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• Preservatives are probably the single most 
important class of additives, as they play an 
important role in the safety of the food supply.  

 

• Despite this fact, any chemical used to counteract 
the perishability of food raw materials has often 
become perceived as suspect, and any food 
containing a preservative has been considered 
inferior or unsafe.  
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• All food raw materials are subject to effects  
which limit their keeping qualities, and they 
are: 

 

1. biochemical processes  

 

2. and microbiological action,.  
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• Preservatives are used to: 

– extend the shelf-life of certain products  

– and ensure their safety through that extended period.  

– Most importantly, they retard bacterial degradation, 
which can lead to the production of toxins and cause 
food poisoning.  

 

Thus they offer a clear consumer benefit in keeping 
food safe over the shelf-life of the product.  
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• Preservatives classified to three types:  

1. antimicrobials,  

2. antioxidants, 

3. and antibrowning agents.  

 

• The antimicrobials, are used to check or prevent 
the growth of microorganisms.  
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Definition:  
     A preservative is defined as any substance which is capable of 
inhibiting, retarding or arresting the growth of microorganisms of 
any deterioration of food due to microorganisms, or of marking the 
evidence of any such deterioration.  



• Antimicrobials play a major role in extending the 
shelf-life of numerous food products and have come 
into even greater use in recent years as microbial food 
safety concerns have increased. 
 

• The antioxidants are used to prevent lipid and/or 
vitamin oxidation in food products.  
 

They are used primarily to prevent autoxidation and 
subsequent development of rancidity and off-flavor. 
 

• Antibrowning agents are chemicals used to prevent 
both enzymatic and nonenzymatic browning in food 
products. 
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Antibrowning agents.  

 
Browning as a Problem 
• Many plant foods are subject to degradative 

reactions during: 
handling,  
processing,  
or storage,  
 
collectively described as browning reactions, that 

result in the formation of brown, black, gray, or 
red colored pigments. 
 

7 



• Such reactions are generally grouped into two 
categories:  

1. enzymatic browning  
2. and nonenzymatic browning. 
 
Examples of the first one include browning of cut 

apples or potatoes,  
 
while examples of the latter include browning of 

pasteurized juices and dehydrated vegetables. 
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Enzymatic browning results primarily from:  

 

 the oxidation of polyphenols to quinones,  

 

 Catalyzed by the enzyme polyphenol oxidase also known as: 

PPO,  

tyrosinase,  

o-diphenol oxidase,  

and catechol oxidase,  

 

 and subsequent further reaction and polymerization of the 
quinones. 
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• This discoloration is generally a problem with: 

 

 raw fruit and vegetable products rather than 
blanched or thermally processed products 

 

since enzymes would be inactivated in the latter.  
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• Enzymatic browning is usually controlled by: 

1. blanching,  

2. acidification; application of sulfites (which are 
now subject to regulatory constraints)  

3. or sulfite substitutes such as: 
– ascorbic acid  

– or cysteine.  

These substitutes are generally less effective than 
sulfites. 
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• Nonenzymatic browning reactions may result from the 
classic Maillard reaction between carbonyl and free 
amino groups, i.e., sugars and amino acids. 

 

• which produces melanoidin pigments in a wide variety 
of foods including: 

1. dairy, 

2. cereal,  

3. fruit,  

4. and vegetable.  
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Chemistry of browning reactions in 
foods 

A. Enzymatic browning: 
• In this section, we will provide an overview of the reactions in foods 

that result in browning or other related dark discolorations. 
 

• The sequence of reactions classified as enzymatic browning is 
carried as the following: 

1. initiated by the hydroxylation of monophenolic compounds to o-
diphenols in the presence of atmospheric oxygen and PPO.  
 

2. The o-diphenols then undergo further oxidation, also catalyzed by 
PPO, to o-quinones.  
 

3. The highly reactive quinones condense and react nonenzymatically 
with various other compounds, including phenolic compounds 
and amino acids, to produce pigments of indeterminate structure. 
(Figure 1) 
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• The optimum pH for PPO activity is between 5 
and 7.  
 

• PPO is relatively heat labile, 
 

• and PPO-catalyzed reactions can be inhibited by: 
acids,  
phenolic acids,  
sulfites, 
ascorbic acid  
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B.   Nonenzymatic Browning 

 

• Nonenzymatic browning via the Maillard 
reaction between carbonyl and amino groups 

 

• a complex sequence of nonenzymatic 
reactions ultimately result in the formation of 
nitrogenous polymers that result in food 
discoloration.   
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Consequences of Maillard reaction: 
 

1. In addition to discolorations associated with pigment 
formation,  
 

2. flavor changes may result from the formation of 
Strecker degradation to aldehydes and other volatile 
compounds.  

 
The Strecker degradation is a chemical reaction which 

converts an amino acid into an aldehyde.  
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3. Participation of amino groups in browning reactions 
may result in losses of essential amino acids.  

 

4. Nonenzymatic browning reactions also can result in a 
loss of nutrients such as ascorbic acid, which may 
become oxidized to dehydroascorbic acid, a highly 
unstable intermediate that reacts further with amino 
groups to form brown pigments. 

 

5. Browning also cause sugar degradation.  
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• Nonenzymatic browning reactions in fruit and 
vegetable products depend on the following 
factors: 

1. Product composition 
2. pH 
3. is usually associated with exposure to heat 

during processing and storage. 
4. exposure to oxygen 
5. and insufficient moisture reduction in 

dehydrated products 
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Sulfites as browning inhibitors 

• Sulfite may be applied as: 
 E220 Sulphur dioxide 
 E221 Sodium sulphite 
 E222 Sodium bisulphite, 
 E223 Sodium metabisulphite 
 E224 Potassium metabisulphite 
 E225Potassium sulphite 
 E226 Calcium sulphite 
 E227 Calcium hydrogen sulphite, 
 E228 Potassium bisulphite 
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• All the substances that are listed as E220–
E228 are equivalent when they are present in 
food.  

 

• E221–E228 are all salts of sulphuric acid.  

 

This is formed when sulphur dioxide E220 is 
dissolved in water in different conditions.  
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• The actual species that are present in food 
depend upon the nature of the food. 
 

• So the reason for the relatively large number of 
“equivalent” substances is technological. 
 

Thus, E220 (sulphur dioxide) would be used as 
the additive of choice when fruit is fumigated, or 
when it is desired to use the substance as an 
acidulate as well as a preservative. 
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E223 and E224 are particularly stable when 
stored or handled in the factory environment. 

 

On the other hand, E226 is relatively 
insoluble in water and would be used in 
situations in which solubility must be 
minimized. 
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• The term “sulphur dioxide” is used typically in the food 
industry to refer collectively to all these additives,  

 
because the recognized methods of analysis convert the 

additive, in whatever form it is, into sulphur dioxide gas. 
 

• However, the individual substances need to be listed with 
different E-numbers  

 
because the same mass of each is equivalent to a different 

amount of sulphur dioxide. 
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Sources 
 

• All substances in the range E221–E228 are obtained by the 
addition of sulphur dioxide to the appropriate alkali (sodium, 
potassium or calcium hydroxide) until the substances have 
undergone reaction,  

 

• and the product is then crystallized.  

 

• Sulphur dioxide is produced synthetically by burning sulphur. 

 

• So sulphur is the starting material for the production of 
Sulfites and so is available cheaply and in a pure state. 
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According to the Food and Drug Administration's (FDA) regulations (21 

CFR 101.100 (a) (3) (ii)), the definition of a processing aid is: 

 
a. Substances that are added to a food during the processing of such food but 

are removed in some manner from the food before it is packaged in its 

finished form. 

 

b.  Substances that are added to a food during processing, are converted into 

constituents normally present in the food, and do not significantly increase 

the amount of the constituents naturally found in food. 

 

c. Substances that are added to a food for their technical or functional effect in 

the processing but are present in the finished food at insignificant levels and 

do not have any technical or functional effect in that food. 

 

 

An example of a processing aid is the use of organic acid(s) (e.g., lactic, acetic, 

or citric acid) as part of a livestock carcass wash applied pre-chill. 



effects of sulfites in food:  
 

 Their listing as food preservatives indicates that a 
primary function is to act as an antimicrobial agent. 

 

 The most well known applications are the control of 
enzymic browning at the cut or damaged surfaces of 
plant foods, and non-enzymic browning of sugars when 
foods are processed thermally or stored. 

 

 They prevent oxidative rancidity when unsaturated fats 
are oxidised in plant foods, and help to preserve 
vitamins A and C. 
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E223 is used exceptionally as a processing aid to 
modify the physical characteristics of wheat flour 
for biscuit manufacture to ensure a consistent 
product.  
 

Sulphites are used to bleach cherries before they 
are colored artificially. 
 

Contrary to some belief, sulfites do not restore 
the color of discolored meat, but help retain the 
red color when used in sausages.  
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• it is recognized that the sensory properties of 
foods treated with this range of additives 
differ uniquely from those of the untreated 
foods.  

 

This includes a contribution to the characteristic 
taste of some foods from sulphur dioxide. 
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• Benefits: 

1. As an anti-browning agent: 

 

They are added to food to inhibit nonenzymic 
browning, and to inhibit enzyme catalyzed 
reactions, 
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2. As an antimicrobial agent.  
 
sulphites are used widely to preserve fermented and non-

fermented beverages.  
 
Their primary purpose here is to prevent spoilage in storage 

and after the beverage container has been opened. 
 
The additive is used against salmonellae and the spoilage 

yeasts in meat products such as sausage, thus extending 
the shelf-life of this food. 
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3.  As an anti-oxidant 

 

sulphites prevent the formation of off-flavours, 
particularly those that arise from the action of 
oxidising on fats.,  

 

they help to extend the shelf-life of food products 

 

and increase the retention of vitamins A and C. 
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4. As a processing aid,  

 

 they allow accurate control of the physical 
properties of wheat flour for biscuit 
manufacture to ensure a consistent product. 

 

allows fruit to be stored in pulp for long 
period for jam manufacture without the need 
for freezing.  
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• Limitations 
 
 
• Sulphites are a normal part of human metabolism even 

when there is none of the additive in the diet.  
 

1. Whilst the human body is remarkably well able to 
metabolise this additive when ingested, that which is 
inhaled (as sulphur dioxide gas) can cause an adverse 
reaction (sometimes severe) in a small number of 
individuals, particularly those who suffer from 
asthma. 
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2.  A technical limitation is that the amount of 
the additive present in most foods decreases 
with time as a result of the many chemical 
reactions that are required for it to exert its 
preservative effect. This means that food 
treated in this way has a limited shelf-life. 
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• Typical Products 
 
Foods that contain sulphites are too numerous to 

mention individually but fall into the following classes:  
 
1. soft drinks and fruit juices;  

 
2. fermented drinks, including beer  wine, cider and 

perry 
 

3. dehydrated vegetables;  
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4. dehydrated fruits; 

 

5. peeled potatoes;  

 

6. sausages and burgers;  

 

7. jam (as a result of use in fruit pulp); and 
biscuits.  
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Alternatives to sulfites 

• The search for alternatives to sulfite has been 
complicated by the fact that: 

sulfites are extremely potent as browning 
inhibitors,  

inexpensive to use,  

and multifunctional,  

Exhibiting antimicrobial activity as well as anti-
browning activity.  
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Ideally, sulfite substitutes should have the following 
characteristics: 
 

 exhibit similar properties of sulfites.  
 

Moreover, sulfite substitutes should be safe  
 

 and free of regulatory constraints.  
 
Unfortunately, most alternatives to sulfites do not meet 

these criteria, 
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• Alternatives to Sulfite: 

 

1. Ascorbic Acid –Based Formulations E300 

 

• Ascorbic acid (vitamin C) has been used as an 
antibrowning agent. 

• and is still the most widely used alternative to 
sulfiting agents.  

• This may be an outgrowth of the common kitchen 
practice of using lemon juice to delay browning 
during food preparation. 
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• The earliest scientific studies were reported in 
(1944) and (1945).  

 

These investigators added ascorbic acid or its 
isomer erythorbic acid to syrups to control 
browning of fresh sliced and frozen apples and 
peaches.  

 

 In most respects, ascorbic and erythorbic acids 
are similar in activity as antioxidants and 
browning inhibitors 
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• The chemical basis for the efficiency of ascorbic 
acid treatments is: 

 
the ability of ascorbic acid to reduce quinones, 

produced by PPO-catalyzed oxidation of 
polyphenols, back to dihydroxy polyphenols. 

 
As long as quinones do not accumulate, further 

reactions leading to pigment formation are 
avoided 
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When the added ascorbic acid is depleted 
 

Quinones will accumulate,  
 

and browning will result.  
 

 
Thus, the primary effect of ascorbic acid is  as an 

inhibitor of the enzymatic browning reaction, not 
as an inhibitor of PPO in itself. 
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• many ascorbic acid–based browning inhibitor 
formulations were marketed.  

 

• A survey conducted by the National Restaurant 
Association identified 13 suppliers of such products.  

 

• These formulations usually contained ascorbic or 
erythorbic acid E315 (or their sodium salts) in 
combination with other substances such as:  

 citric acid  or some other acidulant.  
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• Different formulations usually were provided for:  

apples,  

potatoes,  

and salad vegetables.  

 

These products were claimed to provide a shelf-life 
of 4–7 days under refrigeration, far less than 
could be achieved with sulfites. 
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• Another approach to shelf-life extension was use of 
vacuum packing after browning inhibitor treatment.  

 

• However, rapid browning would develop once the 
vacuum was broken.  

 

• Vacuum packing of raw potatoes might be unsafe 
because of the potential ability of Clostridium 
botulinum to grow and produce toxin in peeled, 
partially cooked potatoes under anaerobic conditions 
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2. Cysteine E920   

• The ability of cysteine to inhibit enzymatic browning is well 
established and has been used commercially for a number of 
years. 

 

• Cysteine reacts with quinone intermediates, formed by PPO-
catalyzed oxidation of polyphenols, to yield  

 stable,  

 colorless compounds,  

 thereby blocking pigment formation. 

 

• Cysteine also directly inhibits the enzyme 
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Antioxidants 

 
• An antioxidant is a molecule capable of inhibiting 

the oxidation of other molecules.  

 

Oxidation is a chemical reaction that transfers 
electrons or hydrogen from a substance to an 
oxidizing agent.  

 

Oxidation reactions can produce free radicals. In 
turn, these radicals can start chain reactions.  
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• Antioxidants reduce the oxidative deterioration 
that leads to: 
 

 rancidity,  
 

 loss of flavour,  
 

 loss of colour  
 

and loss of nutritive value of foodstuffs. 
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• Fats,  

• oils,  

• flavouring substances,  

• vitamins  

• and colours  

 

can all oxidize spontaneously with oxygen when 
exposed to air. 
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• The rate of deterioration can vary considerably and is 
influenced by: 

 
1. The presence of natural antioxidants and other 

components,  
 

2. availability of oxygen, 
 

3. and sensitivity of the substance to oxidation,  
 

4. temperature and light,  
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• for example. 
Oxidation can be avoided, or retarded, by a number of means, 

such as: 
 

 Replacing air by inert packaging gases,  
 

 removal of oxygen,  
 

• These may not be possible in all cases, or sufficient for an 
adequate shelf-life for some foods.  
 

• Thus antioxidants are used to retard oxidative deterioration 
and extend shelf-life. 
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• Some antioxidants actually remove oxygen by 
self-oxidation, e.g. ascorbic acid,  

 

• whilst others interfere in the mechanism of 
oxidation, e.g. tocopherols, gallic acid, BHA 
and BHT.   
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• Often a combination of two or more 
antioxidants is more effective than any one 
used simply because of their synergistic 
effects.  

 

• The presence of other agents, such as citric 
acid, may also have a synergistic effect, by 
reducing the availability of metallic ions that 
may catalyse oxidation reactions. 
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• The use of the powerful synthetic antioxidants BHA, BHT 
and the gallic acid is very restricted.  

  
• Tocopherols, which can be either natural or synthetic, are 

less restricted but are less effective in the protection of 
processed foods. 

 
• Antioxidants cannot restore oxidized food; they can only 

retard the oxidation process.  
 

• The most effective use of antioxidants is therefore in the 
fats and oils used in the manufacturing process. 
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Tocopherols  

• Four forms of Tocopherols: 

1 natural 

    1-E306 Extracts of natural origin rich in 
tocopherols (natural vitamin E) 

2 Synthetic  

   1- E307 Synthetic (Alpha) α-tocopherol  

   2- E308 Synthetic (Gamma) γ-tocopherol  

   3- E309 Synthetic )Delta( δ-tocopherol  

56 



• Sources 

Tocopherols may either be extracted from 
vegetable sources – such as oils from: 

• soya beans  

• sunflower seeds,  

• nuts and grains,  

 

or produced by chemical synthesis.  
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Differences between natural and 
synthetic  

• Although identical in terms of molecular 
composition, natural and synthetic tocopherols 
nevertheless exhibit fundamental differences, 
which are dependent on their origins.  
 

• For their antioxidant effects in foods, these 
differences are unimportant,  
 

but the tocopherols of natural origin have been 
shown to be significantly more beneficial in 
human health and nutrition. 
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• The natural tocopherols each contain only one 
of the eight possible isomers of the molecule,  

 

but the synthetic forms are always a mixture of 
all eight isomers. 

 

• all showing some biological activity, but of 
which the most active and potent is alpha-
tocopherol.  
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• Characteristics of tocopherols: 

The tocopherols are  

1. clear,  

2. yellow  

3. oily liquids,  

4. which darken on exposure to light.  
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 Function in Food 

• The tocopherols are antioxidants.  

• They are fat-soluble and are added to fats and oils to delay or 
prevent rancidity.  

 

 

It is well to remember that antioxidants in general have the 
following characteristics  

1. cannot reverse or repair damage already done by oxidative 
processes;  

2. nor can they totally prevent it.  

3. Only by their presence before, or very soon after the 
oxidative process begins can they significantly delay the 
onset of detectable rancidity in fats and oils, which is one of 
the major causes of the generation of off-flavours in food. 
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• The antioxidant effect of tocopherols and the 
synthetic antioxidants such as (BHA) and (BHT) 
arises from the presence of a hydroxyl group 
attached to an aromatic ring.  

 

• This molecular configuration permits donation of 
a hydrogen atom from the hydroxyl group to a 
fatty radical, thereby “quenching” it and stopping 
its catalytic effect in the degradation of oils and 
fats. 
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• Benefits 

  - The tocopherols also continue their antioxidant 
role after consumption. 
 

• Typical Products 

    - Margarine  

    - and spreads Common spreads include dairy spreads 
(e.g. cheeses, creams, and butters) plant spreads 
(e.g. jams, jellies, peanut butter 
and hummus) margarines, yeast spreads. 
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E320 Butylated hydroxyanisole (BHA) 

• Sources 

• Butylated hydroxyanisole is a mixture of molecules 
which are derivatives of 4-hydroxyanisole.   

 

• It is produced by the chemical reaction between  

 p-methoxy phenol  

 and isobutene (C4H8 ) 

 

• Preparations usually consist mainly of the preferred 3-
tert-butyl isomer. 
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• Characteristics of BHA 

BHA comprises a white or pale yellowish powder,  

 large crystals  

Or flakes  

with a waxy appearance  

and slight aromatic smell.  

 It is soluble in fats, oils, alcohol and ether,  

but insoluble in water. 
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 Function in Food 
 

• Butylated hydroxyanisole is an antioxidant  
and is added to delay or prevent rancidity in fats and oils 

in foodstuffs.  
 

• It is insoluble in water and is best suitable to foods 
with a high fat content.  
 

• BHA is often used in combination with other 
antioxidants such as BHT to give a synergistic effect. 
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• Benefits 

 

• BHA is stable to heat and mildly alkaline 
conditions,  

 

giving it a property that makes BHA particularly 
suitable in baked and fried foods. 
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• Limitations 
BHA is a very effective antioxidant for animal fats, but its 

effect is less marked in vegetable oils that are being 
stored at ambient temperatures.  
 

• The acceptable daily intake 
 (ADI) for BHA is between 0 and 0.5 mg/kg body weight 

per day.  
 
• Typical Products 
 Frying oils,  
 animal fats. 
 Baked food products 
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E321 Butylated hydroxytoluene (BHT) 

 C15H24O 
• Sources 

• Butylated hydroxytoluene is produced by the chemical 
reaction between p-cresol and isobutylene. 

 

• Characteristics of BHT: 

 BHT is a white crystalline  

 solid,  

 either odourless or having a slight aromatic smell.  

 It is soluble in alcohol and ether  

 but insoluble in water. 
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Function in Food 

• Butylated hydroxytoluene is an antioxidant and is 
added to delay or prevent rancidity in fats and oils in 
foodstuffs.  

 

• It is insoluble in water and is best suitable to foods with 
a high fat content.  

 

• BHT is often used in combination with other 
antioxidants, such as BHA, to give a synergistic effect. 
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Limitations 
• BHT is more steam-volatile than BHA,  and this makes 

it unsuitable for use on its own in frying oils, 
particularly where high-moisture foods are being fried.  
 

The acceptable daily intake (ADI) for BHT 
• 0 and 0.3 mg/kg body weight per day.  
 
Typical Products 
• Tallow,  
• fats and oils. 
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E310 Propyl gallate, E311 Octyl gallate, 

E312 Dodecyl gallate 
  

• Source 
• The gallates are white, odourless powders prepared by 

reaction of the appropriate alcohol with gallic acid.  
 

• They have a slightly bitter taste. 
 

• Propyl gallate is also prepared from pods of the Tara 
tree by extraction with (alcohol) and subsequent 
purification. 
 

• Propyl gallate is the only one of the three gallates in 
commercial production. 
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• Function in Food 

 

• The gallates are antioxidants.  

They are fat-soluble and are added to fats and 
oils to delay or prevent rancidity. 
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• Benefits 

 

• Propyl gallate is synergistic with other antioxidants, such as 
BHA and BHT.  

 

• It is particularly effective with polyunsaturated fats.  

 

• The antioxidant activity is maintained when the fat is blended 
with other ingredients in a final foodstuff.  

 

• The longer chain length of the octyl and dodecyl gallates gives 
advantages over propyl gallate in terms of: 

 greater solubility in fats  

 and greater stability. 
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• Limitations 

   The gallates are fat-soluble, but need to be 
dissolved in a small quantity of hot fat first 
before being diluted with the rest of the fat. 

 

• Typical Products 

     Tallow 

     polyunsaturated oils. 
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