Food Science Experiments for Highschool Sciences

Experiment 2

Peroxide Value (Titration)
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New Zealand Institute of Food Science and Technology (NZIFST)

Information Sheet

Lipids

Lipids include fats, oils, waxes, other sterols, and most steroids.  They are generally classified as organic substances that are soluble in organic solvents but only sparingly soluble in water.  Food lipids are made up of mostly fats (solid at room temperature) and oils (liquid at room temperature), plus 5% sterols (e.g. cholesterol).  Fats and oils are present in the form of triglycerides.  Fatty acids combine with glycerol to form triglycerides (see Figure 1).  
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Figure 1: Formation of triglyceride from glycerol and fatty acids

Fatty acids are long, straight chains of carbon atoms with hydrogen atoms attached (hydrocarbons) with a carboxylic group (COOH) attached at one end and a methyl group (CH3) at the other end.  Most naturally occurring fatty acids contain an even number of carbon atoms, with 18 carbon fatty acids being most abundant in food.  Fatty acids can be saturated (carbon chain with only single bonds) or unsaturated (carbon chain has one or more double bonds). 

Saturated fatty acids are straight chain molecules that can easily line up and associate with each other to form a crystalline structure, resulting in a solid fat at room temperature. The appearance (rough, smooth, shiny), hardness, and light reflection characteristics (colour) of solid fats are influenced by how the various fatty acid chains associate

Double bonds in food fats and oils are usually present in the cis conformation (groups attached to carbons in the double bond are on the same side, see Figure 2A), with only a few exceptions known where the trans conformation is present (hydrogen atoms attached to carbon atoms in the double bond are on opposite sides, see Figure 2B).  Cis double bonds result in “kinks” in the carbon chain and therefore disrupt physical interactions with other fatty acid molecules, preventing them from packing together in a crystalline structure.  This results in a liquid structure or oil.  Whether a lipid is solid or liquid at room temperature is also influenced by the length of the carbon chain.
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Figure 2: Double bonds in fats and oils (cis- and trans- conformations)

Lipid Oxidation

Lipid oxidation results in the production of off-flavours and odours, which is referred to as oxidative rancidity.  Other effects of lipid oxidation include a decrease in nutritive value, colour changes, and sometimes the production of toxic compounds.  Lipid oxidation therefore has a detrimental effect on food quality as the more oxidised the food lipids, the less desirable the food is to eat.  This also applies to fats and oils used for frying.  If the fat or oil is rancid, the rancid flavours and odours will be transferred to the food as the fat or oil is absorbed into it during frying.

Lipid oxidation can occur via different reaction mechanisms.  Two common mechanisms in food are enzyme catalysed oxidation and autoxidation.  Autoxidation occurs via a free-radical chain reaction mechanism while enzyme catalysed oxidation is a result of specific enzymes present in foods that act on polyunsaturated fatty acids.  Both mechanisms result in the formation of hydroperoxide intermediates (ROOH), which readily react further to form the hydroxyl acids, keto acids, aldehydes, and short chain fatty acids responsible for rancid off-flavours and odours.

Measurement of lipid oxidation

A means of measuring the degree of oxidation of a fat or oil sample is to determine the peroxide value.  Peroxides are the main initial products of autoxidation and can be measured using a technique that is based on their ability to liberate iodine from potassium iodide.  The peroxide value can be a good indicator of the extent of oxidation in the early stages but peroxides tend to reach a peak followed by a decline as oxidation proceeds further.  

The peroxide value is determined by measuring the iodine released from potassium iodide using sodium thiosulphate titration.  This process is represented by the following chemical equations:

1. ROOH + 2KI 

[image: image4]  I2 + 2KOH + RO-
(hydroperoxide + potassium iodide 
[image: image5] iodine + potassium hydroxide + oxidised peroxide)

2. I2 + Na2S2O3 
[image: image6]  S2O3 + 2NaI

(iodine + sodium thiosulphate 
[image: image7] sulphur trioxide + sodium iodide)

With this method, oil samples are first dissolved in an acetic acid-chloroform (or other suitable solvents) mixture and saturated potassium iodide is added, the liberated iodine is then titrated with sodium thiosulphate using a starch solution as an indicator.

Antioxidants

Antioxidants are compounds used to control or retard oxidative reactions via two main mechanisms:

1. By interrupting the free radical chain mechanism

2. By being preferentially oxidised, for example the antioxidant (AH) reacts with radicals to form non-radical molecules:


R( + AH ( RH + A(


A( + R( ( RA

The names and chemical structures of some common antioxidants used in food are shown in Figure 3 below:
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Figure 3: Common antioxidants used in foods

The effectiveness of antioxidants depends on their solubility in the fat/oil and their stability under the conditions the fat/oil is exposed to.  Stability of antioxidants when heated (based on heat stability and volatility): TBHQ > BHA > BHT.

Vocabulary

Lipid – a term which comprises a range of organic substances that are soluble in organic solvents but only sparingly soluble in water

Fat – a generic term for a class of lipids produced by organic processes in plants and animals

Oil – a fat that is liquid at room temperature

Saturated fatty acid – fatty acid with only single bonds in the carbon chain

Unsaturated fatty acid – fatty acid with one (monounsaturated) or more (polyunsaturated) double bonds in the carbon chain

Fatty acid – long, straight chain of carbon atoms with hydrogen atoms attached, with a carboxylic group at one end and a methyl group at the other end

Oxidative rancidity – unpleasant change in flavour and odour due to lipid oxidation 
Useful websites for further learning
1. This specialised website for kids gives a basic introduction to lipids, © 1997-2005 Andrew Rader Studios. http://www.chem4kids.com/files/bio_lipids.html
2. Biochemistry of lipids by M.W. King, Indiana University School of Medicine, © 1996-2005. (lipids from a medical perspective)


http://web.indstate.edu/thcme/mwking/lipids.html
3. Lipids (part of Natural Product Chemistry webpages) by William Reusch, © 1999. http://www.cem.msu.edu/~reusch/VirtTxtJml/lipids.htm
4. Lipid oxidation by Dr C. Kerth, College of Agriculture, Auburn University. http://www.ag.auburn.edu/~ckerth/671/Lipid%20Oxidation.pdf 

5. Lipid oxidation by Faculty of Agricultural Sciences, University of British Colombia. http://www.agsci.ubc.ca/courses/fnh/410/lipids/5_8.htm
6. Antioxidants by Faculty of Agricultural Sciences, University of British Colombia. http://www.agsci.ubc.ca/courses/fnh/410/lipids/5_1.htm
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