Food Science Experiments for High School Sciences

Experiment 6

Sour Cream: Microbiology

· Isolation

· Microscopic analysis
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Information Sheet

Fermented Foods

A wide variety of foods such as yoghurt, sauerkraut, cheese, beer, wine, bread, soy sauce and coffee beans, owe their production and characteristic flavours and textures to the fermentative activities of micro-organisms.  Micro-organisms involved in fermentation reactions include molds, yeasts (bread, beer and wine) and a group of bacteria collectively referred to as Lactic acid bacteria. Such micro-organisms use the sugars in food as a source of energy.  In the absence of oxygen the sugars are broken down to a wide variety of compounds including organic acids, aldehydes, ketones, carbon dioxide and ethanol.

The production of organic acid (predominantly lactic acid) causes the pH of the food to drop, which kills the pathogenic bacteria and inhibits the growth of many of the common spoilage micro-organisms.  In conjunction with the lactic acid, the other chemicals produced give the foods their distinctive flavour and odour.

Fermented foods originated many thousands of years ago when presumably micro-organisms contaminated local foods.

Micro-organisms cause changes in foods which:

· Help preserve the food.

· Extend the shelf life considerably over that of the raw materials from which they are made.

· Improve aroma and flavour characteristics.

· Increase its vitamin content or its digestibility compared to the raw materials.

History of Fermented Foods

The following table show the history and origins of some fermented foods

Table 1.  History and origins of some fermented foods

	Food
	Approximate year of Introduction
	Region

	Mushrooms
	4000 BC
	China

	Soy sauce
	3000 BC
	China, Korea Japan

	Wine
	3000 BC
	North Africa, Europe

	Fermented Milk
	3000 BC
	Middle East

	Cheese
	2000 BC
	Middle East

	Beer
	2000 BC
	North Africa, China

	Bread
	1500 BC
	Egypt, Europe

	Fermented meats
	1500 BC
	 Middle East

	Sourdough bread
	1000 BC
	Europe

	Fish Sauce
	1000 BC
	Southeast Asia, North Africa

	Pickled vegetables
	1000 BC
	China, Europe

	Tea
	  200 BC
	China


Benefits of Fermentation

Table 2 shows some of the benefits of fermentation.

Table 2.  Benefits of fermentation

	Benefit


	Raw Material
	Fermented Food

	Preservation
	Milk (most materials)
	Yoghurt, Cheese

	Enhancement of Safety
	
	

	Acid Production
	Fruit
	Vinegar

	Acid and Alcohol Production
	Barley
	Beer

	
	Grapes
	Wine

	Production of Bacteriocins
	Meat
	Salami

	Removal of toxic components
	Cassava
	Gari, polviho,

	
	Soybean
	Soy sauce

	Enhancement of nutritional value
	
	

	Improved digestibility
	Wheat
	Bread

	Retention of micronutrients
	Leafy Vegetables
	Kimchi, Sauerkraut

	Increased fibre content
	Coconut
	Nata de coco

	Synthesis of probiotic compounds
	Milk
	Bifidus milk, Yakult, Acidophilus yoghurt

	Improvement of flavour
	
	

	
	Coffee beans
	Coffee

	
	Grapes
	Wine


Isolating Bacteria

Like all bacteria the lactic acid bacteria in sour cream are not visible to the unaided human eye.   If given suitable conditions, however, bacteria will multiply and form colonies (clusters) of millions of cells, which are visible to the unaided human eye.  Microbiologists frequently use this ability of the cells to grow up and form colonies to isolate bacteria from foods and to determine what types and how many bacteria are present. 

In this experiment we use a technique, known as the streak plate technique, to spread bacteria over the surface of an agar plate so as to obtain single colonies.  Obtaining single colonies is important as it enables the size, shape and colour of the individual colonies to be examined.   As the colonies formed by different bacterial species can look similar it is frequently not possible to determine which bacterial species are present by examining the colonies.   However, examination of the colonies can give an indication of the number of different bacterial species present in the original sample.  

Once a bacterial colony has been isolated, information on the shape and size of the bacteria present can be obtained placing a small portion of the colony on a microscope slide, staining it with dye and examining it under a microscope.

Though it is outside the scope of the work presented here, additional information on the types of bacteria present can be obtained by culturing cells on specific media, which selects for particular species (Selective media) and/or under conditions, which encourage the growth of particular species (Enrichment media).    Likewise, microscopic analysis coupled with the use of specific dyes can provide additional information about which bacteria may be present.  In order to conclusively determine which bacteria are present biochemical, immunological or molecular based tested are required.

Vocabulary

Aerobic –  in the presence of oxygen

Anaerobic – in the absence of oxygen

Bacteriocins -  compounds released by certain bacteria that have antibacterial activity against other bacterial species.

Fermentation – the chemical conversion of carbohydrates into alcohols or acids in the absence of oxygen.

Gari -  a fermented, gelled and dehydrated food produced from fresh cassava. Fresh cassava contains cyanhydric acid (HCN) that should be eliminated from any product originating from cassava to render it fit for human consumption.

Lactic Acid Bacteria – this is a loosely defined group with no precise boundaries, however,  all members share the property of producing lactic acid from hexoses.    As fermenting organisms, they lack functional heme-linked electron transport systems or cytochromes, they do not have a functional Krebs cycle.  Energy is obtained by substrate-level phosphorylation while oxidising carbohydrates. This group is comprised of 11 genera of gram-positive bacteria: Carnobacterium, Oenococcus, Enterococcus, Pediococcus, Lactococcus, Streptococcus, Lactobacillus, Vagococcus, Lactosphaera, Weissells and Lecconostoc
Nata de Coco  - A popular Philippina dessert.  It is a chewy, translucent, jelly-like food product produced by the bacterial fermentation of coconut milk

Polvilho - a fine cassava flour

Probiotic – a compound believed to have health promoting properties.  Derived from the Greek words pro – for and biotic – life.

Useful websites for further learning
Fermented Foods

http://en.wikipedia.org/wiki/Category:Fermented_foods
http://en.wikipedia.org/wiki/Fermentation_(food)

http://www.fao.org/docrep/x0560e/x0560e02.htm
Lactic acid Bacteria

http://en.wikipedia.org/wiki/Lactic_acid_bacteria
http://www.bact.wisc.edu/Microtextbook/index.php?module=Book&func=displayarticle&art_id=95
http://www.schoolscience.co.uk/content/4/biology/sgm/sgmprods2.html
Sour Cream

http://www.answers.com/topic/sour-cream
Microbiological techniques

http://www.biotopics.co.uk/microbes/tech1.html
http://www.biotopics.co.uk/microbes/tech2.html

��New Zealand Institute of Food Science and Technology (NZIFST)








NZIFST Food Science Experiments

Sour Cream Microbiology 


