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Microbiology of Fermented Foods 

All human food—from vegetables to caviar to cheese—comes from some 

other organism, and rarely is it obtained in a sterile, uncontaminated state. 

This means that microbes and humans are in direct competition for the 

nutrients in food, and we must be constantly aware that microbes’ fast 

growth rates give them the winning edge. The effects of microorganisms 

on food can be classified, as following outline:  

Beneficial effects : Food is fermented or otherwise chemically changed 

by the addition of microbes or microbial products to alter or improve 

flavor, taste, or texture. Microbes can serve as food.  

Detrimental effects Food poisoning or food-borne illness  

Food spoilage: Growth of microbes makes food unfit for consumption; 

adds undesirable flavors, appearance, and smell; destroys food value  

Neutral effects The presence or growth of microbes that do not cause 

disease or change the nature of the food.  

Common substances such as bread, cheese, beer, wine, yogurt, and 

pickles are the result of food fermentations. The microbe or microbes can 

occur naturally on the food substrate, as in sauerkraut, or they can be 

added as pure or mixed samples of known bacteria, molds, or yeasts 

called starter cultures. Many food fermentations are synergistic, with a 

series of microbes acting in concert to convert a starting substrate to the 

desired end product.  

Production of Breads  

Microorganisms accomplish three functions in bread making:  

1. leavening the flour-based dough,  

2. imparting flavor and odor, and  

3. conditioning the dough to make it workable.  

The yeasts used for baking are strains of Saccharomyces cerevisiae. The 

ideal properties of yeasts used in modern bakeries are as follows:  

(a) Ability to grow rapidly at room temperature of about 20-25°C;  
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(b) Easy dispersability in water;  

(c) Ability to produce large amounts of CO2 rather than alcohol in flour 

dough;  

(d) Good keeping quality i.e., ability to resist autolysis when stored at 

20°C;  

(e) High invertase and other enzyme activity to hydrolyze sucrose to 

higher glucofructans rapidly;  

(f) Ability to grow and synthesize enzymes and coenzymes under the 

anaerobic conditions of the dough;  

(h) Ability to resist the osmotic effect of salts and sugars in the dough;  

 

Leavening is achieved primarily through the release of gas to produce a 

porous and spongy product. Without leavening, bread dough remains 

dense, flat, and hard. Although various microbes and leavening agents 

can be used, the most common ones are various strains of the baker’s 

yeast Saccharomyces cerevisiae. Other gas-forming microbes such as 

coliform bacteria, certain Clostridium species, heterofermentative lactic 

acid bacteria, and wild yeasts can be employed, depending on the type of 

bread desired.  

Yeast metabolism requires a source of fermentable sugar such as maltose 

or glucose. Because the yeast respires aerobically in bread dough, the 

chief products of maltose fermentation are carbon dioxide and water 

rather than alcohol (the main product in beer and wine). Other 

contributions to bread texture come from kneading, which incorporates 

air into the dough, and from microbial enzymes, which break down flour 

proteins (gluten) and give the dough elasticity.  

Besides carbon dioxide production, bread fermentation generates other 

volatile organic acids and alcohols that impart delicate flavors and 

aromas. These are especially well developed in home-baked bread, which 

is leavened more slowly than commercial bread. Yeasts and bacteria can 
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also impart unique flavors, depending upon the culture mixture and 

baking techniques used. The pungent flavor of rye bread, for example, 

comes in part from starter cultures of lactic acid bacteria such as 

Lactobacillus plantarum, L. brevis, L. bulgaricus, Leuconostoc 

mesenteroides, and Streptococcus thermophilus. Sourdough bread gets its 

unique tang from Lactobacillus sanfrancisco.  

Production of Beer and Other Alcoholic Beverages  

The production of alcoholic beverages takes advantage of another useful 

property of yeasts. By fermenting carbohydrates in fruits or grains 

anaerobically, they produce ethyl alcohol, as shown by this equation: 

 

Depending upon the starting materials and the processing method, 

alcoholic beverages vary in alcohol content and flavor. The principal 

types of fermented beverages are beers, wines, and spirit liquors. 

Brewing  

The earliest evidence of beer brewing appears in ancient tablets by the 

Sumerians and Babylonians around 6000 BC. The starting ingredients for 

both ancient and present-day versions of beer, ale, stout, porter, and other 

variations are water, malt (barley grain), hops, and special strains of 

yeasts. The steps in brewing include malting, mashing, adding hops, 

fermenting, aging, and finishing. For brewer’s yeast to convert the 

carbohydrates in grain into ethyl alcohol, the barley must first be sprouted 

and softened to make its complex nutrients available to yeasts. This 

process, called malting, releases amylases that convert starch to dextrins 

and maltose, and proteases that digest proteins. Other sugar and starch 

supplements added in some forms of beer are corn, rice, wheat, soybeans, 
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potatoes, and sorghum. After the sprouts have been separated, the 

remaining malt grain is dried and stored in preparation for mashing.  

The malt grain is soaked in warm water and ground up to prepare a mash. 

Sugar and starch supplements are then introduced to the mash mixture, 

which is heated to a temperature of about 65°C to 70°C. During this step, 

the starch is hydrolyzed by amylase and simple sugars are released. 

Heating this mixture to 75°C stops the activity of the enzymes. Solid 

particles are next removed by settling and filtering. Wort the clear fluid 

that comes off, is rich in dissolved carbohydrates. It is boiled for about 

2.5 hours with hops, the dried scales of the female flower of Humulus 

lupulus (figure 1), to extract the bitter acids and resins that give aroma 

and flavor to the finished product. Boiling also caramelizes the sugar and 

imparts a golden or brown color, destroys any bacterial contaminants that 

can destroy flavor, and concentrates the mixture. The filtered and cooled 

supernatant is then ready for the addition of yeasts and fermentation.  

Primary fermentation begins when wort is inoculated with a species of 

Saccharomyces that has been specially developed for beer making. Top 

yeasts such as Saccharomyces cerevisiae function at the surface and are 

used to produce the higher alcohol content of ales. Bottom yeasts such as 

S. uvarum  function deep in the fermentation vat and are used to make 

other beers. In both cases, the initial inoculum of yeast starter is aerated 

briefly to promote rapid growth and increase the load of yeast cells. 

Shortly thereafter, an insulating blanket of foam and carbon dioxide 

develops on the surface of the vat and promotes anaerobic conditions. 

During 8 to 14 days of fermentation, the wort sugar is converted chiefly 

to ethanol and carbon dioxide. The diversity of flavors in the finished 

product is partly due to the release of small amounts of glycerol, acetic 
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acid, and esters. Fermentation is self-limited, and it essentially ceases 

when a concentration of 3% to 6% ethyl alcohol is reached.  

 

 

Figure 1 Female Flowers of the Japanese hop plant. This dried herb gives beer some of its 

flavor and aroma. 
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Figure 2: Producing Beer. To make beer, the complex carbohydrates in the grain must first be 

transformed into a fermentable substrate. Beer production thus requires the important steps of 

malting and the use of hops and boiling for clarification, flavor development, and inactivation 

of malting enzymes to produce the wort. 


