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Unit 1: INTRODUCTION TO FOOD SAFETY

Food is comprised of an array of chemicals, which are a pure source of nutrients   including water, carbohydrates, proteins, fats, vitamins, minerals and roughage, required to sustain life. Some of the foods are consumed as such while others subjected to some processing including cooking and storage before they are eaten. Some of the constituents of foods enhance   nutritive value while others, created during processing or added intentionally, decrease the nutritional value or are toxic. The safety of the foods is of utmost significance and has gained a worldwide attention. In western industrialized countries, concerns about safe food have replaced those about adequate food. Many feel that such concerns are a product of our scientific awareness, and corruption in society. The concerns about safe food are definitely not new, but the food safety crisis still exists in several parts of the world including India.

Our food is devitalized, coloured, filled with chemicals, drugs and synthetic ingredients, polluted by agricultural and environmental chemicals and grown on impoverished land puffed up by the use of chemical fertilizers and other aids. Moreover, the chemicals used in the growing or processing of food are frequently alleged to cause adverse effects in humans or animals. 

1.1 
DEFINITION

In any discussion on food safety, some agreed-upon definitions of safety, hazard and toxicity are crucial, since these are basic concepts. Absolute safety is the assurance that damage or injury from use of a substance is impossible. Foods safe under normal conditions will never qualify for a seal of approval if they are ' consumed in' excessive quantities or used in an unusual manner. Relative-food safety can be defined as the practical certainty that injury or damage will not result from a food or ingredients used in a reasonable and customary manner and quantity.

An understanding of food safety is improved by defining two other basic concepts, toxicity and hazard. Toxicity is the capacity of a substance to produce harm or injury of any kind under any conditions. Hazard is the relative probability that harm or injury will result when the substance is used in a proposed manner and quantity. Assessments of whether a food-or ingredient is safe should not be based on its inherent toxicity but on whether or not a hazard is created.

1.2
FOOD SAFETY ISSUES

Specific food safety concerns differ markedly and include:

· Additives, colours and flavors

· Drug residues

· Fertilizers and other growing aids

· Irradiation

· Microbiological contamination

· Naturally occurring food toxicants

· Pesticides

· Pollutants 

· Processing packaging and labeling       

· Adulteration and Misbranding

Consumers are most concerned about pesticides and additives as both are linked in the consumer's mind to cancer. It is also interesting, perhaps even alarming, that most consumers are not concerned about microbiological contamination, despite solid evidence that, of all the hazards, it is the one most likely to occur. Many homes have unsafe food storage and preparation practices. Consumers rarely consider their own food practices a hazard. Food industry, however, is most concerned about the microbiological safety of its products. In addition, many quality control checks are made to ensure that foods are free of extraneous matter such as glass, machine fillings and insect parts. Large food companies in many parts of the world adhere to a code of manufacturing practice known as 'Good Manufacturing Practice (GMP)'. This code helps to assure that products are manufactured under conditions of proper storage and sanitation. Many also employ an elaborate system    known as Hazard Analysis and Critical Control Points (HACCP) to make sure that there is no chance of contamination or error during processing.

1.3 FACTORS AFFECTING FOOD SAFETY

Food hazards are the factors, which are the biggest threat to food safety. A hazard is defined as: a biological, chemical, or physical agent in a food, or condition of a food, with the potential to cause an adverse health effect.

a) Biological hazards are living organisms, including microbiological organisms, bacteria, viruses, fungi and parasites.

b) Chemical hazards are in two categories: naturally occurring poisons and                     chemicals or deleterious substances. The first group covers natural con-                     stituents of foods that are not the result of environmental, agricultural, industrial or other contamination. Examples are aflatoxins and shellfish poisons. The second group covers poisonous chemicals or deleterious substances, which are intentionally or unintentionally added to foods at some point in the food chain. This group of chemicals can include pesticides and fungicides and well as lubricants and cleaners.

c) Physical hazard is any physical material not normally found in food, which causes illness or injury. Physical hazards include glass, wood, stones and metal, which may cause illness and injury. Examples of hazards are given in Table 1. 

Table 1. Hazards associated with food 

	Biological
	Chemical
	Physical

	Macro biological 
	Veterinary residues, antibiotics
	Glass 

Hair

	Microbiological
	Growth stimulants
	Metal

	Pathogenic Bacteria

· Sporeforming

· Non sporeforming
	Plasticisers and packaging migration 

Chemical residues, 

Pesticides, 

Cleaning fluids
	Stones

Wood

Plastic

Parts of pests

	Parasites and protozoa
	Allergens
	Insulation material

	Viruses
	Toxic metals; Lead and cadmium 
	Bone

	Mycotoxins
	Food chemicals; preservatives, processing aids, polychlorinated biphenyls (PCBs), printing inks, Prohibited substances 


	Fruit pits


1.3.1
Biological Hazards

Biological hazards include bacterial, fungal, viral, and parasitic (protozoa and worms) organisms and/or their toxins. There are many microorganisms, which are pathogenic in humans, but relatively few are associated with foods (Table 2). Those that cause diseases are termed as food-borne pathogens. Diseases caused by these organisms are sometimes incorrectly called food poisonings. There are two types of food-borne disease from microbial pathogens: infections and intoxications. Infections result from ingestion of live pathogenic organisms, which multiply within the body and produce disease.  Intoxications occur when toxins produced by pathogens are consumed. Intoxications can occur even if no viable microorganisms are ingested. This often occurs when foods are stored under conditions, which allow the pathogens to grow and produce toxin. Subsequent processing of the food may destroy the microorganisms but not the toxin

Table 2. Hazardous Microorganisms and Parasites along with their commonly implicated foods

	S No
	ORGANISM/S
	FOODS  IMPLICATED



	1
	Clostridium botulinum types A, B, E, and F
	Meat, fish, low or medium acid canned                                                                         foods, home canned products

	2
	Salmonella spp. (Salmonella  typhi;

Sal. paratyphi)
	Eggs, meat and meat products, bakery products, dairy products (esp. ice-cream)

	3
	Shigella spp.  
	Shellfish, fruits and vegetables, chicken, Salad

	4
	Clostridium perfringenes 
	Raw meat, poultry and their products

	5
	Staphylococcus aureus
	Custard, cream, bakery foods, poultry, ham, dairy products(esp. khoa)

	6
	Bacillus cereus 
	Cereal dishes, puddings, mashed potatoes,                                                                         sauces, soups

	7
	Vibrio cholerae 01 ,non-01

Vibrio vulnificus

Vibrio parahaemolyticus

Listeria monocytogenes
	Water, potatoes, eggs, asparagus, salads, seafood (shrimps, oysters, clams, crabs, lobsters and related shellfish), finfish
Milk and milk products, raw meat and                                                                        poultry products, fruit and vegetables, salads, seafood

	8
	Enterovirulent Escherichia coli (EEC)           
	Cream pie, mashed potatoes, meat, poultry, dairy products like cheese

	9
	Campylobacter jejuni                                      
	Dressed chicken, meat dishes, raw milk, raw poultry

	10
	Yersinia enterocolitica             


	Dairy products, egg products, raw meat and                                                                     poultry, raw vegetables

	11
	Brucella abortis; B. suis 
	Milk and milk products, raw meat   

	12
	Viruses (Hepatitis A and E ,   

Rotavirus ,Norwalk virus group)                     
	Shellfish, raw fruits and vegetables, salads

sandwiches, potatoes, lettuce, coleslaw

	13
	Entamoeba histolytica 
	Water, raw fruits and vegetables

	14
	Diphyllobothrium latum 
	Fish

	15
	Cryptosporidium paruum                               


	Raw fruits and vegetables, salads

	16
	Giardia lambia
                             


	Water, lettuce, raw fruits and vegetables

	17
	Taenia saginata , Taenia solium                     
	Meat(beef and pork)

	18
	Trichinella spiralis 
	Raw pork, meat products


1.3.2 Physical Hazards

Foods may contain physical hazards such a stones, hair, and parts of pests, seeds, glass fragments, or small bits of metal. These materials can become part of foods from the natural environment in which they are grown or they may be contaminated during processing and packaging. Small pieces of metal can come loose from processing machinery, for example. For this reason, many food-processing operations have an electronic metal detector, which screens each package for metals. Foreign / extraneous objects represent one of the largest categories of complaints by consumers. All substances within each of the above five categories can be thought of as carrying some degree of health risk because no food is completely risk-free. The acceptability of each risk will depend on a number of factors, including the alternatives available, cost, benefit, and size of the actual risk. It is the job of the government and industry to ensure that these risks are minimal and acceptable. 

1.3.3 Chemical Hazards

Chemicals, which cause a harmful response when consumed by animals or humans, are said to be toxic. It turns out that almost everything is a toxicant or "poison" if consumed at a high enough level. Even table salt and vitamins are toxic in large amounts. Thus, nearly everything can be considered a "toxicant" without regard for the origin of the substance. The factors, which determine toxicity, are the dose or amount of exposure and the potency of the chemical. Acute toxicants act within short periods after exposure (minutes, hours, days), whereas chronic toxicants produce an adverse effect after longer periods, often years. Food-borne toxicants can be divided into three categories:

· Those coming from natural sources, including the food itself. Naturally occurring toxicants are found in plants, microorganisms, and animals. We have learned to avoid foods, which contain naturally occurring acute toxicants. In other cases we process foods in order to remove the toxicant. However, it is clear that many foods also contain low levels of naturally occurring chronic toxicants. It is unknown if these naturally occurring chronic toxicants pose any risk for human health.

· Those toxicants, which become food contaminants because of the way in which foods are grown, produced, processed, stored, or prepared. Toxic environmental contaminants like lead, polychlorinated biphenyls (PCBs), and pyrolysis products from cooking are examples of unintended toxicants in foods. Most of these toxicants are in trace amounts and do not pose an acute risk. Often there is little we can do to control these toxicants except to limit the amount of some foods eaten or limit the amount of toxicant permitted in a food. As with naturally occurring toxicants, the size of the risk involved from these contaminants is often unknown.

· Those that are intentionally added to foods for some desirable function. This may be a food additive, which acts as a preservative, or it may be a pesticide, which is used to reduce insect, or mold damage or it may be a drug, which is used to treat disease in food-producing animals. These intentional additives are often the most controversial. Some feel that they should not be used no matter how small the risk, whereas others feel the risks are very small and the benefits large. Because we have control over intentional additives, governments around the world closely regulate them. Natural as well as highly processed foods contain chemicals, which can be toxic at some dose. Many types of toxicity can occur from food substances, including nerve damage, organ toxicity, anti nutritional effects, birth defects, and cancer. Our bodies cannot tell if a toxicant comes from natural sources or if it is synthetic. The body treats both similarly.

1.3.3.1
Types of Chemical Hazards

a)
Naturally Occurring Chemicals

i) Mycotoxins (e.g., Aflatoxins)

ii)
Scombrotoxin (Histamine)

iii)
Ciguatoxin

iv)
Mushroom toxins

v) Shellfish toxins

· Paralytic Shellfish Poisoning (PSP)

· Diarrheic Shellfish Poisoning (DSP)

· Neurotoxic Shellfish Poisoning (NSP)

· Amnesic Shellfish Poisoning (ASP)

vi)
Pyrrolizidine and other alkaloids

vii)
Phytohemagglutinin

b)
Added Chemicals

i) Agricultural chemicals

· Pesticides, fungicides, fertilizers, antibiotics and growth hormones

ii)
Toxic elements and compounds

· Lead, arsenic, mercury, cyanide, cadmium, tin and aluminum 

iii)
Food additives (beyond permissible limits) and non permitted food additives
Because most foods are grown in the open environment, they can become contaminated with natural and human-derived environmental toxicants. Lead, in most cases, is one such toxicant. PCBs, dioxin, and other pollutants resulting from human activity are further examples. In addition to environmental pollutants, foods become contaminated with trace toxicants, which are unintentionally or intentionally added to foods. The use of pesticides to control insects, unwanted plants, or fungi can result in trace residues of the pesticide in the food. In some cases, components of packaging materials migrate from the package to foods. Oils from processing machinery or other processing aids can leave trace residuals in foods. These substances are sometimes called processing aids and are regulated for safety.

Traces of drugs, which are given to food-producing animals to treat diseases in these animals or make them grow more quickly, could, under some circumstances, remain in the food. Traces of antibiotics in milk are one example. These are also considered trace toxicants. 

1.4     IMPORTANCE OF SAFE FOODS
A safe food supply that will not endanger consumer health and good quality food is essential for proper nutrition.  It would ensure prevention of foodborne diseases, provide consumer unadulterated food of good quality. It also promotes participation in International trade in food products and stimulate economic development.

Maintaining food safety and quality is essential in the entire chain of food production ranging from i) primary food production at the level of farmers; ii) primary food processing at the farm, dairy, abattoir and grain mills; iii) secondary food processing level such as canning, freezing, drying and brewing; iv) food distribution, both at National and International level of import/export; v) Food retailing and Food  catering and also vi) Domestic Food preparation level.

During recent years newer challenges such as globalization of trade in food, urbanization, changes in life style, international travel, environmental pollution, deliberate adulteration and natural and man-made disasters have arisen which need to be addressed to help ensure food safety and quality.  For example, greater number of people go out and eat meals in catering establishments including partaking street foods.  The boom in food service establishments is not matched by effective food safety education and control.  Unhygienic preparation of food provides plenty of opportunity for contamination, growth or survival of food borne pathogens. Also, a considerable public interest, specially in the developed countries have been shown with regard to genetically modified food, and the possible risk of transmission of “mad cow” disease   through the consumption of beef.

Food safety is concerned with acute and chronic hazards that make food injurious to the health of the consumer.  The term Food quality refers to attributes that influence a product’s value to the consumer.  This includes both negative attributes such as spoilage, contamination, adulteration, food safety hazards and positive attributes such as the origin, colour flavour, texture.  Food hygiene refers to all conditions and measures necessary to ensure the safety and suitability of food at all stages of the food chain.

Consumer confidence in the Safety and Quality of the food supply is an important requirement and consumers are demanding protection for the whole food supply chain from primary producer to the end consumer, often described as from farm or pond to the plate approach.

It is absolutely essential for countries to protect the safety and quality of their foods entering international trade.  Also it is necessary to ensure that imported foods are of good quality and safe to eat.  The new World order and global environment for food trade places considerable obligation on the part of both importing and exporting countries to ensure safety and quality of food.  


Education and Training plays an important role in improving the safety and quality of food.  It is essential to acquire the know-how and skills necessary to understand and manage food safety hazards.  Both education and training are needed for the purpose. While education aims at influencing the way of life and empowering people to make a choice, training is a process by which one is enable to acquire a skill.

Successful Food Safety programmes need a shared responsibility among producers, industry, trade, Government and the consumer.  Food safety management has progressed rapidly in recent years.  The International agencies like Food and Agriculture Organization and World Health Organization as well as the Codex Alimentarius Commission, with a membership of 165 countries, recommends risk analysis approach which includes risk assessment, risk management and risk communication.  Risk assessment is the scientific evaluation of known or potential adverse health effects resulting from human exposure to foodborne hazards.  It involves identification and characterization of a hazard, and assessment of how likely it is that a health effect will result.  
Risk management is the process of weighing policy alternatives for accepting, minimizing or reducing risks, and selecting and implementing appropriate options. Risk communication is the exchange of information and opinions concerning risk and risk-related factors among risk assessors, risk managers and other interested parties.    


The perception of what constitutes a risk depends on a person’s culture, education and past experience.  But while what is perceived as risk may differ, the basic scientific principles for dealing with risk are the same.  Risk communication, as a component of health education in food safety, consists of understanding consumers’ perceptions of food safety risks and disseminating the results of risk assessment and decisions regarding risk management.  The latter may include measures that governments or industries have to implement or practices that the public as consumers or food handlers should observe.

An integrated approach on food safety and quality facilitates improved consumer protection, reduces incidence of foodborne diseases, effectively stimulates agriculture and the food processing industry, and promotes domestic and international food trade and improves the economy.  Preventive approach for improving safety and quality of food and enhancing food hygiene are gaining widespread acceptance.  Promoting good manufacturing practices, educating food retailers and consumers about appropriate food handling are essential for promoting good nutrition and better health.

Unit 2: Microorganisms in Food

Before the discovery of microorganisms, all known living things were believed to be either belonging to plant or animal kingdom. No transitional types were thought to exist. During the 19th Century, however, it became clear that the microorganisms combine plant and animal properties in all possible combinations.

As more and more was learned about microorganisms, many biologist lead by German Zoologist E.H. Haeckel in 1866 believed that they should be placed in a separate kingdom, a third kingdom called the protista. Members of protista kingdom are prokaryotes, which are distinguished from plant, and animals by their simple organisation i.e. they are unicellular, or if multicellular, their tissue shows little differentiation.

2.1
Bacteria

2.1. 
Shape and Size

Bacteria are organisms characterized by small size approximately 0.5 to 2.5 m in diameter and unicellular in nature. The major characteristics of bacterial cells are their size, shape, structure and arrangements. There are three distinct forms viz,. (1) bacilli (singular-bacillus, rodshaped) (2) cocci (singular-coccus spherical or ellipsoidal) (3) spiral forms (curved rods or spiral cells). The most common of all the three form is the bacillus i.e., the rod shape which are cylindrical and may vary considerably in length and breadth according to the species. The next comes the coccus and the least common form is the spiral in which the cell is curved spirally. Although these three forms are well recognized, there are variations of these shapes. The shapes of  the each species of  bacteria also do not always maintain a definite shape at all times. Some species even exhibit a variety of shapes.

2.1.2
The arrangement of bacterial cells

 The bacterial cells are arranged in a characteristic manner according to the species. Th cocci exist either singly, or in pairs or in long chains depending upon the manner in which they divide and then adhere to each other after division, whereas, the bacilli can be seen as single cell, pairs or in short or long chains. The length of cocci chains is an identifiable characteristic but in case of bacilli it is not so (refer Fig. 2.1).

2.1.3
The cell structure

Like other living cells, bacterial cell essentially has an outer wall, cell membrane, cytoplasm and nuclear material. The outer part of the bacterial cell is made up of cell wall, cytoplasmic membrane and slime layer. The cell wall gives shape to the cell  and it 
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is made up of proteins and complex carbohydrates or polysaccharides; large amounts of fat or lipid may also be present. Presence of outer membrane made up of lipopolysaccharides (LPS) differentiates gram negative bacteria from gram positive. Apart from giving protection to the cytoplasm, the cell wall also plays a role in cell division. It regulates the passage of various materials between the external and internal environment. The slime layer, is like a jelly, which surrounds the bacteria. In some bacteria, the slime becomes very thick and covers the entire bacteria. It is known as a capsule. The slime layer gives some protection to the bacteria against invasion.

The cell membrane which is inside the cell wall initiates, the cell division and also controls the entrance of food into cells and removal of the waste products. The cytoplasm is a complex substance containing the nuclear body known as nucleoid. It lacks nuclear membrane and is rich in dexoyribonucleic acid (DNA). It also contains ribosomes and fluid portion which contains various dissolved nutrients. 
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Many bacteria can swim by means of small appendages called flagella (flagellum, singular). In bacteria, this is the only means of locomotion. They are usually several times the length of the cell body but are extremely thin. The flagella of the motile bacteria are distributed over the surface depending on the bacteria. In some cases they may be found, all over the surface of the cell or they may be restricted to one or both ends. The common form is the former type  A typical bacterial cell is shown in Fig.2.2.

Fig. 2.2 : A typical bacterial cell

2.1.4
The endospore

Some bacteria like Bacillus or Clostridium produce resting structures known as endospores, which are produced within cell (one spore is formed within single bacterial cell). These are highly resistant bodies. The endospore is physiologically dormant and it can resist extreme unfavourable conditions both physical and chemical (like heat, UV light and chemicals). When conditions are favourable, these spores will germinate and produce fresh vegetative cells. This process of sporulation is a mode of reproduction.

2.1.5
Growth of bacteria

Growth of bacteria can be defined as an increase in mass of bacteria per unit volume  of medium. The bacteria divide by binary fission i.e., a division of a cell produces two new cells which are assumed to be identical in all relevant properties.
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Under favourable conditions of moisture, pH, nutrition and temperature, the growth of bacteria takes place. There are several factors like exhaustion of food supply, accumulation of waste products etc. which can limit the growth of bacteria. The growth of bacteria is generally expressed in four principal stages viz. (1) lag phase (2) lograthmic or exponential phase (3) the stationary phase and (4) the death phase. A few viable cells from a culture incubated in a suitable medium at the optimum temperature generally go through the four phases as shown in the figure 2.3.

Fig. 2.3: A typical growth curve illustrating the phases of growth. A–Lag Phase; 
B–Logarithmic growth phase; C–Stationary phase and D–Death phase

During the initial lag phase i.e. in a period of one to few hours, there may be little or no increase in the cells. But when the growth begins due to cell division, the cells proliferate rapidly and lograthmically i.e. one cell divides to 2 cells and then 2 cells to 4 cells and so on. The average generation time is mostly constant for a given species under similar conditions. In the stationary phase, after rapid growth, the cell multiplication gets stagnant due to the exhaustion of nutrients or accumulation of toxic waste products or any other factors. The stationary phase can be maintained for hours or days by the balance between the death of some cells and the continued division of others. The decline or death phase where the cells die, occurs, when the medium is not changed as it has become incapable of supporting further growth.

2.1.6
Factors affecting bacterial growth

There are several important factors, which have a bearing on the growth of bacteria. The principal influencing factors are nutrition, oxygen, temperature, pH, moisture, osmotic pressure, light, and the presence of inhibitory substances like chemicals. Although each of the factors mentioned limits the growth of bacteria, the growth depends more on the combined effects of these factors.

(a) Nutrition 

The nutritional requirements of bacteria differ from species to species. The nutrients are required by bacteria not only as a source of energy but also for manufacturing cellular components. The majority of the bacterial species use naturally occuring organic material viz. carbohydrates, proteins and fats as source of energy and the essential elements like carbon, hydrogen, oxygen, nitrogen, sulphur and phosphorus. Other elements like iron, magnesium, potassium are required in minute quantities.

Generally based on the nutritional requirement, the bacteria could be divided into two groups namely autotrophic and heterotrophic bacteria. The autotrophic bacteria’s requirements of carbon are derived from carbondioxide or from carbonates and nitrogen from gaseous nitrogen or nitrites and nitrates. They have the ability to synthesize its other essential requirements from inorganic substances like sodium chloride, dipotassium hydrogen phosphate (K2HPO4) etc. for growth and survival. From these simple substances, they synthesize complex structures like carbohydrates, proteins, vitamins, enzymes etc. The heterotrophic bacteria require one or several preformed organic compounds, which are readily available for their growth. These requirements range from a single vitamin to several complex organic compounds. By far the heterotrophic bacteria are the most commonly found type of bacteria and are widely distributed.

Even the autotrophic and heterotrophic bacteria are subdivided further depending on the mode of deriving the energy source. They are chemosynthetic and photosynthetic. The chemosynthetic bacteria get their energy from the oxidation of inorganic chemical reactions, whereas the photosynthetic bacteria have the ability to get their energy requirement from the sunlight.

(b) Oxygen

The presence of oxygen in the atmosphere is essential for the survival of microorganisms also but many bacteria have the ability to thrive in the absence of oxygen or free air. These bacteria are known as strict or obligate anaerobes. These organisms die when exposed to air or oxygen. But there are only few obligate anaerobes. There is another category of bacteria, which can survive either in the presence, or absence of oxygen. They are known as facultative anaerobes.

The other kinds of bacteria, which cannot survive in the absence of oxygen, are called obligate aerobes. There is yet another category of bacteria known as micro-aerophiles which require oxygen for survival albeit at low concentrations than present in air.

(c) Temperature

Temperature is one of the important factors affecting the process of growth in bacteria as it has a direct influence on chemical reactions. The temperature at which the maximum growth occurs is known as the optimum temperature. Based on the temperature at which the maximum growth occurs, the bacteria are divided into three main categories.

1. The species of bacteria, which grow rapidly between 45-65°C, although they may grow anywhere between 45-75° C, are called thermophiles.

2. The species of bacteria, which grow rapidly between 20-45°C where the optimum range is between 30-40°C, are known as mesophiles.

3. The bacterial species which grow rapidly at 0°C (and even below) have optimum temperature between 10-20°C are known as psychrophiles.

Although the bacteria have been grouped into three categories based on temperature, there is no certainty that there is no overlapping between the bacterial groups. This division is based on broad range of species.

(d)
Water activity

 Moisture is one of the important factors for the survival of living species even microorganisms. Water usually accounts for 80-90% of the total weight of the microbial cells. The water requirement of bacteria varies from species to species. Although bacteria require water, the growth largely depends upon the available water, which is known as water activity (aw). This is expressed as

Water activity (aw) =  vapour pressure of the solution / vapour pressure of pure water
where the water activity of pure water is taken as 1.00

The nutrition and temperature have been found to have an effect on moisture. With the increase in temperature, the available water will be reduced and the availability of nutrients determines the growth. Most bacteria have been shown to grow well in media with water activity (aw) between 0.990-0.998. Water activity is an important factor in the control of growth of microorganisms.

(e)
Osmotic pressure

Bacterial cell is contained by a cell membrane. This membrane allows water to pass in an out of the cell. When bacteria are placed in heavy sugar syrup or salt brine, water in the cell move out through the membrane and into the concentrated syrup or brine, which may, contained 30-40% water. This is known as osmosis. The tendency to equalise water concentration inside and outside the cell in this case causes partial dehydration, where the cell shrinks and is called plasmolysis. Instead, if the bacterial cell is placed in distilled water, the water enters the cell and causes it to burst. This is known as plasmoptysis.

The tendency of the cell membrane to allow water to pass from  inside to outside or vice versa is to  maintain the equilibrium  between the cell  contents and  its fluid surroundings. As the hydrostatic pressure causes osmosis it is known as osmotic pressure.

The osmotic pressure is related to the water activity of solutions and foods, solutions high in solute concentrations have a high osmotic pressure and a lower water activity. Dilute solutions are lower in osmotic pressure and have a high water activity. Accordingly, the rate of bacterial growth is affected.

(f)
pH

The hydrogen ion concentration has significant role to play in the growth of bacteria as every microorganism has minimal, maximal and an optimum pH at which it can exist and thrive.

The pH is defined as the logarithm of the reciprocal of the hydrogen ion concentration.

i.e., pH = log 1/ (H​+ )

The pure water when ionized contains 10‑7  moles each of H+ and OH. As there is a balance between H+ and OH ions, the solution (i.e., water) has neutral (pH 7). A pH scale has been devised to indicate the pH of various foods. The pH of water being neutral (pH7), it is mid point of the scale. The pH scale extends form 0-14. Any substance whose pH is below 7 is known to be acidic whereas a substance is known to be alkaline if the pH is above 7. Most of the bacteria prefer a pH near 7 (neutrally) whereas, there are some bacteria which  prefer alkaline or acidic medium.

(g)
Light

Although visible light is beneficial to the photosynthetic bacteria, the ultraviolet light  (UV) is , however, harmful to the bacteria. The UV light is absorbed by the nucliec acid present in the cells, which get denatured and may result in the death of cells. Due to this property , UV light is used in surface sterilization.

2.2
Fungi
Fungi exhibit a wide range of different forms, which include moulds, yeasts and mushrooms. The important forms are yeasts, which are unicellular, and the moulds, which are filamentous and multicellular. Mushrooms in addition to being filamentous and multicellular have definite fruiting body, which is prominent.

2.2.1
Yeasts

The yeast cells, in general, are either ellipsoidal, cylindrical or filamentous. The yeast cells are generally much are larger than bacterial cells and range from 3-5 m wide by 5-10 m long and they exists as single cells. The reproductive process in the case of yeast cells is by the process known as budding. Although in certain yeast, the process is by way of fission as in bacteria. The budding process involves the bulging of protoplasm outwardly and as the bulge grows in size, it separates from the parent cell after attaining maturity. Some type of yeasts reproduce sexually also and are known as true yeasts. In this process, the cells serve as ascus (sac). Here the nucleus undergoes division without the participation of the cell wall forming spores within the ascus. The spores of yeast are also resistant to some adverse conditions but get destroyed at temperature above 60°C whereas the bacterial spores are quite resistant to higher temperatures.

2.2.2
Moulds

The term mould is used to describe certain multicellular fungi consisting of a filamentous branching growth known as a mycelium which is composed of individual filaments called hyphae (singular, hypha). The mould can grow within the food or on the surface. Depending on the location, the aerial mycelium carries fertile hyphae, which acts as reproductive organ while the reminder of the mycelium absorbs food and moisture necessary for growth (submerged hyphae).
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In moulds, reproduction is mainly by asexual spores whereas there are mould which reproduce by sexual spores. Based on the manner and type in which the spores are formed (refer Fig. 2.4 and 2.5), moulds are classified as :
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(a) Phycomyecetes

The moulds belonging to the group of phycomycetes contain several genera. These moulds produce hypae which are not divided into typical uninucleate cells and thus have no cross walls (septa). These non-septate hyphae have nuclei scattered throughout their length. Phycomycetes which are commonly found on food are members of  the sub-class zygomycetes. The two most commonly found genera of this group are genus Mucor and genus Rhizopus. These moulds possess hypae that although apparently alike are able to conjugate and form a zygospore (sexual spores).

Species of Mucor genus are present in soil, organic matter fruits, vegetables, stored grains and other foods. Mucor species play a role in fermentation foods and have commercial value also. They sometime cause spoilage of foods. Species of Rhizopus are commonly associated  with spoilage of stored foods (e.g. spoilage of bread by R. stolonifer)

(b) Ascomycetes

These moulds have septate hypae and multiply asexually by separation at the tips of fertile hypae (conidiophores) to produce spores known as conidia, formed either singly, in chains or in irregular clusters on the conidiophores. In the ascomycetes, the sexual spores are termed ascospores. They are formed following the union of two cells from the same mucelium or from two different mycelia. A number of ascospores, usually eight, are subsequently formed formed within a sac known as ascus. The organisms of importance belong to this group of genus  are Claviceps, Neurosopra, Sclerotinia, Byssochlamys.

(c) Basidiomycetes

This group also containing sepatate hypae and forms spores, usually, four in number. Most of the edible mushrooms belong to this class and the spores are produced in a club-shaped structure known as basidium. The spores are called basidiospores.
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Most of the edible species of mushrooms are members of the genus Agaricus. In America the commercial production is dominated by the species, Agaricus bisporus. In East Asia, especially in Japan, Lentinus edodes which is grown on treetops is popular. In India, the oyster mushrooms, Pleurotus destreatus is grown and exported. Mushrooms are increasingly accepted as a source of food and considered a delicacy
(d) Fungi imperfecti

This group of fungi is known as the fungi imperfecti as the sexual stage of reproduction of many strains are yet to be discovered. Fungi imperfecti produce characteristic conidiophores and conidia. The organisms of importance of this class are Alternaria, Aspergillus, Fusarium, Penicillium, Botrytis, Cladosporium etc. The Aspergillus and Penicilium species are most commonly found and are significant storage fungi responsible for spoilage of foods. 

2.3
Viruses

Till the presence of viruses were demonstrated by Iwanowski in 1892,  bacteria were considered the lowest forms of life. Viruses are called as obligate intracellular parasites since they are unable to carry out any of the typical life functions until they are inside a host cell. Once inside host-cell, they thrive and direct the host cell to produce more viruses. 

The viruses are minute when compared to bacteria. Except for few viruses like the cow pox virus, used in vaccination against small pox, is 0.3 m, whereas the smallest type, like the foot and mouth disease virus, is about 0.01 m in size. They cannot be seen under ordinary microscope but can been seen only under electron microscope.

The viruses consist of protein, capsid, surrounding nucleic acid comprising either RNA or DNA. The important characteristic of viruses is that they are host specific. Most viruses infect only one species either animal or plant or else only very closely related species. The mammalian viruses does not affect any plant e.g., the polio virus infects humans and monkey and does not affect other animals whereas the tobacco mosaic virus which attacks plant does not affect humans.

Viruses are killed in a few minutes under pasteurization temperature i.e. 62°C for 30 minutes. They are affected by general disinfectants like phenols, formaldehyde, halogens and cresols. To a certain extent soaps and detergents inactivate them and UV light destroys all viruses. They are not affected by antibiotics unlike bacteria.

Viruses are known to cause illness although they do not grow on foods or produce toxins in foods. Food items merely act as vehicle for their transfer. They are the intestinal or enteric type and are food-borne. They spread from the hands of human carriers and from water to foods. The presence of viruses in foods, specially in the shell fish grown in sewage polluted water could be the significant route of illness in man. The hepatitis A virus which causes jaundice, spreads through foods but the etiology is difficult to be established as it has a long incubation period ranging from 15-50 days.

2.4
Parasites

Several foods act as carriers of parasites which may cause illness when ingested. The parasitic infections of foods may occur due to contamination of food by a food handler directly or by polluted waters. In many parts of the World, the consumption of under cooked meat and fish are popular. The problem of contamination with parasites can occur when the food preparations are made with polluted water and under cooking prevents the parasites from destruction. Amoebic infection is the most important parasitic infection through contaminated food.

2.4.1
Amoeba

Entamoeba hystolytica, a protozoan, is the cause of amoebiasis, which is very common in a typical country like India. About 15% of the population suffer from this disease. The disease is transmitted through infected cyst. It remains viable only in moist form and gets destroyed at 60°C and at freezing conditions beyond 24 hours.
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The foods like vegetables from fields irrigated with sewage polluted water are the vehicles of transmission. They get contaminated with amoebic cysts through polluted water and infected handlers. Viable cysts have been found on the hands and under the finger nails of the carriers. The common pests like flies, cockroaches and rodents may also harbour the cysts and contaminate food and drink. The symptoms of diarrhoea occur from several days to 4 weeks after ingestion of the contaminated food. The prevention of amoebiasis is by using food procured from reliable sources, preparing food in potable water and adequate cooking and proper storage after preparation. Use of filtered/boiled water, disinfection of uncooked vegetables with aqueous solution of iodine around 20 ppm or acetic acid (5-10%) or full strength vinegar are also recommended measures to minimise the problem.

Fig. 2.6 showing (A) Entamoeba hystolytica (B) Giardia intestinalis
2.4.2
Giardia

The disease giardiasis is caused by the flagellated protozoan Giardia lamblia. This disease occurs in areas where poor sanitation conditions prevail and it affects mostly children. The cyst of this organism is absorbed through the intestinal walls and the affected person excretes the Giardia cysts in faeces. The cysts get transferred to food when contaminated water is used for washing the vegetables. Consumption of such food containing the cysts leads to infection. The incubation period ranges between 2-25 days and the symptoms include discomfort, nausea and diarrhoea. Infected persons may simply be the carriers and may not always exhibit symptoms. The disease can be prevented by adopting good personal habits and proper faecal disposal methods and protecting the water supplies from faecal contamination.

2.4.3
Trichinella

The disease trichinosis is caused by the nematode, Trichinella spiralis. It is one of the commonly found parasitic foodborne infections in the populations consuming principally the undercooked pork. The parasite enters the human host in the form of larvae, which is found in the pork eaten by man. After consumption, the encysted larvae are released and they enter into the blood stream and they enter the duodenum-producing larvae, which gain entry into the blood stream and encyst in the muscle. The symptoms appear normally 2 days to one week after ingestion of the contaminated food with the larvae. The symptoms include fever, abdominal pain, nausea, vomiting and diarrhoea. In some cases edema of face and hands is also observed. The prevention of trichinosis is ensured when the food is thoroughly cooked to a temperature of 60°C, which destroys the larvae. The meat has to be cooked till it imparts grey colour. The parasite is also destroyed when held at temperatures below 25°C or lower for 10 days. 

Unit 3: FOOD SPOILAGE and food preservation
Spoilage is a natural phenomenon and all foods undergo varying degrees of deterioration or spoilage. Spoilage may include losses in organoleptic desirability, nutritional value, safety and aesthetic appeal.

Food is subject to physical, chemical and biological deterioration. The highly sensitive organic and inorganic compounds, which make up food and the balance between these compounds, and the uniquely organised structures and dispersions that contribute to texture and consistency of unprocessed and manufactured products are affected by nearly every variable in the environment.

3.1 
TYPES OF SPOILAGE

The food may become unacceptable to the following factors:

a) Growth and activities of microorganisms principally bacteria, yeasts and   moulds (This is by far the most important and common cause of food spoilage).

b) Activities of food enzymes (enzymatic browning is a common example).

c) Infestation by insects, parasites and rodents.

d) Chemical changes in a food (i.e. not catalysed by enzymes of the tissues or of microorganisms). 


For example: The chemical oxidation of fats producing rancidity as well as non-enzymatic browning reactions in foods like Maillard Browning.

e) Physical changes or damages such as those caused by freezing (freezer burn), by drying (caking) etc.

f) Presence of foreign bodies.

g) Physical abuse i.e. contamination with chemical agents.

Thus, all the types of spoilage changes can be broadly categorised into physical, chemical and microbiological types.  On other hand, the food can be categorised into following three groups:

i) Stable or non – perishable foods  

ii) Semi perishable foods

iii) Perishable foods            

The concept of a spoiled food is subjective and associated with individual taste. Personal preferences, ethnic origin and family background may play a role in an individual deciding whether a food is spoiled. The chemical and bacteriological changes associated with hanging game make the food unacceptable for some consumers but a delicacy for others.  Bananas that have become brown and sugary are considered overripe and therefore spoiled to many consumers but are perfectly acceptable to some.                             

3.2
ROLE OF MICROORGANISMS

Microbial spoilage of foods is the beginning of the complex natural process of decay that under natural circumstances leads to recycling of the elements present in the animal or plant tissues in the natural environment.

3.2.1
Contamination of living plants and animals

The internal tissues of healthy plants and animals are essentially sterile including in the case of animals body fluids such as blood. Plants have a natural microflora associated with the surfaces of roots, stems, leaves, flowers and fruits. Invasion of healthy tissues and subsequent growth of microorganisms is prevented by:

a) Outer mechanical barriers, e.g. epidermis with an outer waxy layer, and outer corky layers

b) Internal chemical constituents that are anti-microbial, e.g. tannins, organic acids and essential oils;

c) Inert cell walls welded into tissues that are difficult to penetrate;

d) Active cells with intact membranes.

Plant materials are harvested in the living state and, as long as the mechanical barriers remain intact, can remain in storage for several months without spoilage.

Animals have a natural microflora associated with the skin, the gut content and external openings, e.g. the mouth. Lymph nodes and liver may also be contaminated with invading microorganisms. Invasion of healthy tissues and subsequent growth of microorganisms is prevented by:

i)
Epithelial barriers e.g. stratified skin epithelium and intestinal mucosa;

ii) The immune system consisting of the lymphatic system, white blood corpuscles and antibodies;

iii) Active cells with intact membranes;

iv) Presence of natural antimicrobials, e.g. lyso-zyme in tears, saliva and egg white;

v) Voiding mechanisms such as vomiting.

Once an animal or plant is dead the activity of the majority of factors that prevent microbial invasion of tissues by microorganisms ceases and invasion is only temporarily hindered by mechanical barriers such as stratified epithelium or plant epidermis. Cell membranes are no longer active and leak cell contents, providing nutrients for microbial growth.

3.2.2
Sources of Potential Spoilage Organisms In Foods

The natural microflora of living plants and animals is only one source of microorganisms associated with spoilage. The natural microflora can be added to in a number of ways, as shown in Fig.1.
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Fig. 3.1 Sources of contamination of food.

3.2.3
Growth of Microorganisms
Microorganisms grow rapidly; we call it logarithmic growth. The time a bacteria takes to multiply is known as its generation time.




Figure 2 shows a typical growth curve. Four distinct phases occur in the growth curve: lag; log or growth phase; stationary phase and death phase. Bacteria need about four hours to adapt to a new environment before they begin rapid growth. In handling food, this means we have less than four hours to make a decision to either cool the food, heat it, or eat it. For example, when chickens arrive at the dock of a fast food outlet, or at a restaurant or at your home, you must decide whether to heat and eat them, to refrigerate them at a low temperature (chickens freeze at –2.2o C) for a short period of time, or whether to wrap and freeze the chicken for a longer period of time. If you don't decide, the bacteria will enter the log phase of growth where bacteria grow rapidly and cause food to spoil. Bacteria produce the slime, toxins, off colors and odors associated with food spoilage in the log phase of growth (refer Fig 3.3). Remember, the four hours bacteria remain in the log phase is approximate and cumulative.



As microorganisms grow, they tend to form colonies. These colonies are made up of millions of individual cells. Once a colony forms, the food available to each cell is limited and excretions from these millions of cells become toxic to a microbe. This is the stationary phase. Some of the cells now begin to die. If we can control bacterial growth, we can control the major cause of food spoilage.

3.4 Different types of food spoilage

Food undergoes different types of spoilage depending on his composition as seen in the Tables 3.1 and 3.2.

Table 3.1: Types of food spoilage

	Food
	
Type of  spoilage
	Microorganisms involved 

	Bread
	Moldy
	Rhizopus nigerians

Penicillium

Aspergillus niger

	
	Ropy
	Bacillus subtilis

	Maple sap and Syrup
	Ropy

Yeasty
	Enterobacter aerogenes

Saccharomyces

Zygosaccharomyces

	
	Pink

Mouldy
	Micrococcus roseus

Aspergillus

	Fresh fruits and vegetables
	Soft rot 


Gray mould rot 

Black mould rot
	Rhizopus

Erwina

Botrytis

Aspergillus niger

	Pickles, saurekraut


	Film yeasts,

Pink yeasts
	Rhodotorula

	Fresh meat
	Putrefaction
	Alcaligenes

Clostridium

Proteus vulgaris

Pseudmonas fluorescens

	Cured meat
	Mouldy

Souring

Greening, slime


	Aspergillus

Rhizopus

Pencillium

Pseudomonas

Micrococcus

Lactobacillus

Leuconostoc 

	Fish
	Discoloration

Putrefaction
	Pseudomonas

Alcaligenes

Flavobacterium 

	Eggs
	Green rot

Colourless rot

Black rot
	Pseudomonas fluorescens 

Pseudomonas

Alcaligenes

Proteus

	Concentrated 

Orange juice
	Off flavour
	Lactobacillus

Leuconostoc

Acetobacter

	Poultry
	Slime, odour
	Pseudomonas

Alcaligenes 


Table 3.2 Microbiology of Canned Food Spoilage

	Types of product
	Types of Spoilage Organisms, with examples
	

Can
	Contents of Can

	Low and medium products, pH above 4.6, e.g., corn, peas, spinach, asparagus
	Flat sour (Bacillus stearothermophilus)

Thermophilic anaerobe (Clostridium thermosaccharolyti-cum)

Sulfide spoilage (Clostridium nigrificans)

Putrefactive anaerobe (Clostridium sporogenes)

Aerobic sporeformers (odd types) (Bacillus spp.)
	Possible loss of vacuum on storage

Can swells, may burst


Can flat, hydrogen sulfide gas absorbed by the product

Can swells, may burst

Usually no swelling, except in cured meats when nitrate and sugar are present


	Appearance not usually altered; pH markedly lowered; sour; may have slightly abnormal odor; sometimes cloudy liquor

Fermented, sour, cheesy, or butyric odor


Usually blackened, “ rotten egg” odor


May be partially digested; pH slightly above normal; typical purtrid odor; may be toxic

Cogulated evaporated milk, black beets



	Acid products, pH below 4.6, e.g., tomato juice, fruits, and fruit juices


	Flat sour (Bacillus thermoacidurans)

Butyric anaerobes (Clostridium butyricum)

Non sporeformers (mostly lactic acid types of bacteria )

Yeasts


Molds
	Can flat, little change in vacuum

Can swells, may burst


Can swells, usually burst, but swelling may be arrested

Can swells, may burst

Can flat
	Slightly pH change; off odor and flavour

Fermented, butyric odor


Acid odor

Fermented; yeasty odor

Surface growth; musty odor


3.5   Basic Principles of FOOD PRESERVATION 

1.
Prevention or delay of microbial decomposition.

(a) By keeping out microorganisms (asepsis)

(b) By removal of microorganisms, e.g., by filtration

(c) By hindering the growth and activity of microorganisms e.g., by low temperatures, drying, anaerobic conditions, or chemicals

(d) By killing the microorganisms e.g., by heat or radiation

2. Prevention of delay of self-decomposition of the food

(a) By destruction or inactivation of food enzymes e.g., by  blanching

(b) By prevention or delay of purely chemical reactions e.g., prevention of oxidation by means of an antioxidant 

3. Prevention of damage because of insects, animals, mechanical causes, etc.

Yet, the principles underlying methods of preservation used in the past are still the same as today. They can be summarized as: 

· Chill or freeze food to retard growth of micro-organisms and inhibit enzyme activity, e.g. frozen pizza

· Heat food to destroy micro-organisms and prevent enzyme activity, e.g. pasteurized milk 

· Place food in an acidic or alkaline solution to inhibit growth of micro-organisms, e.g. pickled onions 

· Place food in a sugary or salty solution to make water unavailable to micro-organisms, e.g. jam 

· Keep food in airtight containers to deprive micro-organisms of oxygen and prevent further contamination, e.g. canning 

· Modifying the atmosphere in the packaging of a food product, e.g. bacon.

· Reduce moisture content of food to make water essential for growth unavailable to micro-organisms, e.g. grapes to raisins 

· Use fermentation, producing food products with extended shelf life, e.g. milk to cheese 

Using any one or combination of the following methods can control the deterioration of food:

a)
Pickling

Pickling vegetables and fruits with vinegar prevents the growth of microorganisms. This is due to the food being placed in a low pH solution in which microorganisms cannot grow.

b)
Fermentation

Fermentation is the use of biological processes to make products. Its major uses are in the production or preservation of food. Fermentation is not new. For many centuries fermentation has used microorganisms to make beer, yogurt and cheese. The basis of the fermentation process is the conversion of glucose (sugar) to alcohol or to lactic acid by enzymes. Fermentation acts as a preservation method by producing an acid, which lowers the pH of the product, converting a perishable food into one that has a longer shelf life, e.g. fresh milk to cheese.

c)
Addition of sugar or salt

The addition of large quantities of sugar inhibits the growth of microorganisms by making water unavailable. Jams, marmalades and jellies use this principle in their manufacture.

Coating food in salt or placing it in a salt solution (brine) reduces the moisture content of the food; i.e. it reduces the availability of water to microorganisms. With little moisture, microorganism growth is retarded. However, the taste of the food may well be changed considerably.

d)
Dehydration

Microorganisms need water in order to grow and multiply. When moisture is reduced in food, microorganism growth is retarded. Dehydration reduces the water activity level, weight and bulk of the food and helps to preserve the product.

The main principle behind dehydration is the reduction of water to prevent microorganism activity. Many products, such as vegetables, are diced before drying to increase their surface area and making water loss more rapid. Blanching may be necessary to inactivate enzymes that cause browning.

Sun drying is one of the most traditional methods of drying. It is slow and only practical in hot, dry climates. The food may be vulnerable to contamination through pollution and vermin, e.g. rodents and flies. Other forms of drying foods have been developed in the food industry, these are usually suitable for particular types of products. For example: 

i)
Spray drying: suitable for dried milk and coffee powder. A fine spray of liquid is injected into a blast of hot air in a chamber. Water evaporates in seconds, leaving the solid part of the product behind in a powdered form.

ii) Tunnel drying: hot air is blown over a food in a tunnel, e.g. vegetable pieces.

 
e)
Pasteurisation

The process of pasteurisation extends the shelf life of foods a little by killing most food spoilage organisms and pathogenic organisms by the application of heat. Food products that have been pasteurised , extend their shelf life by several days and are usually stored in refrigerated conditions, e.g. fresh milk. This type of product would have a 'use by' date mark on its label. 

f)
Sterilisation

The process of sterilisation uses a combination of high temperature and time to destroy nearly all microorganisms in food. This process is more severe than pasteurisation, and can sometimes affect the appearance and taste of the food. This is important as some microorganisms can form spores, which have the ability to survive at high temperatures. If the correct temperature is not reached there is the possibility that the spores will germinate and grow and food poisoning could result. Some organisms can survive the sterilisation process if not processed for enough time or at a high enough temperature, e.g. Clostridium botulinum. 

The time and temperature at which foods are sterilised depend on the type of can used, and the density of the food product. For example, soup heats very quickly as the liquid helps transfer the heat by convection, whereas canned corned beef would heat through at a slower pace, as the heat needs to penetrate the product by conduction. Food products that have been sterilised have a very long shelf life and are stored at ambient (room) temperature, e.g. canned ham or long-life milk. These types of products would have a 'best before' date mark on the label.

 
 g)
Canning

The process of canning aims to destroy microorganisms and their spores through the application of heat. This is achieved by sterilising food within airtight containers to prevent re-contamination. 

Food products that have been canned have very long shelf life and are stored at ambient (room) temperature, e.g. canned baked beans. Canned products would have a 'best before' date mark on the label.

h)
Irradiation

The process of irradiation is the process of exposing food to carefully controlled amount of ionising energy. Irradiation is used to: 

· Inhibit sprouting of vegetables 

· Delay ripening of fruits 

· Reduce numbers of micro-organisms which cause food spoilage or poisoning, e.g. salmonella in poultry and Escherichia coli O157:H7 in red meat 

i)
Freezing

Freezing is based on two principles: 

(i)
Very low temperatures, which inhibit growth of microorganisms and retard enzymatic and chemical activity 

(ii)
The formation of ice crystals, which draw available water away from food, therefore preventing the growth of microorganisms 

Blanching may be necessary to inactivate enzymes that cause browning. In a domestic situation, food is frozen by placing it in a freezer and allowing heat transfer by conduction (i.e. the removal of heat from the food). This process can take several hours, depending on the nature of the food being frozen.

Other forms of freezing have been developed in the food industry to speed-up the freezing time. This ensures that products are frozen in the shortest time possible, reducing the risk of microorganism growth. Three methods are: 

· Blast freezing: Batches of food are subjected to a constant, steady stream of cold air         (-40 co or lower) in a tunnel or cabinet. 

· Scraped heat exchange: Products, such as ice cream, are frozen using this method in to reduce the formation of large ice crystals. The product is scraped against a cooled surface and then immediately scraped away. 

· Cryogenic freezing: Liquid nitrogen (or carbon dioxide) is sprayed directly onto small food items such as soft fruits or prawns. Due to the liquid’s extremely low temperatures    (-196 co and –78 oC respectively), freezing is almost instant. 

j)
Modified Atmosphere Packaging

Modified Atmosphere Packaging is the enclosure of food in a package in which the atmosphere has been changed by altering the proportions of carbon dioxide, oxygen, nitrogen, water vapour and trace gases. The process retards microbial and biochemical activity. Products such as bacon, red meat, poultry, vegetables and bakery products use this method to increase shelf life by retarding microorganism growth.

 

Food spoilage is caused by microbial growth in foodstuffs, chemical reactions within the food itself or between the food and its environment, or the presence of foreign material in the food. Practicing the following can slow spoilage : 

· Package the freshest possible product. 

· Use good sanitation and personal hygiene habits when processing and packaging food. 

· Use the best possible packaging material for the length of time the food remains in the market channel. 

· Cool processed or cooked foods as quickly as possible to below 5 o C. 

· Keep foods covered .

Unit-4 Beneficial Role of Micro-organisms

4.1
Fermentation

In the biochemical sense, the term fermentation refers to a metabolic process in which organic compounds (particularly carbohydrates) are broken down to release energy without the involvement of a terminal electron acceptor such as oxygen. Partial oxidation of the substrate occurs so that only a relatively small amount of ATP energy is released compared with the energy generated if a terminal  acceptor is involved. Partial oxidation of a carbohydrate can give  rise to a variety of organic compounds. The compounds produced by micro-organisms vary from organism to organism and are produced via different metabolic pathways. 

The term fermentation can also be applied to any industrial process that produces a material that is useful to humans and if the process depends on the activity of one or more micro-organisms. These processes, known as industrial fermentations, are usually carried out on a large scale and in vessels in which the organism are normally grown in liquid media. Some industrial fermentations are fermentation’s in the biochemical sense but the majority of microorganisms are aerobic and use oxygen and metabolize carbohydrates completely.

A vast range of material are produced by industrial fermentations. These include:

· Organic chemicals used as fuels, food additives, antibiotics and enzymes for use in the food and other industries. Vinegar is an example of a food additive produced by an industrial fermentation.

· Organisms produced on  a large scale for the extraction of protein (single cell protein) that can be used as part of the human diet. Quorn is an example of a single cell protein, produced from the fungus Fusarium graminearum. The mycoprotein, purified from the fungus, is currently available for use as a food and is incorporated into a range of dishes that appear on supermarket shelves. Meatless dishes with a high protein content made from Quorn are particularly appealing to vegetarians.

· Yeast cells produced for use in industries such as the baking industry, which relies on the mass production of large amounts of baker’s yeast.

· Foods produced on a large scale as a result of the activities of micro-organism, e.g. cheese, yogurt and bread.

· Production of alcoholic beverages.

· Cells extracts used as food additives, e.g. yeast extracts from yeast cells produced as a byproduct of the brewing industry.

· Mushroom production is another process that can be considered an industrial fermenatation.

Industrial fermentation are now often considered under the heading of biotechnology, i.e. technology that uses living organisms and their products in the manufacturing and service industries

4.2
Fermented food and Their importance

Fermented foods are those foods produced by the modification of a raw material of either animal or vegetable origin by the activities of micro-organisms. Bacteria, yeast and moulds can be used to produce a diverse range of products  that differ in flavour, texture and stability from the original raw material. The production of many fermented foods involves organisms that are biochemically fermentative. Lactic acid bacteria that ferment carbohydrates to produce lactic acid  are particularly important, but yeasts also play a major role in some food fermentations, fermenting carbohydrate to produce ethanol and other organic chemicals. Mould that do not ferment carbohydrate, also play an essential part in some food fermentations, for example, the production of blue cheeses and soy sauce.

Fermented foods are an extremely valuable addition to the human diet for a whole variety of  reasons:

· Increase in variety : Fermented foods increase the variety of foods that are available, adding to our diet a group of highly  nutritious products with unique  characteristics. There are, for example, about 1000  different types of cheeses.

· Use of ingredients: Fermented foods form important ingredients for wide variety of dishes and are often used to impart special flavours, e.g. pepperoni in pizzas, yoghurt in curries, cheeses in a whole range of dishes, including soups, and soy sauce in stir-fry dishes.

· Improvement in nutritional quality: The fermentation process may improve the nutritional quality of a raw material. Here are some examples:

(a) Tempeh fermentation raises the vitamin B12 content of the original soyabean form 0.15g / g to 5.0 g/  g.

(b) Tape fermentation doubles the protein content of cassava and increases the level of essential amino acids.

(c) The presence of yeasts in a fermented food will increase the vitamin B content.

(d) Antinutritional factors such as phyates, glucosinolates and lectins may  be removed by the fermentation process.

(e) Fermentation may produce an increase in the bio-availability of minerals.


These improvements in the nutritional value of raw material will have little effect in the balanced diets of Western populations. However, of population that subsist on diets consisting largely of polished rice, maize or other starches, such as in Africa and Asia, the contribution that fermented foods make to the intake of B group vitamins and proteins is highly significant.

· Preservation : Fermentation often preserves a raw material , improving safety with regard to food- borne pathogens and increasing shelf-life; compare the shelf-life of raw milk (only a few days) with the shelf-life of yoghurt (several weeks).

· Health benefits: Some fermented foods are said to have definite health benefits, although the scientific evidence for this is limited. Reports suggest that fermented milk products such as yoghurt can reduce serum cholesterol levels and help avoid cancers, particularly those associated with the colon. ‘Bio’ yoghurts (AB and ABT yoghurts) are said to have a restorative effect on a normal microflora, assisting recovery of a normal balanced flora after oral antibiotic therapy.

· Improve digestibility: Some fermented foods are more easily digested than the original raw material. People who cannot digest lactose properly (show lactose intolerance) can often consume some types of fermented dairy products (particularly yoghurts) without harmful effects. Lactose intolerance is due to the absence of the enzyme galactosidase in digestive juices, which converts lactose to glucose and galactose. Ingestion of dairy products leaves unabsorbed lactose in the gut, which is fermented by the normal gut flora giving flatulence, abdominal pain and diarrhoea. The fermentation of milk converts the harmful lactose to the more easily digested lactate, and the galactosidase in live starter culture organisms appears to assist in the digestion of any residual lactose. Legumes, e.g. soybean, contain oligosaccharides such as stachyose which are fermented in the gut to give gas and the associated socially embarrassing flatus. The oligosaccharides are broken down to readily digestible monosaccharides and disacccharides during mould fermentation of legumes, thus removing the problem.

· Detoxification of raw materials: The fermentation process may remove toxic chemicals present in the raw material. Cassava fermentation, for example, removes a cyanogenic (cyanide producing) glycoside; cassava is toxic if eaten raw.

4.3
Types of food fermentation

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

4.3.1
Acid Food Fermentations

Acid food fermentations include:

· acid fermented dairy products, e.g. cheese, butter, yoghurt and kefir;

· acid fermented vegetable products, e.g. sauerkraut, olives and various pickles;

· acid fermented meat products, e.g. the semidry fermented meats such as cerevelat  and the dry fermented meats such as salami and pepperoni;

· sourdough breads

The common feature of all these products is the use of lactic acid bacteria to carry out the basic fermentation process. Modern production usually involves the use of starter cultures. The one exception is the fermentation of sauerkraut for which the process depends on lactic acid bacteria that are natural inhabitants of the surface of cabbage leaves. Sometimes sugar is added to raw- material to allow the lactic acid 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 slow. 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.

4.3.2 
Yeast Fermentation

Yeasts are important in food fermentation because of their ability to produce carbon dioxide and ethanol. Carbon dioxide is the important metabolic product in the manufacture of leavened bread whereas ethanol is metabolized in the production of beers, wines and spirits. Carbon dioxide and yeast itself are important byproducts of beer manufactutre.

4.3.3
Solid State Fermentation

Solid state fermentation involve the use of a solid substrate into which the fermenting organism is inoculated. The organisms used are often moulds. Examples are the ‘koji’ process and the second stage of tempeh fermentation

4.4
Oriental And Indigenous Fermented Foods

A large number of fermented foods can be grouped under the heading of oriental and indigenous fermented foods. Fermented foods of this type are produced in Asia and Africa and are often associated with specific countries or areas. Most of the products are unknown in the West but frequently have major nutritional role in the diets of the local population. Lactic acid bacteria are involved in some of the fermentation but yeast and moulds are often the main organisms responsible. Many are sold state fermentations or involve fermentations of more than one type. Some of the products are manufactured on large scale but many are carried out on a cottage industry or household basis. The major groups of these products with example are given in Table 4.1.

Table 4.1 : Example of oriental and indigenous fermented foods.

	Food Type
	Example
	Country of origin

	Foods fermented by fungi followed by brine process
	Soy sauce, miso
	Southeast Asia

	Meat- flavoured pastes produced by one-step bacterial fermentation
	Natto
	Japan, China, Thailand

	Legume-based foods produced by bacterial fermentation or acid soak followed by fungal fermentation
	Tempeh
	Indonesia

	Doughs fermented by lactic acid bacteria
	Idli
	India

	Alcoholic foods produced by fermentation with yeasts or other fungi
	Tape
	Indonesia




4.5
Role of Lactic Acid Bacteria

The manufacture of acid fermented foods is based on the ability of lactic acid bacteria (LAB) to ferment carbohydrates to produce lactic acid. Mesophilic lactic acid bacteria Lactococcus, Leuconostoc, Lactobacillus and Pedicococcus are used in fermentation that take place between 20and 30° C., e.g. most cheeses, fermented meats, sourdough breads and fermented vegetable production, whereas theremophilic Lactobacillus spp and Streptococcus spp are used in fermentation carried out at higher temperature up to 45°C.e.g. in  the manufacture of yoghurt.

4.6
Metabolism of Lactic Acid bacteria

Two types of lactic acid bacteria are recognized in terms of the metabolic pathways used to break down carbohydrates to release energy, with the fermentation products formed as biproducts: the homolactic bacteria that produce mainly lactic acid and the heterolactic bacteria that produce a mixture of lactic acid, acetic acid, carbon dioxide and ethanol. The metabolic pathways involved are illustrated in Fig. 4.1.

Lactic acid bacteria are also important in the production of organic molecules that impart flavour to fermented foods in addition to the typical flavour of lactic acid. Although these  substances are produced in very small quantities, they impart flavours to fermented diary products that are often responsible for their unique flavour characteristics, for example, Lactococcus var diacetylactis and Leuconostoc spp can covert citrate to diacetyl which is the main flavouring constituent of cottage cheese and butter. The characteristics flavour of yoghurt is associated with the production of acetaldehyde by Lactobacillus delbreukii subsp. bulgraicus. Bacteria used in starter cultures for the specific production of aromas and flavours are known as aroma bacteria. Some lactic acid bacteria produce extracellular polymers (slimes) that contribute to the texture of the final product also. 

Fig. 4.1 : Metabolic pathways associated with lactic acid fermentations
4.7
Examples of Food fermentations

4.7.1
Fermented baked preparations

In baked products such as bread and bun, the yeast Saccharomyces cerevisiae which is popularly known as “baker’s yeast”, helps by raising the dough, giving it the texture and also adding flavours. The different ingredients further added contribute distinct different tastes to each of these products. The naan which is popular in India is made from maida (refined wheat flour) to which salt, yeast or curd is added. It is kneaded vigorusly for 15 minutes adding vegetable oil for softening. It is allowed to ferment for 30 minutes to 1 hour. It is then baked rapidly on metal trays for 5 to 10 minutes. Intense heat causes centre of the dough to expand rapidly and create a central pouch. Saccharomyces cerevisiae is mainly responsible for leavening by carbondioxide production.

4.7.2 Fermented vegetable foods

Sauerkraut

Sauerkraut is fermented fresh cabbage product. It is popular in USA and Europe. The main organism involved in the fermentation of this pickle is lactic acid bacteria. Leuconostoc mesenteroides followed by Lactobacillus plantarum.

Cucumber pickle

Cucumber pickle is a fermentation product of fresh cucumbers. Several lactic acid bacteria are involved in preparation of this pickle. Lactobacillus plantarum is the most important organism required for fermentation of cucumber pickle.

4.7.3 Fermented soyabean products

Tempeh

Tempeh is a highly popular soyabean preparation in Indonesia. The chief organism in this preparation is the mould species of Rhizopus oligosporus. The soybean mash is wrapped in a banana leaves or kept in boxes and the mash is inoculated with tempeh fungus by addition of a portion of previous batch and allowed to ferment for about 24-48 hours at a temperature 30-40oC until there is a good mycelium growth which is then sliced and prepared as per the taste such as roasting or frying. The taste of the tempeh is considered to be bland but it is highly nutritious.

Soya sauce 

Soya sauce is a very popular preparation of Japan which has received wide acceptance world over. This is prepared by inoculating an aspergillus species mostly Aspergillus oryzae in a mixture of soaked and steamed soya bean with roasted wheat in the ratio of 2:1. The mixture is allowed to be incubated for 3 to 5 days. Subsequently, it is subjected to various processing steps using Lactobacillus bacteria and the yeast Saccharomyces rouxii. After 3 months, the final product is filtered, pasteurized and bottled for use.

4.7.4 Fermented Dairy Products

 The fermented dairy products assume greater importance in the human diets as invariably most of the diets consist of milk byproducts especially the cheese, butter, yoghurt, curd etc.

Cheese

There are several varieties of cheese which manufactured all over the world. All types of cheese are the byproducts of lactic acid fermentation of milk. There are several varities of cheese which are classified as hard, semihard and soft cheese. These are prepared with culturing of the milk either with bacteria or mould species. Among the several varieties, the popular ones are Cheddar cheese and Swiss cheese which are known as hard cheese whereas Roquefort cheese (blue cheese) is a semi-soft cheese and the soft variety is the Camembert cheese. The Cheddar cheese originated from England and the colour of which ranges from white to orange-yellow depending upon the colour added. The curing is done with the help of Streptococcus and Lactobacillus. This cheese is without the gas holes (the eyes) which characterizes the swiss cheese. The swiss cheese is cultured with the help of mixed culture. L.bulgaricus and Streptococus-thermophilus and Propionbacterium shermanii which imparts the characteristics eye formation. The Roquefort cheese is prepared by the use of Penicillium roqueforti where as the camembert cheese is produced by Penicillum camemberti.

Dahi / curd 

Dahi is an Indian fermented product which resembles yoghurt and is widely used in the daily menu of an average Indian. The dahi / curd is obtained from the milk by use of mixed culture of heterolactic bacteria 

Yoghurt

Yoghurt is the preparation which uses the action of two lactic acid bacteria Streptococcus thermophilus and Lactobacillus bulgaricus. The ideal ratio of these two organisms is 1:1 for the best result.

Butter

The microorganisms which are involved in the preparation of butter are Streptococus lactis and Streptococcus cremoris which convert the lactose in the milk to lactic acid. Then the organisms like Streptococcus diacetylactis, Leuconostoc dextranicum, Laeuconostoc citrovorum are involved in imparting the aromatic flavours to the butter. The preparation of commercial butter involves the ageing of cream overnight at 5-10°C and subculturing for 15-16 hours with lactic acid bacteria followed by churning.

4.7.5
Other Fermented Foods

Idli

Idli is prepared from rice and urad lentil (dhal). They are cleaned, washed and grounded in equal proportions and left overnight for fermentation. The microorganism involved in this preparation are Leuconostoc mesenteroides which grows first in the batter which is followed by Streptococcus faecalis and Pediococus cerevisiae. Once the batter raises sufficiently, it is steam cooked  and served.

Vada

Vada is prepared by soaking urad lentil (dhal) in water for sometime, then ground to paste. It is then left to ferment at 23-32°C for 12-48 hours, usually overnight. It is made into balls and deep fried in vegetable oil. The dal paste is fermented by lactic acid bacteria.  Leuconostoc mesenteroides being the major organism. The organism produces carbondioxide which aerates the product and contributing to its texture..

Dosa

Dosa is a light, shallowed-fried thin pan-cake. It is prepared from fermenting rice and urad dhal batter (ratio 2:1) followed by overnight fermentation. The aeration of batter is caused by lactic acid bacteria fermentation by Streptococcus faecalis with carbondioxide production by Leuconostoc mesenteroides. 
Bhatura

Bhatura is prepared from wheat flour, salt and sometimes with pepper or cumin and made into dough with water and curd. Curd is used as a starter and the dough is then fermented at 20-30°C overnight. It is rolled and flattened into discs and deep  fried in vegetable oil. The major organism involved in fermentation are Streptococcus and Lactobacillus species  introduced by curd.

Dhokla

Dhokla is similar to idli except that rice and bengal gram are used in this preparation. It is steamed into large sheets, then cut into pieces and seasoned. It is yellow in colour unlike idli.

4.7.6.    Economically important fermentation products.

Apart from helping man in preparing his foods, the microrganisms have contributed to a great extent in perpetuating man’s desire for alcoholic beverages which are usually made up of plant products.

Beer

Beer is an alcoholic product produced by brewing. It is a principal malt beverage where the fermentation of carbohydrate to alcohol takes place. Barley  is used in the preparation of beer. Yeasts play a major role in the preparation of beer. Lagerbeer is produced by Saccharomyces uvarum  which settles at the bottom of the fermenting vat and is known as bottom yeast.

Ale

The ale is produced by strains of S.cerevisiae which is collected at the top and is called top yeast.

Rice Beer

Rice beer is a low-alcohol beverage made from rice which is more popular in North Eastern India. The rice is milled, water is added and cooked. It is cooled and then starter is added and fermented for 18 hours at 20-28oC. Rice beer is then decanted from solid residue, which  often is used as a breakfast cereal.

The starter introduces a mixture of moulds and yeasts. The rice starch is broken down to sugars by amylase enzymes of moulds of Rhizopus, Mucor and Aspergillus species. The yeasts like Endomycopsis and Hansenula then converts the sugars to ethanol and carbondioxide. 

Wine

Wine is the oldest and well known fermented alcoholic beverage produced by the fermentation of good and sound grapes which is further processed, known as ageing, before consumption. Although there are other fruits wines, they are not as popular as grape wine. The grape  fruits are crushed to give ‘must’. The fermentation of ‘must’ is initiated by yeasts Kloeckera apiculatus and Metschnikowia pulcherrima together with yeasts of Torulopis, Candida etc. The main fermentation is by the yeasts, Saccharomyces cerevisiae and S. uvarum or S. bayanus which converts sugars to ethanol and carbondioxide. 

Champagne 

 Champagne, is a product of secondary fermentation. Fresh must, yeast and sugar are added to the wine selected for champagne preparation.

4.7.7
Distilled liquor products

The distilled alcoholic products of interest are rum, whisky and brandy. These products are manufactured from the distillation of yeast fermentation of sugar cane juice, molasses, grains and grain products.

Rum

The  rum is an alcoholic distillate of  fermented sugarcane   juice or molasses.

Brandy

The brandy is produced by distilling grapes or other fruit wines.

Whisky

Whisky is produced by distilling the fermented mash of wheat, barley malt and other grains.

4.7.8
Other uses of microbes in industry

Vinegar

If the alcohol produced by the fermentation process is further oxidised to acetic acid producing bacteria, the product is vinegar. Vinegar is made by different processes. It can be made from fruit juices, starchy vegetables, malted cereals, sugars and alcohol. Vinegar is widely used as preservative in food preparation, wherein, the minimum percentage of acetic acid should be 3.75% as per PFA Act.

Enzymes

Enzymes, which are known as biocatalysts are very useful in the manufacturing of several products of commercial value. The enzymes are used widely for manufacture of alcoholic beverage etc. The enzyme alpha-amylase used in bread making is commercially prepared from Aspergillus oryzae. The amyloglucosidase used as a substitute for malt in the production of beer and spirits is commercially prepared from Aspergillus niger. Pectolytic enzymes are produced from a number of fungi for use in fruit processing. Cellulase used for removing cellulose cloud and clarify the citrus  juices is produced from the mould Trichoderma viride and proteases used in cheese making form Aspergillus niger.

Amino acids and Vitamins

The importance of amino acid and vitamins in human health is welll recognized. Several microbes have been used for their production which are biologically suitable. Yeast is one of the best sources of the vitamin B-complex. A number of preparations of high potency vitamin B-complex made from dried yeast, yeast extracts are available in the market. Ribolfavin one of the B group vitamins is produced from the yeast Eremothecium ashbyii. Ergosterol, the prescursor of vitamin D is synthesized by a number of moulds and yeasts. Betacarotene is produced commercially by fermentation using the yeasts Rhodotorula.
Citric acid

Citric acid is one of the widely used chemical which finds applications in several divergent industries such as pharmaceuticals, flavouring extractions in food preparations, dyeing etc. Citric acid is produced by mould, Aspergillus niger which converts sugars to citric acid where molasses is generally the raw material.

Antibiotics

Apart from giving man several food products, certain microroganisms especially moulds have given products which are life saving. The antibiotics are the products of living organisms which in small proportions could be acting as inhibitory agent for the growth of other microbes. The discovery of Penicillin produced by Penicillium notatum by Sir Alexander Fleming in 1929 has triggered off the manufacturing of modern antibiotics. There are over 600 antibiotics derived from bacteria and over 150 from fungi. The genus Streptomyces has yielded a wide range of useful antibiotics such as strept, streptomycin, aureomycin , chloromycetin and terramycin.

unit-5: food-borne diseases

5.1
WHAT IS DISEASE?
The term disease is applied to any harmful change in the tissues and/or metabolism of a plant, animal or human that produces the symptoms of illness. Micro-organisms (bacteria, yeasts, moulds, viruses and protozoa) that cause diseases are known as pathogens.

5.2
HOW DO MICRO-ORGANISMS CAUSE DISEASE?
Soon after birth the external surfaces and cavities of our bodies are colonized by large numbers of different types of micro-organisms that originate from other humans and the environment in general. These organisms constitute our natural permanent microflora. Most of the organisms are bacteria but some yeasts also occur. This natural resident micro flora is symbiotic, i.e. it lives in mutual harmony with our body tissues, and is essential for our well being.

Here are two examples of the importance of our permanent microflora:

· The permanent microflora is essential in combating invasion of the body by potential pathogens by competing for space and nutrients, and sometimes producing antibiotics. The presence of a variety of strains of Escherichia coli in the colon, for example, helps to prevent enteric pathogens such as Salmonella spp. from becoming established. Laboratory animals that are reared under sterile conditions and without a natural resident microflora are exceptionally prone to diseases caused by organisms that are not even normally considered pathogens.   

· Bacteria in the colon synthesize vitamin K and contribute significantly to our requirement for this vitamin.

Our bodies are constantly being infected with organisms that are not part of this permanent microflora. Most of these organisms are harmless and transient. Others are pathogens and have the ability to invade our tissues, or produce toxins, or both.

Toxins are chemical substances produced by micro-organisms that are harmful to human tissues and physiology. Many, but not all, of the toxins produced by micro-organisms are proteins. Sometimes toxins are secreted into the environment in which the micro-organism is growing, for example, the enterotoxin produced by Staphylococcus aureus can be secreted into food. Toxins of this type can come into contact with or enter the human body and cause disease in the absence of the organism.

5.3
DISEASE PRODUCTION BY BACTERIA
Toxins are particularly important in production of bacterial diseases. Bacterial toxins are classified into two types, exotoxins and endotoxins. Exotoxins have the following characteristics:

· generally proteins synthesized by metabolic activity;

· produced by Gram-positive and Gram-negative organisms;

· not structural components of the cell;

· secreted into the cell environment.

Endotoxins have the following characteristics:

· lipopolysaccharides;

· toxic components of the cell wall released when the cell dies and breaks down;

· produced by Gram-negative organisms.

5.4
DISEASE CAUSED BY VIRUSES
Unlike bacteria, viruses invade host cells, take over host cell metabolism and induce the cell to produce new virus particles. Disease symptoms are caused by the destruction of host cells and secondary effects resulting from host cell destruction.

5.5
FOOD-BORNE DISEASE AND THE AGENTS RESPONSIBLE
Food-borne disease is simply disease that results from the ingestion of food.

Agents that can be responsible for food-borne disease are:

· micro-organisms;

· parasites;

· chemicals;

· naturally occurring plant toxicants,

· naturally occurring fish toxicants,

· metabolic disorders;

· foods that. give rise to allergies;

· radioactive materials.

Micro-organisms are by far the most important agents of food-borne disease, with bacteria causing the major bulk of food-borne disease outbreaks.  Viruses are also an important source of food-borne disease with food-borne transmission of infective protozoa far less common, particularly in developed countries.  Some moulds produce substances that are toxic to man (mycotoxins) but their importance in food-borne disease production is currently not known. A few algae produce toxins that are associated with shellfish poisoning. Yeasts are very rarely associated with food-borne disease (apart from the ability of Saccharomyces cerevisiae to produce alcohol.). The one documented example is associated with a yeast that infects the surface of sun-dried fish in South America. The organism can cause a skin infection in anyone handling the fish. Prions that cause degenerative diseases of the nervous system, e.g. the agent causing bovine spongiform encephalopathy (BSE) in cattle, may possibly be transmitted to man via infected offal.

5.6
WHAT IS FOOD POISONING?
It is commonly defined as 

‘An acute (arising suddenly and of short duration) gastroenteritis caused by the ingestion of food.’

Gastroenteritis is a disease of the intestinal tract characterized by:

· abdominal pain;

· diarrhoea;

· with or without vomiting:

· with or without fever.

In relation to food poisoning, the term gastroenteritis, although widely used, may be something of a misnomer. Food poisoning rarely, if ever involves the stomach (gastric) and is normally associated with the small and large intestines. Enteritis is, perhaps a better term to use.

Although definitions like this appear in books and articles on the subject of food-borne disease, the definition excludes diseases caused by certain organisms that are generally considered to cause food poisoning. Examples are:

· Clostridium botulinum causes food-borne disease that is acute, caused by a neurotoxin and therefore does not show the symptoms of gastroenteritis.

· Listeria monocytogenes causes food-borne disease i.e., meningitis that can be chronic (developing slowly and often of long duration) and again does not show the symptoms of gastroenteritis.

Apart from their ability to cause gastroenteritis, other features that are normally considered  to  be  characteristic  of food  poisoning organisms are:

· Food poisoning organisms have the capacity to reproduce in food. This is sometimes used as the main feature to define a food poisoning organism.

· Very large numbers are required to produce the illness, although there are exceptions. In some Salmonella serovars, for example, the numbers of bacteria required to produce infection are low. Numbers required to produce illness may also depend on host resistance for a wide range of food poisoning organisms.

· Organisms causing food poisoning originate from animal sources or the environment in general.

Some food-borne illnesses are caused by primary human pathogens (that are adapted  to the human host). These diseases have low infective doses, i.e. only small numbers of organisms are required to cause infection. They  are  sometimes  carried  easily from one human to another, from the environment in general or via faecal contamination from other humans.  Often  the  most common infection source is water. Typhoid fever caused by Salmonella typhi, dysentery caused by Shigella dysenteriae and cholera caused by Vibrio cholerae are diseases of this type. Some pathogenic strains  of  Escherichia coli can  be included in  this  category. Food-borne diseases caused by viruses can also be included under this heading. Viruses do not multiply in the food,   the  food   simply  acts  as  a   passive carrier for the organisms. This also applies to certain food-borne protozoal infections, e.g., dysentery caused by Entamoeba histolytica.

Some bacteria are adapted animal pathogens but can be transmitted to man via food. Illness caused by organisms of this type can be very serious. Some organisms in this category cause gastroenteritis,  e.g.  Campylobacters  and some Salmonella serovars, whereas others do not, e.g. the bovine tubercle bacillus (Mycobacterium bovis) that causes non-pulmonary tuberculosis in man and Brucella abortus that gives rise to undulant fever.

Sometimes the term ‘food poisoning’ is reserved for those diseases produced by bacterial exotoxins. This definition would include those  illnesses  produced  by  Staphylococcus aureus, Clostridium perfrigens, Clostridium botulinum and  Bacillus  cereus  etc.

A wide variety of organisms are capable of giving rise to food-borne disease in humans. The natural habitats of these organisms, the symptoms they produce, the methods of disease production, the infective dose, whether they can grow in foods, or not, are available. Ways out of this dilemma could be to use the term food poisoning to mean the same as food-borne disease or abandon the term completely. In the rest of this chapter, no distinction is made between the  terms  food  poisoning  and  food-borne disease.

5.7
INTOXICATIONS AND INFECTIONS
Certain types of food poisoning are described as intoxications and others as infections. 

Intoxications

Intoxications involve food poisoning in which the organism grows in the food and releases a toxin from the cells. When the toxin is ingested along with the food, the toxin gives rise to the food poisoning syndrome (signs and symptoms that indicate a particular disease). The presence of the organism in the food is irrelevant to disease production. It is the toxin that gives rise to the disease. Bacterial toxins that produce intoxications are exotoxins that are either enterotoxins affecting the gut, as in the disease caused by Staphylococcus aureus, or neurotoxins, as in the disease caused by Clostridium botulinum, the toxin in this case affecting the nervous system. 

Mycotoxicosis (diseases produced by the ingestion of food containing mycotoxin produced by moulds) and the diseases produced by algae toxins that find their way into shellfish can also be considered intoxications. Generally, intoxications have short incubation periods (time from ingestion of the food to the appearance of symptoms).

Infections

Infections involve food poisoning caused by the ingestion of live organisms when, typically, the organisms grow in the gastrointestinal tract to produce the disease. Most food poisoning caused by micro-organisms falls into this  category,  for  example,  food  poisoning caused by Salmonella spp (salmonellosis). Enteritis associated with food poisoning infections is due to the production of exotoxins or endotoxins that act as enterotoxins.

In some types of food poisoning, e.g. Clostridium perfringens, live cells need to be ingested for the disease to occur but the organism does not grow and reproduce in the gut. Vegetative cells sporulate after ingestion, and an enterotoxin is released when the spore mother cells break down releasing the spores mother cells break down releasing the spores. Because living cells also need to be ingested to cause this type of food poisoning, it can be considered as a food-borne infection.

As indicated previously, not all infections lead to enteritis. The live organisms  that are ingested may pass through the gut mucosa into the vascular system and invade other body tissues, e.g. Listeria monocytogenes and Mycobacterium tuberculosis.

Table 5.1 : Common food-borne pathogens

	BACTERIA
	FOUND
	TRANSMISSION
	SYMPTOMS

	Campylobacter 
jejuni

	Intestinal tracts of animals and birds, raw milk, untreated water, and sewage sludge.


	Contaminated water, raw milk, and raw or undercooked meat, poultry, or shellfish.


	Fever, headache, and muscle pain followed by diarrhea (sometimes bloody), abdominal pain, and nausea that appear 2 to 5 days after eating; may last 7 to 10 days.

	Clostridium 
botulinum
	Widely distributed in nature, soil, water,  on plants, and intestinal tracts of animals and fish. Grows only in little or no oxygen.
	Bacteria produce a toxin that causes illness. Improperly canned foods, garlic in oil, vacuum packaged and 
tightly wrapped food. 
	Toxin affects the nervous system. Symptoms usually appear 18 to 36 hours, but can sometimes appear as few as 4 hours or as many as 8 days after eating; double vision, droopy eyelids, trouble speaking and swallowing, and difficulty breathing. Fatal in 3 to 10 days if not treated.

	Clostridium 
perfringens
	soil, dust, sewage, and intestinal tracts of  animals and humans.
	Grows only in little or to oxygen, called "the cafeteria germ" because  many outbreaks result from food left  for long periods in steam tables or at  room temperature. Bacteria destroyed by cooking, but some toxin-producing spores may survive.
	Diarrhea and gas pains may appear 8 to 24 hours after eating; usually last about 1 day, but less severe symptoms may persist for l to 2 weeks.

	Escherichia coli
	Intestinal tracts of some mammals, raw milk, unchlorinated water; one of several strains of E. coli that can cause human illness.
	Contaminated water, raw milk, raw or rare ground beef, unpasteurized apple juice or cider, uncooked fruits and vegetables; person-to-person.
	Diarrhea or bloody diarrhea, abdominal cramps, nausea, and malaise; can begin 2 to 5 days after food is eaten, lasting about 8 days. Some, especially the very young, have developed hemolytic-uremic syndrome (HUS) that causes acute kidney failure. A similar illness, thrombotic thrombocytopenic 
purpura (TTP), may occur in adults.

	Listeria 
monocytogenes
	Intestinal tracts of humans and animals, milk, soil, leaf vegetables; can grow slowly at refrigerator temperatures.
	Ready-to-eat foods such as hot dogs, luncheon meats, cold cuts, fermented or dry sausage, and other deli-style meat and poultry, soft cheeses and unpasteurized milk.
	Fever, chills, headache, backache, sometimes upset stomach, abdominal pain and diarrhea; may take up to 3 weeks to become ill; may later develop more serious illness in at-risk patients (pregnant women and newborns, older adults, and people with weakened immune systems).



	Salmonella 
(over 2300 types)
	Intestinal tracts and feces of animals; Salmonella  in eggs.


	Raw or undercooked eggs, poultry and meat, raw milk and dairy products, seafood, and food handlers.
	Stomach pain, diarrhea, nausea, chills, fever, and headache usually appear 8 to 72 hours after eating; may last 1 to 2 days.



	Shigella 
(over 30 types)

	Human intestinal tract; rarely found in other animals.


	Person-to-person by fecal-oral route; fecal contamination of food and water. Most outbreaks result from  food, especially salads, prepared and handled by workers with poor personal hygiene.
	Disease referred to as "shigellosis" or bacillary dysentery. Diarrhea containing blood and mucus, fever, abdominal cramps, chills, and vomiting; 12 to 50 hours from ingestion of bacteria; can last a few days to 2 weeks.



	Staphylococcus 
aureus
	On humans (skin, infected cuts, pimples, noses, and throats).


	Person-to-person through food from improper food handling. Multiply rapidly at room temperature to produce a toxin that causes illness.
	Severe nausea, abdominal cramps, vomiting, and diarrhea occur I to 6 hours after eating; recovery within 2 to 3 days - longer if severe dehydration occurs.


5.8
preventive measures 

Prevention and control of food borne disease depends on careful food production, handling of raw products and preparation of finished products. Hazards can be introduced at any point from field to table. The 20th century witnessed revolution in food sanitation and hygiene (including refrigeration,, chlorination of drinking water, pasteurization of milk, shellfish monitoring, potassium permanganate washing of root vegetables like carrots, lettuce etc) which was a consequence of applied technologies. Similarly, industrial engineering can hold the key to food safety in the 21st century.

Chlorination of drinking water sources for food animals, sanitary slaughter and processing of meat, poultry and seafood, irradiation and other microbial reduction measures for raw agricultural commodities are significant as approaches for food safety. Hazard Analysis Critical Control Point (HACCP) process occurs when monitoring and control technologies are systematically applied to food production to prevent food borne illnesses. Application of such programmes require food industries to identify points in food production and processing where contamination can occur and target resources towards processes that may reduce or eliminate food borne hazards. In 1990s HACCP programmes were implemented by meat, poultry and sea food industries and federal regulatory agencies in the US.

Food preparers (cooks) are the last but one point of critical control before meal is consumed, the last being those responsible for meal service on the table or in the dishes. Interventions to promote safe food practices are needed. A few precautionary measures while food handling can reduce the risk of food borne diseases drastically. Thorough heating/pressure cooking of potentially hazardous food kills pathogens. Refrigeration prevents multiplication of pathogens. Storing raw and cooed foods separately avoid cross contamination. Contamination of cooked food from drippings from raw foods can be prevented by keeping them away from each other. Refreezing thawed food increases chances of contamination and therefore should be avoided. Food handlers should wash hands, cutting boards and contaminated surfaces as warranted to prevent cross contamination. Consumption of spoilt food and improperly stored foods should be avoided as far as possible. High-risk foods like runny eggs discoloured hamburgers, and raw shellfish should be avoided to reduce the risk of food borne diseases. Each link in the production, preparation and delivery of food can be a hazard to health. Food borne disease surveillance is an important measure as these help in detecting disease and identifying points at which new strategies are needed to protect the food supply.

Changes in food processing, products, practices and people will continue to facilitate the emergence of food borne pathogens in this millennium. Well focused research and new forms of collaboration among people and institutions in government, industry, academia, public health and consumer communities are needed to address larger questions like modernization of food inspection, processes, structure of food system / mechanism, linkages of country food safety system with the other countries of the world and the like. Families should play a prominent role in food safety education of children. Schools and mass media too have a major role to play. Food industry has a significant role to play due to its experience which the government does not have.
Unit 6: Food Additives

6.1
Food additives

“A food additive is a substance or mixture of substances, other than the basic food stuff, which is present in food as a result of any aspect of production, processing, storage or packaging. The term does not include chance contamination” (WHO). This definition emphasizes one interpretation of a food additive; i.e., it is an intentional additive. Those food additives which are specifically added to prevent the deterioration or decomposition of a food have been referred to a chemical preservatives. These deteriorations may be caused by microorganisms, by food enzymes, or by purely chemical reactions. The inhibition of the growth and activity of microorganisms is one of the main purposes of the use of chemical preservatives. Preservatives may inhibit microorganisms by interfering with their cell membranes, their enzyme activity, or their genetic mechanisms. Other preservatives may be used as antioxidants to hinder the oxidation of unsaturated fats, as neutralizers of acidity, as stabilizers to prevent physical changes, as firming agents, and as coatings on wrappers to keep out microorganisms, prevent loss of water, or hinder undesirable microbial, enzymatic and chemical reactions.

Factors that influence the effectiveness of chemical preservatives in killing microorganisms or inhibiting their growth and activity are: (1) concentration of the chemical; (2) kind, number, age, and previous history of the organism; (3) temperature; (4) time; and (5) the chemical and physical characteristics of the substrate in which the organism is found (moisture content, pH, kinds and amounts of solutes, surface tension, and colloids and other protective substances). A chemical agent may be bactericidal at a certain concentration, only inhibitory at a lower level, and ineffective at still greater dilutions.

The various grouping of additives added to food are as follows :

1. Those added preservatives not defined as such by law : natural organic acids (lactic, malic, citric, etc.) and their salts, vinegar (acetic acid is a natural acid), sodium chloride, sugars, spices and their oils, woodsmoke, carbon dioxide, and nitrogen.

2. Substances generally recognized as safe (GRAS) for addition to foods: propionic acid, sodium and calcium propionates, caprylic acid, sorbic acid and potassium, sodium and calcium sorbates, benzoic acid and benzoates and derivatives of benzoic acid such as methylparaben and propylparaben, sodium diacetate, sulfur dioxide and sulfites, potassium and sodium bisulfite and metabisulfite, and sodium nitrite. (Although, there are some limitations on their use.)

3. Chemicals considered to be food additives, which would include all not listed in the first two categories. They can be used only when proved safe for man or animals, and they then fall into group 4.

4. Chemicals proved safe and approved by the Food and Drug Administration.

Preservatives added to inhibit or kill microorganisms may be classified on various other bases, such as their chemical composition, mode of action, specificity, effectiveness, and legality. Some, e.g., sugars are effective because of their physical action, others, e.g., sodium benzoate because of their chemical action, and others e.g., sodium chloride, because of a combinations of these effects. Some preservatives are incorporated into food and usually are antiseptic rather than germicidal, while others are used only to treat outer surfaces and may kill organisms as well as inhibit them. Some are employed to treat wrappers or containers for foods, while others are used as gases or vapours about the food. Some have been incorporated in ice used to chill foods, such as fish. Preservatives may be fairly specific against molds or yeasts and less so against bacteria, or vice versa, and may act against definite groups or species of bacteria or other organisms.

6.2
Broad classes of intentional Food Additives

There are approximately 3000 intentional food additives in 12 major groups. A few representative types from each group are listed below.

6.2.1 Preservatives

These are substances added to foods to inhibit the growth of bacteria, yeasts, and/ or moulds. Examples include sodium bezoate used in soft drinks and acidic foods, sodium and calcium propionate used in breads and cakes as mold inhibitor, and sorbic acid used on cheese and in moist dog foods to controls mold. Substances such as sulfur dioxide, that control browning of fruits and vegetables caused by enzymes, also are considered preservatives.

6.2.2 Antioxidants

These substances are used to prevent oxidation of fats by molecular oxygen. Without them, potato chips, breakfast cereals, salted nuts, fat-containing dehydrated foods, crackers, and many other fat-containing foods could not be stored very long without developing rancidity. Principal among these antioxidants are butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), tertiary butylated hydroquinone (TBQH), and propyl gallate. The antioxidants also include such diverse materials as ascorbic acid, stannous chloride, and tocopherol (vitamin E). Sulfur dioxide, listed as a preservative, is further listed as an antioxidant. Many other food chemicals also exhibit dual roles.

6.2.3 Sequestrants

These are the chelating agents or sequestering compounds which serve to scavenge metal ions. They do this by combining with trace metals such as iron and copper and remove them from solution. The trace metals are active catalysts of oxidation and also contribute to off-color reactions. Their removal by chelating additives such as ethylenediamine tetraacetic acid (EDTA), polyphosphates, and citric acid prevents these defects.

6.2.4 Surface  Active Agents

These include the  emulsifers used to stabilize oil-in-water and water-in-oil mixtures, gas-in-liquid mixtures, and gas-in solid mixtures. In addition to emulsifiers of natural origin such as lecithin and to emulsifires that can be prepared synthetically such as monoglycerides and digylcerides and their derivatives, other emulsifying agents include certain fatty acids and their derivatives and bile acids, which are important in digestion. Also included among the surface active agents are numerous defoaming compounds and detergent chemicals.

Table 6.1 : Some Functional Properties of Common Food Additives

I. 
Purpose: Maintain/improve nutritional quality

1. Class : Nutrients

Function : Fortify : add nutrients; enrich; replace nutrients

Examples 
Where found

Vitamin C
Beverages

Iron

Baked goods

II. 
Purpose : Facilitate production, processing, or preparation

1. Class : Acidulants, alkalies, buffers

Function : Flavour, pH control, processing, antimicrobial

Examples
Where found

Acetic acid
Dressings

Sodium bicarbonate
Chocolate

Phosphoric acid
Soft drinks

Phosphates
Meats

2. Class : Anticaking agents

Function : Keep powders free-flowing

Examples
where found

Silicates
Salt, baking powder

3. Class : Bleaching, maturing agents, dough conditioners

Function : Accelerate dough aging, machinability

Examples
Where found

Peroxides
Flour

Gums
Bread dough

4. Class : Bulking, bodying, thickening , firming agents

Function : Change consistency, stabilize, mouthfeel

Examples
Where found

Pectin
Jams, jellies

Alginates
Dairy desserts

Carboxymethycellulose
Ice cream, bread

Modified food starch
Sauces, soups

Calcium lactate
Apple slices

5. Class : Chelating agents

Function : Sequester metal ions

Examples
Where found

EDTA
Beer, canned fish

6.2.5 Stabilizers and Thickeners

These substances include gums, starches, dextrins, protein derivatives, and other additives that stablize and thicken foods by combining with water to increase viscosity and to form gels. Gravies, pie fillings, cake toppings, chocolate milk drinks, jellies, puddings, and salad dressings are among the many foods that contain such stabilizers and thickeners as gum arabic, carboxymethyl cullulose (CMC), carrageenan, pectin, amylose, gelatin, and others.

6.2.6
Bleaching and Maturing Agents, Starch Modifiers

Freshly milled flour has a yellowish tint and suboptimum functional baking qualities. Both the color and baking properties improve slowly on normal storage. These improvements can be obtained more rapidly and with better control through the use of certain oxidizing agents such as benzoyl peroxide which bleaches the yellow color. Oxides of nitrogen, chlorine dioxide, and other chlorine compounds both bleach color and mature the flour. Starch modifiers include compounds such as sodium hypochlorite, which oxidizes starches to a higher degree of water solubility.

6.2.7
Buffers, Acids, Alkalies

As pH-adjusting and pH-controlling chemicals, buffers, acids, and alkalies affect an endless number of food properties, many of which have been previously described. The acids in particular may be derived from natural sources, such as fruits, and from fermentation, or they may be chemically synthesized.

6.2.8
Food Colors

Colors are added to thousands of food items to produce appetizing and attractive qualities in foods. Both synthetic and naturally occurring colors are added to foods. Artificial colors, each batch of which must be tested and certified by the regulatory agency, must be labeled as artificial. Many natural coloring agents such as extract of annatto, caramel, carotene, and saffron are widely used in foods. Synthetic colors generally excel in coloring power, color uniformity, color stability, and lower cost. Carbonated beverages, candies and gelatin desserts are among items colored with certified synthetic dyes. In addition to the organic synthetic dyes and the natural organic coloring agents, food colors also include such inorganic materials as iron oxide to give redness and titanium dioxide to intensify whiteness. Organic coloring materials also can be coated onto metallic salts to produce suspensions of colored particles, known as lakes, as opposed to dissolved colored solutions.

Interest in the use of natural reds from grapes, beets, and cranberries has increased. Another natural red food color, cochineal, used to produce carmine, is extracted from females of the insect Coccus cacti.

6.2.9
Artificial Sweeteners

Chemicals which taste sweet but which contain few or no calories at the levels required for sweetness are considered non-nutritive or reduced-calorie sweeteners. Some compounds such as aspartame contain the same number of calories as sucrose (sugar) but are hundreds of times sweeter; hence, only a fraction of the amount is used compared to normal sugar. Thus, they are “reduced”-calorie sweeteners. Other compounds, such as saccharin, contain no calories and are truly non-nutritive. The largest group of users of non-nutritive and reduced-calorie sweeteners have been the low-calorie soft drink manufacturers. But such sweeteners also have been important in the manufacture of other low-calorie foods such as candies, frozen desserts, salad dressings, gelatin desserts, and some baked goods. Other non-nutritive sweeteners, which have sweetness ranges upto to 3000 times that of sucrose, are under study. Among them are neohesperidine dihydrochalcone from citrus rinds and L-isomers of common sugars, which have comparable sweetness to the naturally occurring D-isomers but are not metabolized and therefore do not contribute calories. Aspartame is currently the most widely used artificial sweetener and is a synthetic aspartic acid-phenylalanine dipeptide.

6.2.10
Nutritional Additives

Vitamins, minerals, and other nutrients are added as supplements and enrichment mixtures to a number of products. Major examples are the following: vitamin D added to milk; B vitamins and iron added to cereal products; iodine added to salt; vitamin A added to margarine; and vitamin C added to fruit juices and fruit-flavoured desserts. Several amino acids also are listed in this group. The amino acid lysine has received considerable study since it is the only essential amino acid absent from the protein of wheat flour in sufficient amount to prevent wheat flour from being a nutritionally complete protein source.

6.2.11
Flavouring Agents

Natural flavouring substance include spices, herbs, essential oils, and plant extracts. Typical of the synthetic flavour additives are benzaladehyde (wild cherry/almond),ethyl butyrate (pineapple), methyl anthranilate (grape), and methyl salicylate (wintergreen). Currently, there are over 1200  different flavouring materials used in foods, making this the largest single group of food additives. These are typically used in trace amounts and are similar group of food additives. These are typically used in trace amounts and are similar to the chemicals found in natural sources. Also included among the flavour additives are flavour enhancers or potentiators, which do not have flavour in themselves in the low levels used but intensify the flavour of other compounds present in foods. Monosodium glutamate (MSG) and the 5’-nucleotides (related to components found in nucleic acids) are examples of the potentiators..

6.2.12
Miscellaneous Additives

Many additional food additives provide functions other than also already discussed. Included are substances to promote growth of baker’s yeast such as ammonium sulfate, firming agents (for fruits and vegetables) such as calcium chloride, anticaking agents for salt and granular foods such as calcium phospate, antistickintg agents such as hydrogenated sperm oil, clarifying agents for wine such as bentonite, solvents such as ethanol, acetone, and hexane, machinery lubricants such as mineral oil, meat curing agents such as sodium nitrite and sodium nitrate, crystallization inhibitors such as oxystearin, plant growth stimulants used in malting barley such as gibberellic acid, enzymes for  a wide variety of uses, and many more.

6.2.13
Macrocomponents and Foods Subsitutes

In recent years, a special type of additive known as a macrocomponents is being used with increasing frequency. Macrocomponents substitute a large portion of the food with another component. For example, there is interest in reducing the fat content of some food such as ice cream without changing texture and flavour. This means substituting a less caloric fat replacer for all or most of the fat in ice cream. This is a macrosubstitution.

Unit-7: Food Contamination and Food Adulteration

7.1
FOOD CONTAMINATION

Food contamination is the presence of any substance which is not intentionally added to food, and is present in food as a result of the production (including operations carried out in crop husbandry, animal husbandry and veterinary medicine), manufacture, processing, preparation, treatment, packing, packaging, transport or holding of such food or as a result of environmental contamination. The term does not include insect fragments, rodent hairs and other extraneous manner.

In some of the foods commonly consumed by man substances harmful to the human health occur and they are commonly referred to as contaminants of natural origin.  In some they are present in minute quantities and may not present any health hazards in the quantities they are normally consumed. Some of these toxins get accumulated in the body or ingestion of small quantities for prolonged period may result in certain diseases. Some of the naturally occurring toxins which are of practical relevance in the Indian context are indicated below.

7.1.1
Seafood Toxins

There are number of causes of food poisoning originating from seafoods and shellfish. Seafood poisoning can be caused by Ciguatera poisoning, a toxin from microalgae, which has been accumulated in fish flesh. Another poisoning known as Scrombroid poisoning is believed to occur due to consumption of fish flesh containing high levels of histamine and possibly some biogenic amines. Shellfish poisoning is caused by a group of toxins produced by planktonic algae upon which the shellfish feed. All shellfish are potentially toxic. 

7.1.2
Biogenic Amines

The biogenic amines are biologically active compounds synthesized from amino acids. Foodborne biogenic amines are most commonly synthesized by spoilage microorganisms and are usually considered to be potential toxins. A subgroup of the biogenic amines are the mammalian polyamines: putrescine and spermine. Biogenic amines should not always be considered as potential toxicants but can also be considered to be non-hormonal growth promoters. 

7.1.3
Alkaloids

They are all nitrogeneous heterocyclic compound which occur mainly in plants as their salts of common carboxylic acids such as citric, lactic, oxalic, acetic, malic and tartaric acids as well as fumaric, benzoic, aconitic and veratric acids.  Their amine character produce an alkaline solution in water and hence the origin of their name - alkaloids. 

A toxic alkaloid called Sanguinarine causes a disease called Epidemic Dropsy. Epidemic Dropsy is caused by consuming mustard oil contaminated with argemone seed oil. Argemone mexicana is a weed and produces seeds that are very similar in appearance to mustard seed. PFA Rules under A.17.06 specify negative test for agremone oil. 

7.1.4
Protease Inhibitors

Protease inhibitors interfere with the action of trypsin and chymostrypsin, enzymes produced by the pancreas to break down ingested proteins. They are found to some extent in cereal grains (oats, barley, and maize), Brussels sprouts, onion, beetroot, wheat, finger millet, and peanuts. 

Several plants specially belonging to the family Leguminoseae such as redgram, Bengal gram, cow pea, double bean, soybean, lathyrus contain protein inhibitors active against pancreatic proteolytic enzymes of vertebrates. These trypsin inhibitors cause growth retardation and hypertrophy of pancreas. The release of essential aminoacids like methionine is hampered by the presence of inhibitors. The trypsin inhibitors are generally heat labile and are destroyed in the normal process of cooking.

7.1.5
Lathyrogens

Lathyrogens, found in legumes such as chick peas are derivatives of amino acids that act as metabolic antagonists of glutamic acid, a neurotransmitter in the brain. When lathyrogens are ingested in large amounts by humans or animals, they cause a crippling paralysis of the lower limbs and may result in death. Lathyrism only occurs on a impoverished diet of sweet pea, or grass pea and is characterized by bone thinning and leg paralysis. 

7.1.6 Goitrogens 

Food plants species in the Cruciferae (Brassicaceae) family contain substances called goitrogens or glucosinolates, which probably play a role in the plant's defenses against predators and fungal attack. When eaten by animals or humans, glucosinolates can inhibit thyroid gland functioning, causing enlargement and atrophy of the thyroid, or goiter.  Brassica species containing goitrogens include cabbage, broccoli, cauliflower, rutabaga, kohlrabi, and the oilseeds, rapeseed and canola. The enzymes required for production of goitrogens in the plant are destroyed by cooking. Goitrogens are also lost through leaching into cooking water. 

7.1.7
Phytates

The phytates are present in cereal grains and some lentils. Phytates are usually present in a bound form with potassium, calcium or magnesium. Phytates have adverse effects on the availability of zinc, calcium, magnesium and iron, because they form insoluble complexes with these minerals. 

Many individuals, especially Indians, do consume more than enough iron-rich foods, yet they tend to be anemic or iron-deficient. Our Indian diets consist of preponderant amounts of cereals and some lentils which do contain more than enough dietary iron. Unfortunately this dietary iron is bound as iron-phytate and cannot be absorbed into the blood stream. An easy way to cleave or break free the dietary iron from the phytate is by just soaking the cereal or lentil overnight in water. This will leach out the phytic acid to some extent. 

7.1.8
Cyanogenic Glycosides 

Cyanogenic glycosides are present in a number of food plants and seeds. These glycosides occur in edible parts of plants such as Cassava or tapioca and sorghum. Cases of poisoning after a heavy meal of cassava and unripe sorghum have been reported. Only fresh peeled cassava washed in running water should be consumed and the bitter, damaged ones should be discarded. In India, the glycoside Hydrocyanic acid should be maximum 5 ppm in any article of food.

7.2 FOOD ADULTERATION 

Adulteration is defined as the process by which the quality or the nature of a given substance is reduced through (I) the addition of a foreign or an inferior substance and (ii) the removal of a vital element

A good example for the first one is addition of water to milk and that for the second is removal of fat from milk.

Adulteration of food may endanger health if the physiological functions of the consumer are affected due to either addition of a deleterious substance or the removal of a vital component.

7.2.1 Types of adulteration

Adulteration may be intentional or unintentional. The former is a willful act on the part of the adulterator intended to increase the margin of profit. Incidental contamination is usually due to ignorance, negligence or lack of proper facilities.

a. Intentional adulteration

Intentional adulterants are sand, chips, stones, mud, powder, water, mineral oil and coaltar, dyes. These adulteration cause harmful effects on the body.

Table 7.1 gives methods of identification of adulterants in different foods.

	Name of the food article
	Adulterant
	Simple method for detection of adulterant

	Ghee or Butter
	Vanaspati
	Take about one teaspoonful of melted ghee or butter with equal quantity concentrated Hydrochloric Acid in a test tube and add to it  a pinch of cane sugar. Shake well for one minute and test after 5 minutes. Appearance of crimson colour in lower (acidic) layer shows the presence of ‘vanaspathi’. This test is specific for seasame oil which is compulsorily added to vanaspathi. Some of coaltar dyes also gives a positive test 

	
	Mashed potatoes, sweet potato and other starches
	Add a drop of tincture of iodine. Iodine which is brownish in colour turns to blue if mashed potatoes/sweet potatoes/other starches are present.

	Milk
	Water
	The lactometer reading should not ordinarily be less than 1.026.


	
	
	The presence of water can be detected by putting a drop of milk on a polished vertical surface. The drop of milk either stops or flows slowly leaving a white trail behind it; whereas milk adulterated with water fill flow immediately without leaving a mark.

	
	Starch
	Add tincture of iodine, indication of blue colour shows that the presence of starch 

This test is not valid if skimmed milk or other thickening material is added..

	Khoa
	Starch
	Add a tincture of iodine. Iodine of blue colour shows the presence of starch.

	Edible oils
	Argemone oil
	Add concentrated nitric acid to a sample and shake carefully. Red to reddish brown colour in acid layer would indicate the presence of argemone oil.

	
	Mineral oil
	Take two ml of edible oil and add a quantity of N/2 alcoholic potash. Heat in boiling water both for 15 minutes and add 10 ml of water. Any turbidity within 5 minutes indicates the presence of mineral oil

	
	Castor oil
	Dissolve some oil in petroleum either in a test tube and cool in a ice salt mixture. Presence of turbidity within 5 minutes indicates the presence of oil. (This test is not for minute traces.)

	Sweet meat, Ice cream, Sherbet
	 Metanil yellow (a non permitted coal tar dye)
	Extract colour with luke warm water from food article. Add few drops of conc. Hydrochloric acid. If magenta red colour develops the presence of metanil yellow is indicated. 

	Dals
	Kesari dal
	Add 50ml of dilute Hydrochloric acid to dal  and keep on simmering water for about 15 minutes. The pink colour if develops indicates the presence of kesari dhal.

	
	Clay, stones, gravels lead chromate
	Visual examination will detect these adulterants. Shake five grams of dhal with five ml of water and add few drops (yellow) of Hydrochloric Acid. A pink colour shows the presence of colour. 

	Hing
	Soap stone (pumice stone) or other earthly matter.
	Shake with water, soap stone or other early matter will settle to the bottom.

	
	Starch
	Same test as in the case of Milk

	Tea leaves
	Exhausted tea or black or bengal gram dal  husk with colour
	tea leaves sprinkled on wet filter would immediately release added colour.

	
	
	Spread a little slaked lime on white porcelain tile or glass plate. Sprinkle a little tea dust on the lime. Red orange or other shades of colour spreading on the lime will show the presence of coal tar dye. In the case of genuine tea, there will be only a slight greenish yellow colour due to  chlorophyll which appears after sometime.

	Saffron
	Dyed tendrils of maize cob.
	Genuine saffron will not break easily like artificial. Artificial  saffron is prepared by soaking maize cob in sugar and colouring it with coal tar dye. The colour dissolves in water if artificially coloured. A bit of pure saffron when allowed to dissolve in water will continue to give its saffron colour so long as  it lasts.

	Wheat, bajra and other food grains
	Ergot (fungus containing a poisonous substance)
	Purple black longer size grains in bajra show the presence of ergots.

	
	Put some grains in a glass containing 20% salt solution. Ergot  floats over the surface while sound grains settle down.

	
	Dhatura-seeds
	Dhatura seeds resemble chillies seeds with blacklish brown colour which can be separated out by close examination.

	Sugar
	Chalk powder
	Dissolve in a glass of water, chalk will settle down at the bottom.

	Black pepper
	Dried seeds of papaya fruit
	Papaya seeds can be separated out from pepper as they are shrunken, oval in shape and greenish brown or brownish black in colour. The suspected papaya seed in black pepper sample is distinguishable by its characteristics repulsive flavour quite distinct from the bite of black pepper.

	
	Light berries
	Light berries float on spirit

	Silver leaves
	Aluminium leaves
	On ignition genuine silver leaves burn away completely, leaving glistening white spherical ball of the same mass whereas aluminium leaves are reduced to ashes of dark grey blackish colour. The silver foil is very thin and if crushed between two fingers, crumbles to powder. Aluminium foil is comparatively thicker and only breaks to small shreds when passed similarly.

	Turmeric
	Coloured saw dust metanil yellow
	Take a teaspoon full of turmeric powder in a test tube. Add a few drops of conc. Hydrochloric Acid. Instant appearance of violet colour which disappears on dilution with water. If the colour persists metanil yellow (an artificial dye) non permitted coal tar dye is indicated. 

	
	
	This test is only for metanil yellow

	Chilli powder
	Stones
	Any grittiness that may be felt on tapping the sediment at the bottom of glass confirms the presence of brick powder or sand. Smooth white residue at the bottom indicates the presence of soapstone.

	Jaggery Powder
	Chalk powder
	Add few drops of HCl. Effervescence indicates adulteration. Stir a spoonful sample of sugar in a glass of water. The chalk settles down. 

	Cloves
	Volatile oil extracted cloves
	Exhausted cloves can be identified by its small size and shrunken appearance. The characteristics pungent taste of genuine cloves is less pronounced in exhausted cloves.

	Rawa
	Iron filling 
	By moving a magnet through it,iron fillings can be separated.

	Rice
	Marble or other stones
	A simple test is to place a small quantity of rice on the palm of the hand and gradually immerse the same in water. The stone chips will sink

	Wheat flour (maida)
	Atta from which maida suji has been extracted
	When dough is prepared from resultant wheat flour, more water has to be used and chapaties prepared out of this blow out. The normal taste of chapaties prepared out of this blow out  wheat is some what sweetish whereas those prepared out of adulterated wheat flour will taste insipid.

	Common salt
	White powdered stone, chalk
	Stir a spoonful of simple salt in a glass of water. The presence of chalk will make the solution white and other insoluble impurities will settle down.

	Mustard seeds
	Argemone Seeds
	Mustard seeds have smooth surface. The argemone seeds have grainy and rough surface and are blacker hence can be separated out by close examination.

	Honey
	Molasses (sugar and water)
	A cotton wick dipped in pure honey when lighted with a match stick burns. If adulterated the presence of water will not allow the honey the honey to burn. If it does it will produce a cracking sound.

	Supari
	Colour and sachharin
	Colour dissolves in water. Saccharin gives excessive and lingering sweet taste.

	Pulses (green peas)
	Colour dye stuffs and dals
	Sample is kept immersed in water for about half an hour and stirred. Colour separation indicates adulteration.

	Cinnamon
	Cassia bark
	Cinnamon barks are very thin. Cassia barks are thick and stiff, Cinnamon barks can be rolled

	Coffee
	Chicory
	Gently sprinkle the coffee powder sample on the surface of water in a glass. The coffee floats over the water but chicory begins to sink down within a few seconds. The falling behind them a trail of colour due to large amount of caramel they contain.

	
	Tamarind or date-seed powder
	Sprinkle the suspected coffee powder on white blotting paper and spray over 1% sodium carbonate solution. Tamarind and date-seed powder will, If present, stain blotting paper red.


b. Contamination of foods with harmful microorganisms

Raw foods such as meat, fish, milk and vegetables grown on sewage are likely to be contaminated with harmful microorganism. These are generally destroyed during cooking or processing of food. Some of the microorganisms may survive due to inadequate heat processing. Further, some of the foods, if consumed in the raw state, may cause food poisoning. Recent studies have shown that food grains, legumes and oil seeds when stored in humid atmosphere are infected by pathogenic fungus which can cause serious illness. The pathogenic microorganisms commonly contaminating foods and responsible for causing serious illness are listed in the Table 7.2

Table7.2 : Food borne diseases caused by some pathogenic organism
	Pathogenic organisms
	Food commonly involved
	Ill effects 
and diseases

	Bacterial
	
	

	Bacillus cereus
	Cereal products
	Nausea, vomiting, abdominal pain

	Clostridium botulinum toxins
	Defectively processed meat and fish.
	Botulism (muscular) paralysis, death due to respiratory failure.

	Clostridium perfringens (welchii)
	Defectively processed precooked meat.
	Nausea, abdominal pain and diarrhoea.

	Salmonella
	Defectively processed meat, fish and egg products, raw vegetables grown on sewage
	Salmonellosis (vomiting diarrhoea and fever)

	Shigella sonnei
	Foods kept exposed or sale in unhygienic surroundings.
	Bacillary dysentery.

	Staphylococcus aureus
	Foods kept exposed or sale in unhygienic surroundings
	Increased salivation, vomiting abdominal pain and diarrhoea.

	Streptococcus pyogenes
	Foods kept exposed or sale in unhygienic surroundings.
	Scarlet fever, septic sore throat.

	Fungal
	
	

	Aspergillus flavus (aflatoxin)
	Corn and groundnut
	Liver damage and cancer.

	Claviceps purpurea (Ergot)
	Rye and pearl millet infested with ergot.
	Ergotism (burning sensation in extremities peripheral gangrene.

	Fusarium sporotrichlordies
	Cereals and millets infected with fusarium
	Alimentary toxic aleukia.

	Penicillium islandicum
	Rice
	Liver damage

	Parasitic
	
	

	Trichinella spiralis
	Pork and pork products
	Nausea, vomiting, diarrhoea, colic and muscular pains (trichhionosis)

	Ascaris lumbricoides
	Raw vegetables grown on sewage farms
	Ascariasis

	Entamoeba histolytica
	Raw vegetables grown on sewage farms
	Amoebic dysentery.

	Ancylostoma duodenale (hookworm)
	Raw vegetables grown on sewage farms
	Epigastric pain, loss of blood, anaemia.


c. Metallic Contaminants

If metals like arsenic, lead or mercury get accumulated in the body they can be harmful. For e.g.

Lead is a toxic element and contamination of food with lead can cause toxic symptoms. Turmeric is coated by illiterate manufacture in India with lead chromate. Lead brings about pathological changes in the Kidneys, liver and arteries. The common signs of lead poisoning are nausea, abdominal pain, anaemia, insomnia, muscular paralysis and brain damage. Fish caught from water contaminated with mercuric salts contain large amounts of mercury. The organic mercury compound methyl or dimethyl is the most toxic. The toxic effects of methyl mercury are neurological. When the brain is affected, the subject becomes blind, deaf and paralysis of the various muscles make him cripple. The other elements which are toxic in small doses are cadmium, arsenic, antimony and cobalt.

Table 7.3 Toxic of some metals and chemicals

	Name
	Food commonly involved
	Toxic effects

	Arsenic 
	Fruits sprayed by lead arsenate, drinking water.
	Dizziness, chills, cramps paralysis leading to death

	Barium
	Foods contaminated by rat poison (barium carbonate)
	Violent peristalsis, muscular twitching and convulsions.

	Cadmium
	Fruit juices and soft drinks, that come in contact with cadium and plated vessels, crabs, oysters and kidneys
	Excessive salivation, liver, kidney damage, prostrate cancer, multiple, fractures (painful ltai-ltai’disease reported from Japan due to cadium poisoning.)

	Cobalt
	Water, beer
	Cardiac failure

	Copper
	Acid foods in contact with tarnished copper ware.
	Vomiting, diarrhoea, abdominal pain.

	Lead
	Some processed foods. Lead water pipes.
	Paralysis, brain damage

	Mercury
	Mercury fungicide treated seed grains or mercury contaminated fish particularly pike, tuna and shell fish
	Paralysis, brain damage and blindness

	Tin
	Canned food
	Colic, vomiting, photophobia

	Zinc
	Food stored in galvanised  iron wire.
	Dizziness, vomiting

	Pesticides
	All type of foods
	Acute or chronic poisoning causing damage to liver, kidney brain  and nerves leading to death.

	Diethyl stilbestrol
	Present in meat of stibestrol fed animals and birds.
	Teratogenesis carcinogenesis

	Antiboitics
	Meat from animals fed antibiotics
	Drug resistance, hardening of arteries heart diseases.


 d. Incidental Adulterants
Incidental adulterants are pesticides residue, tin from can, dropping of rodents, larvae in food. Metallic contamination with arsenic, lead, mercury can also occur incidentally.

The Argemone mexicana is frequently found growing in brassica fields and if proper care is not taken during cultivation its seeds get mixed with those of bacteria and the oil expressed contains argemone oil. Its presence in edible mustard oil is injurious and outbreaks dropsy are probably due to it.

Wood smoke which contains chlorodioxins is toxic and contaminate the food coming in contact with the smoke.

Pests such as rodents and insects introduce into the food high degree of filth in the form of excreta, bodily secretions and spoilage microorganisms. Effective means of food quality can be achieved by Good Hygienic Practices (GHP),and Good Manufacturing Practices (GMP).

The most common incidental adulterants are pesticides, DDT and malathion residue may be present on the plant product much more than what is considered as safe. The maximum permissible residue allowed for DDT, malathion is 3 ppm and for pyrethrum it is 10ppm.

Chemicals like DDT are absorbed by the small intenstine when ingested. These then adhere to the fatty tissues​- the toxins usually pile up in the fatty tissues of such vital organs as the throid. Heart, kidney, liver, mammary gland and testes and damage these organs. They can be transferred from the umbilical cord blood to the growing foetus and through breast milk. They could affect the health of young children adversely. This incidental poisoning can be prevented by :

· Regular market surveys to warn people of dangerous build-up of toxicans in food.

· Stepping up the integrated pest management programme to use pesticides judiciously.No spraying should be done before the harvest.

· Taking up on a war footing, the control of pests using their natural predators.

· Using safer pesticides like synthetic pyrethroids or malathion.

· By washing vegetables and fruits thoroughly before cooking.

e.
Packaging hazards

Polythylene, polyvinyl chloride and allied compounds are used to produce flexible packaging material. While this method of packaging is very convenient, it must not contain any noxious thermal breakdown products which can be injurious to health. Further, temperatures used for heat sealing, or sterilisation should not result on formation of toxic residues. It has been observed sometimes that in foods like pickels the acid and oil could attack the plastic packaging material and create a health hazard. To avoid such incidences, it is essential that only food grade plastic packaging materials be used for packaging foods.

f.
New  Adulterants

The newer adulterants include the legumes such as imported toxic lentils marketed as local lentils, local legume like Subabul (Lencana leucocephala) seeds, veterinary drug residues in milk, flours made from mouldy wheat, strychnos potatorum, a forest produce in arecanut, animal fat in bakery products and industrial contaminants like orthonitro aniline in Vanaspati and synthetic milk.

The Lathyrus sativus, Lens culinaris (lentils) and Vicia sateva are three closely related species containing unusual amino acids.

Ginger is used widely in culinary practice in India in the fresh or dry states. Dry ginger is often coated with a blue coloured dye ultramine blue to prevent insect infestation. It is an inorganic pigment used as laundry whitener. In USA and Canada its use is restricted to addition in salt meant for animal consumption. 

Unit 8: Food Laws and Regulations

Effective means of food quality can be achieved by legislative measures, certification schemes and public participation and involvement in the programme.

The Government of India is fully aware to the possibilities of food being adulterated. It has therefore, empowered several agencies and promulgated a number of acts and order to control this menace. Agencies and institutions have also been created to lay down standards for the quality of foods. The manner in which the food is processed and packaged is also covered by a number of regulations.

8.1
Prevention of Food Adulteration Act (PFA Act)

One of the early acts to be promulgated in this connection was the Prevention of Food Adulteration Act of 1954, which has been in force since June 1,1955. The objective of this act was to ensure that food articles sold to the customers are pure and wholesome. It also intended to prevent fraud or deception and encourages fair trade practices. The act was amended in 1964, 1976 and again in 1986 in the light of experience gained, to plug loopholes of escape in the Act and to insure stringent punishment for those indulging in this nefarious practice. The act prohibits the manufacture, sale and distribution of not only adulterated food but also foods contaminated with microorganisms and toxicants and misbranded foods. P.F.A. also specifies microbial standards for pasteurised milk, milk powder, skimmed milk powder, infant milk food, tomato sauce, jam, malted milk food and aflatoxin for ground nut etc.

A central food laboratory established under the Act is located at Calcutta for the purpose of reporting on suspected food products. The Central Food Technological Research Institute, Mysore, has been recognised as another laboratory for the testing of adulterated foods for the Southern Regions. “ A central committee for food standard” has been constituted under the Act and has been charged with the function of advising the Central Government on matters relating to the Food standards. Provision have been made in the Act for the appointment of Food Inspector by the state Governments and their powers have been defined. The State Government will set up food testing laboratory and will appoint Public Analysts with adequate staff to report on suspected foods.

According to the Prevention of Food Adulteration Act, an article of  food shall be deemed to be adulterated.

1. If the  article  sold be a vendor is not of the nature, substance or quality demanded by the purchaser and is to his prejudice, or is not of the nature, substance of quality which it purports or  is represented to be.

2. If the article contains any other substance which affects, or if the article is so processed as to affect injuriously the nature, substance or quality there of.

3. If any inferior or cheaper substance has been substituted wholly or in part for the article, so as to affect injuriously the nature, as substance or quality there of.

4. If any constituent of the article has been wholly or in part abstracted so as to affect injuriously the nature, as substance or quality there of.

5. If the article had been prepared, packed or kept under unsanitary conditions whereby it has been contaminated or injurious to health.

6. If the article consists wholly or in part of any filthy, putrid, disgusting, rotten, decomposed or diseased animal or vegetable substance or is insect-infested or otherwise unfit for human consumption.

7. If the article is obtained from a diseased animal.

8. If the article contains any poisonous or any ingredient which renders its contents injurious to health.

9. If the container of the article is composed, whether wholly or in part of any poisonous or deleterious which renders its contents injurious to health.

10. If  any colouring matter other than that prescribed in respect there of and in amounts not within the prescribed limits of variability is present in the article.

11. If the article contains any prohibited preservative or permitted preservative in excess of the prescribed limits.

12. If the quality or purity of the article falls below the prescribed standard or its constituents are present in quantities which are in excess of the prescribed limits of variability.

8.1.1
Administrative hierarchy

The Food Health Authority is appointed at state level who is  the Director of Public Health and Preventive Medicine. He is responsible for the good quality and standards of foods available to the consumers. Under FHA, there is a Local Health Authority appointed in each city, in every state. The Food Inspector is appointed by the Central or State Government by notification in official gazette. The Food Inspector undergoes a three months training in food inspection and sampling. 

8.1.2
Powers of food inspector
1. To take sample of any article from 

(a) any person selling such article

(b) any person who is in the course of delivering or preparing to deliver such article to a purchaser or consignee

(c) a consignee after delivering of any such article to him

2. To send such as sample for analysis to the Public Analyst (PA) of local area.

When the Food Inspector wants to lift suspected food, the shopkeeper must first be told. There should be witness present, when the Food Inspector lifts the sample . 150g of the sample is necessary to be sent for analysis. 600g of sample is collected usually and sent to Ripon Buildings, Corporation of Madras, or Kings Institute Guindy, Madras or Central Food Laboratory, Calcutta or Central Food Technological Research Institute, Mysore. There is a sampling procedure to collect the samples and then they are sealed it in a bottle. The sealed bottle has a label on it which has the code number of the Inspector, address of the shop or location and date and time of the collection are written.

When individuals doubt adulteration in food stuffs, they have to inform the Food Health Authority. Samples can be sent for analysis only after getting order from Food Health Authority. If persons are found guilty of selling such adulterated food, the persons involved can be convicted. Severity of sentence would depend on the gravity of the offence. For example, a vendor found adulterating the food with ingredients injurious to health would be liable for much heavier sentence than a vendor involved in only mixing an inferior ingredient not injurious to health

8.2
Essential Commodities Act, 1954

The main objective of this Act is to maintain supply of essential commodities to the public by proper regulation, prevention of black market and making it available to the public at a reasonable price. A number of control orders have been formulated under this Act. Some of them are—

· Fruit Product Order (1955)

· Sugar Control Order (1966)

· Meat Products Control Order (1973)

· Cold Storage Order (1980)

· Vegetables Oil Product Control Order (1988)

· Milk and Milk Product Order (1992)

· Edible Oil Packaging Order (1998), 

8.2.1
Fruit Products Order

The Government of India promulgated a Fruit order in 1946. In 1955, the order was revised. The Fruit Product order (FPO) lays down statutory  minimum standards in respect of the quality of various fruits and vegetable products and processing facilities. Packaging fruits and vegetables of a standard  below the minimum prescribed standards is an offence punishable by law. Periodic inspection by government inspectors in registered establishment is carried out to ensure conformity of standards by processors.

Manufacture of fruit and vegetable products can be carried out only after a valid licence is issued by the licensing officer after himself satisfying with regard to the quality of product, sanitation, personnel, machinery and equipment, work area as required in the order.

This order is operated by the Food and Nutrition Board of the Ministry of Food Processing Industries. Licensee is empowered to put the FPO standard mark on the product.

8.2.2
Meat Products Order

This makes it illegal to transport meat unless it has been prepared and processed according to the provisions of the order and carries the mark of inspection.

It provides means to :

(a) Detect and destroy meat of diseased animals

(b) Ensure that the preparation and handling of meat and meat products be conducted in a clean and sanitary manner.

(c) Prevent the use of harmful substances in meat foods.

(d) See that every cut of meat inspected before sale to ensure its wholesomeness.

The order also lays down rules and conditions for procedure to be adopted for the selection of disease-free animals, slaughter house practices for further treatment of the meat so as to maintain the meat in a wholesome manner, devoid of pathogens.

8.2.3
Cold Storage Order (1980)

The Cold Storage Order, 1980, promulgated under the Essential Commodities Act, 1955, has the objective of ensuring hygienic and proper refrigeration conditions in  a cold store, regulating the growth of cold storage industry and rendering technical guidance for the scientific preservation of  food stuffs  in a cold store and prevent exploitation of farmers by cold store owners. Agricultural Marketing Adviser to the Government of India is the licensing officer under this order.

In addition to the mandatory acts and orders cited above, agencies such as Bureau of Indian Standards, the Directorate of Marketing and Inspection have also laid down quality standards for foods. These are,  however voluntary.

8.3
Bureau of Indian Standards

The Bureau of Indian Standards operates a Certification Mark Scheme under the BIS Act, 1986. Standards covering more than 450 different food products have been published.

Standards are laid for vegetable and fruit products, spices and condiments, animal products and processed foods. Once these standards are accepted, manufacturers whose products conform to these standards are allowed to  use BIS label on each unit of their product. The product are checked for quality by the BIS in their own  network of testing laboratories at Delhi, Bombay, Calcutta, Madras, Chandigarh and Patna or in number of public and private laboratories recognised by them.

The certification scheme is basically voluntary in character but for a number of items affecting, it has been made compulsory by the Government of India through various statutory measures such as E.C. Act or PFA rules.

Some of the items which require compulsory BIS certification under PFA are :

· Food colours and food colour preparation

· Natural food additives

· Infant milk food

· Infant formula

· Milk cereal based weaning food

· Milk powder

· Condensed milk

8.4
The Agmark Standard

The word ‘AGMARK’ is derived from Agricultural Marketing. The AGMARK standard was set up by the Directorate of Marketing and Inspection of the Government of India by introducing an Agricultural produce Act in 1937. The word ‘AGMARK’ seal ensures quality and purity. A sample AGMARK seal is given below :

AGMARK BESAN
SL. NO. B-162002
GRADE-STANDARD
PLACE OF  PACKAGING………..………..
DATE OF PACKAGING………..………..
NET WEIGHT ………..………..………..

THIS LABEL IS THE PROPERITY OF THE GOVERNMENT OF INDIA.

A lot of care is taken in laying down the AGMARK grade and in affixing the AGMARK quality label. The quality of a product is determined with reference to the size, variety, weight, colour, moisture, fat content and other factors are taken into account. The act defines quality of cereals, spices, oil seeds, oil, butter, ghee, legumes and eggs and provides for the categorisation of commodities into grades depending on the degree of purity in each case. The grades incorporated are grades 1, 2, 3 and 4 or special, good, fair and ordinary. The standards also specify the types of packaging to be used for different products. The physical and chemical characteristics of products are kept in mind while formulating the AGMARK specifications

The Directorate of Marketing and Inspection of Central Government has 21 laboratories and 50 sub offices spread all over the country. The central AGMARK Laboratory at Nagpur, continuously carries out research and development work in this field.

Grading of commodities like ghee, butter, vegetables oils, atta, spices and honey is voluntary. On the other hand, grading of commodities like tobacco, walnuts, spices, basmati rice, essential oils, onions, potatoes are meant for export is compulsory under AGMARK ensures the quality of produce to the importers.

8.5
Export Inspection Council

The council has been constituted to check the quality of a number of food materials meant for export. The council has powers to reject any food which does not measure up  to standards prescribed for the food. Canned food such as  mango juice, frozen food such as shrimp, pomferts are subjected to scrutiny by this body before export.

8.6
Consumer Protection Act, 1986

The main objective of the Act is to promote and protect the rights of the consumers, with regard to defective goods, deficiency of services, overcharging or any unfair trade practices.

Complaints can be referred to the District consumer redressal forum. The forum can order the opposite party for removal of the defect, replacement of the goods, return of the prices or charges or order payment of the compensation for the loss or damage suffered due to deficiency of service. Appeals can be  made to state commission and then to the National Commission.

In India, consumer awareness about the various aspects of the prevention of Food Adulteration Act is lacking. If consumer cooperation is not forthcoming, controlling adulteration would prove to be an uphill task.

8.7
Codex Alimentarius

FAO/WHO Food standards programme is called CODEX ALIMENTARIUS. The codex Alimentarius  which means “Food Law” or “Food code” in Latin is combined set of standards, codes or practices and other model regulations available for countries to use and apply to food the international trade.

The duel objectives of the codex Alimentarius commission are to protect the health of consumers and facilitate and international trade.

Codex commodity standards cover such foods as fruit juices, cereals, meat products etc.  General standards cover areas applicable to most foods such as labelling, additives, contaminants, methods of analysis. It covers aspects such as food hygiene and technological practices. They are used by processors to ensure that are foods are microbiologically safe and are fit for human consumption e.g., codex code of hygienic practice of low-acid canned foods. Maximum Residue Limits (MRLS) have been set for pesticides. Specifications for “food grade quality” of additives form an important part of codex work.

8.8
World Trade Organization (WTO)

The World Trade Organization came into being in 1995. One of the youngest of the international organizations, the WTO is the successor to the General Agreement on Tariffs and Trade (GATT) established in the wake of the Second World War. While the WTO is still young, the multilateral trading system that was originally set up under GATT is well over 50 years old. 

The past 50 years have seen an exceptional growth in world trade. Merchandise exports grew on average by 6% annually. Total trade in 2000 was 22-times the level of 1950. GATT and the WTO have helped to create a strong and prosperous trading system contributing to unprecedented growth.

The system was developed through a series of trade negotiations, or rounds, held under GATT. The first rounds dealt mainly with tariff reductions but later negotiations included other areas such as anti-dumping and non-tariff measures. The last round — the 1986-94 Uruguay Round — led to the WTO’s creation.

The WTO’s overriding objective is to help trade flow smoothly, freely, fairly and predictably. 
 It does this by: 

· Administering trade agreements 

· Acting as a forum for trade negotiations 

· Settling trade disputes 

· Reviewing national trade policies 

· Assisting developing countries in trade policy issues, through technical assistance and training programmes 

· Cooperating with other international organizations 

10 benefits of the WTO trading system

1. 
The system helps promote peace
2. 
Disputes are handled constructively
3. 
Rules make life easier for all
4. 
Freer trade cuts the costs of living
5. 
It provides more choice of products and qualities
6. 
Trade raises incomes
7. 
Trade stimulates economic growth
8. 
The basic principles make life more efficient
9. 
Governments are shielded from lobbying
10. The system encourages good government
The WTO agreements cover goods, services and intellectual property. They spell out the principles of liberalization, and the permitted exceptions. They include individual countries’ commitments to lower customs tariffs and other trade barriers, and to open and keep open services markets. They set procedures for settling disputes. They prescribe special treatment for developing countries. They require governments to make their trade policies transparent. And they share a common three-part structure.

8.9
International Organization for Standardization (ISO)

The International Organization for Standardization (ISO) is a worldwide federation of national standards bodies from more than 140 countries, one from each country.

ISO is a non-governmental organization established in 1947. The mission of ISO is to promote the development of standardization and related activities in the world with a view to facilitating the international exchange of goods and services, and to developing cooperation in the spheres of intellectual, scientific, technological and economic activity. ISO's work results in international agreements which are published as International Standards. 

8.9.1 ISO 9000 and ISO 14000 

The ISO 9000 and ISO 14000 families are among ISO's most widely known and successful standards ever. ISO 9000 has become an international reference for quality requirements in business to business dealings, and ISO 14000 looks set to achieve at least as much, if not more, in helping organizations to meet their environmental challenges.

The vast majority of ISO standards are highly specific to a particular product, material, or process. However, the standards that have earned the ISO 9000 and ISO 14000 families a worldwide reputation are known as "generic management system standards". "Generic" means that the same standards can be applied to any organization, large or small, whatever its product - including whether its "product" is actually a service - in any sector of activity, and whether it is a business enterprise, a public administration, or a government department. "Management system" refers to what the organization does to manage its processes, or activities. "Generic" also signifies that no matter what the organization is or does, if it wants to establish a quality management system or an environmental management system, then such a system has a number of essential features which are spelled out in the relevant standards of the ISO 9000 or ISO 14000 families.

ISO 9000 is concerned with "quality management". This means what the organization does to enhance customer satisfaction by meeting customer and applicable regulatory requirements and continually to improve its performance in this regard. ISO 14000 is primarily concerned with "environmental management". This means what the organization does to minimize harmful effects on the environment caused by its activities, and continually to improve its environmental performance.

Both ISO 9000 and ISO 14000 concern the way an organization goes about its work, and not directly the result of this work. In other words, they both concern processes, and not products – at least, not directly. Nevertheless, the way in which the organization manages its processes is obviously going to affect its final product. In the case of ISO 9000, it is going to affect whether or not everything has been done to ensure that the product meets the customer's requirements. In the case of ISO 14000, it is going to affect whether or not everything has been done to ensure a product will have the least harmful impact on the environment, either during production or disposal, either by pollution or by depleting natural resources.

The earlier three standards ISO 9001, ISO 9002 and ISO 9003 have been integrated into the new ISO 9001:2000.

unit-9: quality assurance

Although industry and national regulators strive for production and processing systems which ensure that all food is ‘safe and wholesome’, complete freedom from risks is an unattainable goal. Safety and wholesomeness are related to a level of risk that society regards as reasonable in the context, and in comparison with other risks in everyday life.

The microbiological safety of foods is principally assured by:

· Control at the source

· Product design and process control

· The application of good hygienic practices during production, processing (including labelling), handling, distribution, storage, sale, preparation and use.

· The above in conjunction with the application of the Hazard Analysis Critical Control Point (HACCP) system. This preventative system offers more control than end-product testing, because the effectiveness of microbiological examination in assessing the safety of food is limited.

Consideration of safety needs to be applied to the complete food chain, from food production on the farm, or equivalent, through to the consumer. To achieve this an integration of following food safety tools is required. (refer Fig. 9.1)

· Good Manufacturing Practice (GMP)

· Good Hygienic Practice (GHP)

· Hazard Analysis Critical Control Point (HACCP)

· Microbiological Risk Assessment (MRA)

· Quality management: ISO series

· Total Quality Management (TQM)

These tools can be implemented worldwide, which can ease communication with food distributors and regulatory authorities especially at port of entry.

9.1
Relevance of Microbiological Standards for Food Safety

It is important to understand that the ratification of the World Trade Organisation Agreement is a major factor in developing new hygiene measures for the international trade in food. There has been a noted requirement for quantitative data on the microbial risks associated with different classes of foods, and traditional Good Manufacturing Practice-based food hygiene requirements (i.e. end-product testing) are being challenged. Subsequently risk assessment as a decision-making criterion for risk management will 



Fig. 9.1 Food safety management tools (adapted from Jouve et. Al 1998)

put more emphasis on predictive microbiology for the generation of exposure data and establishing Critical Limits for HACCP schemes.

The Final Act of the Uruguary Round of multilateral trade negotiations established the World Trade Organisation (WTO) to succeed the General Agreement on Tariffs and Trade (GATT). The Final Act led to the ‘Agreement on the Application of Sanitary and Phytosanitary Measures’ (SPS Agreement), and the ‘Agreement to Technical Barriers to Trade’ (TBT Agreement). These are intended to facilitate the free movement of foods across borders, by ensuring that means established by countries to protect human health are scientifically justified and are not used as non-tariff barriers to trade  in foodstuffs. The Agreement states that SPS  measures based on  appropriate standards,  codes and guidelines developed by the Codex Alimentarius Commission are deemed to be necessary to protect human health and consistent with the relevant GATT provisions.

The SPS Agreement is of particular relevance to food safety. It provides a framework for the formulation and harmonisation of sanitary and phytosanitary measures. These measures must be based on science and implemented in an equivalent and transparent manner. They cannot be used as an unjustifiable barrier to trade by discriminating among foreign sources of supply or providing an unfair advantage to domestic producers. To facilitate .safe food production for domestic and international markets, the SPS Agreement encourages governments to harmonise their national measures or base them on international standards, guidelines and recommendations developed by international standard setting bodies.

The purpose of the TBT Agreement is to prevent the use of national or regional technical requirements, or standards in general, as unjustified technical barriers to trade. The agreement covers all types of standards including quality requirements for food (except requirements related to sanitary and phytosanitary measures), and it includes numerous measures designed to protect the consumer against deception and economic fraud.  The TBT Agreement also places emphasis on international standards. WTO members are obliged to use international standards or parts of them, except where the international standard would be ineffective or inappropriate in the national situation.

The WTO Agreement also states that risk assessment, should be used to provide the scientific basis for national food regulations on food safety and SPS measures, by taking into account risk-assessment techniques developed by international organisations. Because of SPS and WHO, the standards, guidelines and other recommendations have become the baseline for safe production of food as well as consumption.

9.2
The management of hazards in food which is in international trade
The management of microbiological hazards for foods in international trade can he divided into five steps (ICMSF 1997):

(1)
Conduct a risk assessment. The risk assessment and consequential risk management decisions provide a basis for determining the need to establish microbiological safety objectives.

(2)
Establish food safety objectives. A microbiological food safety objective is a statement of the maximum level of a microbiological hazard considered acceptable for consumer protection. These should be developed by governmental bodies with a view to obtaining consensus with respect to a food in international trade. 

(3)
Achievable food safety objectives. The food safety objectives should lie  achievable  throughout the food chain. They can  be applied through the general principles of food hygiene and any product specific codes and HACCP systems. The HACCP requirements must be developed by the food industry.

(4)
Establish microbiological criteria, when appropriate. This must be performed by an expert group of food microbiologists.

(5)
Establish acceptance procedures for the food at port of entry. A list of approved suppliers as determined by inspection of facilities and operations, certification, microbiological testing and/or other testing such as pH and water activity measurements.

Therefore, an understanding of HACCP, Microbiological Risk Assessment, Food Safety Objectives and Microbiological Criteria is required.

9.3
QUALITY MANAGEMENT SYSTEM 

9.3.1
Quality – Its Meaning and Importance 

`Quality’ has much a broader perspective today. Quality today is anticipating, conforming to, and exceeding customer requirements. The earlier version of ISO 9000 defined Quality as `the totality of characteristics of a product or service that bears on its ability to satisfy stated or implied needs. ISO 9000:2000 now defines Quality as the `degree to which a set of inherent characteristics fulfils requirement’.

The Food Processing, Hospitality and Food Catering Industry in India has for long tried to built Quality into its food products through `inspection’ and `quality control’, both of which are `Detection and Firefighting’ methodologies. 

In a `Detection and Firefighting environment’, the emphasis is more on the products and not on the processes. Further, considerable effort is expended on inspecting, checking, screening and testing the food products after production and reactive `quick fixes’ in a bid to ensure that only conforming food products are available or catered to the customers. With this approach, non-conforming products are sorted, graded and decisions made on reprocessing, if possible, downgrading or disposal. Therefore, a `Detection and Firefighting system’ may prevent non-conforming food products from reaching the customer but it does not stop them being made.

A lasting and continuous improvement in quality can be achieved only by directing organizational efforts towards  preventing problems occurring at source. This concept led to the next stage of development in Quality Management i.e. Quality Assurance.

Quality Assurance is a prevention based system which improves product and service quality and increases productivity by placing the emphasis on product and process design and process control. By concentrating on source activities, it prevents the emergence of non-conforming products or services. Further, quality is created in the design stage (product and processes) and not in the control stage. 

Changing from `Detection to Prevention’ requires not just the use of a set of quality management tools and techniques but the development of a new operating philosophy, which is what TQM entails. Fig 9.2 shows the evolution of Total Quality Management.



9.3.2
Total Quality Management (TQM)

TQM is the application of quantitative methods and human resources to improve the material and services supplied, all the processes within an organization, and the degree to which the needs of the customers are met now and in the future.

TQM is a process and a journey, not a destination. It is a philosophy, culture and way of doing business. It is 
a comprehensive and integrated way of managing any organization in order to:
· meet the needs of the customer consistently

· achieve continuous improvement in every aspect of the organization’s activities.

The basic tenets of TQM are:

· Customer Satisfaction

· Internal Customers

· External Customers

· Continuous Improvement

· Employee involvement and empowerment

· Measurement and recording the work

· Doing it right the first time

· Effective communication and education
The paths to TQM are :

(a) KAIZEN

KAIZEN is primarily incremental improvements carried out by the person doing the job himself in his/her day- to-day work. It is generally subtle and undramatic. Results are not immediately visible. It is a never ending journey centered on the concept of starting anew each day with the principle that methods can always be improved. 
(b) JUST-IN-TIME (JIT)

A Structural approach in a manufacturing organization focused on improving Timeliness, Quality, Productivity and Flexibility utilizing various methods of Work Simplification and Waste Reduction. In this approach waste includes any thing other than the absolute  minimum amount of equipment, material, parts and working time absolutely essential for production. 

9.3.3
RISK ANALYSIS

Risk is a function of the probability of an adverse health effect and the severity of that effect, consequential to a hazard(s) in food. Risk Analysis is a process comprising three components, namely risk assessment, risk management and risk communication.

(a)  Risk Assessment

Risk Assessment is a scientifically based process consisting of the following steps:

· Hazard identification

· Hazard characterization

· Exposure assessment

· Risk characterization

i)
Hazard identification comprises the identification of biological, chemical and physical agents capable of causing adverse health effects and which may be present in a particular food or group of foods

ii)
Hazard characterization entails the qualitative and / or quantitative evaluation of the nature of the adverse health effects associated with biological, chemical and physical agents that may be present in food. For chemical agents, a dose-response assessment should be performed. For biological or physical agents, a dose-response assessment should be performed if the data are obtainable. 

iii)
Exposure assessment comprises the qualitative and / or quantitative evaluation of the likely intake of biological, chemical and physical agents via food as well as exposures from other sources if relevant.

iv)
Risk characterization involves the qualitative and / or quantitative estimation, including attendant uncertainties, of the probability of occurrence and severity of known  or potential adverse health effects in a given population based on hazard identification, hazard characterization and exposure assessment.   

Risk assessment should take into account relevant production, storage and handling practices used throughout the food chain, i.e., from farm to table, including traditional practices, methods of analysis, sampling and inspection and the prevalence of specific adverse health effects. The results of the risk assessment should be conveyed in a readily understandable and useful form to risk managers and made available to other risk assessors and interested parties so they can review the assessment.

(b)  Risk Management

Risk Management is the process of weighing policy alternatives in the light of the results of risk assessment and, if required, selecting and implementing appropriate control options, including regulatory measures. Risk Management decisions should be determined primarily by human health considerations, and unjustified differences in the level of consumer health protection should be avoided.  
(c)  Risk Communication

Risk Communication is the interactive exchange of information and opinions throughout the risk analysis process concerning risk, risk-related factors and risk perceptions, among risk assessors, risk managers, consumers, industry, the academic community and other interested parties, including the explanation of risk assessment findings and the basis of risk management decisions.

 

Fig. 9.3 : Diagramatic Representation Of Risk Analysis Process
9.3.4
Hazard Analysis Critical Control Point (Haccp) System

HACCP is a system which identifies, evaluates and controls hazards which are significant for food safety.  Hazard is
 a physical, chemical or biological agent in, or condition of food, with the potential to cause an adverse health effect.

HACCP was originally developed as a microbiological safety system in the early days of the US manned space programme, as it was vital to ensure the safety of food for the astronauts. 
At this time most food safety and quality systems were based on end product testing, but it was realized that this could only fully assure safe products through testing 100%of the product – a method which obviously could not have worked as all the products would have been used up. Instead it became clear that a preventative system was required which would give a high level of food safety assurance and the HACCP system was born.   
The original system was drawn up by the Pillsbury Company working alongside NASA and the US Army laboratories at Natick. HACCP is based on an engineering system viz.  Failure, Mode and Effect Analysis (FMEA), which looks at what could potentially go wrong at each stage in an operation along with possible causes and the likely effect before deploying effective control mechanisms. 
Like FMEA, HACCP looks for hazards, or what could go wrong, but in the product safety sense. Control and management systems are then implemented to ensure that the product is safe and cannot cause harm to the consumer. 
(a)  Explanation of HACCP Terminology 

i)
Critical Control Point (CCP) :
CCP is an operation (practice, process, procedure or location) at which a preventive or control measure can be exercised that will eliminate, prevent or minimize a hazard or several hazards.

ii)
Critical Limit: The value of  a  monitored  action  which  separates  the  acceptable from  unacceptable.

iii)
Control Point: It is an operation at which preventive and/or control actions are taken because of good manufacturing practices, regulations, product reputation, corporate/company policies or aesthetics. Such distinction between control points and critical control points are one of the unique aspects of the HACCP concept that sets priorities on risk & emphasizes operations that offer the greatest potential for control.

iv)
Corrective Action: It is a specified prompt action to be taken when the criteria are not met or when the results of monitoring the CCP indicates a trend towards loss of control.
v)
Verification: Review of monitoring records to determine whether the HACCP system is in place and functioning as planned and to ensure that monitoring is carried out effectively and efficiently.  Verification is different than monitoring and it does not always call for immediate corrective action. It may necessitate modification of some components of the HACCP system or holding or reworking a finished product.

vi)
Decision Tree: A sequence of questions applied to each process step with a potential hazard to identify which process steps are critical to food safety.

(b)    Seven HACCP Principles 

(i)
Conduct Hazard Analysis 
Principle 1 describes where the HACCP team should start. A process flow diagram is put together, detailing all the steps in the process, from incoming raw materials to finished product. When complete, the HACCP team identify all the hazards which could occur at each stage and describe preventative measures for their control.
(ii)
Determine the Critical Control Points (CCP’s) in the process
When all the hazards and preventative measures have been described, the HACCP team establish the points where control is critical to managing the safety of the product.

(iii)
Establish Critical Limits for preventative measures associated with each identified CCP 

The critical limits describe the difference between safe and unsafe product at the CCP’s. These must involve a measurable parameter and may also be known as the absolute tolerance for the CCP.

(iv)
Establish a system to monitor control of the CCP 

The HACCP team should specify monitoring requirements for management of the CCP within its critical limits. This will involve specifying monitoring actions along with frequency and responsibility.

(v)
Establish the corrective action to be taken when monitoring indicates that a particular CCP is not under control 
Corrective action procedures and responsibilities for their implementation need to be specified. This will include action to bring the process back under control and action to deal with product manufactured while the process was out of control.

(vi)
Establish procedures for verification to confirm that the HACCP system is working effectively 

Verification procedure must be developed to maintain the HACCP system and ensure that it continues to work effectively. 

(vii)
Establish documentation concerning all procedures and records appropriate to these principles and their application 

Records must be kept to demonstrate that the HACCP system is operating under control and that appropriate corrective action has been taken for any deviations from the critical limits.  

(c)
Application Stages of HACCP

Define the terms of reference


Assemble and train the HACCP Team


Describe the products / processes


Identify intended use


Construct Flow Diagram


On-site verification of Flow Diagram


List all Potential Hazards

Conduct a Hazard Analysis

Determine Control Measures


Determine CCP’s


Establish Critical Limit for each CCP


Establish a Monitoring System for each CCP


Establish Corrective Action for Deviations that may occur


Establish Verification Procedures


Establish Record Keeping and Documentation


Review the HACCP Plan
(d)   Need for HACCP
a) Ensuring Food Safety

It is now well known that the end product inspection and testing does not provide safety of food. It has inherent limitation of mapping the potential hazards that could be present in a lot of raw material or food product. It has been proved that a 100 percent inspection is not reliable control technique for this purpose. Further, for inspection and testing, a sampling plan is used and it is imperative to note that no sampling plan can reflect the lot characteristics or ensure absence of a particular organism.

Accordingly, there is a need for development of a comprehensive and effective food system which functions in such a way that food safety considerations are built into the food chain from production to consumption. 

b) Preventing Food Borne Disease Outbreaks

Worldwide it is recognized that the application of HACCP system to food production and preparation has clear benefits and the potential of enhancing food safety and preventing food borne disease outbreaks. As per a WHO Study, the food borne diseases constitute a major public health problem of the contemporary world and it is estimated to annually effect upto 10% or more of the population in industrialized nations and though there are no estimations for developing countries, it is believed that the prevalence of food borne diseases in these countries is even greater.  

Worldwide, the incidence of diarrhoeal diseases alone has been estimated at 4000 million cases per year, which per se indicates a serious underlying food safety problem. Epidemiological investigations have indicated that a large proportion of food borne diseases result from poor hygienic handling of food in small businesses.

c) International Obligations – Agreements on Sanitary and Phytosanitary Measures (SPS) and Technical Barriers to Trade (TBT)

The SPS Agreement, to which India is a signatory, makes it obligatory for us as a nation to maintain measures to ensure that food is safe for consumers and to prevent the spread of pests or diseases among animals and plants. The TBT agreement encourages the development of international standards and conformity assessment systems that facilitate trade and that the technical regulations do not form non-tariff barriers to trade. 

Both these agreements have wider implications in the International Trade and in this background the various Codex Standards / Guidelines, including those on HACCP, GHP and GMP, take an unprecedented importance with respect to consumer protection and international food trade.

(e)
Benefits Of Implementing HACCP

i) Benefits To Consumers

· Reduced risk of food borne diseases;

· Increased confidence in food supply;

· Increased awareness of basic hygiene;

· Increased quality of life (health & socio-economic)

ii)  Benefits To Industry

· Increased market access;

· Reduction in production costs through reduced wastage and recall of food;

· Increased consumer and government confidence; 

· Mitigating the business risk 

iii) Benefits To Governments

· Improved Public Health;

· Reduced Public Health costs;

· Enhanced facilitation of International Trade;

· Increased confidence of the community in the food supply.

UNIT 10: HYGIENE AND SANITATION IN 
FOOD SECTOR

The word sanitation comes from the Latin word sanitas, which means “health”. Sanitation means creating and maintaining hygienic and healthful conditions. It is an applied science and relates physical, chemical, biological, and microbial principles to food, the environment and health. Sanitation is more than just cleanliness. Food or equipment can be free of visible dirt and still be contaminated with microorganisms or chemicals that can cause ill​ness or food spoilage.

Sanitary practices and hygienic conditions are becoming more and more important because food is being processed, prepared and sold in larger volumes than before. Some microorganisms cause food spoilage and food-borne illness, but others are beneficial in food processing and preparation. Sanitation can reduce the growth of microorganisms on equipment and dirt on food. This can reduce contamination of food by microorganisms that cause food-borne illness and food spoilage. Sanitary principles also apply to waste disposal and can help reduce pollution and improve ecological balance.

A sanitation program is a planned way of practicing sanitation. The benefits of a good sanitation program include the following:

· Compliance with statutory regulations. 

· Preventing food-borne illness outbreaks.

· Improving quality and shelf life of foods. 

· Reducing energy and maintenance costs. 

· Increasing quality and confidence.

10.1      SOURCES OF FOOD CONTAMINATION

10.1.1 Raw Materials

The raw material itself is the most common source of contamination. For example, the muscles of healthy animals are nearly free of microorganisms while alive as its white blood cells and antibodies control infection. These mechanisms are, however, lost during slaughter whereby microorganisms first reach the meat if contaminated knives are used to bleed animals. Since the blood is still circulating, it quickly carries these microorganisms through out the animal’s body. In case of poultry, microorganisms are easily spread from one carcass to another during de-feathering and evisceration (removal of the intestines). Thus the ingredients including spices can carry harmful or potentially harmful microorganisms and toxins. The amount and types of these microbes and toxins depends on where and how the ingredient was harvested and how the ingredient was processed and handled. 

10.1.2 Equipment

Equipment can be contaminated during production and while it is not being used. While  equipment may be designed to be hygienic, it still can collect microorganisms and other debris if not cleaned regularly and thoroughly. Therefore, it is necessary that an appropriate cleaning programme is developed and implemented. Wherever, equipment cannot be removed, `Cleaning-in-place’ system should be implemented.

10.1.3
Employees
Besides the foreign objects, the most common source of microbial contamination in foods is the employees. The hands, hair, nose and mouth carry microorganisms that can be transferred to food during processing, preparation, packaging and service by touching, breathing, coughing or sneezing. Therefore, sanitary practices such as hand washing, use of hairnets and disposable plastic gloves are essential. 

10.1.4   Air and Water

Water is used for cleaning and as an ingredient in many processed foods. However, if the water is not pure, it can contaminate foods. If the water source is contaminated it should be treated by suitable means.

Microorganisms in air can contaminate foods during processing, preparation, packaging and storage. It therefore becomes vital to reduce air contamination by using air filters for air entering processing and preparation areas and to cover food products to reduce contact with air.

10.1.5 Insects and rodents

Food and food waste attract flies and cockroaches to kitchens, foodservice operations, food-processing facilities, toilets and garbage. The insects transfer dirt from contaminated areas to food through their waste products; mouth, feet, other body parts and saliva. Rats and mice carry dirt and disease with their feet, fur and faeces. They transfer dirt from garbage dumps and sewers to food or food processing and foodservice areas. It is vital that an appropriate pest management system is developed and implemented

10.1.6 Sewage

Raw, untreated sewage carries high microbial load and may contaminate water, food or equipment through faulty plumbing. If raw sewage drains or flows into drinking water lines, wells, rivers, lakes and ocean bays, the water and seafood will be contaminated. To prevent this kind of contamination, toilet facilities and septic tanks should be separated from wells, streams and other water sources.

10.2
CLEANING 

Cleaning compounds are made for specific jobs, such as washing floors and walls or use in high-pressure dishwashers. Good cleaning compounds are economical, easy to measure, and dissolve well. They are approved for use on food surfaces, are not corrosive, and do not cake, leave dust, or break during storage.

Different cleaning compounds work well for different areas and different types of equipment. When choosing a cleaning compound, it is important to consider the type of soil (dirt), the water supply, how the cleaning compound will be used, the area and the kind of equipment being cleaned.

10.2.1
Cleaning-agent terms

The hygiene personnel need to understand the following terms used to describe cleaning com​pounds: 

· Chelating agent (sequestering agent or sequestrant): Chemical added to cleaning Compounds to prevent the salts of calcium and magnesium in hard water from forming deposits on equipment surfaces.

· Emulsification: Breakdown of fat and oil drops into smaller droplets that are dispersed in the cleaning solution. The soil is still there, but the particles are smaller and are dispersed in the solution, rather than settling on the surface.

· Rinsibility:
The ability of a cleaning compound to be removed from a surface without leaving a residue.

· Surfactant: A complex molecule that is blended with a cleaning compound to re​duce the energy of the bonds around the soil and allow closer contact between the soil and the cleaning compound.

· Suspension:
The process of loosening, lifting, and holding soil particles in solution.

· Water hardness: The amount of inorganic salts (such as calcium chloride, magnesium chloride , sulphates, and bicarbonates) in water 

· Water softening: Removes or inactivates the calcium and magnesium ions in water.

· Wetting (penetration.): Caused by a surfactant that allows the cleaning compound to wet or penetrate the soil deposit and loosen it from the surface.

10.2.2
Types of cleaning agents

Most cleaning agents used in the food industry are blended products. Manufacturers combine ingredients to make a specific product for a particular type of surface or dirt. 

The following types of cleaning agents are used most often in foodservice facilities and processing plants:

(a) Alkaline Cleaning Agents

Alkaline cleaning solutions have a pH between 7 (neutral) and 14 (most alkaline). There are several types of alkaline cleaners viz.

· Strongly alkaline cleaners. 
These cleaners have strong dissolving powers and are very corrosive. If these cleaners come in contact with skin they can cause burns, ul​cers, and scarring; prolonged contact may cause permanent damage. Inhaling the fumes or mist damages the lungs.

An example of a strongly alkaline compound is sodium hydroxide (caustic soda), which destroys microbes, dissolves protein, and is good at dispersing and emulsify​ing soil. Silicates make sodium hydroxide less corrosive, better at penetrating soil, and better at rinsing away soil. These cleaners are used to remove heavy soils, such as those in commercial ovens and smokehouses, but they are not good at removing mineral deposits. 

· Heavy-Duty Alkaline Cleaners
These compounds have moderate dissolving powers and are either slightly corrosive  not corrosive at all. However, if they are in contact with the skin for long, they may remove necessary oils from the skin, leaving it open to infections. 

These cleaners are often used for cleaning in place or high-pressure or other mechanized systems. They are very good at removing fats but do not remove mineral deposits. Sodium carbonate is quite low in cost, is widely used in heavy-duty and manual cleaning procedures, and is used to buffer many cleaning compounds. 

· Mild Alkaline Cleaners

Mild alkaline cleaning solutions such as sodium bicarbonate are used to clean lightly soiled areas by hand. These compounds are good at softening water but do not re​move mineral deposits.

(b) Acid Cleaning Agents

Acid cleaning agents remove materials that are dried on or encrusted on sur​faces and dissolve mineral scale. They are especially good at removing mineral de​posits formed by alkaline cleaning compounds. When hard water is heated above 80ºC, some of the minerals are deposited. These deposits stick to metal sur​faces and leave a rusty or whitish scale. Acid cleaners dissolve the minerals in the de​posits so that they can be easily removed.

Organic acids (such as citric, tartaric acids) are also excellent water softeners, rinse off easily and do not corrode surfaces or irritate the skin. Inorganic acids are excellent at removing and controlling mineral deposits, but they can be very corrosive to surfaces and irritating to the skin Acid cleaning compounds are used for special purposes rather than for all-purpose cleaning. Acid cleaning agents are less effective than alkaline ones against the soil caused by fats, oils, and proteins.

· Strongly Acid Cleaners

These agents corrode concrete, most metals, and fabrics. Heating some acid clean​ers produces corrosive, toxic gases, which can damage the lungs. Strongly acid cleaners remove encrusted surface matter and mineral scale from steam equipment, boilers, and some food-processing equipment. When the solution is too hot, the mineral scale may redeposit and form a tarnish or whitish film on the equipment being 
cleaned.

Phosphoric acid and hydrofluoric acid both clean and brighten certain metals. However, hydrofluoric acid is corrosive to stainless steel and dangerous to handle because it tends to release hydrogen gas. Phosphoric acid is more used as it is not very corrosive and works well with many surfactants.

· Mildly Acid Cleaners

These agents are slightly corrosive and may cause sensitively reactions Some acid  cleaners attack skin and eyes. Examples of mildly acid cleaning agents are  hydroxyacetic, acetic, and gluconic acids. Organic acids are good manual cleaners, are expensive than the other acid cleaning compounds, and can soften water. 
(c) Solvent Cleaners 

Solvent cleaners are based on ether or alcohol. They work well on soils caused by petroleum products, such as lubricating oils and greases. Most of the time, food establishments use alkaline cleaners to remove organic soils. But they use solvent cleaners to remove large amounts of petroleum deposits in areas free of protein-based and greasy soils, i.e, in the maintenance shop and on motors, gear boxes, pallet trucks, and fork trucks. Solvent cleaners may be mixed with wetting agents, water softeners, and other additives. 

(d) Soaps and Detergents  

Soaps and detergents emulsify fats, oils, and grease so that they are easily washed away. Soaps and detergents usually contain chemical builders to make them clean more effectively. Soaps and detergents for household cleaning have a pH of 8 to 9.5. 

(e) Choosing A Cleaning agent

It is important to choose the right cleaning agent for the type of soil. A good rule to remember is that like cleans like. Therefore, an acid soil requires an acid cleaner, while an alkaline cleaning agent works best to remove an alkaline soil. Alkaline, general-purpose cleaning agent work best to remove organic soils. Heavy-duty alkaline cleaning agents work best for heavy deposits of fats and proteins (or​ganic soil). Acid cleaning agents remove mineral deposits (inorganic soil) and other soils that are not removed by alkaline cleaning compounds. Phosphates complexed with organic chlorine are the most common types of cleaner-sanitizers.

10.3
SANITIZING

The cleaning process removes the soil deposits. Sanitizing, on the other hand, destroys microbes that are left on the cleaned surface. If the surface is still dirty, the soil protects the microbes from sanitizing agents. Therefore, the equipment and surfaces must be thoroughly clean for sanitizers to work properly.

The major types of sanitizers are: 

10.3.1 Heat 

Heat is an inefficient sanitizer because it takes so much energy. The efficiency of heat depends on the humidity, the temperature required and the length of time it takes to destroy microbes at that temperature. Steam and hot water are the most common types of heat used for sanitization ( sterilization). However, sanitizing with steam is expensive because of high energy costs. Hot water (heated to 82ºC or higher) immersing is a good way to sterilize cleaned small components viz. knives, tongs, spoons, utensils. The time needed to sterilize an item depends on the temperature of water. If equipment or surfaces are sterilized at lower temperature, they must be kept at heat temperature for longer duration. If they are sterilized for a shorter duration, the temperatures must be higher. This is known as `time-temperature relationship’.  Examples of time and temperature combinations used for sterilization are 15 minutes of eat at 85ºC or 20 minutes at 82ºC.

10.3.2 Radiation

Radiation in the form of ultraviolet light or energy cathode or gamma rays destroys microorganisms. It, however, is not entirely effective in food processing and food service facilities as the light rays must actually hit the microorganisms and therefore kills only the microorganisms that are very close by.  Further, some bacteria are more resistant to radiation and need a longer exposure for the radiation to destroy them. Moreover, dust, grease and opaque or cloudy solutions absorb radiation and prevent it from killing microbes.

10.3.3 Chemicals

Food processing and food service operations use various chemical sanitizers for different areas and types of equipment. The effectiveness of chemical sanitizers depends on:

· Exposure Time – Colonies of microbes die in a logarithmic pattern i.e. if 90% of microbes die in 10 minutes, 90% of the remaining microbes die in next 10 minutes and so on. Therefore, in this example only 1% of the original number of microbes is still alive after 20 minutes.

· Temperature – Chemical sanitizers kill microorganisms more quickly at higher temperatures. While bacteria also grow quickly when temperature is moderate and warm but higher temperatures usually speed up their death more than their growth, so that overall microbes die more quickly at higher temperatures.

· Concentration – Sanitizers at higher concentration kill microorganisms more quickly.

· pH – Even small changes in acidity or alkalinity can effect the activity of sanitizers. Chlorine and iodine compounds are generally less effective when the pH is higher.

· Cleanliness – If equipment and surfaces are not thoroughly clean, soil can react with hypochlorites, other chlorine compounds, iodine compounds and other sanitizers. This reaction neutralizes the sanitizer such that it does not work properly.

· Water hardness – Hard water makes sanitizers less effective. The calcium and magnesium salts in hard water neutralize quaternary ammonium compounds. If the water has over 200ppm of calcium, the hygiene staff should add a sequestering or chelating agent.    

The major types of chemical sanitizers are as under:

(i)
Chlorine Sanitizers

Examples of chlorine based sanitizers are liquid chlorine, hypochlorites and inorganic or organic chloramines. These compounds have different antimicrobial 
activities. Hypochlorites are the most active of the chlorine compounds and are 
the 
most widely used. Calcium hypochlorite and sodium hypochlorite are the most 
commonly used compounds. 

Chlorine compounds are often preferred over other sanitizers because of the following:

· They include compounds that kill all types of vegetative cells i.e. all cells except spores.

· Easily available as liquid or granules.

· Hard water usually does not make them less effective.

· Usually cheap.



However, chlorine based sanitizers have some disadvantages viz.

· They are unstable, heat breaks them down and organic soil makes them less effective.

· Light breaks them down so they need to be stored in the dark.

· They corrode stainless steel and other metals. 

· They can only be in contact with food handling equipment for a short time, otherwise they corrode the food handling equipment.

(ii)       Iodine Compounds 

The most common iodine –based sanitizers are iodophors, alcohol-iodine solutions and aqueous iodine solutions. In concentrated form, iodophors have a long shelf life but once they are dissolved the iodine may vapourize. Iodine is lost rapidly when the temperature is above 50ºC. The amber colour of iodine solution shows when the sanitizer is there. The solution loses iodine during storage and use and therefore the hygiene personnel should check and adjust the strength of iodine solutions before use. Iodine is a very good hand sanitizer and hand-dipping agent because it does not irritate the skin. 


Iodine compounds, however, have following disadvantages:

· They are more expensive than chlorine compounds

· They may cause off-flavours in some food products.

· They vaporize at approximately 50ºC

· They are very sensitive to pH changes.

(iii)       Quaternary Ammonium Compounds

The quaternary ammonium compounds, often called quats, are good for cleaning and sanitizing floors, walls, furnishings and equipment. They are especially good at penetrating porous surfaces. Quats are natural wetting agents and also work as detergents. The most common quats are the cationic detergents, which are poor detergents but excellent germicides. Quaternary ammonium compounds are very effective against Listeria monocytogenes and reduce mould growth.

Quaternary ammonium compounds form a bacteriostatic film over surfaces; in other words they have some residual action. This film is better at killing some bacteria than other sanitizers. Quats do not kill bacterial spores but inhibit their growth. Quaternary ammonium compounds work better than chlorine and iodine sanitizers on soiled surfaces, although they work best on surfaces that are thoroughly clean.

Quats are not corrosive, are stable when heated, do not irritate the skin and have no taste or odour when they are properly diluted. They work at ahigh pH and work well against molds. However, they do not work so well against certain bacteria and also react with anionic type synthetic detergents.

10.4
PERSONAL HYGIENE

The word hygiene means using sanitary principles to maintain health. Personal hy​giene refers to the cleanliness of a person’s body and clothes. Food workers need to be healthy and clean to prepare safe food. Hands, breath, hair, sweat, coughs. and sneezes all carry microorganisms. Even if a food handler does not feel sick, he or she could still be carrying microorganisms that can cause illness it they get into food. 

Employees who are ill should not come to work. They should not touch food or equipment and utensils used to process, prepare, and serve food. Food can carry sev​eral illnesses, including:

· Respiratory diseases, e.g., colds, sore throats, pneumonia, scarlet fever, and tuberculosis

(
Gastrointestinal diseases, e.g., vomiting, diarrhea, dysentery

(
Typhoid fever

(
Infectious hepatitis

After people recover from the disease, they often become carriers. This means that they still carry the disease-causing microorganisms in or on their body When employees are ill, they carry many more microorganisms, so they are much more likely to contaminate food. Anyone with a sinus infection, sore throat, nagging cough or other cold symptom is probably carrying a heavy load of a virus. People who have diarrheoa or an upset stomach are also probably carrying large numbers of microbes. Even after the symptoms have gone away, some of the microorganisms that caused the illness may stay in the person’s body and could contaminate food. For example, an employee may carry Salmonellae for several months after recovering from salmo​nellosis. The virus that causes hepatitis may still be in the intestinal tract over 5 years after the symptoms are over.

To understand why employees need good personal hy​giene it is vital to consider the following sources of microbial contamination:

10.4.1 Skin

The skin constantly deposits sweat, oil, and dead cells on its outer surface. When these materials mix with dust, dirt, and grease, they form an ideal place for bacteria to grow. Therefore, bacteria from skin can contaminate food. If secretions build up and bacteria continue to grow, the skin can become itchy or irritated. Food handlers may rub or scratch the area and then transfer bacteria to food when they touch it. Contaminated food has a shorter shelf life or may cause foodborne illness. Poor skin   care and skin disorders also cause bacterial infections like boils.

Boils are severe local infections caused by infections in hair follicles or skin glands after the outer layer of skin (epidermis) is damaged, for example by irritating cloth​ing. Staphylococci or other microorganisms multiply in the hair follicle or skin gland and produce a toxin that kills the cells around it and causes swelling and soreness. The body collects lymph, blood cells, and tissue cells in the infected area to counter​act the toxin. The body forms a barrier around the boil to prevent the infection from spreading. A boil should never be squeezed. If it is squeezed, the infection may spread and cause a cluster of boils called a carbuncle. If staphylococci get into the bloodstream, they may be carried to other parts of the body causing meningitis (in​fection of the membranes around the brain), bone infections, or other problems. Employees with boils should be very careful if they have to handle food, because the boil is a major source of pathogenic staphylococci. 

Similarly cuts and septic spots also provide an ideal place for bacterial multiplication. To prevent contamination of food by harmful bacteria, employees should therefore cover boils, cuts, and septic spots with waterproof dressings. 

10.4.2 Hands

The hands may pick up bacteria when they touch dirty equipment, contami​nated food, clothing, or various parts of the body. Employees should wash hands frequently with soap and use a hand-dip sanitizer after touching these things so that they do not contami​nate food. 

Food handlers must wash their hands regularly and especially:

· after going to the toilet;

· on entering the food processing / preparation area and before handling any food or equipment;

· in between handling raw and cooked food;

· after combing or touching the hair;

· after eating, smoking, coughing or blowing the nose;

· after handling waste food or refuse;

· after handling cleaning chemicals

10.4.3 Fingernails

One of the easiest ways to spread bacteria is through dirt under the fingernails. Employees should never handle food if their fingernails are dirty. Food handlers should not have long fingernails or artificial fingernails. Washing the hands with soap and water removes transient bacteria (bacteria that have been picked up but are not growing and multiplying), and using a hand soap that contains an antiseptic or sanitizer controls resident bacteria (bacteria that live and grow there). 

10.4.4
Nose, Mouth and ears

Up to 40 percent of adults carry staphylococci in the nose and mouth. Coughs and sneezes can carry droplet infection for a considerable distance and persons with bad colds should preferably not handle open food. If unavoidable, an employee who has a cold should use a hand-dip sanitizer after blowing his or her nose or else the bacteria from the nose can be transferred to the food being handled. Picking or scratching the nose is not acceptable. 

As the mouth is likely to harbor staphylococci, food handlers, while working should not eat sweets, chew gum, tobacco, pan masala, gutka, taste food with finger or an unwashed spoon or blow into glasses to polish them. Discharges from the ears, eyes and nose may contaminate food and employees must report these ailments to their supervisor and medical clearance should be sought.

10.4.5
Jewellery and perfume

Employees should not wear jewelry especially stone rings, watches in food-processing or foodservice areas as they harbour dirt and bacteria. Further, these can get caught in machinery, causing a safety hazard. Also, contaminated jewelry can fall into or come in contact with food.

Strong smelling perfume or aftershave should not be used by food handlers as it may taint  foods, especially those with high fat content.

10.4.6 Hair

Hair is constantly falling out and along with dandruff, can result in contamination of food. Furthermore, the scalp often carries microorganisms; especially staphylococci and hair must be thus shampooed regularly. While handling food, the personnel should wear a hairnet or suitable head covering which completely encloses the hair. Combing of hair and adjustments to head covering should only take place in cloakrooms and should not be carried out whilst wearing protective clothing, as hairs may end up on the shoulders and then in the product.

10.4.7 Smoking

Smoking should be prohibited in food processing, handling and packing areas. Not only is this to prevent cigarette ends and ash contaminating food but also because:

· People touch their lips whilst smoking and they may transfer harmful bacteria to food.

· Smoking leads to coughing and droplet infection ;

· Cigarette ends contaminated with saliva are placed  on working surfaces

· An unpleasant environment may be created for non-smokers.

The only place to smoke in a food premises should be the rest room.

10.4.8
Protective clothing 

Persons handling food must wear clean and washable overclothing, preferably light coloured, without external pockets. Press studs or velcrose fastening are preferable to buttons. Protective garments should be appropriate for the work being carried out and should completely cover ordinary clothing. Suitable footwear should be worn to prevent slipping and to protect the feet.

Food handlers should be made aware that protective clothing is worn to protect the food from risk of contamination and not to keep their own clothes clean. Protective clothing should not be worn outside the food premises, not used to travel to and from work and not worn during lunch time sporting activities.

Outdoor clothing and personal effects must not be brought into food rooms unless stored in suitable lockers.

10.4.9
Requirements for Hygiene

Management must have a protocol to make sure employees use hygienic practices. Supervisors and managers should set an example for employees by using excellent hygiene and health practices themselves. They should provide proper laundry, lock​er-room, and handwashing facilities to make it easy for employees to stay clean and hygienic.

All employees should have a physical examination before they are employed to check that they have good physical, mental, and emotional health. All employees who work with food should be checked regularly for signs of illness and infection, and other signs of poor health. Employees should maintain personal hygiene in the following ways. They should:

a) Maintain good physical health through good nutrition, enough rest, and physical cleanliness

b) Report illness to their employer before working with food so that assignments can be adjusted to protect food from being contaminated

c) Practice good hygiene so that they do not contaminate food

d) Wash their hands during their work shift after using the toilet; after handling garbage or other dirty items; after handling uncooked meats, egg products, or dairy products; after handling money; after smoking; after coughing and sneez​ing; and when leaving or returning to food production/service areas

e) Maintain personal cleanliness through daily bathing, washing hair at least twice a week, cleaning fingernails daily, use of a cap or hairnet while handling food, and wearing clean underclothing and uniforms

f) Not touch foodservice equipment and utensils with their hands, and use dispos​able gloves if hey have to touch food other than dough)

g) Follow rules, such as “no smoking,’ and do anything else needed to protect the food from being contaminated

10.5
  PEST CONTROL

Pests contaminate food with hair, fur, droppings, eggs and dead bodies. The common pests found in food processing and food service establishments include:

· Insects: flies, cockroaches, wasps, silverfish, ants, weevils etc.

· Rodents: rats and mice;

· Birds : pigeons and sparrows

Regular survey of food premises must be carried out to ensure that they are pest free. In particular, food storage rooms and dark, undisturbed areas should be examined.

The Pest Control is essential for the following reasons:

· To prevent the spread of disease;

· To prevent the wastage of food;

· To prevent damage generally caused by gnawing of electric cables or pipes.

· To prevent loss of customers who would detest eating in premises infested with cockroaches, flies, rodents etc.

10.5.1
General Pest Control

Pests require food, shelter and security. Denial of these environmental factors will prevent their survival and is the first line of defence against possible infestations. Following environmental controls need to be exercised:

· Food premises must be designed and constructed to minimize the risk of contamination from pests.

· External windows, where necessary, must be fitted with removable insect-proof screens.

· Doorways should be protected with handing plastic strips or air curtains and the bottom of doors should be protected with rubber padding to prevent any pest entrance from below.

· Access holes and other openings should be sealed with mortar, metal sheets  or mesh.

10.5.2
Good Housekeeping

To reduce the risk of infestation, it is important to prevent breeding and deny pests the condition they like and in particular to ensure that :

· Premises and refuse areas are kept in a clean and tidy condition. Lids are always kept on waste bins, which should be washed after emptying, together with the surrounding area. Waste must not be allowed to accumulate;

· Food on display or awaiting preparation should always be kept covered;

· Spillages are cleared away promptly; 

· Drains are kept clean and in good condition;

· Sightings of pests or pest damage are reported to management immediately.

10.5.3
Physical and chemical pest control

Physically control methods are generally preferred as the pest is caught, either dead or alive and is consequently not able to die in food, equipment or in some inaccessible place. Examples of physical control include ultra violet, electric fly-killers (insectocuters)and rodent traps.  

Unfortunately, physical methods are not always successful and poisons have to be used. Rodenticides are used to kill rats and mice and insecticides to kill insects. Care must always be exercised when using chemicals to ensure there is no risk of contaminating food. Food and small utensils must always be removed when using insecticide, especially sprays and the premises and fixed equipment must be thoroughly cleaned after use. 

10.5.4
Pest Control for Stored raw material

The following pest control measures should be enforced to protect stored raw materials from pest infestation:

· All deliveries of raw materials and  packaging material should be checked to ensure their freedom from pest infestation;

· Food should be stored off the floor and clear of walls to facilitate proper cleaning at all times and prevent any pests like rodents, cockroaches, silverfish and ants from finding a hiding place.

· Food should be stored well covered, in rodent proof containers with lids that are always replaced after use;

· Stored material should  be checked regularly for gnawing marks, holes, chewed pieces of cardboard or paper and damaged stock removed;

· The storage area should be well lit and any cracks in walls and ceilings should be sealed to ward off any pests, particularly cockroaches.

· As far as possible the above preventive measures and physical controls should be applied to control pest infestation. However, in unavoidable situations, the insecticides should be used carefully ensuring that they do not contaminate the stored food material. 

· Professional pest controllers should be engaged for undertaking safe usage of insecticides. Staff should also be trained in pest control and made aware of the dangers of insecticides and its proper usage.   

10.5.5
Common Insecticides for Pest Control

Insecticides are defined as any substance or mixture of substances intended for preventing, killing, repelling or controlling insects.

10.6
STORAGE AND DISPOSAL OF WASTE

Suitable receptacles should be provided, both inside and outside food premises, for the disposal of waste food and debris. Disposable polythene sacks or plastic bins are usually provided for internal use and dustbins for external use.

Refuse containers used internally must be emptied as frequently as necessary and always at least once a shift.  After emptying, reusable containers must be thoroughly cleaned before being brought back into the food processing area. Care should be taken that receptacles used for storage or collection of refuse should not be reused for the storage of food.

10.7
Water Standards

The food production and processing industries are concerned particularly with three broad aspects of water technology, namely

1. Its microbiological purity and safety.

2. Its chemical impurities which affect suitability in processing

3. Its contamination load after use.

Water entering a food processing plant should meet health standards for potable water. There must be limitation on harmful chemicals for safety of potable water. This water must be free from contamination with sewage, pathogenic organisms, and organisms of intestinal origin. Microorganisms have an absolute demand for water, for without water, no growth can occur.

The water-borne diseases include the enteric fevers, salmonellosis, cholera, shigellosis (rarely) and viral agents including poliomyelitis and hepatitis-B. The role of water is important in the spread of diarrhoeal disease in the tropics. The use of polluted water for food manufacturing and in kitchens for food preparation and the washing of vegetables, equipment and premises, is dangerous. Infection of food or water will increase in hot climates, because of rapid growth of bacteria in food and the necessity to drink large volumes of water. Therefore, various regulatory agencies have laid down, standards for the different types as shown in Table 10.1 and 10.2.

Table 10.1 : Constituents of Drinking Water Having Significance to Health

	Constituent
	Unit
	Limit of WHO 
Guideline (1984)

	Mercury
	mg/l
	0.001

	Cadmium
	mg/l
	0.005

	Selenium
	mg/l
	0.01

	Arsenic
	mg/l
	0.05

	Chromium
	mg/l
	0.05

	Silver
	mg/l
	—

	Cyanide
	mg/l
	0.1

	Lead
	mg/l
	0.5

	Barium
	mg/l
	—

	Fluoride
	mg/l
	1.5

	Nitrate
	mg/l
	10.0

	Hexachlorobenzene
	g/l
	0.01

	Aldrin
	g/l
	0.03

	Heptachlor
	g/l
	0.1

	Chlorodane
	g/l
	0.3

	1-1 dichloroethane
	g/l
	0.3

	DDT
	g/l
	1.0

	Carbon tetrachloride
	g/l
	3.0

	Lindane
	g/l
	3.0


	Benzene
	g/l
	10.0

	Gross a
	pci/l
	NIL

	Ra226 + Ra228
	pci/l
	—

	B + photon emitters
	mrem/y
	—


Table 10.2 : WHO Guidelines (1984) for Aesthetic Quality of Drinking Water

	Constituent
	Unit
	Guideline Value

	Aluminium
	mg/l
	0.2

	Chloride
	mg/l
	250

	Copper
	mg/l
	1.0

	Hardness
	mg/l
	500 (as CaCO3)

	Hydrogen Sulphide
	—
	Odour not to be 
detected at all

	Iron
	mg/l
	0.3

	Manganese
	mg/l
	0.1

	pH
	—
	6.5 to 8.5

	Sodium
	mg/l
	200

	Sulphate
	mg/l
	400

	Turbidity
	NTU
	5

	Zinc
	mg/l
	5


unit-11: RECENT CONCERNS ON FOOD SAFETY

The variety of foods available in the country is expanding significantly and food no longer needs to be seasonal or locally grown. Food is often transported over long distances, domestically and internationally. In past, most food was prepared in the home but now ethnic foods and foods prepared and / or consumed outside the home are gaining in popularity and consumption of fresh fruits and vegetables is increasing. 

Further, globalisation of the world’s food supply is also contributing to changing patterns in food consumption. It is also minimizing traditional geographic barriers to existing  and emerging food safety hazards. The rising worldwide human travel and global distribution of foods is facilitating the introduction and flow of pathogens and other hazards into human and animal populations. Moreover, global sourcing also can move pathogens and toxins from areas in which they are indigenous to places in which they have not previously existed. Highly publicised food safety issues such as the ongoing debate over emerging pathogens organic foods, genetically modified foods, the incidence of Bovine Spongiform Encephalopathy (BSE) and dioxin-contaminated food are causing heightened consumer concern about food safety worldwide.

This combination of factors poses new food safety challenges to not only our country but also the developed world. Hazards are now truly mobile and our food safety programs must be very agile to reduce our risk. While there are several food safety issues, only the salient ones are being dwelt upon here.

11.1
emerging pathogens of concern

From a global viewpoint, there are a number of pathogens which are causing severe human suffering around the world. Some can be termed as ‘old enemies’, i.e., those pathogens which used to cause diseases to human in the past and still do so, while others are recently recognised pathogens or ‘newly emergent pathogens’.

In US, the Centre for Disease Control and Prevention estimate that food borne microbial pathogens account for 33 million cases of food borne illness each year, and upto 9000 deaths.

Today, we are finding pathogens on foods initially thought of as ‘safe’ such as eggs and fruit juices and therefore, it is essential to focus on emerging pathogens such as Salmonella thyhimurium DT104 and new strains of E. Coli. What is adding to this problem is the fact that most of these emergent pathogens have antimicrobial resistance and detecting them in ordinary laboratory is not possible.

We must recognise the fact that there is considerable diversity of pathogenic organisms. The cause of infection is never identified in 50% of reported food poisoning outbreaks. Emerging and Re-emerging pathogens undoubtedly contribute to these undiagnosed illness. These emergent pathogenic organism range from

· Bacteria : antibiotic resistant Staphylococcus aurens and E. coli serotype 0157:H7

· Viruses : Ebola and influenza virus

· Protozoa : Cyclospora and Cryposporidium
· Prions : BSE-vCJD

The reasons why we see more emerging pathogens are :

· Microbial adaptation

· Changes in food and agricultural production

· Increasing use of commercial food services

· Eating habits

· Social behaviour

Another important factor could be due to ‘species jumping’ of certain pathogens that are infecting organisms not normally its host own but in most cases humans. For example, it has been observed that population increase of four species of fruit bats in Australia greatly affect occurrence of Equine paramyxovirus.

Let us now look at some emerging pathogens.

· E. coli 0157:H7 : It was first recognised as a human pathogen in 1982 when found to contaminate certain meat products. It is the most common cause of Hemolytic uremic syndrome. It is also a leading cause of acute kidney failure in children. It colonise the large intestine causing blood diarrhoea and releases a verotoxin (therefore also known as verocytotoxigenic E. coli) into the blood stream which targets the cells of the kidney, and large intestine, potentially resulting in renal failure or damage to the nervous system and death. Its infection dose is very low (about 10 cells). Its sources are animal food especially beef.

· Calciviruses : These are responsible for etiological agent in many waterborne disease outbreaks and probably account for the majority of outbreaks where the etiological agents have not been identified. They are also responsible for greater than 90% of all non-bacterial gastroenteritis in the US and worldwide.

· Cryptosporidium parvum : This is a coccidian protozoan parasite that has gained much attention as a clinically important human pathogen. This parasite has been linked to water and food borne illness. Its infection dose is low (around 30 00 cysts). Little is known about the pathogenesis of the parasite and no safe and effective treatment has been developed (no specific antibiotics/drugs) to combat cryptosporidiosis. Symptoms include frequent watery diarrhoea, nausea, vomitting, abdominal cramps, low grade fever. In immunocompressent person, it has a much pronounced effect causing debilitating cholera like diarrhoea, severe abdominal cramp, malaise, low grade fever, weight loss, and a anorexia.

It is transmitted through faecally contaminated  food and water, from animal to person contact (very rare) and via person to person contact (rare).

· Salmonella typhimurium DT 104 : It has attracted attention from the public health authorities in the UK and the media because it is responsible for the rising number of cases of salmonellosis in man. Contaminated meat products are the main source (and cereals in rarer circumstances) of food borne infection especially sausage and burger. The organism is resistant to a wide range of anti-infectious agents and as a result, the illness is more difficult to treat. Relatively high mortality rate (3%) is associated with infection by this organism.

Other emerging pathogens include:
Bacteria :
Enterobacter sakazakii (found in dried milk powder)


Acrobacter butleri (recently recongised vetinary pathogen and a possible human pathogen)


Mycobacterium chelovae and Mycobacterium non-chromogenicum (Both able to survive 75% alcohol, spreads after acupuncture) 


Campylobacter jejuni


Listeria monocytogenes


Clostridium perfringes 

Viruses : 
Adenovirus serotype 22 (Its strain is undetermined and culture host is A549 cells)


Hanta Virus


Human metapneumovirus


Norwalk like viruses (also known as small round structured viruses-SRSV)

Protozoa :
Cyclospora cayetanensis


Toxoplasma goudi

Helminths :
Anisakiasis simplexii



Pseudoterranora decipieus

Diatoms :
Nuschia pengens (causes shellfish poisoning)
Fungal toxins :
Fumonsins



Zearelenone



Trichothecenes


Ochratoxins

11.2
GENETICALLY MODIFIED FOODS

Every cell of living organisms, be they be plants, microorganisms, animals or humans contain thousands of genes, which are made up of DNA or Deoxyribonucleic acid. DNA carries the information that allows organism to function, repair and reproduce themselves. Genetic modification is the technique of changing by inactivating, deleting or inserting genes to produce a desired characteristic. In this technique selected individual genes are transferred from one organism (microbe, plant or animal) to another organism. When genes are transferred from one species to another transgenic organisms is produced. Foods produced by genetically modified technique are called Genetically Modified or GM Foods. The term `Recombinant technology’/ `Biotechnology’ is often used to describe genetic modification process. The first GM plants were created in 1983. Since then a variety of crop plants such as Maize, Soybeans, rice, rapeseed (mustard), tomato, cotton, potato etc have been modified by this technique. They have been modified to make them resistant to particular insects or virus attack, tolerate to herbicides or nutritional enhancement like containing more carotene or iron.

Genetically modified crops are cultivated in 12 million hectares in countries like USA, Canada Argentina, Australia, Mexico and China.  The four crops that dominate the GMO market in the world Soybeans, maize, cotton and canola.  Seventy percent of the GM crops raised were meant for herbicide tolerance, 15% were aimed at resistance to insects, 8% were stated varieties containing both traits. Only less than 1% of the crop were aimed at other characteristics like yielding improvement and vitamin enrichment. Although the cultivation of GM crops has been claimed to be profitable to the farmers, the impacts vary by year, location, crop etc. From the Indian point of view,  more than the herbicide resistance, stress resistance to drought, temperature and poor soils, nutritional enrichment, more production and increased productivity and pest resistance are important. 

11.2.1
Labeling

The risks and uncertainties surrounding the process of genetic engineering and the resulting GM products has resulted in considerable public debate and consumer groups have been vociferous in demanding labeling of GM products. Policies on labeling of GM Foods differ from country to country but the consumer’s right to enable them making informed choice is generally recognized. Labeling is compulsory in EU countries, Japan, Switzerland and Australia while in the USA there is no obligation to label unless there is substantial changes in the composition. In India so far no regulation on labeling has been promulgamated. Infact the Policy on GM Foods is under active consideration by the Government of India at the highest level and is likely to emerge soon.

11.2.2
GM work in India

In India so far 3 hybrids of cotton containing Bt gene produced by Mahyco / Monsanto was approved for commercialization by GEAC in 2002. One variety of cotton, again containing Bt gene produced by Rasi seed was allowed seed production for one hybrid. Other GM crops undergoing field trials include:

· Mustard containing Barnase-Bar Star gene , produced by the company Proagro and another variety produced by Jawahar Lal Nehru University, Delhi;

· Rice and Brinjal with Bt gene and tomato by the Indian Agricultural Research Institute, New Delhi;

· Potato containing lysine protein gene from Amaranth plant by Jawahar Lal Nehru University, Delhi;

11.3
Food labelling

Food Labelling is the primary means of communication between the producer and seller of food on one hand, and the purchaser and consumer of the other.

11.3.1   Definition

Label means any tag, brand, mark, pictorial or other descriptive method written, printed, stenciled, marked, embossed, or impressed on, or attached to, a container of food.

As a matter of fact, Label is a window of the product through which a consumer may peep into the product to assess its details. It should contain all the material facts about the products. 

Labelling includes any written, printed or graphic matter i.e. present on the label, accompanies the food, or is displayed near the food, including that for the purpose of promoting its sale or disposal.

11.3.2 General Principles of Labeling

Prepackaged food shall not be described or presented on any label or in labelling in a manner that is false, misleading or deceptive or is likely to create an erroneous impression regarding its character in any respect.


Prepackaged food shall not be described or presented on any label or in labeling by words, pictorial or other devices with refer to or more suggestive either directly or indirectly, of any other product with which such food might be confused, or in such a matter as to lead the purchaser or consumer to suppose that the food is connected with such other product.

Label in prepackaged foods shall be applied in such a manner that they will not become separated from the container. Contents on the label shall be clear, prominent and readily legible by the consumer under normal condition of purchase and use.

11.3.3
Mandatory labeling requirements of pre packaged foods

Every package of food  shall carry the following information on the  label 

1  
The Name of the Food

2   
List of Ingredients
3
Declaration of Food Additives 

4 
Name and Address of the manufacturer

5 
Country of Origin

6
Net Contents and Drained Weight

7
Lot/Code/Batch Identification

8  
Date of Manufacture or Packing

9
Date Marking

Date Marking are of two forms:-

(i) Expiry Date and

(ii) 
Best Before Date

10. Instructions for Use

Instructions for use, including reconstitution, where applicable, shall be included on the label, as necessary, to ensure correct utilization of the food.

11.3.4 
Additional mandatory requirements

a.
Irradiated Foods

(i) 
The label of a food, which has been treated with ionizing radiation, shall carry a written statement indicating the treatment in close proximity to the name of the food. The use of the international food irradiation symbol, as shown below shall be in close proximity to the name or brand name of the food.
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(ii) 
When an irradiated product is used as an ingredient in another food, this shall be so declared in the list of ingredients.

(iii) 
When a single ingredient product is prepared from a raw material which has been irradiated, the label of the product shall contain a statement indicating the treatment.

b.
Nutrition Labelling

Nutrition labelling serves the following purpose :

(i) In providing the consumer with information about a food so that a wise choice of food can be made 

(ii) In providing a means for conveying information of the nutrient content of a food on the label.

(iii) In encouraging the use of sound nutrition principles in the formulation of foods which would benefit public health 

(iv) In providing the opportunity to include supplementary nutrition information on the label.

11.4 
Latest trends in packaging and technology 
11.4.1 Food Packaging

A common combined packaging system consists of cartons to contain multiple packs of food in flexible film. These in turn are shrink wrapped or placed in corrugated board shipping containers.  The rapid growth of chilled, MAP/CAP, and minimally processed foods during the 1990s has been accompanied by a number of developments in packaging technologies, which may be grouped under the term ‘active’. Active packaging technologies include :

· oxygen scavenging

· CO2 production

· preservative release (e.g., ethanol production)

· antimicrobial action

· aroma release

· moisture removal

· removal of odours, off-flavours or ethylene

· time-temperature indicators

· gas indicators

· edible coatings and films 

· films to slow moisture transfer between ingredients that have different water activities 

· microwave 'susceptor' films that create high temperature treatments

· infrared films that radiate energy to inactivate micro-organisms

· steam release films

· time-temperature indicators to display loss of shelf life and extreme-temperature indicators to display temperature abuse conditions.

· indicator labels that change colour when a specified level of CO2 is attained in a modified atmosphere package

· tamper-evident labels that change colour when they are removed and leave behind a message on the pack that cannot be hidden.

11.4.2 Hurdle Technology 

Several years ago, hurdle technology was developed as a new concept for the realization of safe, stable, nutritious, tasty, and economical foods. It employs the intelligent combination of different preservation factors or techniques to achieve multi-target, mild but reliable preservation effects.

a.
Mild processing of foods with hurdle technology.
Many promising hurdles have been identified so far, although application of the idea in the food industry has been largely restricted to the meat sector. Recent studies, however, emphasize a much wider potential application, e.g., in bakery products, fish, and dairy products. More specifically, the concept was introduced into mild processing of fruits and vegetables. The design of new hurdles such as gas packaging, bioconservation, bacterocins, ultra-high pressure treatment, and edible coatings aided this development.

b.
Consumers want fresher food products.
Consumers demand fresher and more natural products. This prompts food manufacturers to use milder preservation techniques and could be stimulating the current trend to hurdle technology. There is an urgent need for new or improved methods producing stable and safe foods. The concept of hurdle technology addresses this need.

c.
Preservation factors are hurdles to inhibit microorganisms.
Hurdle technology deliberately combines existing and new preservation techniques to establish a series of preservative factors (hurdles) that the microorganisms in question are unable to overcome (jump over). These hurdles may be temperature, water activity, acidity, redox potential, preservatives, and others. A crucial phenomenon in hurdle technology is known as the homeostasis of microorganisms.

d.
Hurdles disturb homeostasis.
Homeostasis is the constant tendency of microorganisms to maintain a stable and balanced (uniform) internal environment. Preservative factors functioning as hurdles can disturb one or more of the homeostasis mechanisms, thereby preventing microorganisms from multiplying and causing them to remain inactive or even die. Food preservation is achieved by disturbing the homeostasis of microorganisms. The best way to do this is to deliberately disturb several homeostasis mechanisms simultaneously.

e.
Multiple hurdles affect product quality least.
This multi-targeted approach is the essence of hurdle technology. It is more effective than single targeting and allows hurdles of lower intensity, improving product quality. There is the further possibility that different hurdles in a food not only have an added effect on stability, but can act synergistically.

f.
Extension of Shelf-life

Fermented sausage--an example.
Using hurdle technology, salami-type fermented sausages are produced that are stable at ambient temperature for extended periods. A sequence of hurdles is important at different stages of the ripening process. The first hurdles used are the preservatives, salt and nitrite, which inhibit many of the bacteria present in the batter. Other bacteria multiply, use up oxygen and thereby cause a drop in redox potential, which inhibits aerobic organisms and favors the selection of lactic-acid bacteria. These bacteria then proliferate, causing product acidification and an increase of the pH hurdle. During the long ripening process of salami, the initial hurdles gradually become weaker: nitrite is depleted, the number of lactic-acid bacteria decreases, redox potential and pH increase. However, since water activity decreases with time it becomes the main hurdle.

g.
An increasing list of hurdles.

Up to now, about 50 different hurdles have been identified in food preservation. Apart from the most important and commonly used hurdles such as temperature, pH, and water activity, there are many others of potential value. Other hurdles include: ultrahigh pressure, mano-thermo-sonication, photodynamic inactivation, modified atmosphere packaging of both non-respiring and respiring products, edible coatings, ethanol, maillard reaction products and bacteriocins. Examples of foods preserved by combined processes are fruit juices and heat-processed, cured meat products.
11.5
PRIONS

Prions, the cause of BSE and vCJD, are an entirely new source of food borne diseases. Prions (abbreviation for proteinaceous infectious particles) are modified forms of a normal protein called as PrPc which is referred to as PrP*  or PrPsc. The proteins accumulate in the brain causing holes or plaques and the subsequent clinical symptom leading to death. 

Transmissible spongiform encephalopathics in animals and humans are caused by prions. These conditions include Scrapie in sheep, Bovine Spongiform Encephalopathy in cattle and Creutzfeldt- Jakob disease in humans. It is commonly accepted that BSE was first caused in Britain when cattle were fed carcass meal from scrapie infected sheep. Humans contracted the nonclassic form of CJD, called new variant CJD (vCJD) after consuming cattle meat, in particular the nerve tissue. This resulted in the specified offal ban which stopped the recycling of potential infectious material (such as the spinal cord) to cattle through food supplements and required more inspections of abattoirs.

11.5.1 Bovine Spongiform Encephalopathy (BSE)

Bovine spongiform encephalopathy (BSE) is a progressive neurological disorder of cattle that results from an infection by an unconventional transmissible agent. BSE is one of a group of diseases that affect a number of different mammals. These diseases, known as Transmissible Spongiform Encephalopathies (TSEs), or Prion Diseases, result from the build-up of abnormal prion proteins in the brain and nervous system. BSE attacks the brain and central nervous system of the animal and eventually causes death. Research has shown that TSEs have two characteristics in common: they can be transmitted between animals, and they cause the same spongy decay of brain tissues. A commonly occurring prion disease is scrapie. 

Commonly known as 'Mad-Cow Disease', BSE has a long incubation period. This means that it usually takes four to six years for cattle infected with BSE to show signs of the disease, such as disorientation, clumsiness and, occasionally, aggressive behaviour towards other animals and humans. 

BSE was first confirmed in cattle in 1986 in U.K. Since 1999, other countries in Europe, besides the UK, have reported confirmed cases of BSE. These include Belgium, Denmark, France, Germany, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain and Switzerland. Currently, UK has the highest level of BSE in the world with just over 179,500 cases confirmed since 1988. 

Despite much research, however, no one can say with certainty where BSE came from, although several theories exist.  Cattle are grazing animals that do not naturally eat meat. Most experts agree that BSE was spread by cattle eating feed that contained Meat-and-Bone Meal (MBM), which contained BSE-infected parts of other grazing animals. MBM is produced in a process called rendering, this is where otherwise unused meat products are taken from the animal carcass and turned into cattle feed.
 Experiments have shown that cattle can contract BSE if they are fed infected brain tissue. This seems to support the idea that BSE was transmitted to cattle through their animal feed. 

11.5.2
Creutzfeldt-Jakob Disease (CJD)

BSE only develops in cattle, but it belongs to a family of prion diseases, several of which can affect humans. The most commonly known disease in this group among humans is Creutzfeldt-Jakob Disease (CJD). This is a rare and fatal form of dementia that mainly occurs in individuals between the ages of 40 and 80. In 1996, scientists discovered a new strain of CJD that occurs predominantly in younger people. 
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Fig. 2.1 Types of bacterial cells and their groupings
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Fig. 2.4: Reproductive structures in the main groups of fungii
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Fig. 2.5 : Common mould species found in foods
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Fig. 9.2  : The four levels in the evolution of Total Quality Management
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