit for a cooking 

CCP may be a minimum temperature of 165°F for a specific time period, while the critical limit for a 

storage CCP may be a maximum temperature of 40°F. 

It is important to establish critical limits that are measurable and can be monitored in real-time or 

near-real-time. This enables the identification of deviations from the critical limits and the 

implementation of corrective actions to prevent the production of unsafe food products. The 

establishment of critical limits must be based on scientific and technical information, and involve the 

collaboration of food safety experts, microbiologists, process engineers, and other relevant personnel. 

The process of establishing critical limits should also take into account the characteristics of the product, 
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the production process, and the intended use of the product. 

Once the critical limits have been established, they must be documented and communicated to all 

relevant personnel involved in the production process. They should also be regularly reviewed and 

updated to ensure that they are still appropriate and effective in controlling the identified hazards. 

9.9.4 Monitoring Procedures for CCPs 

After establishing the criteria for critical limits for each CCP, it is important to implement 

monitoring procedures to ensure that these limits are consistently met. Monitoring involves the 

measurement or observation of a parameter or CCP at a specific point in the process, which enables the 

identification of any deviations from the critical limits. 

Monitoring procedures should be designed to provide a timely indication of process control and 

the ability to detect any loss of control before a hazard occurs. These procedures should include the use 

of appropriate equipment, sampling plans, and analytical methods. For example, a monitoring procedure 

for a CCP that involves cooking temperatures may include the use of a temperature probe to measure the 

internal temperature of the food product during the cooking process. 

The frequency of monitoring should be established based on the level of risk associated with the 

CCP and the likelihood of deviations occurring. Monitoring should be frequent enough to detect any loss 

of control before a hazard occurs. However, overly frequent monitoring can be resource-intensive and 

may not add significant value. Monitoring records should be kept to document the results of monitoring 

activities, including the date and time of the measurement or observation, the individual responsible for 

the monitoring, and the results obtained. These records are important for verifying that the process is 

under control and for identifying any trends or patterns that may indicate a need for corrective action. 

Monitoring procedures for CCPs are critical to ensure that critical limits are consistently met and 

that deviations from these limits are detected in a timely manner. The frequency of monitoring should be 

established based on the level of risk associated with the CCP, and monitoring records should be kept to 

document the results of monitoring activities. 

9.9.5 Protocols for CCP Deviations 

These are the procedures that should be followed when a deviation from the established critical 

limit occurs at a CCP. Deviations can occur due to equipment failure, human error, or any other 

unforeseen circumstances. The protocols should be designed to ensure that the deviation is identified, 

documented, and resolved in a timely and appropriate manner to prevent any potential harm to the 

consumer or product.  It is important to have protocols in place for CCP deviations to ensure that any 

potential hazards are identified and addressed promptly. 

9.9.6 Verification 

Verification is the process of evaluating the effectiveness of the HACCP system in controlling 

hazards and ensuring the safety of the food product. This involves a series of activities to ensure that the 

system is working as intended and that the identified hazards are being effectively controlled. 

It includes activities such as reviewing and updating the HACCP plan, reviewing and evaluating 

monitoring data and records, conducting internal audits, and verifying that corrective actions have been 

taken when necessary. The goal of verification is to ensure that the HACCP system is operating 

effectively and that any deficiencies or weaknesses are identified and corrected. The verification process 

should be conducted by trained individuals who are independent of the HACCP team and who have the 

necessary expertise to evaluate the effectiveness of the system. There are several different methods that 

can be used to verify the HACCP system, including: Internal Audits, Product Testing, equipment 
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Calibration, Process Verification, Record Review and Challenge Testing. 

Verification should be conducted on an ongoing basis to ensure that the HACCP system remains 

effective over time. Any issues or problems that are identified during the verification process should be 

addressed immediately to prevent the production of unsafe food. The results of verification should be 

documented, and any necessary corrective actions should be taken to ensure that the HACCP system 

remains effective.  

9.9.7 Record Keeping 

Record keeping is an essential part of a HACCP plan. The purpose of record keeping is to 

provide a written history of the HACCP system, including all activities and procedures that have been 

followed, and any deviations that have occurred. This information is used to demonstrate that the system 

is being properly implemented and that the products are safe for consumption. Records should be kept 

for all CCPs, and should include information such as monitoring results, corrective actions taken, and 

verification activities. Records should also include information about product specifications, supplier 

information, and any other relevant information that pertains to the safety of the product. 

The type of records that should be kept will vary depending on the nature of the product and the 

specific hazards that are being controlled. For example, records might include temperature logs for 

refrigeration units, pH readings for acidified products, or microbial test results for ready-to-eat products. 

The HACCP team should establish procedures for maintaining and reviewing records, and for ensuring 

that all necessary information is recorded accurately and completely. Records should be kept in a secure 

location and should be easily accessible for review by regulatory agencies or auditors. 

Effective record keeping is critical for the success of a HACCP plan. It provides a means of 

tracking the performance of the system, identifying areas for improvement, and demonstrating 

compliance with regulatory requirements. 

9.10 BENEFITS OF IMPLEMENTING THE HACCP SYSTEM 

Application of an effective HACCP system has clear benefits for consumers, industry as well as 

regulatory bodies. 

Benefits for Consumers 

 Lower risk of food borne illnesses

 Greater awareness of food safety

 Greater confidence in food supply

 Better quality of life through health and socioeconomic benefits

Benefits for Industry 

 Greater consumer confidence on product

 Minimizes legal and insurance costs

 Increases market access

 Lower wastage, fewer no recalls, minimum or no reprocessing, and corrective action

 A consistent product

 Enhanced staff commitment to food safety
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 Lower business risk

Benefits for Regulatory Bodies 

 Improved health among the community

 More efficient food control

 Lower public health costs

 Trade promotion

 Greater confidence of the community in the food supply

9.11 APPLICATIONS OF HACCP 

While the application of HACCP to all segments and sectors of the food chain is possible, it is assumed 

that all sectors should be operating according to good manufacturing practices (GMPs) and the Codex 

General Principles of Food Hygiene. The ability of an industry segment or sector to support or 

implement the HACCP system depends on the degree of its adherence to these practices. The successful 

application of HACCP requires the full commitment and involvement of management and the 

workforce. It requires a multidisciplinary approach which should include as appropriate, expertise in 

agronomy, veterinary health, microbiology, public health, food technology, environmental health, 

chemistry, engineering, etc. according to the particular situation. The application of the HACCP system 

is compatible with the implementation of TQM systems such as the ISO 9000 series. However, HACCP 

is the system of choice in the management of food safety within such systems. 

9.12 LET US SUM UP 

In this unit we got acquainted with concept of food safety and food hazards. It introduced you to the 

principles of Food Safety Management System. The unit gave you an understanding about principles of 

GMP, GHP, HACCP and Codex Alimentarius. The unit also explained the need of HACCP and 

terminology associated with HACCP. The seven principles of HACCP were discussed in detail. The 

implementation of HACCP, benefits and applications of HACCP were also described. 

9.13 CHECK YOUR PROGRESS 

1. Define:

(a) Food Hazard 

.......................................................................................................................................... 

.......................................................................................................................................... 

(b) Toxicity 

.......................................................................................................................................... 

.......................................................................................................................................... 

(c) Chemical hazards 

.......................................................................................................................................... 

.......................................................................................................................................... 

(d) Critical limit 

UGHN-110/170



.......................................................................................................................................... 

.......................................................................................................................................... 

(e) Decision tree 

.......................................................................................................................................... 

.......................................................................................................................................... 

2. Write full form of :

(a)  GMP

.......................................................................................................................................... 

(b) GHP 

.......................................................................................................................................... 

(c) HACCP 

.......................................................................................................................................... 

(d) FSSA 

.......................................................................................................................................... 

(e) CCP 

.......................................................................................................................................... 

3. What are the principles of HACCP?

.......................................................................................................................................... 

.......................................................................................................................................... 

.......................................................................................................................................... 

4. Explain the step identification of critical control points in HACCP.

.......................................................................................................................................... 

.......................................................................................................................................... 

.......................................................................................................................................... 

5. What are the benefits of implementing the HACCP?

.......................................................................................................................................... 

.......................................................................................................................................... 

.......................................................................................................................................... 
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Unit-10  : ROLE OF MICROBES IN FERMENTED FOODS AND 

GENETICALLY MODIFIED FOODS 

Structure 

10.1 Introduction 

10.2 Fermentation 

10.3 History of Fermentation 

10.4 Fermented Foods 

10.4.1 Fermented Milks 

10.4.2 Cheese 

10.4.3 Alcoholic Beverages 

10.4.4 Fermented Vegetables 

10.4.5 Fermented Meat 

10.4.6 Fermented Fish 

10.4.7 Vinegar 

10.4.8 Probiotics 

10.5 Genetically Modified Foods 

10.5.1 GM crops 

10.5.2 Advantages of GM foods 

10.5.3 Risks associated with GM foods 

10.6 Let Us Sum Up 

10.7 Check Your Progress 

10.1 INTRODUCTION 

This unit will give you an understanding of fermentationprocess and history of fermentation. It will 

introduce you to different types of fermented foods and the microorganisms involved in preparation of 

these foods. The unit gives you an understanding about fermented milks, meat, fish, vegetables, vinegar, 

cheese as well as probiotics. The unit will also introduce you to the concept of GM foods. The 

advantages and risks associated with use of GM foods are also discussed. 

Objectives 

After studying this unit, you will be able to: 

 understand basics of fermentation

 explain history of fermentation

 identify the microorganisms involved in preparation of fermented foods

 understand the term probiotics

UGHN-110/172



 explain the concept of GM foods

 understand the advantages and limitations of use of GM foods

10.2 FERMENTATION 

Fermentation is the process that is used in converting sugar to gases or to alcohol. It is alsoused to refer 

to the growth of microorganisms with the aim of producing a specific chemicalproduct.  

Fermentation is a metabolic process that converts sugar to acids, gases, or alcohol. It occurs in yeast and 

bacteria, and also in oxygen-starved muscle cells, as in the case of lactic acid fermentation. Fermentation 

is also used more broadly to refer to the bulk growth of microorganisms on a growth medium, often with 

the goal of producing a specific chemical product.  The science of fermentation is known as zymology. 

Fermentation takes place when the electron transport chain is unusable (often due to lack of a final 

electron receptor, such as oxygen). In this case it becomes the cell’s primary means of ATP (energy) 

production. It turns NADH and pyruvate produced in glycolysis into NAD+ and an organic molecule 

(which varies depending on the type of fermentation). In the presence of O2, NADH and pyruvate are 

used to generate ATP in respiration. This is called oxidative phosphorylation, and it generates much 

more ATP than glycolysis alone. For that reason, cells generally benefit from avoiding fermentation 

when oxygen is available, the exception being obligate anaerobes which cannot tolerate oxygen. 

Fermentation does not necessarily have to be carried out in an anaerobic environment. For example, 

even in the presence of abundant oxygen, yeast cells greatly prefer fermentation to aerobic respiration, 

as long as sugars are readily available for consumption (a phenomenon known as the Crabtree effect). 

The antibiotic activity of hops also inhibits aerobic metabolism in yeast. Fermentation reacts NADH 

with an endogenous, organic electron acceptor. Usually this is pyruvate formed from the sugar during 

the glycolysis step. During fermentation, pyruvate is metabolized to various compounds through several 

processes: 

 ethanol fermentation, aka alcoholic fermentation, is the production of ethanol and carbon dioxide

 lactic acid fermentation refers to two means of producing lactic acid:

 homolactic fermentation is the production of lactic acid exclusively

 heterolactic fermentation is the production of lactic acid as well as other acids and

alcohols.

Sugars are the most common substrate of fermentation, and typical examples of fermentation products 

are ethanol, lactic acid, carbon dioxide, and hydrogen gas (H2). However, more exotic compounds can 

be produced by fermentation, such as butyric acid and acetone. Yeast carries out fermentation in the 

production of ethanol in beers, wines, and other alcoholic drinks, along with the production of large 

quantities of carbon dioxide. Fermentation occurs in mammalian muscle during periods of intense 

exercise where oxygen supply becomes limited, resulting in the creation of lactic acid. 

10.3 HISTORY OF FERMENTATION 

Natural fermentation precedes human history. Since ancient times, humans have exploited the 

fermentation process. The earliest evidence of an alcoholic drink, made from fruit, rice, and honey, dates 

from 7000 to 6600 BC, in the Neolithic Chinese village of Jiahu, and winemaking dates from 6000 BC, 

in Georgia, in the Caucasus area. Seven-thousand-year-old jars containing the remains of wine, now on 

display at the University of Pennsylvania, were excavated in the Zagros Mountains in Iran. There is 

strong evidence that people were fermenting alcoholic drinks in Babylon c. 3000 BC, ancient Egypt c. 

3150 BC, pre-Hispanic Mexico c. 2000 BC, and Sudanc. 1500 BC. Fermented foods have a religious 
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significance in Judaism and Christianity. The Baltic god Rugutis was worshiped as the agent of 

fermentation. The first solid evidence of the living nature of yeast appeared between 1837 and 1838 

when three publications independently concluded as a result of microscopic investigations that yeast is a 

living organism that reproduces by budding. The focus on yeasts in early studies on fermentation in 

Europe was likely due to their importance in making basic foods such as wine, beer, and bread. 

However, researchers soon discovered the presence of bacteria as well. The term "bacteria" was first 

used in English during the late 1840s, but it did not become commonly used until the 1870s, particularly 

in relation to the emerging germ theory of disease. Louis Pasteur (1822–1895), during the 1850s and 

1860s, showed that fermentation is initiated by living organisms in a series of investigations. In 1857, 

Pasteur showed that lactic acid fermentation is caused by living organisms. In 1860, he conducted an 

experiment that demonstrated how bacteria cause souring in milk, which was previously thought to be a 

chemical change. This discovery led to the process of pasteurization, which involves heating milk to kill 

harmful bacteria and extend its shelf life. 

Pasteur also investigated the role of microorganisms in food spoilage and correctly showed that 

specific types of microorganisms cause specific types of fermentations and specific end-products. He 

defined fermentation as "Life without air," although this definition was later proven to be incorrect. 

Nonetheless, his work paved the way for a better understanding of the role of microorganisms in food 

processing, preservation, and spoilage. 

Although showing fermentation to be the result of the action of living microorganisms was a 

breakthrough, it did not explain the basic nature of the fermentation process, or prove that it is caused by 

the microorganisms that appear to be always present. In 1897, Eduard Buechner, a German chemist, 

successfully extracted a juice from yeast that was able to ferment a sugar solution, even though the yeast 

cells were dead. This discovery marked the birth of biochemistry and showed that fermentation is caused 

by enzymes produced by microorganisms. Buechner's findings also led to the term "enzyme" being 

applied to all ferments. In 1907, Buechner was awarded the Nobel Prize in chemistry for his work. 

Since then, advances in microbiology and fermentation technology have continued to develop. In 

the late 1970s, it was discovered that microorganisms could be mutated with physical and chemical 

treatments to be higher-yielding, faster-growing, and more tolerant of less oxygen, and able to use a 

more concentrated medium. Strain selection and hybridization were also developed, which have had a 

significant impact on modern food fermentations. Other approaches to advancing the fermentation 

industry has been done by companies such as BioTork, a biotechnology company that naturally evolves 

microorganisms to improve fermentation processes. This approach differs from the more popular genetic 

modification, which has become the current industry standard. 

10.4 FERMENTED FOODS 

10.4.1 Fermented milks 

Fermented milk is a dairy product that has undergone a fermentation process, which converts 

lactose into lactic acid. This results in a tangy taste, thicker consistency, and longer shelf life compared 

to regular milk.  The fermentation process of fermented milks involves the conversion of lactose, the 

main sugar in milk, into lactic acid by lactic acid bacteria (LAB) or other microorganisms. This process 

gives fermented milks their characteristic tangy taste and creamy texture. The fermentation process can 

be carried out either naturally or through the addition of starter cultures. Natural fermentation occurs 

when raw milk is left at room temperature, allowing naturally present bacteria to ferment the milk. This 

process, however, can lead to inconsistent results and potential safety issues. The use of starter cultures, 

which contain specific strains of LAB, is the preferred method for fermenting milk in a controlled and 

UGHN-110/174



consistent manner. The most commonly used LAB for milk fermentation are Lactobacillus bulgaricus 

and Streptococcus thermophilus, which are often used together as a starter culture. 

The fermentation process usually takes place at a temperature of around 40-45°C for several 

hours, depending on the desired texture and flavor of the final product. During fermentation, the LAB 

metabolize the lactose in the milk and produce lactic acid, which lowers the pH of the milk, causing it to 

thicken and form a gel-like texture. After fermentation, the fermented milk can be further processed 

through homogenization, flavoring, and sweetening to produce various types of fermented milk 

products, such as yogurt, kefir, and buttermilk. There are several types of fermented milk products that 

are popular around the world, including: 

 Yogurt: It is the most well-known fermented milk product. It is made by adding a starter culture of

Lactobacillus bulgaricus and Streptococcus thermophilus to heated milk. The culture ferments the

lactose in the milk, producing lactic acid and thickening the milk. Yogurt can be consumed plain or

flavored with fruit, honey, or other sweeteners.

 Kefir: It is a fermented milk drink that originated in the Caucasus Mountains. It is made by adding

kefir grains, a combination of yeast and bacteria cultures, to milk. The grains ferment the lactose in

the milk, producing lactic acid and carbon dioxide, which gives kefir its characteristic fizzy texture.

Kefir can be consumed plain or flavored with fruit or honey.

 Buttermilk: Buttermilk is a fermented milk product that is made by adding lactic acid bacteria to

skim milk. It has a tangy taste and a thicker consistency than regular milk. It is commonly used in

baking to add moisture and acidity to recipes.

 Labneh: Labneh is a Middle Eastern yogurt cheese that is made by straining yogurt to remove the

whey. The resulting product is thick and creamy, similar in texture to cream cheese. It is often

flavored with herbs, spices, or olive oil and used as a spread or dip.

 Ayran: It is a Turkish fermented yogurt drink that is made by mixing yogurt with water and salt. It

has a thin consistency and a salty, tangy taste. It is often consumed as a refreshing drink in hot

weather and is sometimes flavored with mint or other herbs.

 Filmjölk: Filmjölk is a Swedish fermented milk product that is made by adding a starter culture of

Lactococcus lactis and Leuconostoc mesenteroides to milk. It has a tangy taste and a thinner

consistency than yogurt. It is often consumed plain or with fruit and granola for breakfast.

 Amasi: It is a South African fermented milk product that is made by adding a starter culture of lactic

acid bacteria to milk. It has a sour taste and a thick, creamy texture. It is often consumed as a snack

or used in cooking.

Consumption of these fermented milks provide a variety of health benefits, such as improved 

digestion, strengthened immune system, and better absorption of nutrients. the health benefits of 

fermented milk products are likely due to a combination of probiotic bacteria and other bioactive 

compounds. 

10.4.2 Cheese 

Cheese is a dairy product made from milk that has undergone a process of coagulation and 

separation of the curd from the whey. One of the key processes in cheese production is fermentation, 

which is carried out by microorganisms such as bacteria and fungi that are added to the milk or naturally 

present in the milk. Fermentation plays several important roles in cheese production, including: 

 Acidification: The primary function of fermentation in cheese production is to acidify the milk.
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During fermentation, the microorganisms convert lactose, the primary sugar in milk, into lactic acid. 

This lowers the pH of the milk, which helps to coagulate the proteins and separate the curd from the 

whey. 

 Flavor development: Fermentation also plays a critical role in developing the flavor and aroma of

cheese. Different microorganisms produce different compounds that contribute to the unique flavor

and aroma of each type of cheese. For example, some bacteria produce diacetyl, which gives buttery

and nutty flavors, while others produce compounds that contribute to the sharp and tangy flavor of

cheddar cheese.

 Texture and structure: Fermentation also helps to develop the texture and structure of cheese. The

acid produced during fermentation can cause the proteins in the milk to denature and coagulate,

forming a solid curd. The curd can then be cut and pressed to remove excess whey, resulting in a

firmer cheese.

There are two main types of fermentation used in cheese production: lactic acid fermentation and 

ripening or maturation fermentation. Lactic acid fermentation is the first step in cheese production and 

involves adding lactic acid bacteria to the milk. The bacteria consume lactose and produce lactic acid, 

which lowers the pH of the milk and causes the proteins to coagulate. This results in the formation of a 

soft curd, which is then cut and separated from the whey. 

Ripening or maturation fermentation, on the other hand, is a slower process that occurs after the 

cheese has been formed. During ripening, a variety of microorganisms such as bacteria, yeasts, and 

molds are allowed to grow on the surface of the cheese. These microorganisms break down the proteins 

and fats in the cheese, producing a variety of flavor compounds and contributing to the unique texture 

and structure of the cheese. There are many different types of fermented cheese, each with its own 

unique flavor, aroma, and texture. Some examples of fermented cheese include: 

 Blue cheese: It is made by adding the mold Penicillium roqueforti to the milk during the cheese-

making process. The mold grows throughout the cheese, forming blue-green veins and producing a

sharp, tangy flavor.

 Brie: Brie is a soft cheese that is made by allowing the mold Penicillium camemberti to grow on the

surface of the cheese. This mold forms a white rind around the cheese and produces a mild, creamy

flavor.

 Cheddar: Cheddar is a hard cheese that is aged for several months or even years. During the aging

process, bacteria break down the proteins and fats in the cheese, producing a sharp, tangy flavor.

 Gouda: It is a semi-hard cheese that is aged for several months. During the aging process, bacteria

break down the proteins and fats in the cheese, producing a nutty, caramel-like flavor.

 Feta: Feta is a crumbly cheese that is made by allowing bacteria to grow on the surface of the cheese.

This produces a tangy, salty flavor and a crumbly texture.

Fermentation is a critical process in cheese production that contributes to the flavor, texture, and 

structure of the final product. By carefully controlling the types of microorganisms used and the 

conditions in which they grow, cheesemakers can create a wide variety of unique and delicious cheeses. 

10.4.3 Alcoholic Beverages 

An alcoholic beverage is a drink that contains ethanol, which is commonly known as alcohol. 

The consumption of beer has been a cultural practice for over 8,000 years. Drinking beer and other 

alcoholic beverages in local bars or pubs is a cultural norm in Germany, Ireland, the United Kingdom, 
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and many other European countries. Non-alcoholic beverages, on the other hand, typically contain less 

than 0.5% alcohol by volume, such as low-alcohol beer, non-alcoholic wine, and apple cider. 

Wine fermentation is a crucial step in winemaking that involves the conversion of grape juice 

into alcohol and carbon dioxide by microorganisms, specifically yeast. The process starts with the 

harvesting of ripe grapes, which are then crushed and destemmed to remove stems and leaves. 

Afterward, yeast is added to the grape juice to initiate fermentation, during which yeast consumes the 

sugars in the juice and converts them into alcohol and carbon dioxide. The duration of fermentation and 

the type of yeast used greatly influence the flavor, aroma, and alcohol content of the wine. After 

fermentation is complete, the wine is aged and clarified before being bottled and consumed. The quality 

of the grapes, the fermentation process, and the aging process all play a significant role in the final 

product of the wine. 

Preparation of beer involves the conversion of sugars present in malted grains into alcohol and 

carbon dioxide by yeast. The process starts with mashing, where malted grains are mixed with hot water 

to extract sugars and create wort, a sweet liquid. The wort is then boiled with hops to add flavor and 

bitterness, and the liquid is cooled and transferred to a fermentation vessel. Yeast is added to the vessel, 

and fermentation begins as the yeast consumes the sugars in the wort and converts them into alcohol and 

carbon dioxide. The process can take several days to complete, depending on the type of beer and the 

desired alcohol content. After fermentation, the beer is transferred to a conditioning vessel, where it 

undergoes a maturation process to develop its flavor and aroma. The beer is then filtered, carbonated, 

and bottled or kegged for consumption. The fermentation process plays a significant role in determining 

the final flavor and alcohol content of the beer, making it a crucial step in beer production. 

Cider fermentation is a natural process that involves converting apple juice into alcoholic cider 

through the action of yeast. The process begins with the harvesting of ripe apples, which are then 

washed, crushed, and pressed to extract their juice. The juice is strained to remove any pulp or debris 

before adding yeast to initiate fermentation. The type of yeast used greatly influences the flavor, aroma, 

and alcohol content of the final product. The fermentation process can take anywhere from one to three 

months, depending on the desired alcohol content and the temperature and humidity of the fermentation 

environment. During fermentation, yeast consumes the natural sugars present in the juice and produces 

alcohol and carbon dioxide as byproducts. After fermentation is complete, the cider is transferred to a 

storage vessel, where it is aged and conditioned to improve its flavor and clarity. Cider fermentation is a 

vital step in producing high-quality cider, and proper fermentation techniques are essential to achieving 

the desired taste and alcohol content. 

There are numerous other types of alcoholic drinks besides wine, beer, and cider, including 

spirits which are distilled alcoholic drinks made from fermented grains, fruits, or vegetables eg.  

whiskey, vodka, gin, rum, and tequila; Liqueurs are sweetened alcoholic drinks that are often flavored 

with fruits, herbs, spices, or nuts eg. amaretto, Bailey's Irish Cream, and Grand Marnier; Mead is a 

fermented alcoholic beverage made from honey, water, and yeast. It is one of the oldest alcoholic 

beverages in the world and has been enjoyed for thousands of years; Sake is a traditional Japanese 

alcoholic beverage made from fermented rice with a distinct flavor and aroma and is often enjoyed with 

Japanese cuisine; Brandy is a distilled spirit made from fermented fruit juice or wine often aged in oak 

barrels to develop its flavor and aroma. 

10.4.4 Fermented Vegetables 

Most horticultural products can be preserved by lactic acid fermentation. In the West, the most 

important commercial vegeatables are cabbage, cucumbers and olives, although smaller amounts of 

others such as carrots, cauliflower, celery, okra, onions, sweet and hot peppers, and green tomatoes are 
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also fermented. In Korea, fermented vegetables known as kimchi are an almost ubiquitous 

accompaniment to meals. More than 65 different types of kimchi have been identified on the basis of 

differences in raw materials and processing. Cabbages and radishes are the main substrates but garlic, 

peppers, onions and ginger are often also used. Surveys have shown its importance in the Korean diet, 

variously reporting kimchi to comprise 12.5% of the total daily food intake or a daily adult consumption 

of 50–100 g in summer increasing to 150–200 g in winter. Sauerkraut production is thought to have been 

brought to Europe from China by the Tartars. Like a number of other traditional fermentations, the 

commercial process is technologically simple, but involves some interesting and complex chemistry and 

microbiology. Usually where sauerkraut is produced commercially special cabbage cultivars are grown. 

These tend to have a higher solids content than normal and so minimize production of liquid waste 

during processing. 

10.4.5 Fermented Meat 

Fermented meat products are defined as meats that are deliberately inoculated during processing to 

ensure sufficient control of microbial activity to alter the product’s characteristics. If fresh meat is not 

preserved or cured in some manner, it spoils rapidly owing to the growth of indigenous gram-negative 

bacteria and subsequent putrefaction resulting from their metabolic activities. Although some 

manufacturers still depend upon naturally occurring microflora to ferment meat, most use starter cultures 

consisting of a single species or multiple species combinations of lactic acid bacteria (LAB) and/or 

staphylococci that have been selected for metabolic activities especially suited for fermentation in meat 

ecosystems. Understanding the technological, microbiological, and biochemical processes that occur 

during meat, poultry, and fish fermentation is essential for ensuring safe, palatable products. Dry and 

semidry sausages represent the largest category of fermented meat products, with many presentday 

processing practices having their origin in the Mediterranean region. Traditionally, dry sausages 

acquired their particular sensory characteristics from exposure to salt; indigenous gram-positive 

microorganisms such as LAB, coagulase-negative cocci, including staphylococci and kocuria 

(Micrococcus spp. that were mostly used for fermented meat were reclassified as Kocuria spp. in 1995), 

and yeasts residing on the meat; and the rapid drying conditions that exist in the warm, dry 

Mediterranean climate. These products were heavily seasoned and stuffed into sausage casings that 

excluded air, which favored the growth of certain gram-positive bacteria such as LAB. Typically, they 

were not smoked and preserved after fermentation while the accumulation of lactic acid, other organic 

acids, carbon dioxide, and alcohols served as the preservatives. The name “sausage” was derived from 

the Latin term salsus, meaning “salted.” Sausage processing practices later spread to northern Europe, 

and by the Middle Ages, hundreds of varieties of dry and semidry sausages were manufactured across 

the continent. 

10.4.6 Fermented Fish 

Fermented fish products include a variety of fish sauces, fish pastes, and fish-vegetable blends that have 

been salted, packed whole in layers, or ground into small particles and then fermented in their own 

“pickle.” These products are eaten as a proteinaceous staple or condiment in Southeast Asia but are 

consumed as a condiment in northern Europe. Fish fermentation involves minimal bacterial conversion 

of carbohydrates to lactic acid but entails extensive tissue degradation by proteolytic and lipolytic 

enzymes derived from viscera and muscle tissues. Low-molecular-weight compounds from fish tissue 

degradation are the primary contributors to aroma and flavor characteristics of sauces. Indigenous 

microorganisms, however, do contribute to aroma and flavor but are limited to species tolerant of high 

salt concentrations (10 to 20%) in the curing brine. Partial tissue hydrolysis is responsible for the unique 

textural attributes of pastes and fish-vegetable blends. 
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10.4.7 Vinegar 

Vinegar is the product of a two-stage fermentation process. In the first stage, yeasts convert sugars into 

ethanol anaerobically, while in the second ethanol is oxidized to acetic (ethanoic) acid aerobically by 

bacteria of the genera Acetobacter and Gluconobacter. This second process is a common mechanism of 

spoilage in alcoholic beverages and the discovery of vinegar was doubtless due to the observation that 

this product of spoilage could be put to some good use as a flavouring and preservative. The name 

vinegar is in fact derived from the French vin aigre for ‘sour wine’ and even today the most popular 

types of vinegar in a region usually reflect the local alcoholic beverage; for example, malt vinegar in the 

UK, wine vinegar in France, and rice vinegar in Japan. In vinegar brewing, the alcoholic substrate, 

known as vinegar stock, is produced using the same or very similar processes to those used in alcoholic 

beverage production. In the production of malt vinegar for example, hops are not used and the wort is 

not boiled so the activity of starch-degrading enzymes continues into the fermentation. Acetification, the 

oxidation of ethanol to acetic acid is performed by members of the genera Acetobacter and 

Gluconobacter. These are Gram negative, catalase-positive, oxidase-negative, strictly aerobic bacteria. 

Acetobacter spp. are the better acid producers and are more common in commercial vinegar production, 

but their ability to oxidize acetic acid to carbon dioxide and water, a property which distinguishes them 

from Gluconobacter, can cause problems in some circumstances when the vinegar brewer will see his 

key component disappearing into the air as CO2. Fortunately over-oxidation, as it is known, is repressed 

by ethanol and can be controlled by careful monitoring to ensure that ethanol is not completely 

exhausted during acetification. Most acetifications are run on a semi-continuous basis; when 

acetification is nearly complete and acetic acid levels are typically around 10–14% w/v, a proportion of 

the fermenter’s contents is removed and replaced with an equal volume of fresh alcoholic vinegar stock. 

Since a substantial amount of finished vinegar is retained in the fermenter, this conserves the culture and 

means that a relatively high level of acidity is maintained throughout the fermentation, protecting 

against contamination. It also protects against over-oxidation as it has been found that Acetobacter 

europaeus, a species commonly found in commercial vinegar fermenters, will not over-oxidize when the 

acetic acid concentration is more than 6%.  

10.4.8 Probiotics 

Probiotics, or live microorganisms, are frequently utilized in various products such as food, 

drugs, and dietary supplements. The most commonly used probiotics are Lactobacillus and 

Bifidobacterium species, but other species such as yeast Saccharomyces cerevisiae, E. coli, and Bacillus 

species are also utilized. Lactic acid bacteria, including Lactobacillus species, have been utilized for 

thousands of years in food preservation through fermentation, offering dual benefits by acting as agents 

for food fermentation while also providing potential health benefits. Fermentation is a widely used 

process for preserving various raw agricultural materials such as cereals, tubers, fruits, vegetables, milk, 

and fish. 

Lactic acid bacteria are Gram-positive, catalase-negative bacterial species that produce lactic 

acid as the primary end product of carbohydrate fermentation. Lactobacillus is a type of bacterium with 

many different species that typically live in our digestive, urinary, and genital systems without causing 

disease. Lactobacillus is also utilized to prevent and treat diarrhea associated with antibiotic use. Some 

people utilize lactobacillus for general digestion problems, irritable bowel syndrome (IBS), colic in 

babies, Crohn's disease, inflammation of the colon, and a severe gut problem called necrotizing 

enterocolitis (NEC) in premature babies. 

Probiotics alter the microflora, secrete microbicidal substances, compete with pathogens to 

prevent their adhesion to the intestinal epithelium, compete for nutrients essential for pathogen survival, 
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generate an antitoxin effect, and reverse some of the consequences of disease on the intestinal 

epithelium, such as secretory changes and neutrophil migration. Probiotics stimulate T-cells, B-cells, 

macrophages, and NK-cells with messages that promote specific immune responses. They also activate 

cytokines and phagocytic cells directly to coordinate their intelligent immune response. 

Probiotics also produce various substances such as acetic acids, formic acids, 

lipopolysaccharides, peptidoglycans, superantigens, heat shock proteins, and bacterial DNA, in precise 

proportions to nourish each other, inhibit challengers, and/or benefit the host. Probiotics also produce 

antibacterial molecules called bacteriocins, such as lactolin produced by Lactobacillus plantarum, 

bulgarican secreted by Lactobacillus bulgaricus, and acidophilin, acidolin, bacterlocin, and lactocidin 

produced by Lactobacillus acidophilus. These and other antibacterial substances equip probiotic species 

with territorial mechanisms to combat and reduce pathologies related to Shigella, Coliform, 

Pseudomonas, Klebsiella, Staphylococcus, Clostridium, Escherichia, and other infectious genera. 

10.5 GENETICALLY MODIFIED FOODS 

Genetic modification is a special set of gene technology that alters the genetic machinery of such living 

organisms as animals, plants or microorganisms. The enhancement of desired traits has traditionally 

been undertaken through breeding, but conventional plant breeding methods can be very time 

consuming and are often not very accurate. Genetic engineering, on the other hand, can create plants 

with the exact desired trait very rapidly and with great accuracy. For example, plant geneticists can 

isolate a gene responsible for drought tolerance and insert that gene into a different plant. The new 

genetically-modified plant will gain drought tolerance as well. Not only can genes be transferred from 

one plant to another, but genes from non-plant organisms also can be used.  Scientists first discovered in 

1946 that DNA can be transferred between organisms. It is now known that there are several 

mechanisms for DNA transfer and that these occur in nature on a large scale, for example, it is a major 

mechanism for antibiotic resistance in pathogenic bacteria.  

The first genetically modified (GM) plant was produced in 1983, using an antibiotic-resistant tobacco 

plant. China became the first countryin the world to commercialize a transgenic crop in the early 1990s 

with the introduction of virus resistant tobacco. In 1994, the transgenic ‘Flavour Saver tomato’ was 

approved by the Food and Drug Administration (FDA) for marketing in the USA. The best known 

example of this is the use of B.t. genes in corn and other crops. B.t., or Bacillus thuringiensis, is a 

naturally occurring bacterium that produces crystal proteins that are lethal to insect larvae. B.t. crystal 

protein genes have been transferred into corn, enabling the corn to produce its own pesticides against 

insects such as the European corn borer. While GM foods have potential benefits, such as increased 

yield, reduced pesticide use, and improved nutritional content, they also have potential risks, such 

as negative impacts on the environment and human health. It's important to continue researching 

and evaluating the safety and effectiveness of GM foods to ensure that they are safe and beneficial 

for consumers and the environment. 

10.5.1 GM Crops 

Genetic modification is a special set of gene technology that alters the genetic machinery of living 

organisms as animals, plants or microorganisms. The enhancement of desired traits has traditionally 

been undertaken through breeding, but conventional plant breeding methods can be very time 

consuming and are often not very accurate. Genetic engineering, on the other hand, can create plants 

with the exact desired trait very rapidly and with great accuracy. For example, plant geneticists can 

isolate a gene responsible for drought tolerance and insert that gene into a different plant. The new 

genetically-modified plant will gain drought tolerance as well. Not only can genes be transferred from 
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one plant to another, but genes from non-plant organisms also can be used. Scientists first discovered in 

1946 that DNA can be transferred between organisms. It is now known that there are several 

mechanisms for DNA transfer and that these occur in nature on a large scale, for example, it is a major 

mechanism for antibiotic resistance in pathogenic bacteria. The first genetically modified (GM) plant 

was produced in 1983, using an antibiotic-resistant tobacco plant. China was the first country to 

commercialize a transgenic crop in the early 1990s with the introduction of virus resistant tobacco. In 

1994, the transgenic ‘Flavour Saver tomato’ was approved by the Food and Drug Administration (FDA) 

for marketing in the USA. The best known example of this is the use of B.t. genes in corn and other 

crops. B.t., or Bacillus thuringiensis, is a naturally occurring bacterium that produces crystal proteins 

that are lethal to insect larvae. B.t. crystal protein genes have been transferred into corn, enabling the 

corn to produce its own pesticides against insects such as the European corn borer. 

GM foods have been on the market for several decades, and many crops have been genetically modified, 

including corn, soybeans, cotton, canola, and sugar beets. These crops are widely used in processed 

foods, such as breakfast cereals, snack foods, and baked goods. In addition to crops, GM foods can also 

include animal products, such as salmon that has been genetically engineered to grow faster and larger. 

Some examples are discussed below: 

 Corn: GM corn has been genetically modified to be resistant to pests and herbicides. This is done by

introducing a gene from a bacterium called Bacillus thuringiensis (Bt) that produces a protein toxic

to insects. When pests try to eat the GM corn, the protein is toxic to them, killing or deterring them

from feeding. This can reduce the amount of pesticides needed to grow the crop and reduce damage

from pests.

 Soybean: Soybeans have been genetically modified to be herbicide-tolerant, meaning they can

withstand exposure to herbicides without being damaged. This is done by introducing a gene that

produces an enzyme that breaks down the herbicide, allowing the soybean plant to survive while

weeds are killed. This can make weed control easier and more effective, as farmers can use

herbicides to kill weeds without harming the crop.

 Tomatoes: GM tomatoes have been engineered to have a longer shelf life. This is done by

introducing a gene that slows down the ripening process, reducing the likelihood of spoilage and

waste. This can have environmental benefits, as it can reduce food waste.

 Canola: Canola has been genetically modified to be herbicide-tolerant and produce higher yields

than non-GM varieties. This is done by introducing genes that produce enzymes that break down the

herbicide, allowing the canola plant to survive while weeds are killed. This can make weed control

easier and more effective, as farmers can use herbicides to kill weeds without harming the crop. The

increased yield can also help address global food security issues.

 Papaya: GM papaya varieties have been engineered to be resistant to the papaya ringspot virus, a

disease that can devastate papaya crops. This is done by introducing a gene that produces a protein

that is toxic to the virus, allowing the papaya plant to survive and produce fruit.

 Potatoes: GM potatoes have been engineered to be resistant to bruising and produce less acrylamide,

a potentially harmful chemical that forms when potatoes are cooked at high temperatures. This is

done by introducing genes that produce enzymes that break down the starch in the potato, reducing

the amount of acrylamide that forms during cooking.

 Rice: Rice has been developed to contain higher levels of vitamin A, which can help address vitamin

A deficiency in developing countries. This is done by introducing a gene from a bacterium that

produces beta-carotene, a precursor to vitamin A, which is then converted into vitamin A in the
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body. 

 Salmon: GM salmon has been genetically engineered to grow faster and larger than non-GM salmon.

This is done by introducing a gene from another fish species that controls growth hormone

production, allowing the salmon to grow year-round instead of only during the warmer months.

10.5.2 Advantages of GM foods 

 Pest resistance: Crop losses from insect pests can result in huge financial loss for farmers and

starvation in developing countries. Farmers conventionally use large quantities of chemical

pesticides annually. Consumers today are aware of potential health hazards associated withpesticides

treated crops, moreover run-off of agricultural wastes from excessive use of pesticides and fertilizers

can poison the water supply and cause harm to the environment. Growing GM foods can help

eliminate the application of chemical pesticides and reduce the cost of production.

 Herbicide tolerance: Farmers typically use tilling for removal of weeds but for some crops, it is not

cost-effective to remove weeds by these physical means so farmers often spray large quantities of

different herbicides to destroy weeds, a time-consuming and expensive process, which requires care

so that the herbicide doesn't harm the crop plant or the environment. Genetically-engineered crops to

be resistant to one very powerful herbicide that could help prevent environmental damage by

reducing the amount of herbicides needed.

 Disease resistance: There are many viruses, fungi and bacteria that cause plant diseases. Plant

biologists are working to create plants with genetically-engineered resistanceto these diseases.

 Cold tolerance: Unexpected frost can destroy sensitive seedlings. An antifreeze gene from cold water

fish has been introduced into plants such as tobacco and potato. With this antifreeze gene, these

plants are able to tolerate cold temperatures that normally would kill unmodified seedlings.

 Drought tolerance/salinity tolerance: As the world population grows and productive land isreducing

farmers will need to grow crops that can survive in adverse conditions. Creating plants that can

withstand long periods of drought or high salt content in soil and groundwater will help people to

grow crops in formerly inhospitable places.

 Nutrition: Malnutrition is common in third world countries where impoverished peoples rely on a

single crop such as rice for the main staple of their diet which does not contain adequate amounts of

all necessary nutrients to prevent malnutrition. For example, blindness due to vitamin A deficiency is

a common problem in third world countries. Researchers at the Swiss Federal Institute of

Technology Institute for Plant Sciences have created a strain of "golden" rice containing an

unusually high content of beta-carotene (vitamin A).

 Pharmaceuticals: Medicines and vaccines often are costly to produce and sometimes require special

storage conditions not readily available in third world countries. Researchers are working to develop

edible vaccines in tomatoes and potatoes. These vaccines will be much easier to ship, store and

administer than traditional injectable vaccines.

10.5.3 Risks associated with GM Foods 

There are many controversies around GM foods, including whether food produced with it is safe, 

whether it should be labelled and if so how, whether it is needed to address world hunger now or in the 

future, and more specifically with respect to intellectual property and market dynamics, environmental 

effects of GM crops and GM crops’ role in industrial agricultural more generally. Many issues like the 

risk of unintended harm to the environment, the health concerns that consumers should be aware of and 
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the benefits of recombinant technology, also arise with pest-resistant and herbicide-resistant plants. The 

evolution of resistant pests and weeds termed superbugs and super weeds is another problem. Health 

risks associated with GM foods are concerned with toxins, allergens, or genetic hazards. The 

mechanisms of food hazards fall into three main categories i.e.they are inserted genes and their 

expression products, secondary and pleiotropic effects of gene expression and the insertional 

mutagenesis resulting from gene integration. With regards to the first category, it is not the transferred 

gene itself that would pose a health risk. It should be the expression of the gene and the effects of the 

gene product that are considered. New proteins can be synthesized that can produce unpredictable 

allergenic effects. For example, bean plants that were genetically modified to increase cysteine and 

methionine content were discarded after the discovery that the expressed protein of the transgene was 

highly allergenic. Due attention should be taken for foods engineered with genes from foods that 

commonly cause allergies, such as milk, eggs, nuts, wheat, legumes, fish, molluscs and crustaceans. 

10.6 LET US SUM UP 

This unit gave an understanding of fermentation process and outlined the history of fermentation. It 

introduced you to different types of fermented foods and explained about the microorganisms involved 

in preparation of these foods. The unit gave you an understanding about fermented milks, meat, fish, 

vegetables, vinegar, cheese as well as probiotics. The unit also introduced you to the concept of GM 

foods. The advantages and risks associated with use of GM foods were also explained in detail. 

10.7 CHECK YOUR PROGRESS 

1. Explain fermentation process.

.......................................................................................................................................... 

.......................................................................................................................................... 

.......................................................................................................................................... 

2. Write a short note on history of fermentation.

.......................................................................................................................................... 

.......................................................................................................................................... 

.......................................................................................................................................... 

3. Explain the role of microorganisms in preparation of alcoholic beverages.

.......................................................................................................................................... 

.......................................................................................................................................... 

.......................................................................................................................................... 

4. What is vinegar? How is it prepared?

.......................................................................................................................................... 

.......................................................................................................................................... 

.......................................................................................................................................... 
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2 Write short notes on: 

a) Probiotics

.......................................................................................................................................... 

.......................................................................................................................................... 

a) Fermented Vegetables

.......................................................................................................................................... 

.......................................................................................................................................... 

6. Explain role of fermentation process in cheese preparation.

.......................................................................................................................................... 

.......................................................................................................................................... 

.......................................................................................................................................... 

.......................................................................................................................................... 

7. What are GM foods? What are advantages of GM crops?

.......................................................................................................................................... 

.......................................................................................................................................... 

.......................................................................................................................................... 

8. What are the risks associated with GM foods?

.......................................................................................................................................... 

.......................................................................................................................................... 
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Unit-11 FERMENTATION TECHNOLOGY 

STRUCTURE: 

11.0 Introduction  

11.1 Microbial Growth 

11.2 Fermentation Process  

11.3 Fermentation Techniques  

11.4 Application of Fermentation Technology 

11.5 TYPES OF FOOD FERMENTATIONS 

11.5.1 Acid Food Fermentation  

11.5.2 Yeast Fermentation 

11.5.3 Solid State Fermentation 

11.5.4 Fermented Vegetables 

● Sauerkraut.

● Cucumbers (pickling)

11.6 Fermented Foods From Cereals and Beans 

11.6.1 Idli 

11.6.2 Production of Idli 

 11.7 Production of Beer  

a) Brewer’s yeasts

b) Brewery Processes

11.8  Malting 

11.9. Beer defects 

11.10 Wines 

11.10.1 Processes in wine making 

11.11 Fermented Soybean Products  
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11.12 Fermented Dairy Products 

11.13 Vinegar  

11.13.1 Types and Composition of Vinegar 

11.13.2 Vinegar Preparation 

11.14 Alcoholic fermentation. 

11.14.1 Process of vinegar preparation. 

11.15 Lactic Acid Bacteria (LAB) and Fermented Foods 

11.15.1 Economically Important Fermentation Products 

11.15.2 Microbial Biomass  

11.15.3 Enrichment and fortification technology. 

11.16 LET US SUM UP 

11.17  Check Your Progress  

OBJECTIVES: 

After reading this Unit, we shall be able to: 

● Describe beneficial role of microorganisms;

● Explain fermentation – its science and technology;

● Comprehend the needs and types of food fermentations;

● State common examples of different types of food fermentations;

FERMENTATION TECHNOLOGY 

11.0 Introduction 

Fermentation word is derived from the Latin verb “fervere” which means to boil. This 

technology has been perceived in different senses by the world of microbiologists and biochemists. For 

biochemists, “fermentation is a catabolic process leading to generation of energy”. According to 

industrial microbiologists, “fermentation is the process of mass cultivation of microorganisms that 

convert substrates into valuable products through aerobic or anaerobic routes”. A general outline of the 

process is outlined in Figure 1. Fermentation technology has wide applications for the production of 

products such as organic solvents (acetone, alcohols), fermented beverages (wine, beer, whisky), and 

other products like enzymes, amino acids, vitamins, pharmaceuticals, etc. The fermentation process is 

dependent on microbial growth, which in turn is governed by many biochemical and physical 

parameters. The motive of all parameters is to provide the most suitable environment for the growth of 
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microorganisms. This chapter is dedicated to discussing the growth characteristics of microorganisms, 

the types and needs of the fermentation process, and their applications. 

Figure 1: Outlines of Fermentation Technology 1.1 

11.1 Microbial Growth 

The most important criterion of a fermentation process is to achieve good yield of product which in turn 

is dependent on the proper microbial growth. The micro-organism require optimum pH, temperature, 

oxygen, minerals, energy source and other raw material conditions to complete their life cycle under six 

phases as illustrated in figure 2 and discussed below.  

a) Lag phase: is the no microbial growth phase, also known as acclimatization period, when the newly

inoculated micro-organism adapt to their new environment and hence show no increase in number. 

b) Acceleration phase: is the period when microbes start increasing in number.

c) Log phase: is the period when microbes demonstrated exponential increase in their number and

utilizes most of the raw materials for their growth. 

d) Stationary phase: is the static stage when microbes do not show any change in their number and

their growth arrest at this point, probably due to the depletion of energy sources in the media, constraints 

of space and accumulation of toxic end products.  

e) Death phase: is the time where microbes show steady decline in their number due to loss of ability to

reproduce and indicate the climax of their growth period.  

All these phases of microbial life illustrate a sigmoidal curve, and depending upon the type of product a 

particular phase is considered for their harvest. For example, the processes where cell biomass is 
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required, microbes are harvested after exponential growth. Whereas, when secondary metabolites are the 

major products, harvest is done after their production in the stationary phase.  

The figure depicts the microbial growth in a batch fermentation system where a one-time addition of 

microbial culture and sterilized media components is done. It is a closed system, where no further 

addition or removal of materials is followed until all the stages of the microbial life cycle are completed 

and the product is formed. After completion, the product is removed and processed under various 

downstream processes. Another type of fermentation process is fed-batch, where nutrients are fed more 

than one time during microbial cultivation, but products are harvested only at the end of the process. 

This method provides an opportunity to control the yield and productivity of the process by adding 

limiting nutrients at the defined phase of cell growth. For example substrates such as ethanol, methanol 

or acetic acid may be added at the later stages of cell growth to avoid their inhibitory effect at the initial 

growth phase. The most valuable method for high turnover of industrial products is continuous 

fermentation which allows continuous supply of nutrients and raw materials. To maintain a static 

environment inside the vessel, products are also harvested continuously from the overflow of the 

fermenter. The exponential growth of microbes is maintained for a prolonged period which is suitable 

for the production of primary metabolites such as organic acids, amino acids, single-cell proteins, etc. 

Time (Hrs) Number of cells a c d e b Figure 2: Growth phases of microorganisms Environmental 

Sciences. 

11.2 Fermentation Process 

Initially, Louis Pasteur described fermentation as “an anaerobic process carried out by yeast-like 

organisms to break complex sugars into simpler ones”. But, now fermentation includes anaerobic as well 

as aerobic processes that need maintenance of oxygen-deficient or supplemented aseptic conditions. In 

the case of anaerobic fermentation, no aeration device is needed as the gasses generated during the 

process enable satisfactory mixing. 

 The environment inside the vessel needs to be maintained oxygen scarce during the whole process 

which is maintained by flushing a mixture of CO2, H2, and N2 in the headspace of the fermenter. On the 

other hand, large volumes of oxygen approximately 60 times the medium volume are required for 

aerobic fermentation processes. Such fermenters need the provision of efficient aeration and uniform 

mixing of fermenter contents. To accomplish sterilized conditions along with uniform distribution of 

media, air, pressure, and timely escape of products, a special vessel known as a Fermenter is employed. 

In addition to the above-mentioned conditions, a fermenter should facilitate the following functions:  
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1. A fermenter should meet the requirement of containment which means preventing the escape of

viable cells during the fermenter process or downstream processing.

2. It should provide continuous online monitoring of the undergoing process through pH,

temperature, and pressure sensors.

3. A fermenter should provide a stable environment required for the process with minimum

consumption of operating power, maintenance labor, construction cost, etc.

4. A pilot scale fermenter should provide the opportunity to scale up the process.

A typical bioreactor has the following parts with specific functions as illustrated in figure 3. Principles 

of chemical engineering are applied to design a fermenter. 

a. Agitator is used for uniform mixing of media constituents and to keep the cell suspension

homogeneous. Agitation also approves air dispersion and random transfer of oxygen and heat. The most 

important function of an agitator is to reduce shear forces and forming produced during the biochemical 

conversion. To achieve a homogenous environment throughout the vessel, different types of stirrers or 

impellers such as disc turbines, vaned discs, open turbines, and propellers are used. All these agitators 

are designed to achieve the objectives of gas-phase and bulk fluid mixing.  

b. The Aeration System plays a crucial role along with agitators to supply sufficient oxygen to growing

cells without causing any damage to them. The device used for this purpose is known as a sparger. 

Sparger is needed for efficient aeration by bubbling of air through the medium, as surface aeration is 

inefficient for submerged cultures. The kind of aeration system required in a fermenter is characterized 

by the type of process and attributes of media constituents and microbial culture. Sometimes only 

aeration could achieve the functions of proper mixing and oxygen supply which eliminated the need for 

an extra agitator. Such conditions are dictated by the less viscous broth and bacterial cultures. For high-

viscosity broths, it is desired that Fermenters with a height/diameter ratio of 5:1 provide uniform mixing 

by aeration system only and save equipment and power costs. But, for fungal cultures proper mixing by 

agitators is required.  

c. Baffles are the metal strips attached radially to the vessel wall to prevent whirl formation and to

perform efficient aeration. Their length may be one-tenth of the vessel diameter with a diameter less 

than 3 meters and their number varies from 4 to 8. Wider baffles are advised to have a positive effect on 

agitation efficiency as compared to narrow baffles. A gap between the baffles and fermenter wall 

prevents microbial growth at the vessel wall Specially designed fermenters are employed for specific 

product production which depends on the process kinetics, the kind of raw materials used, and the 

magnitude of process parameters required during the process. 

11.3 Fermentation Techniques 

● Solid State Fermentation

● Submerged Fermentation

Microorganisms are cultivated on the surface of a liquid or solid substrate. Microorganisms grow in a 

liquid medium. Complicated and rarely used in industry. Simple and used in the routine. Used in the 

Production of Mushroom, Bread, Cocoa, temph, etc. Protein, Biomass, antibiotics, enzymes, and sewage 

treatment are carried out by submerged fermentation. 
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11.4  Application of Fermentation Technology 

Advances in fermenter designing and fermentation technology have led to the additives being 

manufactured using industrial fermentation technology in developing countries. Wild-type and 

recombinant microorganisms are used in the production of the following products. 

1. Alcoholic beverages Whisky, rum, brandy, Beer and wine 

2. Milk and Milk Products Cultured milks, yoghurt, cheese  

3. Microbial flavors Vanillin, benzaldehyde and lactones  

4. Biofuels Ethanol, acetone-butanol  

5. Microbial polysaccharides Dextran, xanthan gum and pullulan 

6. Food additives and ingredients L-glutamic acid and L-aspartic acid 

7. Vitamins Vitamin A, C, B12, and riboflavin 

8. Enzyme Amylase, invertase, Protease  

9. Organic acid Lactic acid, citric acid, acetic acid 

The end product of a fermentation process depends upon the kind of microbe used for the process. Many 

bacteria, protists, fungi, and animal cells produce lactic acid, water, and carbon dioxide, whereas yeast 

and plant cells yield alcohol, water, and carbon dioxide. Thus, most of the alcoholic beverages are 

produced by the action of yeast on carbon sources such as malted barley, millet, sorghum, cassava, etc. 

Among all the fermented alcoholic beverages, beer making (brewing) is the oldest and the most 

researched process. 

11.5 TYPES OF FOOD FERMENTATIONS 

 A number of different types of food fermentation can be recognized. 

11.5.1. Acid Food Fermentation 

These include acid-fermented dairy products, e.g. cheese, butter, yogurt, and kefir; acid-fermented 

vegetable products, e.g. sauerkraut, olives, and various pickles; acid-fermented meat products, e.g. the 

semi-dry fermented meats such as cervelat and the dry fermented meats such as salami and pepperoni; 

sourdough bread. The common feature of all these products is the use of lactic acid bacteria to carry out 

the basic fermentation process. Modern production systems usually involve the use of starter cultures. 

An exception is the fermentation of sauerkraut for which the process depends on lactic acid bacteria, 

which are natural inhabitants of the surface of cabbage leaves. Sometimes sugar is added to raw material 

to allow the lactic acid bacteria to produce sufficient acid for a successful fermentation. This is the case 

with fermented meats in which the sugar content of the raw material is very low. Salt may be added to 

suppress the growth of the normal spoilage microflora and allow the lactic acid bacteria to dominate, 

e.g. sauerkraut, pickles, and fermented meats. The raw materials may be pasteurized to eliminate 

pathogens and suppress natural contaminants that compete with the lactic acid bacteria, used in the 

starter culture. 

11.5.2. Yeast Fermentation 

Yeasts are important in food fermentation because of their ability to produce carbon dioxide and ethanol. 

Carbon dioxide is an important metabolic product in the manufacture of leavened bread whereas ethanol 

is metabolized in the production of beer, wine, and spirits. 
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11.5.3. Solid State Fermentation 

Solid state fermentation involves the use of a solid substrate into which the fermenting organism is 

inoculated. The organisms used are often molds. Examples are the ‘koji’ process and the second stage of 

tempeh fermentation. 

11.5.4 Fermented Vegetables 

Like the fermentation of other foods, vegetables have been preserved by fermentation from time 

immemorial by lactic bacterial action. A wide range of vegetables and fruits including cabbages, olives, 

cucumber, onions, peppers, green tomatoes, carrots, okra, celery, and cauliflower have been preserved. 

Only sauerkraut and cucumbers will be discussed, as the same general principles apply to the 

fermentation of all vegetables and fruits. In general, they are fermented in brine, which eliminates other 

organisms and encourages the lactic acid bacteria. 

● Sauerkraut:

Sauerkraut is produced by the fermentation of cabbages, Brassica oleracea, and has been known for a 

long time. Specially selected varieties which are mild-flavored are used. The cabbage is sliced into thin 

pieces known as slaw and preserved in salt water or brine containing about 2.5% salt. The slaw must be 

completely immersed in brine to prevent it from darkening. Kraut fermentation is initiated 

by Leuconostoc mesenteroides, a heterofermentative lactic acid bacterium (i.e., it produces lactic acid as 

well as acetic acid and CO2). It grows over a wide range of pH and temperature conditions. CO2 creates 

anaerobic conditions and eliminates organisms which might produce enzymes which can cause the 

softening of the slaw and also encourages the growth of other lactic acid bacteria. Gram negative 

coliforms and pseudomonads soon disappear, and give way to a rapid proliferation of other lactic acid 

bacteria, including Lactobacillus brevis, which is heterofermentative, and the 

homofermentative Lactobacillus plantarum; sometimes Pediococcus cerevisiae also occurs. Compounds 

which contribute to the flavor of sauerkraut begin to appear with the increasing growth of the lactics. 

These compounds include lactic and acetic acids, ethanol, and volatile compounds such as diacetyl, 

acetaldehyde, acetal, isoamyl alcohol, n-hexanol, ethyl lactate, ethyl butarate, and isoamyl acetate. 

Besides the 2.5% salt, it is important that a temperature of about 15°C be used. Higher temperatures 

cause a deterioration of the kraut. 

● Cucumbers (pickling)

Cucumber (Cucumis sativus) is eaten raw as well after fermentation or pickling. Cucumbers for pickling 

are best harvested before they are mature. Mature cucumbers are too large, ripen easily and are full of 

mature seeds. Cucumbers may be pickled by dry salting or by brine salting . 

Dry salting is also generally used for cauliflower, peppers, okra, and carrots. It consists of adding 10 to 

12% salt to the water before the cucumbers are placed in the tank. This prevents bruising or other 

damage to the vegetables. 

Brine salting is more widely used. A lower amount of salt is added, between 5 and 8% salt being used. 

Higher amounts were previously used to prevent spoilage. During the primary fermentation lasting two 

or three days, most of the unwanted bacteria disappear allowing the lactics and yeasts to proliferate. In 

the final stages, after 10 to 14 days, Lactobacillus plantarum and L. brevis, followed by Pediococcus, 

are the major organisms. 
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11.6 Fermented Foods from Cereals and Beans 

11.6.1. Idli 

Idli is a popular fermented breakfast and hospital food which has been eaten in South India for many 

years. It is prepared from rice grains and the seeds of the leguminous mung grain, Phaeseolus mungo, or 

from black gram (urad dhal), Vigna mungo, which are also known as dal. When the material contains 

Bengal grain, Circer orientium, the product is known as khaman. It has a spongy texture and a pleasant 

sour taste due to the lactic acid in the food. It is often embellished with flavoring ingredients such as 

cashew nuts, pepper and ginger. 

11.6.2. Production of idli 

The seeds of the dahl (black gram) are soaked in water for 1-3 hours to soften them and to facilitate 

decortication, after which the seeds are mixed and pounded with rice in a proportion of three parts of the 

beans and one of rice (Figure 31.1). The mixture is allowed to ferment overnight (20-22 hours). In the 

traditional system the fermentation is spontaneous and the mixture is leavened up to approximately 2 or 

3 times. The organisms involved in the acidification have been identified as Streptococcus 

faecalis, and Pediococcus spp. The leavening is brought about by Leuconostoc mesenteroides, although 

the yeasts, Torulopsis candida and Trichosporon pulluloma have also been found in traditional Idli. The 

fermented batter is steamed and served hot. Idli is highly nutritious, being rich in nicotinic acid, 

thiamine, riboflavin, and methionine. 

11.7 Production of beer 

Barley beers can be divided into two broad groups: top-fermented beers and bottom-fermented beers. 

This distinction is based on whether the yeast remains at the top of the brew (top-fermented beers) or 

sediments to the bottom (bottom-fermented beers) at the end of the fermentation. 

 Raw materials for brewing 

The raw materials used in brewing are: barley, malt, adjuncts, yeasts, hops, and water. 

a) Brewer’s yeasts

Yeasts in general will produce alcohol from sugars under anaerobic conditions, but not all yeasts are 

necessarily suitable for brewing. Brewing yeasts besides producing alcohol, are able to produce from 

wort sugars and proteins in a balanced proportion of esters, acids, higher alcohols, and ketones which 

contribute to the peculiar flavor of beer. 

b) Brewery Processes

The processes involved in the conversion of barley malt to beer may be divided into the following: 

1. Malting

2. Cleaning and milling of the malt

3. Mashing

4. Mash operation

5. Wort boiling treatment

6. Fermentation

7. Storage or lagering
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8. Packaging

11.8 Malting 

The purpose of malting is to develop amylases and proteases in the grain. These enzymes are produced 

by the germinated barley to enable it to break down the carbohydrates and proteins in the grain to 

nourish the germinated seedling before its photosynthetic systems are developed enough to support the 

plant. 

a. Cleaning and milling of malt

The purpose of milling is to expose particles of the malt to the hydrolytic effects of malt enzymes during 

the mashing process. The finer the particles, the greater the extract from the malt. 

b. Mashing

Mashing is the central part of brewing. It determines the nature of the wort, hence the nature of the 

nutrients available to the yeasts and therefore the type of beer produced. The purpose of mashing is to 

extract as much as possible the soluble portion of the malt and to enzymatically hydrolyzed insoluble 

portions of the malt and adjuncts. The aqueous solution resulting from mashing is known as wort. The 

wort is boiled for 1-1½ hours in a stainless steel kettle. When corn syrup or sucrose is used as an adjunct 

it is added at the beginning of the boiling. Hops are also added, some before and some at the end of the 

boiling. Hops are the dried cone-shaped female flowers of the hop-plant Humulus lupulus. The 

importance of hops in brewing lies in its resins which provide the precursors of the bitter principles in 

beer and the essential (volatile) oils that provide the hop aroma. 

The purpose of boiling is as follows. 

(a) To concentrate the wort, 

(b) To sterilize the wort 

(c) To inactivate any enzymes 

(d) To extract soluble materials from the hops 

(e) To precipitate protein, which forms large flocs because of heat denaturation and complexing with 

tannins extracted from the hops and malt husks. Unprecipitated proteins form hazes in the beer, but too 

little protein leads to poor foam head formation. 

(f) To develop color in the beer; some of the color in beer comes from malting but the bulk develops 

during wort boiling. Color is formed by several chemical reactions including caramelization of sugars, 

oxidation of phenolic compounds, and reactions between amino acids and reducing sugars. 

(g) Removal of volatile compounds: volatile compounds such as fatty acids which could lead to 

rancidity in the beer are removed. 

c. Fermentation

The cooled wort is pumped or allowed to flow by gravity into fermentation tanks and yeast is inoculated 

or ‘pitched in’ at a rate of 7-15 x 106 yeast cells/ml, usually collected from a previous brew. The 

progress of fermentation is followed by wort specific gravity. During fermentation, the gravity of the 

wort gradually decreases because yeasts are using up the extract. However, alcohol is also being formed. 

As alcohol has a lower gravity than wort the reading of the special hydrometer (known as a 

saccharometer) is even lower. °Brix is used in the sugar industry, whereas Balling (United States) and 

°Plato (continental Europe) are used in the brewing industry. 
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d. Lagering

During lagering secondary fermentation occurs. Yeasts are sometimes added to induce this secondary 

fermentation, utilizing some sugars in the green beer. The secondary fermentation saturates the beer with 

CO2. 

e.Packaging

The beer is transferred to pressure tanks from where it is distributed to cans, bottles and other containers. 

The beer is not allowed to come in contact with oxygen during this operation; it is also not allowed to 

lose CO2 or to become contaminated with microorganisms. To achieve these objectives, the beer is 

added to the tanks under a CO2, atmosphere, bottled under a counter pressure of CO2 and all the 

equipment is cleaned and disinfected regularly. 

11.9 Beer defects 

The most important beer defect is the presence of haze or turbidity, which can be of biological or 

physico-chemical origin. Biological turbidites are caused by spoilage organisms and arise because of 

poor brewery hygiene (i.e. poorly washed pipes) and poor pasteurization. Spoilage organisms in beer 

must be able to survive the following stringent conditions found in beer: low pH, the antiseptic 

substances in hops, pasteurization of beer, and anaerobic conditions. 

Yeasts and certain bacteria are responsible for biological spoilage because they can withstand these. 

Wild or unwanted yeasts which have been identified in beer spoilage are spread into many genera 

including Kloeckera, Hansenula, and Brettanomyces, but Saccharomyces spp appear to be commonest, 

particularly in top-fermented beers. These include Sacch. cerevisiae var. turblidans, and Sacch. 

diastaticus. The latter is important because of its ability to grow on dextrins in beer, thereby causing 

hazes and off flavors. Among the bacteria, Acetobacter, and the lactic acid 

bacteria, Lactobacillus and Streptococcus are the most important. The latter are tolerant of low pH and 

hop antiseptics and are microaerophilic hence they grow well in beer. Acetobacter is an acetic acid 

bacterium and produces acetic acid from alcohol thereby giving rise to sourness in beer. Lactobacillus 

pastorianus is the typical beer spoiling lactobacilli, in top-fermented beers, where it produces sourness 

and a silky type of turbidity. Streptococcus damnosus (Pediococcus damnosus, Pediococcus cerevisiae) 

is known as ‘beer sarcina’ and gives rise to ‘sarcina sickness’ of beer which is characterized by a honey-

like odor. 

11.10 Wines 

Wine is by common usage defined as a product of the “normal alcoholic fermentation of the juice of 

sound ripe grapes”. Nevertheless, any fruit with a good proportion of sugar may be used for wine 

production. If the term is not qualified then it is regarded as being derived from grapes, Vitis 

vinifera. The production of wine is simpler than that of beer in that no need exists for malting since 

sugars are already present in the fruit juice being used. This however exposes wine making to greater 

contamination hazards. 

11.10.1 Processes in wine making 

a. Crushing of grapes

Selected ripe grapes are crushed to release the juice which is known as ‘must’, after the stalks which 

support the fruits have been removed. These stalks contain tannins which would give the wine a harsh 

taste if left in the must. The skin contains most of the materials which give wine its aroma and color. 

Grape juice has an acidity of 0.60-0.65% and a pH of 3.0-4.0 due mainly to malic and tartaric acids with 
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a little citric acid. 

b. Fermentation

Yeast used: The grapes themselves harbor a natural flora of microorganisms (the bloom) which in 

previous times brought about the fermentation and contributed to the special characters of various wines. 

Yeasts are then inoculated into the must. The yeast which is used is Saccaromyces 

cerevisiae var, ellipsoideus (synonyms: Sacch. cerevisiae, Sacch. ellipsoideus, Sacch, vini.). 

Wine yeasts have the following characteristics: (a) growth at the relatively high acidity (i.e., low pH) of 

grape juice; (b) resistance to high alcohol content (higher than 10%); (c) resistance to sulfite. 

c. Control of fermentation

(a) Temperature: Heat is released during the fermentation. It has been calculated that the temperature 

of a must containing 22% sugar would rise 52°F (11°C) if all the heat were stopped from escaping. If the 

initial temperature were 60°F (16°C) the temperature would be 100°F (38°C) and fermentation would 

halt while only 5% alcohol has been accumulated. For this reason, the fermentation is cooled and the 

temperature is maintained at around 24°C with cooling coils mounted in the fermentor. 

(b) Yeast nutrition: Yeasts normally ferment the glucose preferentially although some yeasts 

e.g. Sacch. elegans prefer fructose. Most nutrients including macro- and micro-nutrients are usually 

abundant in must; occasionally, however, nitrogenous compounds are limiting. They are then made 

adequate with small amounts of (NH4)2 SO4. 

(c) Oxygen: As with beer, oxygen is required in the earlier stage of fermentation when yeast 

multiplication is occurring. In the second stage when alcohol is produced the growth is anaerobic and 

this forces the yeasts to utilize such intermediate products as acetaldehydes as hydrogen acceptors and 

hence encourage alcohol production. 

(d) Flavor development: Although some flavor materials come from the grape most of them come from 

yeast action and are due to alcohols, esters, fatty acids, and carbonyl compounds, the esters being the 

most important. Diacetyl, acetoin, fuel oils, volatile esters, and hydrogen sulfide have received special 

attention. 

d. Ageing and Storage

The fermentation is usually over in three to five days. At this time ‘pomace’ formed from grape skins (in 

red wines) will have risen to the top of the brew. At the end of this fermentation, the wine is allowed to 

flow through a perforated bottom if pomace has been allowed. When the pomace has been separated 

from the wine and the fermentation is complete or stopped, the next stage is ‘racking’. The wine is 

allowed to stand until a major portion of the yeast cells and other fine suspended materials have 

collected at the bottom of the container as sediment or ‘lees’. It is then ‘racked’, during which process 

the clear wine is carefully pumped. The wine is then transferred to wooden casks (100-1,000 gallons), 

barrels (about 50 gallons), or tanks (several thousand gallons). The wood allows the wine only slow 

access to oxygen. Water and ethanol evaporate slowly leading to air pockets which permit the growth of 

aerobic wine spoilers e.g. acetic acid bacteria and some yeasts. The casks are, therefore, regularly topped 

up to prevent the pockets. In modern tanks made of stainless steel, the problem of air pockets is tackled 

by filling the airspace with an inert gas such as carbon dioxide or nitrogen. During aging desirable 

changes occur in the wine. These changes are due to several factors: 

e. Clarification

The wine is allowed to age in a period ranging from two years to five years, depending on the type of 
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wine. At the end of the period, some will have cleared naturally. For others, artificial clarification may 

be necessary. The addition of a fining agent is often practiced to help clarify. Fining agents react with 

the tannin, acid, protein, or with some added substance to give heavy quick-settling coagulans. The 

usual finding agents for wine are gelatin, casein, tannin, egg albumin, and bentonite. 

f. Packaging

Before packing in bottles the wine from various sources is sometimes blended and then pasteurized. In 

some wineries, the wine is not pasteurized, rather it is sterilized by filtration. In many countries, the 

wine is packaged and distributed in casks. 

g. Wine defects

The most important cause of wine spoilage is microbial; less important defects are acidity and 

cloudiness. Factors that influence spoilage by bacteria and yeasts include the following (a) wine 

composition, specifically the sugar, alcohol, and sulfur dioxide content; (b) storage conditions e.g. high 

temperature and the amount of air space in the container; (c) the extent of the initial contamination by 

microorganism during the bottling process. When proper hygiene is practiced bacterial spoilage is rare. 

When it does occur the microorganisms concerned are acetic acid bacteria which cause sourness in the 

wine. Lactic acid bacteria especially Leuconostoc, and sometimes Lactobacillus also spoil wines. 

Various spoilage yeasts may also grow in wine. The most prevalent is Brettanomyces, slow-growing 

yeasts that grow in wine causing turbidites and off-flavors. Other wine spoilage yeasts 

are Saccharomyces oviformis, which may use up residual sugars in a sweet wine, and Saccharomyces 

bayanus which may cause turbidity and sedimentation in dry wines with some residual sugar. Pichia 

membanaefaciens is an aerobic yeast that grows especially in young wines with sufficient oxygen. Other 

defects of wine include cloudiness and acidity. 

11.11 Fermented Soyabean Products 

● Tempeh

In Indonesia, a soybean preparation called tempeh is very well-liked. The mould Rhizopus oligosporus 

is the main constituent of this preparation. The boiling soybean seeds are mashed and stored in boxes or 

tubes made of wood or banana leaves. A fraction of the previous batch is added, and the mixture is 

injected with tempeh fungal spores. It is then fermented for about 20 hours at 32° C until there is a 

healthy-growing mycelium but little sporulation. After that, it is cut into slices and cooked to taste by 

roasting or frying. Although tempeh is thought to have a bland flavor, it is very healthy. 

● Soya sauce

A particularly well-liked Japanese dish that has gained widespread global acceptance is soy sauce. This 

is made by inoculating Aspergillus oryzae (A. Soyae) in a 2:1 mixture of roasted wheat and soaked and 

steamed soybeans. For 3 to 5 days, the mixture is incubated at a temperature between 25 and 300 C. It is 

then put through several processing processes utilizing the yeast Saccharomyces rouxii and the bacteria 

Lactobacillus delbruckii. The finished product is filtered, pasteurized, and packaged for usage after three 

months. c) Miso It is a thick paste-like substance derived from fermented soybeans.  

● Miso

Is quite salty and sour on its own, and it has a brownish colour. The bacteria, Pediococcus halophilus, 

and Streptococcus faecalis, along with the yeasts Saccharomyces rouxii and Torulopsis, are primarily 

responsible for the fermentation of miso. Despite the fact that miso is typically used, Miso not only 

enhances Japanese-style miso soup recipes but also salad dressings, sauces and marinades, baked tofu, 
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and vegetable meals. 

11.12 Fermented Dairy Products 

Since milk products—particularly cheese, butter, yogurt, and curd—constitute the majority of the human 

diet, fermented dairy products are of significant importance. The list of dairy products that have 

undergone fermentation is as follows: 

Table 4.2: Types of Fermented Dairy Products 

Name Country of origin Milk types, 

conditions 

Micro flora 

Dahi (Dadhi) India Persia Balkans Milk (Cow/ 

Buffalo)  

L. lactis subsp. lactis, S. 

salivarius subsp. 

thermophilus, L. 

delbrueckii subsp. 

bulgaricus, plantarum, 

lactose fermenting yeast, 

Mixed culture  

Srikhand (chakka) India Milk (Cow/ 

Buffalo) 

S. salivarious 

subsp.thermophilus, L. 

delbrueckii subsp. 

bulgaricus.  

Lassi India Milk (Cow/ 

Buffalo) 

S. salivarius subsp. 

thermophilus, L. 

delbrueckii 

subsp.bulgaricus. 

Cultured buttermilk Scandinevian and 

European countries 

Milk (Cow/ 

Buffalo) 

L. lactis subsp. lactis, L. 

lactic subsp. 

diacetylactis, 

Leuconostoc 

dextranicum subsp. 

citrovorum  

Acidophilus milk Australia, Cow’s milk L. acidophilus 

Yoghurt (bio-ghurt) Middle Asia Cow’s milk Goat’s 

or mixed milk 

S, salivarius 

subsp.thermophilus, L. 

delbrueckii subsp. 

bulgaricus, Micrococcus 

and other lactic acid, 

bacteria, cocci, yeasts, 

molds 
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Kefir Caucasus Sheep’s, Cow’s, 

goat’s or mixed 

milk, fermentation 

in skin bag or in 

wooden barrels 

L lactis subsp. lactis, 

Leuconostoc spp., 

L.delbrueckii subsp. 

caucassiucu, 

Saccharomyces kefir, 

Torula kefir, micrococci, 

spore forming bacilli 

Kumiss Asiatic Steppes Mare’s, camel’s or 

ass’s milk 

fermentation in skin 

bag 

L. delbrueckii subsp. 

bulgaricus, Torula 

kumiss, Saccharomyces 

lactis, micrococci, spore 

forming bacilli lactis, 

micrococci, spore 

forming bacilli 

Leben, Labneh Lebanon Arab 

countries 

Goat’s or sheep’s 

milk, Fermentation 

in skin bag/ 

earthenware 

L. lactis subsp. lactis, S. 

salivarius subsp. 

thermophilus, L. 

delbrueckii subsp. 

bulgaricus, lactose 

fermenting yeasts 

11.13 Vinegar 

The French terms vin and aigre, which translate to "sour wine," are the root of the English word 

"vinegar," which is now used to describe a condiment made from diverse ingredients that contain sugar 

and starch and are then fermented to produce acetic acid. It is one of the many fermented foods created 

and eaten by humans since the dawn of time. In the past, it was employed as a medicine, a preservative, 

a condiment, a cleaning agent for the home, and a beverage.  

In addition to fruit acids, esters, and inorganic salts that differ according to the vinegar's place of origin, 

it also contains color, flavor, and extracts. Acetic acid makes up the majority of vinegar's composition. 

Acetic acid must be at least 4% (w/v) in vinegar to be considered lawful. 

11.13.1. Types and Composition of Vinegar 

1. Synthetic vinegar: This kind of vinegar is made by mixing water and synthetic acetic acid together

before adding caramel coloring. 

2. Brewed vinegar: To manufacture brewed vinegar, practically anything that contains enough sugar to

produce alcohol can be utilized. The ingredient from which the vinegar is formed usually gives it its 

descriptive name, for example, cider vinegar is created from apple juice, alegar from ale, malt vinegar 

from malted grains, spirit vinegar from alcohol, etc.  

11.13.2. Vinegar Preparation. 

It involves two step fermentations as detailed below: 
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11.14 Alcoholic fermentation 

The first is alcoholic fermentation, mainly carried out by yeast Saccharomyces cerevisiae either by pure 

culture inoculation or by the natural process of fermentation. The process can be represented by a 

simplified equation: 

C6H12O6        →      2CO2 + 2C2H5 – OH + 55 Kcal 

Glucose Carbon dioxide       Ethyl alcohol 

Small amounts of glycerol, succinic acid, amyl alcohol, propyl alcohol, and other chemicals are also 

created in this fermentation in addition to ethyl alcohol, which is not the only result of the process. 

Anaerobic fermentation is occurring. Fermentation of acetic acid: Acetic acid fermentation is the second 

fermentation process. Acetic acid bacteria like Acetobacter aceti perform the oxidative fermentation. 

Due to the greater effectiveness of mixed cultures, pure cultures of acetic acid bacteria are not employed 

in the manufacturing of vinegar. The oxidation reaction is represented as follows: 

C2H5OH + O2       →              CH3COOH + H2O + 116 Kcal 

Ethyl alcohol          Acetic acid  

The optimum temperature of fermentation is 26o C which is achieved by the heat generated in the 

process. 

11.14.1 Process of Vinegar Preparation 

Slow process: 

This procedure requires a lot of time and is frequently used in nations like India. The juice kept in the 

barrels is allowed to gently ferment into alcohol and acetic acid over time. A piece of cloth is placed 

over the barrel's bunghole to keep out dust and flies, and the barrel is then placed in a warm, humid 

environment. To make vinegar from juice, the entire acetous and alcoholic fermentation process takes 

roughly 5 to 6 months to complete. The main problems of this procedure include a poor output, 

frequently incomplete alcoholic fermentation, sluggish acetic fermentation, and vinegar of subpar 

quality. 

Quick process: 

Alcoholic liquid is in motion in a rapid procedure like the generator process, which is usually used to 

make vinegar from spirit (alcohol). Food for the vinegar bacteria is present in fruit or malt liquors, but to 

keep the vinegar bacteria active in generator methods that use alcohol denatured with vinegar or ethyl 

acetate, it must be supplemented with a mixture of organic and inorganic substances known as vinegar 

food. Dibasic ammonium phosphate, urea, peptones, yeast extract, glucose, malt, starch, dextrin, salts, 

and other ingredients have all been combined. For packing the generators, materials like pumice, vine 

branches, and grape stems are employed. Schiizenbach developed a mechanical system for the repeated 

application of the acidic liquid to the packing and pioneered the use of a vat rather than a cask for the 

acetification process. 

Generator: 

The used equipment is referred to as a "Upright Generator," which is essentially just a cylindrical tank 
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that is available in various sizes and is often built of wood. Its interior is split into three sections: 

Upper section: Alcoholic beverages are introduced here. 

Large center section: In this area, liquid is allowed to drip across materials like charcoal, coke, maize 

cobs, beech wood shavings or other items that have a lot of surface area overall but aren't compacted 

into a mass.  

Bottom part: The vinegar collection is kept in this section. The process of acetification involves adding 

the alcoholic liquid at the top through an automatic feed trough or a sprinkler and drizzling it over 

shavings or other materials on which acetic acid bacteria have grown slimily. The bacteria convert the 

alcohol to acetic acid during this process, which is known as acetification. Air enters through the center 

section's false bottom, warms up, and then exits through a ventilation above. The oxidation process 

generates a lot of heat, thus it's important to keep the temperature below 30° C. Typically, cooling coils, 

regulating the flow rate of alcohol, feeding air, and cooling are used. The process typically involves 

cooling the alcoholic liquid before it enters the generator or cooling the partially acetified liquid that is 

returned to the top from the bottom section of the tank for additional acetification. It also typically 

involves using cooling coils, adjusting the rate of alcoholic liquid, feeding air, and cooling the alcoholic 

liquid.  

11.15 Lactic Acid Bacteria (LAB) and Fermented Foods 

In addition to creating inhibitory compounds including organic acids, bacteriocin, and hydrogen 

peroxide that are hostile towards other microbes, lactic acid bacteria (LAB) are obligatory 

microorganisms that produce lactate from carbohydrates as the principal end product. The best-known 

fermented milk product (with fruit pulp) is yogurt, which is recognized to be inhibitory to both 

pathogenic and spoilage-causing microbes.  

Lactic acid bacteria are found in cultured milk and milk products, and they protect against malignancies 

of the stomach, colon, and other organs.  

Traditional vegetable fermentations relied on the development of lactic acid bacteria that are found in 

nature to break down the vegetables' natural sugars into lactic acid, which enhances the veggies' flavor 

and shelf life. The development of controlled fermentation, however, is now being done using starter 

cultures.  

It is known that various species of lactic acid bacteria are involved in the fermentation of vegetables. 

Vegetables naturally ferment because of lactic acid bacteria belonging to the genera Streptococcus, 

Leuconostoc, Pediococcus, and Lactobacillus. Important variables influencing lactic fermentation 

include acidity, pH, salt concentration, temperature, naturally occurring inhibitors, chemical additions, 

exposed brined surface to air and sunshine, amount of fermentable carbohydrates in the vegetables, and 

availability of nutrients in the brine. 

11.15.1 Economically Important Fermentation Products 

A variety of products are produced as a result of the growth of microorganisms or other cells. Every 

culture operation has one or a few specific goals in mind. To maintain the precise conditions required 

and recover the best levels of goods, the process must be closely and continuously monitored. 

Fermentation procedures therefore seek to achieve one or more of the following:  

a) the growth of cells (biomass) like yeasts;

b) the extraction of metabolic products for use in the creation of fertilizer or for human and/or animal

nutrition, such as amino acids, proteins (including enzymes), vitamins, and alcohol; 

UGHN-110/203



c) chemical alteration (through the use of elicitors or by biotransformation); and

d) creating items using recombinant DNA.

11.15.2 Microbial Biomass 

Using such unicellular algae as species of Chlorella or Spirulina for human or animal food, or viable 

yeast cells required for the baking industry, which was once utilized as human feed, the microbial 

biomass is commercially generated as single-cell protein (SCP). Animal feed can be made out of 

bacterial biomass. For a similar purpose, Fusarium graminearum biomass is also produced. 

Microbial Metabolites 

1. Primary metabolites –

Organisms produce a multitude of substances during the log or exponential phase that are necessary for 

their growth, such as nucleotides, nucleic acids, amino acids, proteins, carbohydrates, lipids, etc., or by-

products of energy-producing metabolism, such as ethanol, acetone, butanol, etc. The products are 

typically referred to as primary metabolites, and this phase is referred to as the tropphase. Table 4.3 

provides examples of these products in the marketplace. 

2. Secondary metabolites -

The main metabolites are not the only products that an organism produces. Secondary metabolites are 

created during the idiophase, a stage of microbial growth, which is characterized by the production of 

compounds that are not immediately apparent as being involved in the metabolism of the organisms that 

make up the synthesizing culture. In actuality, there is no straight-jacket situation around the 

differentiation between primary and secondary metabolites. From the intermediates and byproducts of 

secondary metabolism, several secondary metabolites are created. The Enterobacteriaceae are among 

those that do not engage in secondary metabolism. Table 4.4 provides examples of secondary 

metabolites. 

Production of Enzymes 

The commercial manufacturing of food and drinks requires the industrial manufacture of enzymes. 

Currently, enzymes (such as cellulase, protease, and lipase) are even added to washing powders. 

Enzymes are also utilized in industrial and clinical analysis. Animal, plant, or microbial cultures can all 

create enzymes. Through methods of genetic manipulation, even plant and animal enzymes can be 

generated through microbial fermentation. Although the majority of enzymes are made during the 

tropophase, some, such as the amylases made by Bacillus stearothermophilus, are made during the 

idiophase and are hence secondary metabolites. Table 4.5 lists a few examples of enzymes created 

during fermentation operations.  

Examples of Commercially Produced Enzymes, Table 4.5 

Organism Enzyme 

Aspergillus oryzae Amylases 

Aspergillus niger Glucoamylase 

Trichoderma reesii Cellulase 

Saccharomyces cerevisiae Invertase 
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Kluyzveromyces fragilis Lactase 

Saccharomycopsis lipolytica Lipase 

Aspergillus species Pectinases and protease 

Bacillus species Proteases 

Mucor pusillus Microbial rennet 

Mucor meihei Microbial rennet 

11.15.3 Enrichment and Fortification technology. 

Food fortification is the process of incorporating one or more dietary components into food. The process 

of adding nutrients to foods is described by a number of terminology, some of which are detailed below.  

Enrichment: This phrase refers to a procedure whereby the level of one or more nutrients, which are 

already present in a food, is significantly enhanced by addition to making it more abundant in that 

nutrient. 

Fortification: Fortification, according to the WHO, is the process of adding nutrients to food or dietary 

items in order to raise the nutritional value of a group's, community's, or population's diet. The amount 

of nutrients supplied can be higher than what was in the original or similar food. Fortification's goal is to 

help a particular population's nutritional deficits. In order to increase a population's intake of a nutrient, 

fortification may also involve the addition of modest amounts of the nutrient. 

Nitrification: Adding vitamins and minerals to prepared and processed foods that are consumed as 

complete meals or as meal replacements, such as infant formula, instant breakfast foods, etc., is referred 

to by this general phrase.  

Restoration: The handling, shipping, processing, and storage of food results in the unavoidable loss of 

some nutrients. The replacement of nutrients lost during the aforementioned processes is referred to as 

restoration. 

Standardization: The nutrient makeup of foods may vary naturally or according to the seasons. The act 

of adding nutrients to make up for the aforementioned differences and bring them to a set level is known 

as standardization. It aids in fulfilling nutritional labeling standards.  

Supplementation: This phrase describes the process of adding nutrients to food that are either not 

ordinarily available or are present in extremely small amounts.  

The phrases mentioned above are frequently used in tandem. The term "fortification" is currently used to 

refer generally to the addition of nutrients to enhance the nutritional value of foods. 

11.16 LET US SUM UP 

This unit has the content of fermentation technology of food products. Various fermented products.Their 

processing and preparation technology. 

Fermentation is a low-energy, moderately efficient food preservation method that lengthens the shelf life 

of food and eliminates the need for refrigeration or other food preservation methods. As a result, it is a 

technique that is ideal for usage in underdeveloped nations and distant locations without easy access to 
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complex machinery. Worldwide, people like eating fermented foods, and in some places, millions of 

people rely heavily on them to supplement their diets. Fermenting food is a widely practiced tradition in 

Asia. In contrast to starchy and bland meals, fermented goods bring diversity and nutritional fortification 

by supplying protein, minerals, and other nutrients. For instance, soy sauce is a staple food in cultures 

from Indonesia to Japan and is enjoyed all over the world.  

Despite the thousands of years that food has been fermented, it's likely that the underlying microbial and 

enzymatic activities that caused the alterations were mostly unknown. Understanding of these processes 

has lately advanced, as has the way they have been modified for commercialization. The employment of 

microorganisms to efficiently utilize the supply of natural food and feed supplies as well as the 

transformation of waste materials offers enormous scope and potential for addressing the rising global 

food demand. The success of fermentation technology depends critically on the organism's genetic 

development. The two methods for achieving this goal are mutation and recombination.  

Probiotics, prebiotics, and symbiotics are very intriguing areas for research due to the worrisome rise in 

the inappropriate use of antibiotics and increased bacterial resistance, as well as the increasing interest in 

ecological approaches to prevent illnesses. Evidence of their positive effects in a range of GI 

(gastrointestinal) and non-GI problems is starting to mount. They provide dietary strategies to support 

the gut flora's balance. They can be used to treat localized immunological dysfunction, maintain the 

integrity of the intestinal barrier, stop the spread of harmful bacteria, and modify intestinal metabolism. 

When it comes to giving revolutionary cures in several disciplines, this field has a bright future. 

11.17   CHECK YOUR PROGRESS 

1. Define fermentation.

………………………………………………………………………………………………………

……………………………………………………………………………………………..

2. Define the role of yeast in the food industry.

………………………………………………………………………………………………………

……………………………………………………………………………………………..

3. Define the making process of vinegar.

………………………………………………………………………………………………………

……………………………………………………………………………………………..

4. Write the making of beer and wine.

………………………………………………………………………………………………………

……………………………………………………………………………………………..

5. Write the role of lactic acid bacteria in food fermentation.

………………………………………………………………………………………………………

……………………………………………………………………………………………..

6. Define fortification and enrichment process.

………………………………………………………………………………………………………

……………………………………………………………………………………………..

7. Role of enzymes.

………………………………………………………………………………………………………
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KEY WORDS 

● Carbohydrates: Organic compounds that consist of carbon, hydrogen, and oxygen. They vary

from simple sugars containing from three to seven carbon atoms to very complex polymers.

● CFUs: Colony forming units.

● Enzyme: A protein that acts as a catalyst. Every chemical reaction in living organisms is

facilitated by an enzyme.

● Fermentation: Enzymatic breakdown (catabolism) of carbohydrates generally in the absence of

oxygen or changes in food caused by intentional growth of bacteria, yeast, or mold.

● Food: Those substances that are eaten or otherwise taken in the body to: sustain psychological

and physiological life support growth and repair and replacement of tissues; and provide energy

and nutrition. In essence, the sum of all the processes concerned with the growth, maintenance,

and repair of the body and/or its organs and systems.

● Food processing: Using food as a raw material and changing it in some way to make a food

product.

● Gastrointestinal: Pertaining to the stomach, small and large intestines, colon, rectum, liver,

pancreas, and gallbladder.

● Yeast: Single-cell organism, which as it grows converts carbohydrates by fermentation into

alcohol and carbon dioxide.
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UNIT–12 FOOD SAFETY LAWS AND STANDARDS FOOD 

PACKAGING MATERIAL 

Structure 

12.1 Introduction 

12.2 Potential contaminants from food packaging material 

12.3 Food safety laws and standards 

12.4 FSSAI  

12.5 FPO 

12.6 ISI 

12.7 Agmark, 

12.8 Codex Alimentarius  

12.9 ISO International Oreganisation for Standardisation 

12.10 Let Us Sum Up  

12.11 Glossary   

12.12 Check Your Progress  

12.1 Introduction 

Packaging has become an indispensable element in the food manufacturing process, and different types 

of additives, such as antioxidants, stabilizers, lubricants, anti-static and anti-blocking agents, have also 

been developed to improve the performance of polymeric packaging materials. Recently the packaging 

has been found to represent a source of contamination through the migration of substances from the 

packaging into food.  

12.2 Potential contaminants from food packaging material 

Sources of contamination from food packaging are printed paperboard cartons, rigid plastic containers 

and lids and glass jars or containers. 

a. Ortho-phthalates (primarily used in plastic but many other uses including printing

inks): Studies show that these chemicals are linked to endocrine disruption, developmental and 

reproductive toxicity. Their contamination of food is widespread. Their safety is currently under review 

by FDA. 

b. Perchlorate (anti-static agent used in plastic for dry food and in food handling equipment): This

chemical disrupts the thyroid gland’s normal function and reduces production of the thyroid hormone 

needed for healthy fetal and child brain development. Food contamination is widespread; especially 

problematic is the increase of perchlorate levels in baby food dry cereal. The safety of perchlorate is 

currently under review by FDA. 

c. Per- and poly-fluorinated alkyl substances (grease-proofing agent used in paper packaging):

PFAS, often distinguished as long-chain or short-chain, are bioaccumulating, persistent chemicals 

associated with an array of health problems including endocrine disruption and children’s developmental 

harm. There is widespread human exposure to PFAS; water and food are the likely sources. PFAS in 
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food packaging will be banned in Washington State two years after the state finds suitably available 

safer alternatives or in 2022, whichever date gives manufacturers more time to redesign packaging. 

d. Benzophenone (used as a plasticizer in rubber articles intended for repeat use): Citing the

carcinogenic evidence regarding benzophenone, FDA has banned its use as a flavor and in food 

packaging. The bans go into effect in 2020. 

e. Ethyl and methyl glycol, toluene, and n-methyl-pyrrolidone (NMP): These solvents, often

used in printing inks, leave residues in packaging and pose a risk of reproductive or development harm. 

Toluene and NMP have been targeted for removal in other product categories as well. Toluene has been 

targeted by a number of retailers, including Amazon and Rite-Aid, for removal from personal care and 

beauty products. NMP has been targeted for removal from paint strippers by several retailers including 

Home Depot, Lowes, and Walmart. EPA has proposed banning use of NMP as a paint stripper and is 

expected to finalize that proposal for retail sales soon. 

f. Bisphenol A, B, F, S (used to make epoxy lining in metal cans, to make polycarbonate plastic,

and ink): One or more bisphenol compounds has been linked to endocrine disruption, developmental 

and/or reproductive toxicity. BPA is already banned for baby bottle use or coating of infant formula 

packaging. BPS became a common replacement to BPA in packaging, but recent studies demonstrate 

similar health concerns to BPA. 

g. Heavy metals (lead, arsenic, cadmium, chromium VI, and mercury): These chemicals are

highly toxic and have been regulated in a variety of applications. EDF has demonstrated heavy 

metal contamination in food, particularly baby food. Though not intentionally added, contamination of 

food packaging may be a source. FDA’s Toxic Elements Working Group is evaluating children’s 

exposure to heavy metals across all foods. 

12.3 Food safety laws and standards 

12.4  FSSAI  

FSSAI full form is the Food Safety and Standards Authority of India. It is an autonomous statutory body 

that maintains the food safety and standards in India. FSSAI is administered by the Ministry of Health & 

Family Welfare and the headquarters of FSSAI is situated in New Delhi. The authority also has 6 

regional offices located in Delhi, Guwahati, Mumbai, Kolkata, Cochin, and Chennai. The Body is 

functional as per the Food Safety and Standards Act, 2006. FSSAI was established by Former Union 

Minister Dr. Albumen Ramadoss, Government of India on 5 August 2011 under Food Safety and 

Standards Act, 2006 which was operationalized in year 2006. The FSSAI consists of a chairperson & 22 

members. The FSSAI is responsible for setting standards for food so that there is one body to deal with 

food rules and regulation in India and no confusion in the minds of consumers, traders, manufacturers, 

and investors. 

The Food Safety and Standards Act 2006 states: “An Act to consolidate the laws relating to food and to 

establish the Food Safety and Standards Authority of India for laying down science-based standards for 

articles of food and to regulate their manufacture, storage, distribution, sale and import, to ensure 

availability of safe and wholesome food for human consumption and for matters connected therewith or 

incidental thereto.” 

The Food Safety And Standard Act, 2006 consolidates various acts & orders that had earlier handled 

food related issues in various Ministries and Departments, such as:  

Prevention of Food Adulteration Act, 1954 
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I. Fruit Products Order, 1955 

II. Meat Food Products Order, 1973

III. Vegetable Oil Products (Control) Order, 1947

IV. Edible Oils Packaging (Regulation) Order 1998

V. Milk and Milk Products Order, 1992 

VI. Essential commodities Act,1955

VII. The solvent Extraction oil, De oiled Meal, and Edible Flour (control) order,1967

FSSAI functions and roles 

The main role of FSSAI is to regulate and monitor, manufacture, processing, distribution, sale and 

import of food while ensuring safe and wholesome food to the consumers. The Act lays down the 

following main functions for discharge by the Authority. 

 Establishing Rules and Guidelines – FSSAI set up regulations to lay down the standards and

guidelines of food safety \which need to be followed by all food manufacturing companies,

taking into consideration hygiene and food safety.

 Granting License – FSSAI grants food safety license and certification for food businesses.

 Guidelines for Food testing laboratories – regulate the procedure and guidelines for Food

testing laboratories. Lay down method of sampling, analyzing and exchange of information

enforcement agencies prescribing procedures and guidelines for accreditation of certification

bodies and laboratories.

 Regular Inspections and assessments– Proper inspection is done for food-producing, testing

and manufacturing companies to ensure the standards are at par with the guidelines.

 Update Labelling requirements- Lay down food labelling standards including claims on health

nutrition, special dietary uses and food category system for foods.

 Awareness of food safety– It is the responsibility of FSSAI to spread awareness and inform the

citizens about the importance of safe and hygienic food consumption. Promoting general

awareness about food safety and food standard and promoting coordination of work on food

standard.

 Training- Training Program to person who are involved or intent to get involved in food

businesses.

 Collection of records- To collect data regarding contaminants in foods products, identification

of emerging risks and introduction of rapid alert system. Specifying limits for Additives,

Contaminants, Pesticides & Veterinary drugs residues, Heavy Metals, Mycotoxins, Antibiotics

and Pharmacological active substances.

 Maintain Records and Data – FSSAI also has the responsibility to maintain proper records and

data of all the registered organisations. Any violation of rules prescribed by FSSAI can lead to

the termination of the license.

 Keeping the Government Updated – Any food safety-related threat must be informed to the

Government authorities for further action. Also, assist the government in framing the policies.

Prescribing the procedure and the enforcement of quality control in relation to any imported

article of food into India.
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FSSAI initiatives 

Many important initiatives have also been taken by FSSAI keeping in mind food safety and 

standards. Following are few of these important initiatives: 

1. Eat Right India – To improve public health in India and combat negative nutritional trends to

fight lifestyle diseases, FSSAI launched 'The Eat Right Movement’ on 10th July, 2018. ∙ FSSAI

has embarked on a large-scale effort to transform the country’s food system to ensure safe,

healthy and sustainable food for all Indians through the ‘Eat Right India’ movement. The tagline

‘Sahi Bhojan Behtar Jeevan’, thus, forms the foundation of this movement. The Eat Right India

Is Based On Three Key Themes-Eat Safe, Eat Healthy, and Eat Sustainable.

2. Clean Street Food – This involves training the street food vendors and making them aware of

the violations as per the FSS Act 2006. This will also help in the social and economic upliftment

of street food vendors. Main objective of this initiative was- 

a. To ensure health, hygiene, and safety standards of street food for all consumers. 

b. To ensure social and economic upliftment of street vendor community by helping them in

improving quality of offerings thereby attracting more customers.

c. To enhance the popularity of Street food by transforming it into a global brand by itself.

3. Food Safety Training and Certification (FOSTAC)- Food Safety Training & Certification is a

large-scale training programme for food business operators. All food businesses having Central

Licenses or State Licenses should have at least one trained and certified food safety supervisor

for every 25 food-handlers or part there of on all their premises. The food safety supervisors will

be certified & trained under FoSTaC. Now there are 19 courses (after COVID added some new

programme in FoSTaC) in three levels, Basic, Advanced & Special. FSSAI brings an easy

solution of Training & Certification through its new initiative, that is FoSTaC. FSSAI guides

every food business operator to have at least one trained and certified person in their business

premises to ensure food safety.

3. Detect Adulteration with Rapid Test (DART)- Detect Adulteration with Rapid Test (DART),

a manual containing quick tests for the detection of food adulterants at the household level, was recently 

released by the Food Safety and Standards Authority of India (FSSAI) 

4. Diet4Life – This is another initiative taken by FSSAI, to spread awareness about metabolic

disorders. 

5. FOOD SAFETY ON WHEELS - FSSAI intends to give a big push to the country's food testing

services and to this end they have launched Food Safety on Wheels. Food Safety and Standards 

Authority of India (FSSAI) is working towards having more food testing labs both in the public as well 

as private sector, it has also initiated a scheme to provide mobile units for food testing to reach out to 

consumers through as many touch points as possible. 

6. Save Food, Share Food, Share Joy – Encouraging people to avoid food wastage and promote

food donation. Through this, FSSAI intends to connect food-collecting agencies with the food-producing 

companies and share the food with the ones in need. 

7. RUCO (Repurpose Used Cooking Oil) -According to FSSAI, India has potential to recover 220

crore liters of used cooking oil for production of biodiesel by 2022 through co- ordinated action. 

Currently, biodiesel produced from used cooking oil is very small, but robust ecosystem for conversion 

and collection is rapidly growing in India and soon it will reach sizable scale. FSSAI is also looking at 

UGHN-110/211



introducing regulations to ensure that companies using large quantities of cooking oil hand it over to 

registered collecting agencies to convert it into biofuel. 

8. BHOG (Blissful Hygienic Offering to God)- It was launched in 2018 by the Food Safety and

Standards Authority of India (FSSAI). Places of Worship (PoW) are a very important part of Indian 

society and food served in these places is regarded as pure and sacred. BHOG is a part of the SNF 

bouquet of initiatives to encourage PoW to adopt and maintain food safety and hygiene while preparing 

prasad/food and includes training the food handlers and vendors in and around the premises of the PoW. 

Aim of this initiative was: 

a. To encourage all places of worship to adopt and maintain food safety and hygiene in preparation,

serving and sale of food along with training of food handlers for basic food safety and hygiene. 

b. Under the initiative, places of worship where food is cooked/handled are identified, audit is

conducted, and basic training of food handlers is done. 

c. After the successful audit of the place of worship it becomes recognized and certified.

12.5 Fruit Product Order (FPO) 

Fruit Products Order -1955, promulgated under Section 3 of the Essential Commodities Act - 1955, with 

an objective to manufacture fruit & vegetable products maintaining sanitary and hygienic conditions in 

the premises and quality standards laid down in the Order. It is mandatory for all manufacturers of fruit 

and vegetable products including some non-fruit products like non fruit vinegar, syrup and sweetened 

aerated water to obtain a license under this Order. Following minimum requirements are laid down in 

the Fruit Product Order for hygienic production and quality standards: 

(i) Location and surroundings of the factory.  

(ii) Sanitary and hygienic conditions of premises 

(iii) Personnel hygiene 

(iv) Portability of water 

(v) Machinery & Equipment with installed capacity 

(vi) Quality control facility & Technical staff 

(viii)  Product Standards 

(viii)  Limits for preservatives & other additives 

This order is implemented by the Ministry of Food Processing Industries through the Directorate of Fruit 

& Vegetable Preservation at New Delhi. The Directorate has four regional offices located in Delhi. The 

Directorate has four regional offices located at Delhi, Mumbai, Calcutta, and Chennai, as well as sub-

offices at Lucknow and Guwahati. The officials of the Directorate undertake frequent inspections of the 

manufacturing units and draw random samples of products from the manufactures and markets which 

are analyzed in the laboratories to test their conformity with the specifications laid under FPO. 

The Central Fruit Advisory Committee comprising of the officials of concerned Government 

Departments, Technical experts, representatives of Central food Technology Research Institute, Bureau 

of Indian standards, Fruits and Vegetable Products and processing Industry, is responsible for 

recommending amendments in the Fruit Product Order, In view of the demands of the industry, and the 

liberalized economic scenario, major amendments were made in FPO during 1997 
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12.6 ISI (Indian Standards Institution) 

The ISI mark is a standards-compliance mark for industrial products in India since 1950. The mark 

certifies that a product conforms to an Indian standard (IS) developed by the Bureau of Indian 

Standards (BIS), the national standards body of India. 

The Bureau of Indian Standards (BIS) is the National Standards Body of India under Department of 

Consumer affairs, Ministry of Consumer Affairs, Food & Public Distribution, Government of India. As 

a National Standards Body, it has 25 members drawn from Central or State Governments, industry, 

scientific and research institutions, and consumer organisations. Its headquarters are in New Delhi, with 

regional offices in the Eastern Region at Kolkata, southern Region at Chennai, Western Region at 

Mumbai, Northern Region at Chandigarh and Central Region at Delhi and 20 branch offices. It also 

works as WTO-TBT enquiry point for India. BIS was established on 23rd December 1986. Head Office 

of BIS is in New Delhi.  Some major roles of BIS are as follows.  

a. Formulating standard and guidelines

b. Ensuring the quality and safety of products

c. Ensuring the quality and safety of food products under compulsory certification.

d. Product certification

e. Quality system certification

f. Contact point for WTO matters.

Items which require compulsory BIS certification are as follows- 

 Infant formula (IS14433)

 Milk cereal based weaning food (IS1656)

 Processed cereal based weaning food (IS11536)

 Follow up formula (IS15757)

 Packaged drinking water (IS14543)

 Packaged mineral water (IS13428)

 Milk Powder (IS1165)

 Skimmed Milk Powder (IS13334)

 Partly Skimmed Milk Powder (IS14542)

 Condensed Milk, Partly Skimmed and Skimmed Condensed Milk (IS1166)

12.7 AGMARK: Agricultural Marketing 

The AGMARK is legally enforced in India by the Agricultural Produce Act,1937 (and amended in 

1986).  The Head Office is situated in Faridabad, Haryana. Major roles includes: 

 System of post harvesting grading of agriculture produce

 Product quality certificate

 Ensuring safety of products

 Network of quality control laboratories
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 Ensuring quality of imported products

 Assist in marketing and fair-trade practices.

 AGMARK Laboratories

AGMARK is a certification mark employed on agricultural products in India, assuring that they conform 

to a set of standards approved by the Directorate of Marketing and Inspection, an agency of the 

Government of India. The AGMARK certification is employed through fully state-owned AGMARK 

laboratories located across the nation which act as testing and certifying centers. In addition to the 

Central AGMARK Laboratory (CAL) in Nagpur, there are Regional AGMARK Laboratories (RALs) in 

11 nodal cities (Mumbai, New Delhi, Chennai, Kolkata, Kanpur, Kochi, Guntur, Amritsar, Jaipur, 

Rajkot, Bhopal). Eac h of the regional laboratories is equipped with and specializes in the testing of 

products of regional significance. Hence the product range that could be tested varies across the centers. 

12.8 CODEX ALIMENTARIUS COMMISSION 

It is an intergovernmental body formed with the objective of establishing international standards to 

protect the health of the consumers and facilitate food and agricultural trade in 1963 and its headquarters 

is in Rome. In 2017, the membership of Codex was 187 member countries and one Member 

Organization (European Community) respectively (total 189). India is a member through the Ministry of 

Health and Family Welfare. CAC has become the single most important international reference point for 

developments associated with food standards. The document published by the CAC is Codex 

Alimentarius which means ‘Food Code’ and is a collection of internationally adopted Food Standards. 

The document includes Standards, Codes of Practice, Guidelines and other recommendations in order to 

protect consumers and ensure fair practices in food trade. Different countries use Codex Standards to 

develop national standards. FAO in collaboration with WHO has been providing neutral and 

independent scientific advice as the basis for the international food safety standards, guidelines and 

codes of practice established by the Codex Alimentarius Commission (CAC), and for supporting the 

development of modern food control systems by national authorities. 

Mechanisms for the Provision of Scientific Advice 

FAO and WHO provide scientific advice related to food safety and nutrition through different 

mechanisms, expert bodies and meetings, and ad hoc consultations:  

 The Joint FAO/WHO Expert Committee on Food Additives (JECFA) (active since 1956)

 The Joint FAO/WHO Meetings on Pesticide Residues (JMPR) (active since 1963)

 The Joint FAO/WHO Expert Meetings on Microbiological Risk Assessment (JEMRA) (active

since 2000)

 The Joint FAO/WHO Expert Meetings on Pesticide Specifications (JMPS) (active since 2002)

 The Joint FAO/WHO Expert Meeting on Nutrition (JEMNU)

12.9 INTERNATIONAL ORGANISATION FOR STANDARDISATION (ISO) 

The International Organisation for Standardisation (ISO) is a worldwide, nongovernmental federation of 

national standards bodies (ISO member bodies). The mission of ISO is to promote the development of 

standardisation and related activities in the world with a view to facilitate the international exchange of 

goods and services, and to develop cooperation in the spheres of intellectual, scientific, technological 

and economic activity. ISO is an independent, non-governmental international organization with a 
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membership of 164 national standards bodies. Through its members, it brings together experts to share 

knowledge and develop voluntary, consensus-based, market relevant International Standards that 

support innovation and provide solutions to global challenges. International Standards give world-class 

specifications for products, Services, and systems, to ensure quality, safety and efficiency. They are 

instrumental in facilitating international trade. ISO International Standards ensure that products and 

services are safe, reliable and of good quality. For business, they are strategic tools that reduce costs by 

minimizing waste and errors and increasing productivity. They help companies to access new markets, 

level the playing field for developing countries and facilitate free and fair global trade. ISO has 

published 22598 International Standards and related documents, covering almost every industry from 

technology to food safety, to agriculture and healthcare. ISO International Standards impact everyone, 

everywhere. The ISO story began in 1946 when delegates from 25 countries met at the Institute of Civil 

Engineers in London and decided to create a new international organization 'to facilitate the international 

coordination and unification of industrial standards'. On 23 February 1947 the new organization, ISO, 

officially began operations. The work done by ISO results in international agreements which are 

published as International Standards. ISO 9000 is an international reference for quality requirements. It 

is concerned with “Quality Management” of an organisation. Adoption of these standards is voluntary 

The purpose of this document is to provide the technical criteria for foods and food ingredients suitable 

for vegetarians (including ovo-lacto-, ovo- and lacto-vegetarians) or vegans for use by the food and 

beverage industry at a global level, as well as technical criteria for food labelling and claims. 

The document specifies technical criteria to all food and beverage companies, applicable to all 

organizations, regardless of size or complexity. This document is intended for use in business-to-

business communications, relationships in the global food supply chain, the international trade of food 

products, and food labelling and claims. 

Conformity to this document helps to ensure a level-playing field and fair practices in business-to-

business relationships, international trade, and food labelling and claims. 

Vegetarian’ means a diet which (i) consists of ingredients of multi-cellular plant, fungal, algal and 

bacterial origin; (ii) may include honey, dairy foods produced without any slaughter by-products, and/or 

unfertilised eggs obtained from live animals; and (iii) excludes all animal flesh and products obtained 

from the slaughter of an animal, such as gelatine, animal fats, caviar and roe. 

‘Strict vegetarian diet’ means a diet which excludes all ingredients and additives derived from animal 

origin, and the expression ‘vegan diet’ has the same meaning. 

Claims 

Claims that a foodstuff is suitable for vegetarians shall specify the category of vegetarian by adding one 

or a combination of the following prefixes to the word ‘vegetarian’: 

(a) ‘Lacto (milk)’ – means milk and milk products are included, but products in which animal 

rennet is used during preparation are excluded. 

(b) ‘Ovo (egg)’ – means unfertilised eggs (preferably free-range) and egg products are included. 

(c) ‘Honey’ – means honey is included. 

(d) ‘Strict vegetarian’ or ‘vegan’ means ingredients of multicellular plant, fungal, algal and 

bacterial origin are included, but all ingredients and additives derived from animal origin are 

excluded. 

When a foodstuff is manufactured for the ‘strict vegetarian’ or ‘vegan’ market and a claim in respect of 
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‘strict vegetarian’ or ‘vegan’ is made on the label, and it is not possible to conclude from the name of the 

ingredient or additive that they are derived from non-vegetarian origin, any additive or ingredient 

derived from non-vegetarian origin which is added to the foodstuff shall be declared as ‘non-vegetarian 

origin’ or in words that specify the source in parenthesis after the name of the additive or ingredient. 

12.10 Let us sum up 

In this unit you studied the type of contaminants and their sources in detail. We have also looked at 

various organizations and their aims and benefits related to food safety and quality assurance which 

finally good for health of the consumers.  

12.11 Glossary 

Food contamination - Food contamination is generally defined as foods that are spoiled or tainted 

because they either contain microorganisms, such as bacteria or parasites, or toxic substances that make 

them unfit for consumption.  

FSSAI- Food Safety and Standards Authority of India 

Lacto (milk)- means milk and milk products are included, but products in which animal rennet is used 

during preparation are excluded. 

Ovo (egg)- means unfertilised eggs (preferably free-range) and egg products are included. 

Honey- means honey is included. 

Strict vegetarian or ‘vegan’- means ingredients of multicellular plant, fungal, algal and bacterial origin 

are included, but all ingredients and additives derived from animal origin are excluded. 

Vegetarian- means a diet which (i) consists of ingredients of multi-cellular plant, fungal, algal and 

bacterial origin; (ii) may include honey, dairy foods produced without any slaughter by-products, and/or 

unfertilised eggs obtained from live animals; and (iii) excludes all animal flesh and products obtained 

from the slaughter of an animal, such as gelatine, animal fats, caviar and roe. 

JECFA-Joint FAO/WHO Expert Committee on Food Additives 

12.12  Check Your Progress 

(i) FSSAI stands for- 

………………………………………………………………………………………………………

…………………………………………………………………………………………….  

(ii) What are the contaminants from food packaging. 

………………………………………………………………………………………………………

…………………………………………………………………………………………….  

(iii) CODEX stated in -------------- and its headquarter is situated in--------------------. 

(iv) How many acts were repealed in FSSAI 

 ……………………………………………………………………………………………………

……………………………………………………………………………………………….  

(v) The definition of Strict vegetarian diet’ 

……………………………………………………………………………………………………… 
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