Chapter 1: FOOD MICROBIOLOGY

Introduction

Food microbiology is the study of microorganisms, both helpful and harmful, that inhabit,
create, or contaminate food. This field is essential for understanding food quality, food
spoilage, and the prevention of foodborne diseases. It covers everything from how bacteria
cause food poisoning to how yeasts are used to bake bread and brew beer. Understanding
these tiny life forms is the foundation of modern food preservation and safety standards.

Microorganism Groups Important in Food Microbiology

Microorganisms are broadly categorized based on their cellular structure and life cycle.
Several groups are particularly significant in the context of food:

Viruses

Viruses are the smallest of the microbes and are unique because they are non-cellular. They
cannot grow or multiply in food itself; instead, they require a living host cell (human, animal,
or bacteria) to replicate. In food microbiology, viruses like Hepatitis A and Norovirus are
critical because they are transmitted through contaminated food or water, often due to poor
hygiene by food handlers. They cause illness by infecting the consumer's body, not by
spoiling the food.

Bacteria

Bacteria are single-celled organisms that are the most common cause of food spoilage and
foodborne illness. They reproduce rapidly through binary fission when conditions are right.
They are classified based on their shape (cocci, bacilli, spirilla) and their oxygen needs
(aerobic, anaerobic, facultative). Pathogenic bacteria, like Salmonella, E. coli, and Listeria,
produce toxins or cause infections, making food unsafe. Beneficial bacteria, like
Lactobacillus, are used to ferment foods like yogurt, cheese, and pickles.

Fungi (Yeast & Molds)
Fungi include two main groups important in food: yeasts and molds.

o Yeasts are typically single-celled fungi, larger than bacteria. They primarily
reproduce by budding. Yeasts are critical in fermentation, such as converting sugars
into alcohol (brewing) and carbon dioxide (bread making). While some yeasts cause
spoilage in sugary or acidic foods (like fruit juices), they are mainly known for their
beneficial industrial uses.

e Molds are multicellular fungi that grow as filaments called hyphae, forming a visible,
fuzzy mass (mycelium). Molds can cause spoilage by decomposing food and
changing its appearance, smell, and texture. Some molds are intentionally used in
food processing (e.g., in blue cheese), but others produce dangerous toxins called
mycotoxins, such as Aflatoxin, which contaminate grains and nuts.

Algae



Algae are typically photosynthetic organisms, meaning they use sunlight to produce food.
While most are found in water and are not primary food spoilage agents, some marine algae
produce powerful toxins. When shellfish consume these toxic algae, they become
contaminated. If humans eat the contaminated shellfish, it can lead to severe foodborne
illness, such as paralytic shellfish poisoning.

Parasites

Parasites are organisms that live in or on a host organism and benefit by deriving nutrients at
the host's expense. Foodborne parasites are often protozoa (single-celled) or helminths
(worms). Examples include Giardia, Cryptosporidium, and Trichinella. They are usually
transmitted to humans through contaminated water, undercooked meat, or produce washed
with contaminated water. They do not spoil the food but cause infection in the consumer.

Factors Affecting the Growth of Microbes

Microorganisms require certain conditions to grow and multiply. Food handlers use the
acronym FATTOM to remember the six most important factors:

e F - Food: Microbes need nutrients like proteins, carbohydrates, and fats found in
food. High-protein foods like meat, dairy, and eggs support rapid growth.

e A - Acidity: Pathogenic bacteria generally prefer neutral or slightly acidic conditions
(pH 6.5-7.5). Highly acidic foods (pH < 4.6), like citrus fruits or pickles, inhibit the
growth of most dangerous pathogens.

e T - Time: Bacteria need time to multiply. When food is kept in the temperature
danger zone, the goal is to limit the time to under four hours to prevent reaching
dangerous population levels.

e T - Temperature: This is the most critical factor. The Temperature Danger Zone
(TDZ) is between 5°C and 60°C (41°F and 140°F). Microbes multiply fastest in this
range. Food should be kept either very hot (above 60°C) or very cold (below 5°C).

e O - Oxygen: Some microbes (aerobes) need oxygen to grow, others (anaerobes) grow
only without it (like Clostridium botulinum in canned foods), and facultative bacteria
can grow with or without it.

e M - Moisture: Microbes need water to survive and grow, measured by Water
Activity. Foods with high water activity, such as fresh meats and vegetables, spoil
quickly. Drying, salting, or adding sugar reduces activity, preserving the food.

Beneficial Role of Microorganisms

While the focus is often on the harmful aspects, microorganisms are vital to the food
industry:

e Fermentation: Microbes are essential for fermentation, a process where they convert
carbohydrates into alcohol, gases, or organic acids. This process not only preserves
food but also improves its flavor and texture. Examples include the production of
bread, yogurt, cheese, pickles, wine, and beer.

e Probiotics: Certain strains of bacteria, mainly Lactobacillus and Bifidobacterium, are
consumed for their beneficial effects on gut health. These are known as probiotics and
are commonly found in fermented dairy products.



o Food Additives: Microbes are used to produce vitamins (like B12), amino acids,
enzymes (like rennet for cheese making), and flavor enhancers that are used as food
additives.

Chapter 2: FOOD CONTAMINATION AND SPOILAGE

Classification Of Food

Food is classified based on its susceptibility to microbial spoilage, which dictates its shelf life
and required storage conditions:

o Perishable Foods: These foods spoil quickly, often within a few days, because they
are rich in moisture and nutrients, making them ideal for microbial growth. They
require refrigeration or freezing to slow down spoilage. Examples include fresh meat,
poultry, fish, eggs, milk, and most cooked leftovers.

e Semi-perishable Foods: These foods remain fresh for a longer period (weeks to
months) under proper storage conditions, usually because they have less moisture or
are slightly processed. Examples include potatoes, apples, nuts, hard cheese, and
unopen cartons of pasteurized milk.

e Non-perishable (Stable) Foods: These foods are resistant to spoilage for a long time,
sometimes up to a year or more. They have very low moisture content or are
preserved through extensive processing (canning, drying, salting). Examples include
flour, sugar, dried beans, canned goods, and pasta.

Contamination And Cross Contamination

Contamination is the presence of harmful substances or microorganisms in food.
Contamination can be physical (hair, glass), chemical (cleaning agents, pesticides), or
biological (bacteria, viruses).

Cross Contamination is the transfer of harmful microorganisms from one food item to
another, or from a non-food surface to food. It is one of the leading causes of foodborne
illness.

There are three main ways cross-contamination occurs:

1. Food-to-Food: When raw, contaminated food (like chicken juice) drips onto ready-
to-eat food (like salad).

2. Equipment-to-Food: When an unwashed cutting board, knife, or utensil used for raw
meat is then used for cooked vegetables without proper cleaning and sanitizing in
between.

3. Person-to-Food: When a food handler touches raw ingredients, an unsanitary surface
(like a trash can or their hair), or uses the restroom, and then handles ready-to-eat
food without washing their hands properly.

Spoilages Of Various Food With The Storing Method

Spoilage is the deterioration of food quality indicated by changes in color, smell, flavor, or
texture, usually caused by microbial growth or chemical reactions.



Chapter 3: SANITARY PROCEDURE FOLLOWED
DURING FOOD HANDLING

Sanitary procedures, or Good Hygiene Practices (GHP), must be followed at every stage of
the food flow to minimize the risk of contamination and bacterial growth.

Receiving

This stage involves checking food items upon delivery to ensure they are safe and of
acceptable quality.

o Temperature Check: Measure the internal temperature of perishable goods. Frozen
food should be hard (<-18°C), and refrigerated goods should be cold (below 5°C).

o Packaging Integrity: Reject items with damaged packaging (e.g., tears, leaks, broken
seals, swollen cans).

o Date Check: Ensure all items are within their expiration or 'use-by' dates.

e Pest Signs: Check for any evidence of pest infestation on packaging or cartons.

Storage
Proper storage prevents microbial growth and cross-contamination.

o Separate Raw and Cooked Food: Always store raw meat, poultry, and seafood
below ready-to-eat foods in refrigerators to prevent dripping juices from
contaminating other items.

o Temperature Control: Immediately transfer perishable foods to the refrigerator or
freezer. Monitor storage unit temperatures regularly.

e Stock Rotation (FIFO): Use the First-In, First-Out (FIFO) system, ensuring that
older stock is used before newer stock to prevent spoilage and waste.

e Dry Storage: Keep non-perishable items in a cool, dry, well-ventilated area, away
from the floor and walls.

Preparation
Preparation is a critical stage where cross-contamination is most likely to occur.

e Hand Washing: Wash hands thoroughly before starting work, between tasks, and
after handling raw ingredients.

e Clean and Sanitize: Clean (removing visible dirt) and then sanitize (reducing
microbes) all cutting boards, knives, and work surfaces before and after use.

e Separate Equipment: Use separate, color-coded cutting boards and utensils for raw
meat, poultry, vegetables, and ready-to-eat foods.

e Thawing: Thaw frozen foods safely in the refrigerator, under cold running water, or
as part of the cooking process—never at room temperature.

Cooking, Holding

Proper heating and maintaining temperature are crucial for killing pathogens.



Cook to Minimum Internal Temperatures: Food must reach specific minimum
internal temperatures (measured with a calibrated thermometer) to be considered safe.
For example, poultry must typically reach 74°C (165°F).

Hot Holding: Keep cooked food that is meant to be served hot at or above 60°C
(140°F). Check the temperature every two hours.

Cooling: Cooked food must be cooled rapidly to prevent bacterial growth in the
Temperature Danger Zone. It should cool from 60°C to 21°C within two hours, and
from 21°C to 5°C within an additional four hours.

Service Of The Food

This final stage focuses on preventing contamination before the food reaches the customer.

Use Clean Utensils: Use tongs, scoops, and gloves when handling ready-to-eat food.
Avoid touching food with bare hands.

Portion Control: Use clean serving spoons and ladles.

Sneeze Guards: Food displays (like buffets) must use physical barriers (sneeze
guards) to protect food from consumer contamination.

Minimize Holding Time: Serve food as quickly as possible after preparation or
cooking to maintain temperature and quality.

Chapter 4: SAFE FOOD HANDLER

Personal Hygiene Discussing all the Standard

Personal hygiene is the first and most critical line of defense against food contamination, as
human beings are often the source of pathogens like Staphylococcus aureus or Norovirus.
Standard hygiene practices include:

Cleanliness: Food handlers must bathe daily and wear clean uniforms or outer
clothing that is not worn outside the food preparation area.

Hair Restraints: Hair must be tied back and completely covered with a hat or
hairnet. Beard nets should be worn for facial hair to prevent physical contamination.
Jewelry: Remove all jewelry, especially rings (except for a plain wedding band,
where policy allows), bracelets, and watches, as they can harbor bacteria and
potentially fall into the food.

Nails: Fingernails must be kept short, clean, and unpolished. Nail polish or artificial
nails can chip off and become a physical contaminant.

Smoking, Eating, and Chewing: Never smoke, eat, chew gum, or chew tobacco in
food preparation areas.

Iliness Reporting: Any employee suffering from symptoms like vomiting, diarrhea,
jaundice, or fever must immediately report their illness to their supervisor and refrain
from handling food.

Hand Washing Procedure

Proper hand washing is essential for safe food handling. It should be done before starting
work, after handling raw food, after using the restroom, after handling garbage, after
coughing or sneezing, and after touching hair or face.



The standard procedure involves five steps and should take at least 20 seconds:

=

Wet Hands and Arms: Use running water as hot as you can comfortably stand.
Apply Soap: Apply enough soap to create a good lather.

3. Scrub Thoroughly: Vigorously scrub hands and arms for 10-15 seconds. Scrub
palms, the backs of hands, between fingers, and under fingernails.

Rinse: Rinse hands and arms thoroughly under clean, running water.

Dry: Dry hands and arms using a single-use paper towel or a warm-air hand dryer.
Use the paper towel to turn off the faucet and open the restroom door to avoid re-
contamination.
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First Aid Definition, Types of Cuts, Wounds, Lacerations with Reasons and
Precautions

Definition: First Aid is the immediate assistance given to a sick or injured person until
professional medical help arrives. In a food service context, minor injuries must be addressed
immediately to prevent contamination of the food and preparation area.

Types of Wounds:

e Cuts: These are clean, straight breaks in the skin, often caused by sharp objects like
knives or broken glass.
o Reasons: Improper handling of sharp tools, rushing while chopping, or
careless cleaning of equipment.
o Precautions: Always cut away from the body; use appropriate cutting tools;
store knives safely; never try to catch a falling knife.
e Wounds: A general term for any damage to the tissue, typically involving a break in
the skin. This can include cuts, scrapes (abrasions), and punctures.
o Reasons: Accidents, falls, or impact with equipment.
o Precautions: Maintain clean, uncluttered workspaces; wear non-slip footwear;
follow safety protocols for all machinery.
o Lacerations: These are deep, jagged, and irregular tears in the skin, usually caused by
blunt trauma or a crushing force. They are more complex and often bleed profusely.
o Reasons: Impact accidents, or machinery catching and tearing the skin.
o Precautions: Be aware of surroundings; ensure all equipment is well-
maintained and guarded; avoid loose clothing or long sleeves near machinery.

First Aid and Food Safety Precaution: If a food handler sustains a minor cut or wound, it
must be immediately covered with a brightly colored, waterproof bandage (often blue, so it's
visible if it falls into food). A disposable glove must be worn over the bandaged hand to
prevent blood or microbes from contacting food. If the injury is severe, the person must stop
working immediately and seek professional medical attention.

Chapter 5: HAZARD ANALYSIS CRITICAL
CONTROL POINT (HACCP)

Introduction to HACCP



HACCP stands for Hazard Analysis Critical Control Point. It is a systematic, preventive
approach to food safety that addresses biological, chemical, and physical hazards through
anticipation and control, rather than reliance on final product inspection. HACCP is globally
recognized as the most effective system for ensuring food safety. It focuses on identifying
where potential problems might occur in the entire food production process, from raw
materials to consumption, and putting control measures in place.

History

The HACCP concept was originally developed in the 1960s by the Pillsbury Company, the
U.S. Army Natick Research Laboratories, and the National Aeronautics and Space
Administration (NASA). NASA needed to ensure the absolute safety of food for astronauts
during space missions, where foodborne illness could have catastrophic consequences. The
method was later adopted by regulatory bodies like the FDA and USDA and is now the gold
standard for the international food industry.

Principles of HACCP
The HACCP system is based on seven clearly defined principles:

Principle 1: Conduct a Hazard Analysis Identify all potential biological (e.g., bacteria),
chemical (e.g., toxins, cleaning agents), and physical (e.g., glass, metal) hazards that could
reasonably be expected to occur at each step of the food flow and determine which are
significant enough to be addressed by the HACCP plan.

Principle 2: Determine Critical Control Points (CCPs) A CCP is a step in the process
where control can be applied, and is essential to prevent, eliminate, or reduce a food safety
hazard to an acceptable level. For example, the cooking step is a CCP for poultry because
heating it to the correct temperature eliminates Salmonella.

Principle 3: Establish Critical Limits (CLs) A Critical Limit is the maximum or minimum
value to which a biological, chemical, or physical parameter must be controlled at a CCP to
prevent a hazard. Critical limits are measurable, such as a minimum cooking temperature
(74™circC), a maximum cooling time (4 hours), or a specific pH level.

Principle 4: Establish Monitoring Procedures Define how the CCPs will be checked to
ensure they remain within the Critical Limits. Monitoring procedures must specify what will
be checked, how (e.g., using a thermometer), when (e.g., every 30 minutes), and who is
responsible for checking and recording the data.

Principle 5: Establish Corrective Actions Determine the procedures to be followed when a
deviation occurs (i.e., a Critical Limit is exceeded and the process is "out of control™).
Corrective actions have two goals: to correct the immediate problem (e.g., re-cook the
product or discard it) and to prevent the deviation from recurring (e.g., repairing faulty
equipment or retraining staff).

Principle 6: Establish Verification Procedures These are activities that ensure the HACCP
plan is working effectively. Verification procedures include reviewing records, checking if
CCPs are monitored correctly, calibrating monitoring instruments (like thermometers), and
conducting micro-testing of the food or environment.



Principle 7: Establish Documentation and Record Keeping Maintain accurate records of
all procedures and data within the HACCP system. This includes the initial hazard analysis,
the formal HACCP plan (CCPs, CLs, monitoring forms), and all monitoring, corrective
action, and verification records. Records provide evidence that the food safety system has
been followed.

Chapter 6: FOOD SAFETY STANDARDS AUTHORITY
OF INDIA (FSSAI)

Introduction to FSSAI

The Food Safety and Standards Authority of India (FSSAI) is an autonomous statutory body
established under the Food Safety and Standards Act, 2006. It operates under the
administrative control of the Ministry of Health & Family Welfare, Government of India. The
primary mandate of FSSAI is to lay down science-based standards for articles of food and to
regulate their manufacture, storage, distribution, sale, and import to ensure the availability of
safe and wholesome food for human consumption.

Role of FSSAI

FSSAI acts as the single reference point for all matters relating to food safety and standards
in India. Its major roles include:

e Setting Standards: Framing regulations to set food standards (e.g., limits for
additives, contaminants, pesticide residues) that all food businesses must follow.

e Licensing and Registration: Mandating that all Food Business Operators (FBOs)
obtain the appropriate license or registration (Basic, State, or Central) before
commencing operations.

o Enforcement: Overseeing the enforcement of the Food Safety and Standards Act
through State Food Safety Authorities, conducting inspections, and auditing
compliance.

e Awareness: Promoting general awareness about food safety and food standards
among the public, often through initiatives like the "Eat Right India” movement.

« Scientific Support: Providing scientific advice and technical support to the Central
and State Governments in policy making.

e Training: Providing training programs for FBOs and their employees on food safety
and hygiene practices.

FSSAI Compliance

Compliance refers to an FBO adhering to all the rules and regulations set by the FSSAL.
Failure to comply can result in heavy penalties, fines, and even imprisonment. Key areas of
compliance include:

1. Licensing and Registration: Obtaining and prominently displaying the correct
FSSAI license/registration number (the 14-digit number) at the premises and on all
packaged food. The license must be renewed before expiry.

2. Hygiene and Sanitation: Maintaining high standards of hygiene, which includes
ensuring clean premises, using potable water, and implementing Good Hygiene



Practices (GHP) and Good Manufacturing Practices (GMP). This also covers strict
personal hygiene standards for all staff.

Labeling Compliance: Ensuring all packaged food labels comply with FSSAI
regulations. This includes accurate listing of ingredients, nutritional information,
allergen declarations, vegetarian/non-vegetarian symbols, and 'Best Before'/'Use By'
dates. Misleading claims are strictly prohibited.

Record Keeping: Maintaining records of product purchases, production, storage
temperatures, pest control, and cleaning schedules for inspection purposes.

Chapter 7: GARBAGE DISPOSAL

Different Methods

Proper solid waste management is crucial in the food industry to prevent pest infestations and
microbial contamination. Methods focus on the 3Rs (Reduce, Reuse, Recycle) and
subsequent treatment of residual waste:

1.

Source Segregation: Separating waste into different streams (wet/biodegradable,
dry/non-biodegradable, and domestic hazardous waste) at the point of generation.
This is the foundation of efficient waste management.

Composting: An aerobic method for treating wet (organic) waste, where
microorganisms decompose the material into humus (manure), suitable for soil
amendment. It significantly reduces landfill waste.

Bio-methanation (Anaerobic Digestion): A process where organic waste is broken
down by microbes in the absence of oxygen to produce biogas (mostly methane),
which can be used as fuel or for generating electricity.

Recycling: Processing dry waste materials (like plastic, glass, paper, metal) into new
products to conserve resources and energy.

Incineration (Waste-to-Energy): Burning waste at high temperatures. While it
reduces waste volume significantly and generates energy, it must be done with strict
pollution controls to avoid harmful emissions.

Sanitary Landfilling: The final, safest method for disposing of residual or inert
waste that cannot be recycled or treated. A sanitary landfill is engineered to prevent
contamination of groundwater and air by lining the site and collecting leachate and
gases.

Municipal Laws and Swachh Abhiyan

Swachh Bharat Abhiyan (Clean India Mission): Launched in 2014, the Swachh Bharat
Abhiyan (SBM) is a nation-wide campaign in India to achieve universal sanitation and ensure
scientific solid waste management. Its primary goals related to waste include achieving 100%
scientific management of solid waste and making urban areas open defecation free. The
mission emphasizes cleanliness, hygiene, and sustainable waste practices.

Municipal Solid Waste Management Rules, 2016 (SWM Rules, 2016): These rules, issued
by the Ministry of Environment, Forest and Climate Change, provide the legal framework for
waste management across India.

Key mandates under these rules for citizens and businesses:



1. Mandatory Segregation: Every waste generator must segregate waste into at least
three streams:
o Wet Waste (Biodegradable): Food scraps, vegetable peels, etc. (often green
bin).
o Dry Waste (Non-biodegradable): Plastic, paper, metal, glass, etc. (often blue
bin).
o Domestic Hazardous Waste: Used sanitary napkins, diapers, cleaning agent
containers, etc. (must be securely wrapped and placed in the dry waste bin).
2. No Littering: No person should throw, burn, or bury solid waste on streets, public
spaces, or in drains. Littering is subject to a 'Spot Fine'.
3. User Fee: Waste generators are required to pay a 'User Fee' to the waste collector for
the service.
4. Bulk Generators: Large institutions (like big hotels or residential complexes) are
responsible for processing and disposing of their own biodegradable waste (through
composting or bio-methanation) within their premises as far as possible.

These rules ensure that the responsibility for cleanliness and safety is shared between the
individual, the business, and the local municipal authority.
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