Food Science Experiments for Highschool Sciences

Experiment 1

Catalase Activity
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New Zealand Institute of Food Science and Technology (NZIFST)

Information Sheet
Enzymes

The chemical reactions that occur in living cells are complex and highly controlled.  Certain chemicals accelerate reactions without being changed themselves.  These outside agents are called catalysts, and the rate acceleration caused by such substances is catalysis.

Practically all biological reactions involve the use of specialised catalysts called enzymes.  Enzymes are a type of protein and are naturally present in all living things (e.g. plant, animal, and microbial cells).  Thousands of different enzymes can be found in any cell.  Because each type of enzyme has a very specific function in the cell and is not used up during the reaction, they only need to be present in low concentrations to achieve a desired effect.

Enzymes have been important in food processing since ancient times.  They were first used in the production foods and beverages such as wine and cheese.  Since the mechanisms of enzyme action were not yet know, the control of these enzymatic reactions was based exclusively on practical experience.  However, recent understanding of the properties, production, and application of enzymes has changed enzymatic processing from an art to a science.

Classes of Enzymes

Enzymes are named after the type of reaction they catalyse or their substrates (the material they change).  Nearly all enzymes have names that end in –ase.  Enzymes classified according to the type of chemical reaction they catalyse include:

1. Oxidoreductases – catalyse oxidation/reduction reactions.

2. Transferases – catalyse group transfer reactions.

3. Hydrolases – catalyse hydrolytic (breaking down) reactions.

4. Lyases – catalyse addition of groups to double bonds or vice-versa.

5. Isomerases – catalyse group rearrangements

6. Ligases – catalyse the combination of two molecules with involvement of adenosine 5’-triphosphate (ATP).

Enzymes classified by the type of substrate they affect include: 

1. Proteases (P) react with proteins 

2. Lipases (L) with lipids (fats)

3. Carbohydrases (C) with carbohydrates (sugars and starches). 

Desirable and Undesirable Changes Produced by Enzymes
A number of examples of desirable and undesirable changes produced by enzymes are given below.  Note: there are numerous other enzymes (O) that react with a variety of other substrates.  

Desirable changes produced by enzymes:
· Formation of cheese curd by rennin (P)

· Meat tenderising by papain, bromelin, microbial protease (P)

· Protein digestion by pepsin, trypsin (P)

· Development of flavour in cheeses by lipase, esterase (L)

· Increased loaf volume in bread by amylase (C)

· Prevention of staling in bread by amylase (C)

· Fruit ripening by polygalacturonase (C)

· Removal of fruit juice from pulp by pectinase (C)

· Production of soft centre in chocolate covered cherries by invertase (C)

· Production of beer by amylase, glucoamylase, protease (C, P)

· Production of light beer by amylase (C)

· Debittering of fruit juices by naringinase (O)

· Production of low- and no-lactose dairy products (for people with lactose intolerance) by lactase (C)

· Starch digestion by salivary amylase (C)

· Clarifying of juice drinks by amylase (C)

· Prevention of sloughing in canned green beans by pectin methylesterase (C)

Undesirable Changes Produced by Enzymes:

· Rotting of foods by protease (P)

· Development of rancidity in fats by microbial lipase (L)

· Over-ripening of fruits by polygalacturonase (C)

· Softening of unblanched vegetables by peroxidase (O)

· Development of off-flavours in unblanched vegetables by catalase, and lipoxygenase (O)

· Browning of certain fruit and vegetable slices by polyphenolase (O)

Action of Enzymes

Enzyme catalysed reactions occur at a much faster rate than non-enzymatic reactions and require significantly less energy input.  The enzyme rapidly combines with the substrate (reactant molecule) to form a reactive intermediate (substrate-enzyme complex).  Once transformed, the reaction product is released from the complex and the unchanged enzyme can combine with another substrate molecule.  The enzyme thus helps to transform substrate/s into product/s (see below for general equation for a one substrate enzyme catalysed reaction).  

Substrate + Enzyme 
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An enzyme catalysed reaction may involve a single substrate or it may bring together several reactants so that interaction can occur.  The resulting product can be a single molecule or numerous molecules depending on the type of reaction.  For example, the enzyme amylase joins with a starch molecule and helps break down the starch into its component sugars.  The enzyme is a catalyst, which means that it participates in the reaction but is not used up during the reaction.  

Enzymes are complex proteins, and each enzyme has a specific structure designed to work with a particular reaction.  Like all proteins, enzymes contain chains of amino acids which are arranged in a specific three-dimensional pattern held together by a variety of chemical forces.  A small portion of the enzyme, known as the active site, binds to the substrate.  Figure 1 illustrates the two simple models which explain how the active site of an enzyme can bind specifically to a particular substrate.  The first is the Lock-and-Key model.  This model assumes that the substrate fits into the active site much like a key fits into a lock or the pieces of a jigsaw puzzle interlock.  The second is the Induced-Fit model.  This model assumes that the active site of the enzyme is modified by interaction with the substrate so that the enzyme can mould around the substrate for an appropriate fit.
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Figure 1: Two models of enzyme action

Factors Affecting Enzyme Activity

By following the amount of product formed in a specified period of time, the activity or effectiveness of the enzyme can be assessed quantitatively.  Since enzymes are complex proteins, any factors that affect protein structure (e.g. pH and temperature) will also affect enzyme activity.  The main factors that affect enzyme activity are temperature, pH, and amount of substrate.  An enzyme-catalysed reaction can be sped up, slowed down, or even stopped by changing any of these factors.  

Effect of temperature 

In general, enzyme activity doubles for every 10˚C rise in temperature until the enzyme is inactivated (due to heat denaturation of the protein), at which point the activity drops sharply (Figure 2).  The increase in temperature means the molecules in the system move faster and therefore collide more often and with greater energy, which explains the increase in reaction rate.  The ‘optimum temperature’ will vary depending on the enzyme.  

Temperature is often used to control enzyme activity.  For example: 

· Vegetables, whole or sliced, are blanched prior to freezing to inactivate catalase, peroxidase, and lipoxygenase enzymes responsible for softening or the development of off-flavours.  

· Fruits and vegetables are refrigerated to decrease the rate of browning catalysed by the enzyme polyphenolase.
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Figure 2: Effect of temperature on enzyme activity

Effect of pH 
The pH affects the electrostatic charge of the active sites of an enzyme.  At the wrong pH the active sites will not bind the substrate.  If the pH is too far from the optimum, the whole protein chain of the enzyme may unfold.  At this point the enzyme is denatured, which will usually mean it is permanently inactivated.  Each enzyme has an optimum pH range for activity and also for stability (Figure 3).  For example, an enzyme which catalyses the breakdown of protein in the acidic environment of your stomach might have an optimum pH of 2.  In the basic environment of the small intestine, the optimum pH of the enzymes will be about 8.  
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Figure 3: Effect of pH on enzyme activity

Effect of substrate 
As shown in Figure 4, the amount of product formed increases if the concentration of substrate is increased, until there is an excess level of substrate present (relative to the concentration of the enzyme).  Enzymes operate most efficiently when an excess of substrate is available.  Once the substrate is present in excess, enzyme activity will be at its maximum and any further increase in substrate concentration will not affect the enzyme activity.
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  Figure 4: Effect of substrate concentration on enzyme activity

Control of enzymes by blanching

All enzymes are proteins and are therefore subject to destruction with the application of heat which means undesirable enzymatic activity in processed fruits and vegetables can be controlled by blanching prior to freezing.  

Two of the more heat resistant and widely distributed enzymes in plant tissues are peroxidase and catalase.  The activity of these enzymes is commonly used to determine if a blanching method is sufficient (i.e. long enough and/or at a high enough temperature).  If both are inactivated, it then can be assumed that other significant flavour- and texture-altering enzymes, such as lipoxygenase, are also inactivated.

The heating time necessary to destroy catalase or peroxidase depends on the type and size of the fruit or vegetable, the method of heating, the temperature of the heating medium, and the pH of the blanch water.  If catalase is not inactivated prior to freezing a product, enzymatic deterioration will continue and undesirable ‘hay-like’ flavours will result in the final product.

Vocabulary

Blanching: a mild heat treatment given to vegetables to inactivate enzymes prior to freezing.  Blanching temperature (and time) varies with different products and can range from 50 to 100˚C.

Catalase: an enzyme naturally present in plant material.  Because of its heat stability, activity of this enzyme is often used to indicate if other enzymes (responsible for undesirable changes during storage) have been inactivated.

Catalyst: a substance that is able, in relatively low concentration, to accelerate the rate of a chemical reaction without itself being permanently changed.

Enzyme: any of various protein-like substances in plant and animal cells that act as organic catalysts in initiating or speeding up chemical reactions.

Substrate: a reactant in a chemical reaction

Denaturation: Loss of a protein’s coiled structure, which results in a loss of functional properties.

Useful websites for further learning

1. Web based biology textbook written by Harvard University Professor J.W. Kimball, ( 2005.

http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/E/Enzymes.html
2. Enzymes kinetics by M.W. King, Indiana University School of Medicine, ( 2004.

http://web.indstate.edu/thcme/mwking/enzyme-kinetics.html
3. Enzyme kinetics by Dr P. Birch, Department of Biological Sciences, University of Paisley.  http://www-biol.paisley.ac.uk/kinetics/contents.html
4. Specialised website for kids that explains things in a way that is easy to understand, ( 1997-2005 Andrew Rader Studios.

http://www.chem4kids.com/files/bio_enzymes.html
5. Wikipedia – the free encyclopedia.  http://en.wikipedia.org/wiki/Enzyme
6. Site designed for highschool biology students and teachers by Worthington Biochemical Corporation.  

http://www.worthington-biochem.com/intoBiochem/introEnzymes.html
7. How stuff works website (howstuffworks Inc., 2005).  How cells work (section on enzymes) by Marshall Bain.  http://science.howstuffworks.com/cell2.htm
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