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Food additives

Food additives are substances added to food to preserve flavor or enhance its taste, appearance, prevent or delay the spoilage of foods that can kill microorganisms or control their growth in foods. Food additives play a key role in maintaining the food qualities and characteristics that consumers demand and keeping food safe. Some food additives help to keep foods fresh and safe, they help increase shelf-life by protecting foods against deterioration caused by oxidation or by micro-organisms. Some additives exert more than one effect, for example, salt is both a preservative as well as a flavor.  
 Some of the naturally occurring preservatives can be present in sufficient amounts in foods to produce antimicrobial action, such as lysozyme enzyme in egg white and organic acids in citrus fruits.

 Some of the antimicrobials can be formed in enough quantities during food processing to control undesirable microbial growth, such as lactic acid in yogurt fermentation.

Some are specifically used to preserve foods against microorganisms (such as NO2 in cured meat to control spore germination, especially of Cl. botulinum)

 
# Factors need to be considered in evaluating the suitability of an antimicrobial agent as a food preservative:

1- Antimicrobial properties:
 A compound with a broader antimicrobial spectrum is more suitable for application in foods so that it is effective against many types of microorganisms important in foods (molds, yeasts, bacteria, and viruses); as compared with one that has a narrow spectrum. Also, a compound effective not only against vegetative cells but also against spores is preferred, and it should be not allowing development of resistant strains. 
2- Suitability for application in a food:
 Compound should not only have the desired antimicrobial property but also not affect the normal quality of a food (texture, flavor, or color). It should not interact with food components and become inactive. It should have a high antimicrobial property at the pH, aw and storage temperature of the food. It should be stable during the storage of the food, and it should be economical and readily available. 
3- Ability to meet regulatory requirements:
The regulatory requirements include the effectiveness of an antimicrobial agent in a food system. It should be effective in small concentrations and should not conceal poor quality and spoilage of a food. Most importantly, it should be non-toxic and safe for human consumption, generally recognized as safe (GRAS). It should be listed in the label, indicating its purpose in 
the food. 

Food additives can be divided into several groups:
#- Acidulates  and acidity regulators
Confer sour or acid taste; common acidulates include vinegar, citric acid, and lactic acid.
Acidity regulators are used for controlling the pH of foods for stability or to affect activity of enzymes.

#- Antioxidants 
Antioxidants prevent the oxidation of foods that results rancidity or discoloration, they are used in baked foods, cereals, fats, oils and salad dressings. 
# Tocopherols, BHA (butylated hydroxyanisole) and BHT (butylated hydroxytoluene) - these protect edible fats, vegetable oils and salad dressings from turning rancid.

#- Bulking agents 
Bulking agents such as starch are additives that increase the bulk of a food without affecting its taste.

#- Antifoaming agents 
Antifoaming agents reduce or prevent foaming in foods.

#- Food colouring 
Colourings are added to food to replace colours lost during preparation or to make food look more attractive.

#- Colour retention agents 
Color retention agents are used to preserve a food's existing color.

#- Fortifying agents
Vitamins, minerals, and dietary supplements to increase the nutritional value.

#- Emulsifiers 
Emulsifiers allow water and oils to remain mixed together in an emulsion, as in mayonnaise and ice cream.

#- Flavours
 Flavouring agents – which are added to food to improve aroma or taste – make up the greatest number of additives used in foods. There are hundreds of varieties of flavourings used in a wide variety of foods, from confectionery and soft drinks to cereal, cake, and yoghurt. Natural flavouring agents include nut, fruit and spice blends.
 
#- Flavour enhancers 
Flavour enhancers enhance a food's existing flavours; a popular example is monosodium glutamate (MSG).

#- Tracer gas
Tracer gas allows for package integrity testing preventing foods from being exposed to atmosphere, thus guaranteeing shelf life.
#- Stabilizers 
Stabilizers, thickeners and gelling agents, like agar or pectin (used in jam for example) give foods a firmer texture.
 
#- Sweeteners 
Sweeteners are added to foods for flavouring, sweeteners other than sugars are added to keep the food energy (calories) low, or because they have beneficial effects regarding diabetes, tooth decay and diarrhea.

#- Thickeners 
Thickening agents are substances which, when added to the mixture, increase its viscosity without substantially modifying its other properties.

#- Preservatives 
Preservatives prevent or inhibit spoilage of food due to fungi, bacteria and other microorganisms; they are used in baked foods, wine, cheese, cured meats, fruit juices …etc.

Food Preservatives include:
1- Acid 

A- Benzoic acid 
Benzoic acid and its sodium benzoate, the antimicrobial activity of benzoate are related to pH, the greatest activity being at low pH values. Benzoic acid/benzoates are incorporated into margarine, pickles, apple cider, soft drinks, tomato catsup, and salad dressings. They are inhibiting Yeasts and molds.
 
B- Acetic Acid 
Acetic acid is used usually as vinegar (5 to 6% acetic acid) or as salts of sodium and calcium in pickles, salad dressings, and sauces. It is more effective against bacteria than yeasts and molds.
 
C- Propionic Acid 
Propionic acid is used as salts of calcium and sodium in bread, bakery products, cheeses, jam and jellies, and tomato puree. It is effective against molds and bacteria but almost ineffective against yeasts.

D- Lactic Acid 
Lactic acid is used as acid or sodium and potassium salts in carbonated drinks, salad dressings, pickled vegetables, low-heat-processed meat products, and sauces. It is less effective than acetic, propionic, benzoic, or sorbic acids, but more effective than citric acid. It is more effective against bacteria but quite ineffective against yeasts and molds.
 
E- Citric Acid 
Citric acid is used at 1% (or more) in nonalcoholic drinks, jams and jellies, baking products, cheeses, canned vegetables, and sauces. It is less effective than lactic acid against bacteria as well as yeasts and molds. 
F- Sorbic Acid 
It is an unsaturated acid and used either as acid or as salts of sodium, potassium, or calcium. It is used in nonalcoholic drinks, some alcoholic drinks, processed fruits and vegetables, dairy desserts, confectioneries, mayonnaise, salad dressings and mustards. It is more effective against molds and yeasts than against bacteria. Among bacteria, catalase-negative (e.g., lactic acid bacteria) are more resistant than catalase-positive species (e.g., aerobes, S. aureus, and Bacillus spp.). Also, aerobic bacteria are more sensitive to it than anaerobic bacteria. 

2-Nitrite and Nitrate 
Curing agents that contain nitrite, and together with NaCl, sugar, spices are permitted for use in heat-processed meat, poultry, and fish products to control growth and toxin production by Clostridium botulinum. The anti-botulinal effect consists of inhibition of vegetative cell growth and the prevention of germination and growth of spores that survive heat processing or smoking during post processing storage. 
Nitrate and nitrite are also used in several European countries in some cheeses to prevent gas blowing by Cl. butyricum and Cl. tyrobutyricum. In addition to clostridial species, nitrite is inhibitory, to some extent, to Staphylococcus aureus, Escherichia, Pseudomonas, and Enterobacter spp. It also forms desirable product color and enhances flavor in cured meat products. Nitric oxide (NO), the important product from the standpoint of color fixation in cured meats. Nitric oxide reacts with myoglobin under reducing conditions to produce the desirable red pigment nitrosomyoglobin.
When nitrite reacts with secondary amines, nitrosamines are formed, and many are known to be carcinogenic. Nitrosamines have been found in cured meat and fish products at low levels. Because of this, there is a trend to reduce NO2 or to use other preservatives to control Cl.botulinum in low-heat-processed meat products. 

3-Sulfur Dioxide and Sulfites 
Sulfur dioxide, sodium sulfite (NaSO3) and sodium metabisulfite (Na2S2O) are used to control microorganisms (and insects) in soft fruits, fruit juices, lemon juices, beverages, wines, sausages, pickles, and fresh shrimp. They are more effective against molds and yeasts than bacteria; among bacteria, the aerobic Gram-negative rods are the most susceptible. The antimicrobial action is produced by the undissociated sulfurous acid that rapidly enters the cell and reacts with the thiol groups (-SH group) in structural proteins, enzymes, and cofactors, as well as with other cellular components. Sulfur dioxide and sulfites are also used as antioxidants in fresh and dried fruits and vegetables (salads) to prevent browning.
 
4-Salts and Sugars 
These compounds are grouped together because of the similarity in their modes of action in preserving foods by lower the water activity and have an adverse effect on microorganisms. Sodium chloride is used in brines and curing solutions or applied directly to the food. The early food uses of salt were for the purpose of preserving meats. This use is based on the fact that at high concentrations, salt exerts a drying effect on both food and microorganisms. 
Salt has been reported to have the following effects on microorganisms:
1. It causes high osmotic pressure and hence plasmolysis of cells. 
2. It dehydrates foods by drawing out and typing up moisture as it dehydrates microbial cells. 
3. It ionizes to yield the chlorine ion. 
4. It reduces the solubility of oxygen in the moisture 
5. It sensitizes the cell against CO2. 
6. It interferes with the action of proteolytic enzymes. 
Sugar has ability to make water unavailable to organisms by osmotic effect.
 
5- Hydrogen peroxide (H2O2) 
A solution of H2O2 is recommended as an antimicrobial agent in raw milk to be used in cheese processing (to control growth of psychrotrophic Gram negatives that produce heat-stable enzymes), liquid egg to facilitate destruction of Salmonella by low-heat pasteurization, packaging material used in aseptic packaging of foods. In raw milk and liquid egg, catalase is used before pasteurization to hydrolyze H2O2 to water and oxygen. H2O2 is a strong oxidizing agent; the germicidal action is associated with this property. 

6-Epoxides (Ethylene Oxide, Propylene Oxide) 
Ethylene oxide and propylene oxide are used as fumigants to destroy microorganisms (and insects) in grains, cocoa powder, gums, nuts, dried fruits, spices, and packaging materials. They are germicidal and effective against cells, spores, and viruses. Epoxides are alkylating agents and react with various groups (e.g., –SH, –NH, and –OH) in cellular macromolecules, particularly structural proteins and enzymes. 

7-Antibiotics 
Antibiotics in foods were approved by the Food and Drug Administration (FDA) and approved by the Expert Committee of the World Health Organization (WHO), these antibiotics include: 
Tetracyclines to extend the refrigerated shelf life of seafood and poultry. However, because of the possible increase in antibiotic-resistant bacteria, the use of these antibiotics in food was later banned. Natamycin, is an antifungal agent. Its use as a dip or spray to prevent growth of molds and formation of mycotoxins on the surface of some cheeses, sausages, and in raw peanuts. Tylosin, inhibits protein synthesis, is a bactericidal antibiotic that is more effective against Gram-positive than Gram-negative bacteria and also inhibits outgrowth of germinated endospores. Because of its high heat resistance, it has been used in controlling the growth of sporeformers in low-acid canned products. Subtilin is effective in canned foods, preventing the outgrowth of germinating endospores.

8- Diacetyl 
Diacetyl is produced by several species of lactic acid bacteria in large amounts, particularly through the metabolism of citrate. It is antibacterial against many Gram-positive and Gram-negative bacteria. The antibacterial action is probably produced by deactivating some important enzymes. 

9-Bacteriocins of Lactic Acid Bacteria 
The term bacteriocin is currently used to refer to a group of bioactive peptides produced by many bacterial strains from Gram-positive and Gram-negative groups. The bacteriocins produced by many strains of lactic acid bacteria and some propionic acid bacteria are of special interest in food microbiology because of their bactericidal effect normally to different Gram-positive spoilage and pathogenic bacteria and under stressed conditions to different Gram-negative bacteria important in food. Bacteriocins of lactic acid bacteria are bactericidal to sensitive cells, and death occurs very rapidly at a low concentration. Gram-positive bacterial strains are more sensitive to bacteriocin than Gram negative bacterial strains. Bacteriocins of food-grade lactic acid bacteria, with special reference to nisin and pediocin. Nisin is produced by Lactococcus lactis, however, is used in certain canned foods, most often employed in dairy products (processed cheeses, condensed milk, pasteurized milk. Because of the effectiveness of nisin in preventing the outgrowth of germinating endospores of Cl.botulinum and this agent has been used as a possible replacement for nitrite in processed meats.
 
10-Spices 
Many spices, condiments, and plant extracts are known to contain antimicrobial compounds. Some of these include cinnamic aldehyde in cinnamon; eugenol in cloves and cinnamon. Their bacteriostatic and fungi static properties depend on the active agent. Because of the small amounts used as spices in foods, they probably do not produce any antimicrobial effects. However, the antimicrobial components can be used in higher concentrations as essential oils. 
The antimicrobial properties of garlic, onion, and ginger have generated interest for their possible use as natural preservatives.
 
11-Wood Smoke 
Many processed meat products and fishes are processed with smoke generated by burning hardwood. The main reason for smoking meat and fish is to impart desirable flavor, texture, and color to the products. The other benefit is the long shelf life of smoked products, especially those exposed to smoke during heating. The smoke contains several different types of chemicals that deposit on the food surface, many of which have antibacterial properties. The most important antibacterial agents are formaldehyde, phenols, and cresols.
 Depending on the temperature and time of heating, degree of surface drying and the concentrations, smoking can be both bacteriostatic and bactericidal to bacterial cells. Although smoke has a slight antifungal action, it does not have any adverse effects on the survival or germination of bacterial spores. Smoke also contains some chemicals that are carcinogenic, such as benzopyrene and dibenzanthracene. 

#- Biopreservation 
Biopreservation is the preservation of food by naturally present or artificially introduced microorganisms, or by antimicrobial substances produced by these. The biopreservation of food, especially utilizing lactic acid bacteria (LAB) that are inhibitory to food spoilage microorganisms. Beneficial bacteria or the fermentation products produced by these bacteria are used in biopreservation to control spoilage and pathogens in food. There are a various modes of action through which microorganisms can interfere with the growth of others such as organic acid, hydrogen peroxide, Diacetyl, bacteriocins production, etc.




# List of the top food additives to avoid:
1. Artificial Sweeteners
Aspartame is found in foods labeled "diet" or "sugar-free", aspartame is believed to be carcinogenic and accounts for more reports of adverse reactions than all other foods and food additives combined. Aspartame is a neurotoxin and carcinogen, the components of this toxic sweetener may lead to a wide variety of ailments including brain tumor, diseases like lymphoma, diabetes, Parkinson's, Alzheimer's, and chronic fatigue, emotional disorders like depression and anxiety attacks, dizziness, headaches, nausea. 
 Acesulfame-K, a relatively new artificial sweetener found in baking goods, gum and gelatin, has not been thoroughly tested and has been linked to kidney tumors. Found in diet or sugar-free sodas, diet coke, coke zero, desserts, sugar-free gum, breath mints, toothpaste.
2. High Fructose Corn Syrup
High fructose corn syrup is a highly-refined artificial sweetener; it increases your LDL (“bad”) cholesterol levels, and contributes to the development of diabetes and tissue damage, among other harmful effects. Found in most processed foods, bread, candy, flavored yogurts, salad dressings, canned vegetables, cereals.
3. Monosodium Glutamate (MSG)
MSG is made up of sodium and glutamic acid used as a flavor enhancer in soups, salad dressings, chips, regular consumption of MSG may result in adverse side effects which include depression, disorientation, eye damage, fatigue, headaches, and obesity.
4. Trans Fat
Tran's fat is used to enhance and extend the shelf life of food products and is among the most dangerous substances that you can consume. Found in deep-fried fast foods and certain processed foods made with margarine or partially hydrogenated vegetable oils, trans fats are formed by a process called hydrogenation. Numerous studies show that trans-fat increase LDL cholesterol levels while decreasing HDL (“good”) cholesterol, increases the risk of heart attacks, heart disease, and strokes, and contributes to increased inflammation, diabetes, and other health problems. Found in margarine, chips and crackers, baked goods, fast foods.
5. Common food dyes
The artificial colourings which are found in soda, fruit juices, and salad dressings, may contribute to behavioral problems in children. Animal studies have linked some food colourings to cancer. Its cause thyroid cancer increases the number of kidney and adrenal gland tumors and chromosomal damage in laboratory animals. Found in fruit cocktail, ice cream, candy and carbonated beverages, bakery products, lemonade and more!

6. Sodium Nitrate
Sodium nitrate is used as a preservative, coloring, and flavoring in ham, hot dogs, lunch meats, smoked fish and other processed meats. This ingredient is actually highly carcinogenic once it enters the human digestive system. There, it forms a variety of nitrosamine compounds that enter the bloodstream and wreak havoc with a number of internal organs: the liver and pancreas in particular. Sodium nitrite is widely regarded as a toxic ingredient, its turn meats bright red, it's actually a color fixer, and it makes old, dead meats appear fresh and vibrant.
7. BHA and BHT 
Butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) are preservatives found in cereals, chewing gum, potato chips, and vegetable oils. This common preservative keeps foods from changing color, changing the flavor or becoming rancid, its affects the neurological system of the brain, alters behavior and has a potential to cause cancer. 
8. Potassium Bromate
An additive used to increase volume in some white flour, bread, and rolls, potassium bromate is known to cause cancer in animals. 
Advantages of food additives:
Some additives improve or maintain the food's nutritive value, Vitamins A, C, D, E, thiamine, niacin, riboflavin, pyridoxine, folic acid, calcium carbonate, zinc oxide and iron are often added to foods such as flour, bread, biscuits, breakfast cereals, pasta, margarine, milk, iodized salt and gelatin desserts. Alpha-tocopherol is another name for vitamin E, and beta carotene is a source of vitamin A. Food additives can help reduce spoilage, improve the appearance of foods and increase the availability of a variety of foods throughout the year.

Disadvantages of food additives: 
[bookmark: _GoBack]Food additives sometimes destroy vitamins in food, replace real ingredients, the bright colours might make you believe you're eating something healthier, while in reality you might be drinking diluted juice that's full of sugar. Some food additives are toxic if a large amount is used, e.g. sodium benzoate and benzoic acid. Some food additives may be carcinogenic, e.g. sodium nitrate has been shown to cause cancer to mice and may also cause cancer to human beings. Some people are allergic to particular food additives and additives may cause side effects such as allergies, gastric irritation, diarrhea, rashes, asthma, nausea, respiratory irritation and hyperactivity. However, not all people taking these food additives will have these side effects and these side effects differ from person to person. 
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