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CHAPTER

'Ui-'.ood Microbiol-ogy:
A Review

INTRODUCTION

Microbiology is defined as the science that deals with the study of micro-organisms, including algae, bacteria, fungi,
protozoa, and viruses. Specifically, bacteria are the most abundant of all organisms, they are unicellular, are relatively
small ranging in size from 0.5 to 5.0 um, and for the most part they reproduce asexually. Although there are bacterial
species capable of causing human illness (pathogens) and food spoilage, there are also beneficial species that are essential
to good health and the environment (examples include: synthesise vitamins, digest plant cellulose, ﬁxmg nitrogen in
plant roots, etc.).

Every bacterial species have specific nutritional requlrements, temperature, humidity, etc. for energy generation
and cellular biosynthesis. The bacterial cells divide at a constant rate depending upon the composition of the growth
medium and the conditions of incubation and under favourable conditions, a growing bacterial population doubles at
regular intervals ranging from about 15 min to 1 h. This means that if we start with 1,000 cells with a generation time
of 30 min then after an hour we end with 4,000 cells.

Bacteria are also known as prokaryotes because they do not possess nuclei; i.e. their chromosome is composed of a
single closed double-stranded DNA circle. Structurally, a prokaryotic cell has three architectural regions: appendages
(attachments to the cell surface) in the form of flagella and pili (or fimbriae); a cell envelope consisting of a capsule, cell
wall and plasma or inner membrane, and a cytoplasmic region that contains the cell genome (DNA), ribosomes and
various sorts of inclusions.

Food microbiology encompasses the study of micro-organisms which have both beneficial and deleterious effects on
the quality and safety of raw and processed meat, poultry, and egg products. Food microbiology focuses on the general
biology of the micro-organisms that are found in foods including: their growth characteristics, identification, and
pathogenesis. Specifically, areas of interest which concern food microbiology are: food poisoning, food spoilage, food
preservation, and food legislation. Pathogens in product, or harmful micro-organisms, result in major public health
problems in the United States as well as worldwide and is the leading causes of illnesses and death.

MICRO-ORGANISMS AND FOOD

The micro-organisms occurring on and/or in foods are from a practical point of view divided into three groups: molds,
yeast and bacteria. Molds are generally concerned in the spoilage of foods; their use in the food industry is limited (e.g.
mold ripened cheese). Yeasts are the most widely used micro-organisms in the food industry due to their ability to
ferment sugars to ethanol and carbon dioxide. Some types of yeast, such as baker’s yeasts are grown industrially, and
some may be used as protein sources, mainly in animal feed,
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Bacteria in Food Production
Bacteria are used to make a wide range of food products. The most important bacteria in food manufacturing g,

Lactobacillus species, also referred to as lactic bacteria.

Dairy industry: It would be impossible to make cheese without a starter culture. As the culture grows in the milk, it
converts the sugar lactose into lactic acid, which ensures the correct level of acidity and gives the cheese its moisture, A
the cheese ripens, the culture gives it a balanced aroma, taste, texture. It is also responsible for the ‘holes’ in cheeses such
as Emmenthal. Choosing the right mixture of culture is essential for a high-quality cheese.

In yogurt and other fermented milk products, the culture is responsible for the taste and texture of the final product.
Depending on the acidity, the product will have either a mild or strong taste, and the viscosity depends on the quantity of
polysaccharides—chains of sugar molecules—that are produced.

In recent years, probiotic cultures have become popular in dairy products because of their health benefits. These
Fultures are all very carefully selected strains, and there is good evidence that they help improve digestion, safeguard the
immune '.system, and keep the body’s intestinal flora in balance.

Me(_zt industry: Meat starter cultures are used to make dried, fermented products such as salami, pepperoni, chorizo
x:ddgefi ;zm[ilgasit:; bact;:n'a develop the ﬂz%vour and colour of .the products. In addition, a wide variety of molds are
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Yeasts in Food Production

Yeast : : ] . '
easts have two main uses in food production: baking and making alcoholic beverages. They have been used in thlez’;‘g
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fennemmg.ycasls, such as Saccharomyces pastorianus, are more commonly used to make lagers. They ferment more of
the sugars in the mixture than top-fermenting yeasts, giving a cleaner taste.

Winemaking: The alcohol in wine is formed by the fermentation of the sugars in grape juice, with carbon dioxide as
a by-product. Yeast is naturally present on grapeskins, and this alone can be sufficient for the fermentation of sugars to
f'xlcohol to occur. A pure yeast culture, most often Saccharomyces cerevisiae, is usually added to ensure the fermentation
is reliable. Sparkling wine is made by adding further yeast to the wine when it is bottled. The carbon dioxide formed in
this second fermentation is trapped as bubbles.

Molds in Food Production

Molds are essential components of several food products, such as some cheeses, sausages and soya sauce.

Cheese making: Three main types of cheese rely on molds for their characteristic properties: blue cheese, soft ripened
cheese and rind-washed cheese.

To make blue cheese, the cheese is treated with a mold, usually Penicillium roqueforti, while it is still in the loosely
pressed curd form. As the cheese matures, the mold grows, creating blue veins within it which gives the cheese its characteristic

flavour. Examples include—Stilton, Roquefort and Gorgonzola.
Soft ripened cheese such as Brie and Camembert are made by allowing Penicillium camemberti to grow on the outside

of the cheese, which causes them to age from the outside in. The mold forms a soft white crust, and the interior becomes
runny with a strong flavour.

Rind washed cheeses like Limburger also ripen inwards, but here, as the name suggests, they are washed with brine
and other ingredients like beer and wine which contain mold. This also makes them attractive to bacteria, which add to
the flavour.

Meat fermentation: A wide variety of molds (i.e. Penicillium chrysogenum and Penicillium nalgiovense) are used to
ripen surfaces of sausages. The mold cultures plays a role in aroma formation and improve the texture of the sausages.
They also contribute to shortening of the ripening period and preserving the natural quality and in that way expanding the

shelf-life of the meat product.
Inoculations of sausages with molds were traditionally done with the indigenous flora of the slaughters, the so called

house flora. -

Soya sauce: Traditional soya sauce is made by mixing soyabeans and other grains with a mold—either Aspergillus
oryzae or Aspergillus sojae—and yeast. Historically, this would have been left to ferment in the sun, but nowadays it is
mostly made under industrial conditions. The key flavour ingredients formed in this process are salts of the amino acid,

glutamic acid, notably monosodium glutamate.

FOOD SPOILAGE AND PRESERVATION

Food starts to deteriorate or spoil from the time that it is harvested or slaughtered. The process commences with enzyme
action which occurs as the cells in the food die. It continues with action by a range of spoilage bacteria and, in some
foods, molds and yeasts. The food will develop off flavours, odours and a breakdown in texture, providing recognisable

signs that the food is no longer fit to eat.
In order to slow down the spoilage process and thus keep foods for
methods are applied to foods. Most methods involve the removal or control of factors which

given below:
« Temperature control—the use of low or high temperatures
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Low Temperatures

The use of low temperatu

and food spoilage bacteria. ' '
Preservation methods using Jow temperaturcs include:

res slows down the speed of enzyme reaction and also prevents the growth of most palhog
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+ Refr tion—storage between 0 and 5°C. ' o
Refngerati £ of commercial techniques to freeze foods which include fluig

« Freezing—storage at 18°C; there are a variety X N = ’
bed freczing, air-blast freczing, plate freezing, cryogenic freezing and the “pellofreeze” system.

izeq.

High Temperatures
Heat is used to destroy both pathogenic and spoilage bacteria; some heat processes will also destroy spores.

Preservation methods in this category include:
« Pasteurisation—time and temperature combination to destroy active pathogens and some spoilage bacteria in the

product, e.g. for milk 72°C for 15 sec.

« Sterilisation—destruction of all micro-organisms using temperatures above 100°C.

* Ultra-heat u;ated (UHT) used for some products to destroy micro-organisms without causing significant change t
flavour, relying upon high temperature for a very short time. ;

* Cooking—usually used to improve palatability rather than to improve storage quality.

. Oh@c heating involves use of high-voltage electric current through foods to destroy micro-organisms.

. CaTn;lpg—mvolycz's use of I}eat to appropriate temperature and for a prescribed time to destroy micro-organisms,
:zcatmggpg;o:grr;dc;n:rsn ::!:z:i::zlﬁ:z ;sg.res. Process also includes removal of oxygen and hermetic sealing of containers

f°f(z?i;nfi}?:arlgg:st l;lf"mm;s [h:1 food industry has to overcome is food preservation and spoilage. Food spoilage accounts
natural ingredients, heat ue:t?ne;l:v Ziz;imf ’ al";twat?r' Multiple preventive techniques are used such as packaging

' L » 8Cldity, air conditions, decreasing water activity, irradiati igerator
or freezer temperatures and addition of food additives to decrease osmotic pressire e

inhibi of fungi and bacteria
amount of inhibitor, also known as a preservative or f may also be added to a food product to increase shelf-life- '

fungt whose growth s neded o be repressed. ood additive, is dependent on the food product and the bacter® L
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