Food Science Experiments for High School Sciences

Experiment 5 

Sour Cream Chemistry

-
Acid Titration

-
pH Measurement
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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.

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.

Biochemistry

Fermentation is a process that is important in anaerobic conditions when there is no oxidative phosphorylation to maintain the production of ATP (Adenosine triphosphate).

Homolactic fermentation is the production of lactic acid from pyruvate; alcoholic fermentation is the conversion of pyruvate into ethanol and carbon dioxide; and heterolactic fermentation is the production of lactic acid as well as other acids and alcohols.  Typical examples of fermentation products are ethanol, lactic acid, and hydrogen. However, more exotic compounds can be produced by fermentation, such as butyric acid and acetone.

The organic acids (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.

Although the final step of fermentation (conversion of pyruvate to fermentation end-products) does not produce energy, it is critical for an anaerobic cell since it regenerates nicotinamide adenine dinucleotide (NAD+), which is required for glycolysis. This is important for normal cellular function, as glycolysis is the only source of ATP under anaerobic conditions (Figure 1).
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Figure 1. Glycolysis and fermentation.
Fermentation products contain chemical energy (they are not fully oxidized) but are considered waste products since they cannot be metabolised further without the use of oxygen (or other more highly-oxidized electron acceptors). A consequence is that the production of ATP by fermentation is less efficient than oxidative phosphorylation, where pyruvate is fully oxidised to carbon dioxide. Fermentation produces two ATP molecules per molecule of glucose compared to approximately 36 by aerobic respiration. 

Even in vertebrates, however, it is used as an effective means of energy production during short, intense periods of exertion, where the transport of oxygen to the muscles is insufficient to maintain aerobic metabolism. While fermentation is helpful during short, intense periods of exertion, it is not sustained over extended periods in complex aerobic organisms. In humans, for example, lactic acid fermentation provides energy for a period ranging from 30 seconds to 2 minutes. The speed at which ATP is produced is about 100 times that of oxidative phosphorylation. The pH in the cytoplasm quickly drops when lactic acid accumulates in the muscle, eventually inhibiting enzymes involved in glycolysis.
Vocabulary

Aerobic –  in the presence of oxygen

Anaerobic – in the absence of oxygen

ATP (Adenosine triphosphate) – a molecule that stores energy in the form of phosphate bonds.  The conversion of ATP ( ADP (Adenosine diphosphate) releases energy
Fermentation – the chemical conversion of carbohydrates into alcohols or acids in the absence of oxygen.

Glycolysis - also called the Embden-Meyerhof pathway, is the metabolic pathway used to, begin to, break down glucose.  Used by most autotrophic and heterotrophic organisms,  aerobes and anaerobes.  The name glycolysis literally means splitting (lysis) of sugar (glyco). It does not require oxygen and can occur in its presence or absence.
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. 
NAD (Nicotinamide adenine dinucleotide) – a carrier of electrons in oxidation/reduction reactions.  It is capable of picking up two electrons, one of which neutralises NAD+ and the other which allows NAD to bond with a hydrogen ion to form  its reduced form (NADH).

Oxidative phosphorylation – electron transfer through the cytochrome system liberating free energy which is transformed into high energy phosphate bonds. 
Useful websites for further learning
Fermentation

http://biology.clc.uc.edu/courses/bio104/cellresp.htm
http://en.wikipedia.org/wiki/Fermentation_%28biochemistry%29
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
Glycolysis

http://www.johnkyrk.com/glycolysis.html
http://science.nhmccd.edu/biol/glylysis/glylysis.html
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
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