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How to Use This Book

The prudent use of approved food additives continues to be important in the food industry in order to provide safe, convenient, quality food products with useful shelf-lives. Developments in processing technologies will minimise the use of additives but their advantages continue in certain product formats.

The Food Additives Data Book contains practical information about a wide range of food additives. They are organised by functional category such as acidulants, antioxidants, colourings, etc. The priority is to provide useful information for the practising food technologist and student. The ‘function in foods’ and ‘technology of use in foods’ sections are likely to be the most useful ones for each additive in the data book. These illustrate why the additive finds application in certain food products and howit is used from a practical point of view. Chemical and physical data are provided to help the food technologist in using the additives. Some brief information on legislation is also provided.

To find information about a certain additive, it can be searched for in the table of contents (if the functional category is known) or in the index. The index is extensive and can be used to locate information about certain foods, synonyms, alternative additives and other topics of interest.

For this, the Second Edition, the list of additives has been extended and all entries updated with current information to mid-2010. Some aspects are timeless but others (legislation in particular) may need to be checked for up-to-dateness. References are included to help with this.





Part 1

Acidulants

Stephanie Doores




	NAME:
	Acetic acid





	CATEGORY:
	Emulsifiers/Stabilisers/Chelating agents/pH control agents/Preservatives/Flavour enhancers and modifiers/Solvents/Firming agents



	FOOD USE:
	Baked goods/Cereals and cereal products/Dairy products/Edible oils and fats/Fish, seafoods and products/Meat, poultry and eggs and products/Fruits, vegetables and nuts and products/Sugars, sugar preserves, and confectionery/Vinegar, pickles and sauces



	SYNONYMS:
	Ethanoic acid/Ethylic acid/Glacial acetic acid/Methane carboxylic acid/Monocarboxylic acid/Vinegar/CAS 64-19-7/DOT 2789/2790/FEMA No. 2006



	FORMULA:
	CH3COOH



	MOLECULAR MASS IN Daltons:
	60.05



	ALTERNATIVE FORMS:
	Calcium acetate; hydroxyacetic acid; manganese acetate; methyl acetate; potassium acetate; sodium acetate; zinc acetate



	PROPERTIES AND APPEARANCE:
	Clear, colourless liquid



	BOILING POINT IN °C AT VARIOUS PRESSURES (INCLUDING 760 mmHg):
	117.9



	MELTING RANGE IN °C:
	16.6



	FLASH POINT IN °C:
	43 (closed cup), 57 (open cup)



	IONISATION CONSTANT AT 25°C:
	1.76 × 10−5



	DENSITY AT 20°C (AND OTHER TEMPERATURES) IN g/L:
	1.0492 @ 20°/4°C



	HEAT OF COMBUSTION AT 25°C:
	209.02 kcal/gram molecular weight



	VAPOUR PRESSURE AT VARIOUS TEMPERATURES:
	−17.2°C
	(1 mmHg)



	
	17.5°C
	(10 mmHg)



	
	43°C
	(40 mmHg)



	
	63°C
	(100 mmHg)



	
	99°C
	(400 mmHg)



	
	118.1°C
	(760 mmHg)



	PURITY %:
	≥99.5 by weight



	HEAVY METAL CONTENT MAXIMUM IN ppm:
	10



	ARSENIC CONTENT MAXIMUM IN ppm:
	3



	SOLUBILITY % AT VARIOUS TEMPERATURE/pH COMBINATIONS:



	in water:
	@ 25°C
	Acid and its salts are freely soluble



	in ethanol solution:
	@ 25°C
	Freely soluble



	
	@ 25°C
	Potassium and sodium salts are freely soluble



	
	@ 25°C
	Calcium salt is slightly soluble



	FUNCTION IN FOODS:
	Acetic acid is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Acetic acid can be used as an acidifier and flavouring agent in condiments such as mustard, catsup, salad dressings, sauces, canned fruits, and mayonnaise. It can be used to alter the acidity of acidified milk, acidified low-fat milk, acidified skim milk, meat and poultry products. It can also be used to alter the acidity of cold pack cheese food such that the pH does not exceed 4.5, and pasteurised process cheese (pH 5.3), cheese food (pH 5.0) and cheese spread (pH 4.0). It is a pickling agent in products such as sausages and pigs' feet, sweet and sour pickles, marinades and vinaigrettes. It is used to separate fatty acids and glycerol in rendered fats at a level sufficient for purpose. It assists in caramelisation. It is used as an emulsifier in the manufacture of hydroxylated lecithin. It can also be used to sanitise equipment and as a boiler water additive. Maximum levels recommended in foods are 0.25% for baked goods and baking mixes, 0.5% for chewing gum, fats and oils, 0.6% for meat products, 0.8% for cheese and dairy product analogues, 3.0% for gravies and sauces, 9.0% for condiments and relishes, and 0.15% for all other food categories when used in accordance with good manufacturing practices.



	
	Calcium acetate is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Calcium acetate can be used as a firming agent, pH control agent, processing aid, an acidity regulator, sequestrant, texturiser, thickener, and as an antirope agent in bakery products. It can also be a source of calcium. It acts as a stabiliser in sausage casings and as a stabiliser when salt migrates from food-packaging materials. Maximum levels recommended are 0.02% in cheese, 0.15% in sweet sauces, toppings and syrups, 0.2% in baked goods, baking mixes, gelatins, puddings and fillings, and 0.0001% in all other foods in accordance with good manufacturing practices.



	
	Ethyl acetate can be used in accordance with good manufacturing practice as a solvent in the decaffeination of coffee and tea and in inks for marking fruits and vegetables.



	
	Potassium acetate is used as a synthetic flavouring. It is also an acidity regulator and buffer.



	
	Sodium acetate is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Sodium acetate can be used as a pH control agent, flavouring agent and adjuvant, stabiliser and buffer in certain milk and meat products, and as a boiler additive for food-grade steam. Maximum levels recommended in foods are 0.007% in breakfast cereal, 0.05% in snack foods, soup mixes and sweet sauces, 0.12% in meat products and jams and jellies, 0.15% in hard candy, 0.2% in soft candy, 0.5% in fats and oils, 0.6% in grain products and snack foods. Sodium acetate is limited to 56 g per 45 kg (2oz per 100lb) to acidify artificially flavoured fruit jelly, preserves and jams.



	
	Hydroxyacetic acid, manganese acetate, methyl acetate, and zinc acetate can be used as a component of adhesives.



	TECHNOLOGY OF USE IN FOODS:
	Acetic acid pK1 = 4.75



	
	Calcium and sodium acetate are hygroscopic.



	
	Acetic acid is more effective in limiting bacterial and yeast growth than mould growth.



	FOOD SAFETY ISSUES:
	LD50 (mg/kg body weight) acetic acid: Mouse 4960 oral route; 525 intravenous route. Rat 3310–3530 oral route. Rabbit 1200 oral route; 1200 subcutaneous route; 1200 rectal route.



	
	LD50 (mg/kg body weight) calcium acetate: Mouse 52 intravenous route. Rat 147 intravenous route.



	
	LD50 (mg/kg body weight) sodium acetate: Mouse 3310 oral route; 380 intravenous route. Rat 3530–4960 oral route.



	
	Acceptable daily intake for humans of acetic acid and its calcium, potassium and sodium salts is not limited.



	LEGISLATION:
	USA:



	
	Acetic acid: 9 CFR 318.7, 381.147; 21 CFR 73.85, 131.111, 131.136, 131.144, 133.123, 133.124, 133.169, 133.173, 133.178,133.179, Part 145, 172.814, 178.1010, 184.1005



	
	Calcium acetate: 21 CFR 181.29, 184.1185



	
	Ethyl acetate: 21 CFR 73.1, 173.228



	
	Hydroxyacetic acid: 21 CFR 175.105



	
	Manganese acetate: 21 CFR 175.105



	
	Methyl acetate: 21 CFR 175.105



	
	Potassium acetate: 21 CFR 172.515



	
	Sodium acetate: 21 CFR 150.141, 150.161, 173.310, 182.70, 184.1721



	
	Zinc acetate: 21 CFR 175.105



	REFERENCES:
	Budavari, S., O'Neill, M.J., Smith, A. and Heckelman, P.E. (1989) The Merck Index, 11th edn. Merck, Rahway, NJ.



	
	Code of Federal Regulations (CFR) (1995) Volumes 9 (U.S. Department of Agriculture [USDA]), 21 (Food and Drug Administration [FDA]), and 27 (Bureau of Alcohol, Tobacco, and Firearms [BATF]). Office of the Federal Register, National Archives and Records Administration, U.S. Government Printing Office, Washington, DC.



	
	Committee on Food Chemicals Codex (1981) Food Chemicals Codex, 3rd edn. Food and Nutrition Board, Institute of Medicine, National Academy of Sciences, National Academy Press, Washington, DC.



	
	Committee on Food Chemicals Codex (1996) Food Chemicals Codex, 4th edn. Food and Nutrition Board, Institute of Medicine, National Academy of Sciences, National Academy Press, Washington, DC.



	
	Deshpande, S.S., Salunkhe, D.K. and Deshpande, U.S. (1995) Food acidulants. In: Maga, J.A. and Tu, A.T. (eds) Food Additive Toxicology. Marcel Dekker, New York, Ch. 2.



	
	Doores, S. (2002) pH control agents and acidulants. In: Branen, A.L., Davidson, P.M., Salminen, S. and Thorngate, J.H. III (eds) Food Additives, 2nd edn. Marcel Dekker, New York, pp. 621–660.



	
	Doores, S. (2005) Organic acids. In: Davidson, P.M., Sofos, J.N. and Branen, A.L. (eds) Antimicrobials in Foods, 3rd edn. Taylor and Francis, Boca Raton, FL, pp. 91–142.



	
	Lewis, R.J. Sr (1989) Food Additives Handbook. Van Nostrand Reinhold, New York.



	
	Lide, D.R. (ed.) (1993) Handbook of Chemistry and Physic, 74th edn. CRC Press, Boca Raton, FL.







	NAME:
	Adipic acid





	CATEGORY:
	Chelating agents/pH control agents/Preservatives/Flavour enhancers and modifiers/Flour and baking additives



	FOOD USE:
	Baked goods/Dairy products/Edible oils and fats/Fish and seafoods and products/Meat, poultry and eggs and products/Fruit, vegetables and nuts and products/Beverages/Vinegar, pickles and sauces



	SYNONYMS:
	Acifloctin/Acinetten/Adilactetten/Adipinic acid/Hexanedioic acid/Molten adipic acid/1,4-Butanedicarboxylic acid/1,6-Hexanedioic acid/CAS 124-04-9/DOT 9077/FEMA No. 2011



	FORMULA:
	HOOC(CH2)4COOH



	MOLECULAR MASS IN Daltons:
	146.14



	ALTERNATIVE FORMS:
	Calcium adipate; magnesium adipate



	PROPERTIES AND APPEARANCE:
	White crystals or crystalline, non-hygroscopic powder



	BOILING POINT IN °C AT VARIOUS PRESSURES (INCLUDING 760 mmHg):
	337.5 (closed cup)



	MELTING RANGE IN °C:
	151.5–154



	FLASH POINT IN °C:
	196



	IONISATION CONSTANT AT 25°C:
	3.71 × 10−5



	
	3.87 × 10−6



	DENSITY AT 20°C (AND OTHER TEMPERATURES) IN g/L:
	1.360 @ 25°/4°C



	HEAT OF COMBUSTION AT 25°C:
	668.29 kcal/gram molecular weight



	VAPOUR PRESSURE AT VARIOUS TEMPERATURES:
	159.5°C
	(1 mmHg)



	
	191°C
	(5 mmHg)



	
	205.5°C
	(10 mmHg)



	
	222°C
	(20 mmHg)



	
	240.5°C
	(40 mmHg)



	
	265°C
	(100 mmHg)



	
	337.5°C
	(760 mmHg)



	PURITY %:
	≥99.6



	WATER CONTENT MAXIMUM IN %:
	0.2



	HEAVY METAL CONTENT MAXIMUM IN ppm:
	10



	ARSENIC CONTENT MAXIMUM IN ppm:
	3



	ASH MAXIMUM IN %:
	≤0.002–0.02



	SOLUBILITY % AT VARIOUS TEMPERATURE/pH COMBINATIONS:



	in water:
	@ 100°C
	160



	
	@ 20°C
	1.4



	in ethanol solution:
	Freely soluble



	FUNCTION IN FOODS:
	Adipic acid is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Adipic acid can be used as a pH control agent, neutralising agent, leavening agent and flavouring agent. It can be used to alter the acidity of acidified milk, acidified low-fat milk and acidified skim milk, margarine or oleomargarine. It can be used as a sequestrant in oils and improves melting characteristics and texture of process cheese and cheese spreads. It is used in puddings and gelatin to improve set and maintain acidities within the range of pH 2.5–3.0. It is an excellent slow-acting leavening agent that supports the even release of carbon dioxide in baked goods. It increases the whipping quality of products containing egg white. It can be used in the production of resinous and polymeric coatings. Maximum levels recommended are 0.0004% for frozen dairy desserts, 0.005% for non-alcoholic beverages, 0.05% for baked goods and baking mixes, 0.1% for gravies, 0.3% for fats, oils and meat products, 0.45% for dairy product analogues, 0.55% for gelatin, puddings, and fillings, 1.3% for snack foods, 5% for condiments and relishes and 0.02% for otherfood categories when used in accordance with good manufacturing practices. Diisobutyl adipate can be used as a component of adhesives and a plasticiser for food packaging materials at levels not to exceed good manufacturing practices.



	
	Pentaerythritol adipate-stearate may be safely used as a lubricant in the fabrication of rigid and semi-rigid polyvinyl chloride and/or vinyl chloride–propylene copolymers used as articles or components of articles that contact food.



	ALTERNATIVES:
	Adipic acid is used as an acidulant in commercial baking powders to replace tartaric acid and cream of tartarand phosphates because adipic acid is non-hygroscopic.



	TECHNOLOGY OF USE IN FOODS:
	Adipic acid pK1 = 4.43; pK2 = 5.41



	
	Adipic acid is four to five times more soluble than fumaric acid at room temperature and has the lowest acidity of any of the food acids. It imparts a slowly developing, smooth, mildly acid flavour and is essential in supplementing foods with delicate flavours. It is practically non-hygroscopic which is an advantage in prolonging the shelf-life of powdered products.



	SYNERGISTS:
	Adipic acid combined with sodium metabisulphite can be used in the preservation of sausages and other meat products.



	FOOD SAFETY ISSUES:
	LD50 (mg/kg body weight) adipic acid: Mouse 1900 oral route; 680 intravenous route; 275 intraperitoneal route. Rat 3600 oral route. Rabbit 2430–4860 oral route; 2430 intravenous route.



	
	Acceptable daily intake for humans of adipic acid is limited conditionally up to 5 mg/kg body weight.



	LEGISLATION:
	USA:



	
	Adipic acid: 9 CFR 318.7; 21 CFR 75.85, 131.111, 131.136, 131.144, 166.110, 175.300, 175.320, 177.1210, 177.2420, 177.2600, 178.3690, 184.1009



	
	Diisobutyl adipate: 21 CFR 175.105, 181.27



	REFERENCES:
	Budavari, S., O'Neill, M.J., Smith, A. and Heckelman, P.E. (1989) The Merck Index, 11th edn. Merck, Rahway, NJ.



	
	Code of Federal Regulations (CFR) (1995) Volumes 9 (U.S. Department of Agriculture [USDA]), 21 (Food and Drug Administration [FDA]), and 27 (Bureau of Alcohol, Tobacco, and Firearms [BATF]). Office of the Federal Register, National Archives and Records Administration, U.S. Government Printing Office, Washington, DC.



	
	Committee on Food Chemicals Codex (1981) Food Chemicals Codex, 3rd edn. Food and Nutrition Board, Institute of Medicine, National Academy of Sciences, National Academy Press, Washington, DC.



	
	Committee on Food Chemicals Codex (1996) Food Chemicals Codex, 4th edn. Food and Nutrition Board, Institute of Medicine, National Academy of Sciences, National Academy Press, Washington, DC.



	
	Deshpande, S.S., Salunkhe, D.K. and Deshpande, U.S. (1995) Food acidulants. In: Maga, J.A. and Tu, A.T. (eds) Food Additive Toxicology. Marcel Dekker, New York, Ch. 2.



	
	Doores, S. (2002) pH control agents and acidulants. In: Branen, A.L., Davidson, P.M., Salminen, S. and Thorngate, J.H. III (eds) Food Additives, 2nd edn. Marcel Dekker, New York, pp. 621–660.



	
	Doores, S. (2005) Organic acids. In: Davidson, P.M., Sofos, J.N. and Branen, A.L. (eds) Antimicrobials in Foods, 3rd edn. Taylor and Francis, Boca Raton, FL, pp. 91–142.



	
	Lewis, R.J. Sr (1989) Food Additives Handbook. Van Nostrand Reinhold, New York.



	
	Lide, D.R. (ed.) (1993) Handbook of Chemistry and Physics, 74th edn. CRC Press, Boca Raton, FL.







	NAME:
	Caprylic acid





	CATEGORY:
	Emulsifiers/Stabilisers/pH control agents/Preservatives/Flavour enhancers and modifiers/Anti-caking agents/Antifoaming agent/Foaming agents/Glazing and coating agents



	FOOD USE:
	Baked goods/Dairy products/Edible oils and fats/Meat, poultry and eggs and products/Fruit, vegetables and nuts and products/Sugars, sugar preserves and confectionery



	SYNONYMS:
	C-8 acid/Hexacid 898/n-Caprylic acid/n-Octoic acid/n-Octylic acid/neo-fat 8/Octanoic acid/Octic acid/1-Heptanecarboxylic acid/CAS 124-07-2



	FORMULA:
	CH3(CH2)6COOH



	MOLECULAR MASS IN Daltons:
	144.22



	ALTERNATIVE FORMS:
	Aluminum caprylate; calcium caprylate; cobalt caprylate; iron caprylate; magnesium caprylate; manganese caprylate; potassium caprylate; sodium caprylate



	PROPERTIES AND APPEARANCE:
	Colourless oily liquid



	BOILING POINT IN °C AT VARIOUS PRESSURES (INCLUDING 760 mmHg):
	239.3



	MELTING RANGE IN °C:
	16.5–16.7



	IONISATION CONSTANT AT 25°C:
	1.28 × 10−5



	DENSITY AT 20°C (AND OTHER TEMPERATURES) IN g/L:
	0.9088 @ 20°/4°C



	VAPOUR PRESSURE AT VARIOUS TEMPERATURES:
	92.3°C
	(1 mmHg)



	
	124°C
	(10 mmHg)



	
	150.6°C
	(40 mmHg)



	
	172.2°C
	(100 mmHg)



	
	213.9°C
	(400 mmHg)



	
	237.5°C
	(760 mmHg)



	PURITY %:
	99.6



	WATER CONTENT MAXIMUM IN %:
	10



	HEAVY METAL CONTENT MAXIMUM IN ppm:
	3



	ARSENIC CONTENT MAXIMUM IN ppm:
	0.1



	SOLUBILITY % AT VARIOUS TEMPERATURE/pH COMBINATIONS:



	in water:
	@ 20°C
	0.068



	in ethanol solution:
	Freely soluble



	FUNCTION IN FOODS:
	Caprylic acid is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other thangood manufacturing practices. Caprylic acid can be used as a flavouring agent and adjuvant, lubricant, binder and defoaming agent. It can be used indirectly as an antimicrobial agent in cheese wrappers andas a coatingon fresh citrus fruits. It can also be used to assist in lye peeling. It is an indirect antimicrobial food additive when migrating to food from paper and paperboard products. It can be used as a sanitising solution on food processing equipment. Maximum levels recommended for specific products are 0.005% for fats and oils, frozen dairy desserts, gelatins, puddings, meat products and soft candy, 0.013% for baked goods and baking mixes, 0.016% for snack foods, 0.04% for cheeses, and 0.001% or less for other food categories.



	
	Aluminium, calcium, magnesium, potassium or sodium caprylate can be used as a binder, emulsifier andanti-caking agent when used in accordance with good manufacturing practices. The salts of caprylic acidcan also be used in the production of resinous and polymeric coatings.



	
	Cobalt, iron or manganese caprylate can be used as a drier when migrating from food packaging material, with no limitation other than good manufacturing practices.



	TECHNOLOGY OF USE IN FOODS:
	Caprylic acid pK1 = 4.89



	
	Caprylic acid imparts a ‘sweat-like’ or cheesy odour and buttery taste to foods. It is more inhibitory to a broad group of microorganisms at a lower concentration at around neutral pH than other acidulants.



	FOOD SAFETY ISSUES:
	LD50 (mg/kg body weight). Mouse 600 intravenous route.



	
	Acceptable intake for humans of caprylic acid is not limited.



	LEGISLATION:
	USA:



	
	Caprylic acid: 21 CFR 172.210, 172.860, 173.315, 173.340, 178.1010, 182.90, 184.1025



	
	Cobalt caprylate: 21 CFR 181.25



	
	Iron caprylate: 21 CFR 181.25



	
	Manganese caprylate: 21 CFR 181.25



	REFERENCES:
	Budavari, S., O'Neill, M.J., Smith, A. and Heckelman, P.E. (1989) The Merck Index, 11th edn. Merck, Rahway, NJ.



	
	Code of Federal Regulations (CFR) (1995) Volumes 9 (U.S. Department of Agriculture [USDA]), 21 (Food and Drug Administration [FDA]), and 27 (Bureau of Alcohol, Tobacco, and Firearms [BATF]). Office of the Federal Register, National Archives and Records Administration, U.S. Government Printing Office, Washington, DC.



	
	Committee on Food Chemicals Codex (1981) Food Chemicals Codex, 3rd edn. Food and Nutrition Board, Institute of Medicine, National Academy of Sciences, National Academy Press, Washington, DC.



	
	Committee on Food Chemicals Codex (1996) Food Chemicals Codex, 4th edn. Food and Nutrition Board, Institute of Medicine, National Academy of Sciences, National Academy Press, Washington, DC.



	
	Deshpande, S.S., Salunkhe, D.K. and Deshpande, U.S. (1995) Food acidulants. In: Maga, J.A. and Tu, A.T. (eds) Food Additive Toxicology. Marcel Dekker, New York, Ch. 2.



	
	Doores, S. (2002) pH control agents and acidulants. In: Branen, A.L., Davidson, P.M., Salminen, S. and Thorngate, J.H. III (eds) Food Additives, 2nd edn. Marcel Dekker, New York, pp. 621–660.



	
	Doores, S. (2005) Organic acids. In: Davidson, P.M., Sofos, J.N. and Branen, A.L. (eds) Antimicrobials in Foods, 3rd edn. Taylor and Francis, Boca Raton, FL, pp. 91–142.



	
	Lewis, R.J. Sr (1989) Food Additives Handbook. Van Nostrand Reinhold, New York.



	
	Lide, D.R. (ed.) (1993) Handbook of Chemistry and Physics, 74th edn. CRC Press, Boca Raton, FL.
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	NAME:
	Dehydroacetic acid





	CATEGORY:
	pH control agent/Preservatives



	FOOD USE:
	Dairy products/Fruit, vegetables and nuts and products



	SYNONYMS:
	DHA/DHS/Dehydracetic acid/Methylacetopyronone/Δ lactone/2-Acetyl-5-hydroxy-3-oxo-4-hexenoic acid/3-Acetyl-6-methyl-l, 2-pyran-2,4-dione/3-Acetyl-6-methyl-2,4-pyrandione/3-Acetyl-6-methyl-2H-pyran-2,4 (3H)-dione/3-Acetyl-6-methyl-pyrandione-2,4/CAS 520-45-6



	FORMULA:
	C8H8O4 (cyclic structure)



	MOLECULAR MASS IN Daltons:
	168.16



	ALTERNATIVES FORMS:
	Sodium dehydroacetate



	PROPERTIES AND APPEARANCE:
	White or nearly white crystalline powder



	BOILING POINT IN °C AT VARIOUS PRESSURES (INCLUDING 760 mmHg):
	269.9



	MELTING RANGE IN °C:
	109–111



	DENSITY AT 20°C (AND OTHER TEMPERATURES) IN g/L:
	5.8



	VAPOUR PRESSURE AT VARIOUS TEMPERATURES IN mmHg:
	91.7°C (1 mm)



	PURITY %:
	≥98.0



	HEAVY METAL CONTENT MAXIMUM IN ppm:
	10



	ARSENIC CONTENT MAXIMUM IN ppm:
	3



	ASH MAXIMUM IN %:
	0.1



	SOLUBILITY % AT VARIOUS TEMPERATURE/pH COMBINATIONS:



	in water:
	@ 25°C
	<0.1



	in vegetable oil:
	@ 25°C (olive oil)
	1.6



	in propylene glycol:
	@ 25°C
	1 g/35 mL



	FUNCTION IN FOODS:
	Dehydroacetic acid and its sodium salt are GRAS when used in accordance with good manufacturing practices. Dehydroacetic acid is approved as a preservative for cut or peeled squash at levels not to exceed 65 ppm expressed as dehydroacetic acid remaining in or on squash. It is bacteriostatic at concentrations of 0.1–0.4% and fungistatic at concentrations of 0.005–0.1%. It can be used as a component of adhesives with no limitation other than good manufacturing practices. It can also be used as a fungistatic agent in cheese wrappers.



	TECHNOLOGY OF USE IN FOODS:
	Dehydroacetic acid pK1 = 5.27



	
	Dehydroacetic acid has one of the highest dissociation constants of the organic acids and remains effective at higher pH ranges than other acids.



	
	It is twice as effective as sodium benzoate at pH 5.0 against Saccharomyces cerevisiae, and 25 times more effective against Penicillium glaucum and Aspergillus niger.



	FOOD SAFETY ISSUES:
	LD50 (mg/kg body weight). Rat 1000 oral route.



	LEGISLATION:
	USA:



	
	Dehydroacetic acid: 21 CFR 172.130, 175.105



	REFERENCES:
	Budavari, S., O'Neill, M.J., Smith, A. and Heckelman, P.E. (1989) The Merck Index, 11th edn. Merck, Rahway, NJ.



	
	Code of Federal Regulations (CFR) (1995) Volumes 9 (U.S. Department of Agriculture [USDA]), 21 (Food and Drug Administration [FDA]), and 27 (Bureau of Alcohol, Tobacco, and Firearms [BATF]). Office of the Federal Register, National Archives and Records Administration, U.S. Government Printing Office, Washington, DC.



	
	Committee on Food Chemicals Codex (1981) Food Chemicals Codex, 3rd edn. Food and Nutrition Board, Institute of Medicine, National Academy of Sciences, National Academy Press, Washington, DC.



	
	Committee on Food Chemicals Codex (1996) Food Chemicals Codex, 4th edn. Food and Nutrition Board, Institute of Medicine, National Academy of Sciences, National Academy Press, Washington, DC.



	
	Deshpande, S.S., Salunkhe, D.K. and Deshpande, U.S. (1995) Food acidulants. In: Maga, J.A. and Tu, A.T. (eds) Food Additive Toxicology. Marcel Dekker, New York, Ch. 2.



	
	Doores, S. (2002) pH control agents and acidulants. In: Branen, A.L., Davidson, P.M., Salminen, S. and Thorngate, J.H. III (eds) Food Additives, 2nd edn. Marcel Dekker, New York, pp. 621–660.



	
	Doores, S. (2005) Organic acids. In: Davidson, P.M., Sofos, J.N. and Branen, A.L. (eds) Antimicrobials in Foods, 3rd edn. Taylor and Francis, Boca Raton, FL, pp. 91–142.



	
	Lewis, R.J. Sr (1989) Food Additives Handbook. Van Nostrand Reinhold, New York.



	
	Lide, D.R. (ed.) (1993) Handbook of Chemistry and Physics, 74th edn. CRC Press, Boca Raton, FL.
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	NAME:
	Glucono-delta-lactone





	CATEGORY:
	Chelating agents/pH control agents/Preservatives/Flour and baking additives



	FOOD USE:
	Baked goods/Dairy products/Meat, poultry and eggs and products/Fruit, vegetables and nuts and products



	SYNONYMS:
	D-gluconic acid-δ-lactone/D-gluconolactone/D-glucono-1,5-lactone



	FORMULA:
	C6H10O6 (cyclic structure)



	MOLECULAR MASS IN Daltons:
	178.14



	PROPERTIES AND APPEARANCE:
	Fine, white, crystalline powder



	MELTING RANGE IN °C:
	153 (decomposition)



	HEAVY METAL CONTENT MAXIMUM IN ppm:
	<0.002



	SOLUBILITY % AT VARIOUS TEMPERATURE/pH COMBINATIONS:



	in water:
	59



	in ethanol solution:
	1



	FUNCTION IN FOODS:
	Glucono-δ-lactone is GRAS in the USA with no limitation other than good manufacturing practices. Glucono-δ-lactone can be used as a curing and pickling agent, leavening agent, pH control agent, and sequestrant and a binder. It can be used to alter the acidity of acidified milk, acidified low-fat milk, and acidified skim milk, meat and poultry products. It is used as a curing accelerator in cured, comminuted meat or meat food products at a level of 8 oz per 100 lb (∼5 mg/kg) of meat or meat by-product where slowly lowered pH will increase the curing rate without shorting the emulsion. It serves as a replacement for bacterial starter cultures in fermented sausages. It is also used as a leavening agent and as a cleaning agent. It can be used as an ingredient in canned green beans and canned wax beans.



	TECHNOLOGY OF USE IN FOODS:
	Glucono-δ-lactone must undergo hydrolysis to gluconic acid before it can lower pH. Therefore, when used in the manufacture of cheese products the rate of pH is slowed.



	FOOD SAFETY ISSUES:
	LD50 (mg/kg body weight) glucono-δ-lactone. Rabbit 7630 intravenous route.



	LEGISLATION:
	USA:



	
	Glucono-δ-lactone: 21 CFR 131.111, 155.120, 184.1318



	REFERENCES:
	Budavari, S., O'Neill, M.J., Smith, A. and Heckelman, P.E. (1989) The Merck Index, 11th edn. Merck, Rahway, NJ.



	
	Code of Federal Regulations (CFR) (1995) Volumes 9 (U.S. Department of Agriculture [USDA]), 21 (Food and Drug Administration [FDA]), and 27 (Bureau of Alcohol, Tobacco, and Firearms [BATF]). Office of the Federal Register, National Archives and Records Administration, U.S. Government Printing Office, Washington, DC.



	
	Committee on Food Chemicals Codex (1981) Food Chemicals Codex, 3rd edn. Food and Nutrition Board, Institute of Medicine, National Academy of Sciences, National Academy Press, Washington, DC.



	
	Committee on Food Chemicals Codex (1996) Food Chemicals Codex, 4th edn. Food and Nutrition Board, Institute of Medicine, National Academy of Sciences, National Academy Press, Washington, DC.



	
	Deshpande, S.S., Salunkhe, D.K. and Deshpande, U.S. (1995) Food acidulants. In: Maga, J.A. and Tu, A.T. (eds) Food Additive Toxicology. Marcel Dekker, New York, Ch. 2.



	
	Doores, S. (2002) pH control agents and acidulants. In: Branen, A.L., Davidson, P.M., Salminen, S. and Thorngate, J.H. III (eds) Food Additives, 2nd edn. Marcel Dekker, New York, pp. 621–660.



	
	Doores, S. (2005) Organic acids. In: Davidson, P.M., Sofos, J.N. and Branen, A.L. (eds) Antimicrobials in Foods, 3rd edn. Taylor and Francis, Boca Raton, FL, pp. 91–142.



	
	Lewis, R.J. Sr (1989) Food Additives Handbook. Van Nostrand Reinhold, New York.



	
	Lide, D.R. (ed.) (1993) Handbook of Chemistry and Physics, 74th edn. CRC Press, Boca Raton, FL.
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	NAME:
	Phosphoric acid





	CATEGORY:
	Emulsifiers/Stabilisers/Chelating agents/Nutritive additives/Antioxidants/pH control agents/Preservatives/Flavour enhancers and modifiers/Flour and baking additives/Anti-caking agents/Firming agents



	FOOD USE:
	Baked goods/Cereals and cereal products/Dairy products/Edible oils and fats/Fish and seafood and products/Meat, poultry and eggs and products/Beverages/Soft drinks/Sugars, sugar preserves and confectionery/Alcoholic drinks/Vinegar, pickles and sauces



	SYNONYMS:
	Orthophosphoric acid/CAS 7664-38-2/DOT 1805



	FORMULA:
	P(OH)2-OOH



	MOLECULAR MASS IN Daltons:
	98.0



	ALTERNATIVE FORMS:
	Phosphoric acid; ammonium phosphate, dibasic; ammonium phosphate, monobasic; ammonium potassium hydrogen phosphate; ammonium potassium phosphate; calcium glycerophosphate; calcium hexametaphosphate; calcium phosphate, dibasic; calcium phosphate, monobasic; calcium phosphate, tribasic; calcium pyrophosphate; ferric phosphate; ferric pyrophosphate; ferric sodium pyrophosphate; magnesium glycerophosphate; magnesium phosphate, dibasic; magnesium phosphate, monobasic; magnesium phosphate, tribasic; manganese glycerophosphate; potassium glycerophosphate; potassium phosphate, dibasic; potassium phosphate, monobasic; potassium pyrophosphate; potassium tripolyphosphate; sodium acid pyrophosphate; sodium aluminum phosphate; sodium metaphosphate; sodium phosphate, dibasic; sodium phosphate, monobasic; sodium phosphate, tribasic; sodium polyphosphate; sodium pyrophosphate; sodium tripolyphosphate; tetrasodium pyrophosphate



	PROPERTIES AND APPEARANCE:
	Colourless solution



	MELTING POINT IN °C:
	42.35



	FLASH POINT IN °C
	42.4



	IONISATION CONSTANT AT 25°C:
	7.52 × 10−3



	
	6.23 × 10−8



	
	2.2 × 10−13 (@ 18°C)



	DENSITY AT 20°C (AND OTHER TEMPERATURES) IN g/L:
	1.8741
	(100% solution)



	
	1.6850
	(85% solution)



	
	1.334
	(50% solution)



	
	1.0523
	(10% solution)



	VAPOUR PRESSURE AT VARIOUS TEMPERATURES:
	0.0285 mmHg @ 20°C



	PURITY %:
	75–85%



	HEAVY METAL CONTENT MAXIMUM IN ppm:
	10



	ARSENIC CONTENT MAXIMUM IN ppm:
	2



	SOLUBILITY % AT VARIOUS TEMPERATURE/pH COMBINATIONS:



	in water:
	Soluble



	in ethanol solution:
	Soluble



	FUNCTION IN FOODS:
	Phosphoric acid is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Phosphoric acid can be used to alter the acidity of acidified milk, acidified low-fat milk, and acidified skim milk, margarine and oleomargarine, poultry, meat, and meat food products. It can be used to acidify cold pack cheese food such that the pH of the finished products is not below pH 4.5, pasteurised process cheese food (pH 5.3), pasteurised process cheese food (pH 5.0), pasteurised process cheese spread (pH 4.0) and dry-curd cottage cheese (4.5–4.7). It can be used as a synergist in combination with antioxidants in lard, shortening and poultry fat at a limit of 0.01%. It assists in caramelisation. It can be used as a sanitiser on food processing equipment.



	
	Ammonium phosphate, dibasic is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Ammonium phosphate, dibasic can be used as a pH control agent, processing aid, firming agent, and leavening agent. It is found in baked goods, alcoholic beverages, condiments, and puddings. It is used as a yeast nutrient in wine production and to start secondary fermentation of sparkling wines at a level not to exceed 8 lb per 1000 gallons (∼16 mg/L).



	
	Ammonium phosphate, monobasic is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Ammonium phosphate, monobasic can be used as a pH control agent, and dough strengthener. It is found in baked goods, baking powder, frozen desserts, margarine, whipped toppings and yeast food. It is used as a yeast nutrient in wine production and to start secondary fermentation of sparkling wines at a level not to exceed 8 lb per 1000 gallons (16 mg/L).



	
	Ammonium potassium hydrogen phosphate can be used as an indirect additive as a component of adhesives intended for use in packaging and in the production of resinous and polymeric coatings in packaging materials.



	
	Ammonium potassium phosphate can be used as an indirect additive in the production of resinous and polymeric coatings in packaging materials.



	
	Calcium glycerophosphate is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Calcium glycerophosphate can be used as a dietary and nutrient supplement. It is found in gelatins, puddings and fillings. It can be used as an indirect additive in the production of resinous and polymeric coatings in packaging materials.



	
	Calcium hexametaphosphate is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Calcium hexametaphosphate is used as a sequestrant.



	
	Calcium phosphate, dibasic is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Calcium phosphate, dibasic is used as a dietary and nutrient supplement, dough conditioner, stabiliser, yeast food in baked foods, cereal products, and dessert gels. It can be used as an indirect additive in the production of resinous and polymeric coatings in packaging materials.



	
	Calcium phosphate, monobasic is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Calcium phosphate, monobasic is used as a dietary and nutrient supplement, dough conditioner, firming agent, leavening agent, sequestrant, stabiliser, yeast food in cereals, and dough. It can be used as an acidulant in baking powders and wheat flours or as a mineral supplement for foods. It can be used in artificially sweetened fruit jelly, fruit preserves and jams as a gelling agent. It is limited in bread, rolls and buns to not more than 0.75 part for each 100 parts by weight of flour used. It can be used as an indirect additive in the production of resinous and polymeric coatings in packaging materials.



	
	Calcium phosphate, tribasic is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Calcium phosphate, tribasic can be used as a dietary supplement, nutrient, stabiliser in cereals, desserts, flour, lard, and dry vinegar. It can be used in clarifying sugar syrups and as an anti-caking agent in table salt. It can be used to preserve colour during dehydration processing in mechanically deboned chicken to be dehydrated at a level not to exceed 2% of the mechanically deboned chicken prior to dehydration. It can be used as an aid in rendering animal fats. It can be used as an indirect additive in the production of resinous and polymeric coatings in packaging materials.



	
	Calcium pyrophosphate is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Calcium pyrophosphate can be used as a dietary and nutrient supplement.



	
	Ferric phosphate is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. It is used as a dietary and nutrient supplement.



	
	Ferric pyrophosphate is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Ferric pyrophosphate can be used as a dietary and nutrient supplement.



	
	Ferric sodium pyrophosphate is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Ferric sodium pyrophosphate is used as a dietary supplement.



	
	Magnesium glycerophosphate can be used as a stabiliser when migrating from food packaging material. It can be used as an indirect additive in the production of resinous and polymeric coatings in packaging materials.



	
	Magnesium phosphate, dibasic is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Magnesium phosphate, dibasic is used as a pH control agent and a dietary and nutrient supplement. It can be used as an indirect additive in the production of resinous and polymeric coatings in packaging materials.



	
	Magnesium phosphate, monobasic can be used as an indirect additive in the production of resinous and polymeric coatings in packaging materials.



	
	Magnesium phosphate, tribasic is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Magnesium phosphate, tribasic is used as a pH control agent, stabiliser and nutrient supplement. It can be used as an indirect additive in the production of resinous and polymeric coatings in packaging materials.



	
	Manganese glycerophosphate is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Manganese glycerophosphate can be used as a dietary supplement.



	
	Potassium glycerophosphate is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Potassium glycerophosphate can be used as a dietary supplement and as a stabiliser when migrating from food packaging material.



	
	Potassium phosphate, dibasic is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Potassium phosphate, dibasic can be used as a sequestrant in the preparation of non-dairy powdered coffee creamers. It is used as an emulsifier in pasteurised process cheese, cheese food, and cheese spread at a level not to exceed 3.0% of the weight of the finished products. It can be used to decrease the amount of cooked-out juices in meat food products at a level of 5% of phosphate in pickle, at 10% in pump level, and 0.5% of phosphate in product only (clear solution may be injected into product) or in poultry at a limit of 0.5% of total poultry product. It can be used to remove feathers from poultry carcasses.



	
	Potassium phosphate, monobasic is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Potassium phosphate, monobasic can be used to decrease the amount of cooked-out juices in meat food products at a level of 5% of phosphate in pickle, at 10% in pump level, and 0.5% of phosphate in product only (clear solution may be injected into product) or in poultry at a limit of 0.5% of total poultry product.



	
	Potassium pyrophosphate can be used to decrease the amount of cooked-out juices in meat food products at a level of 5% of phosphate in pickle, at 10% in pump level, and 0.5% of phosphate in product only (clear solution may be injected into product) or in poultry at a limit of 0.5% of total poultry product.



	
	Potassium tripolyphosphate is used as a boiler water additive. It can be used to decrease the amount of cooked-out juices in meat food products at a level of 5% of phosphate in pickle, at 10% in pump level, and 0.5% of phosphate in product only (clear solution may be injected into product) or in poultry at a limit of 0.5% of total poultry product.



	
	Sodium acid pyrophosphate is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Sodium acid pyrophosphate is used as an emulsifier in pasteurised process cheese, cheese food, and cheese spread at a level not to exceed 3.0% of the weight of the finished products. It can be used as a sequestrant. It can be used as a curing accelerator to accelerate colour fixing in frankfurters, wieners, Vienna, bologna, garlic bologna, knockwurst and similar products not to exceed alone or in combination with other curing accelerators 8 oz per 100 lb (∼5 mg/kg) of meat or meat and meat by-products nor 0.5% in finished product. It can be used to decrease the amount of cooked-out juices in meat food products at a level of 5% of phosphate in pickle, at 10% in pump level, and 0.5% of phosphate in product only (clear solution may be injected into product) or in poultry at a limit of 0.5% of total poultry product. It can be used to remove hair from hog carcasses and feathers from poultry carcasses.



	
	Sodium aluminum phosphate is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Sodium aluminum phosphate can be used as an emulsifier in pasteurised process cheese, cheese food, and cheese spread at a level not to exceed 3.0% of the weight of the finished products.



	
	Sodium metaphosphate (hexametaphosphate) is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Sodium metaphosphate is used as a starch modifying agent, sequestrant and texturiser. It is used in fish, lima beans, peanuts and canned peas. It is used as an emulsifier in pasteurised process cheese, cheese food, and cheese spread at a level not to exceed 3.0% of the weight of the finished products. It is used as a stabiliser and thickener in French dressing. It can be used in artificially sweetened fruit jelly, fruit preserves and jam at a level not to exceed 8 oz per 100 lb (∼5 mg/kg) of the finished food. In meat food products it can be used in combination with sodium tripolyphosphate to protect flavour in fresh beef, beef for further cooking, cooked beef, beef patties, meat loaves, meat toppings and similar products derived from pork, lamb, veal, mutton and goat meat which are cooked or frozen after processing at a level not to exceed 0.5% of total product. It can be used to decrease the amount of cooked-out juices in meat food products at a level of 5% of phosphate in pickle, at 10% in pump level, and 0.5% of phosphate in product only (clear solution may be injected into product) or in poultry at a limit of 0.5% of total poultry product. It can be used to remove hair from hog carcasses. It is an indirect additive when migrating to food from paper and paperboard products.



	
	Sodium phosphate, dibasic is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Sodium phosphate, dibasic can be used as a boiler water additive, sequestrant, texturiser, a dietary and nutrient supplement and buffer in coffee whiteners, cream sauce, evaporated milk, instant pudding and whipped products. It is used as an emulsifier in pasteurised process cheese, cheese food, and cheese spread at a level not to exceed 3.0% of the weight of the finished products. It can be used in artificially sweetened fruit jelly, fruit preserves and jam at a level not to exceed 2 oz per 100 lb (∼1 mg/kg) of the finished food. It can be used to decrease the amount of cooked-out juices in meat food products at a level of 5% of phosphate in pickle, at 10% in pump level, and 0.5% of phosphate in product only (clear solution may be injected into product) or in poultry at a limit of 0.5% of total poultry product. It can be used to remove hair from hog carcasses and feathers from poultry carcasses. It can be used as an indirect additive in the production of resinous and polymeric coatings in packaging materials.



	
	Sodium phosphate, monobasic is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Sodium phosphate, monobasic can be used as a boiler water additive, a sequestrant, dietary and nutrient supplement. It is used as an emulsifier in pasteurised process cheese at a level not to exceed 3.0% of the weight of finished products. It can be used in artificially sweetened fruit jelly, fruit preserves and jam at a level not to exceed 2 oz per 100 lb (∼1 mg/kg) of the finished food. It can be used to decrease the amount of cooked-out juices in meat food products at a level of 5% of phosphate in pickle, at 10% in pump level, and 0.5% of phosphate in product only (clear solution may be injected into product) or in poultry at a limit of 0.5% of total poultry product. It can be used to remove feathers from poultry carcasses at a level sufficient for use. It can be used in the production of resinous and polymeric coatings and as a stabiliser when migrating from packaging materials.



	
	Sodium phosphate, tribasic is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Sodium phosphate, tribasic is used as a boiler water additive, sequestrant, buffer, and dietary and nutrient supplement. It is used in cereals and evaporated milk. It is used as an emulsifier in pasteurised process cheese, cheese food, and cheese spread at a level not to exceed 3.0% of the weight of the finished products. It can be used in artificially sweetened fruit jelly, fruit preserves and jam at a level not to exceed 2 oz per 100 lb (∼1 mg/kg) of the finished food. It is a denuding agent in tripe at a level sufficient for purpose. It can be used to remove hair from hog carcasses and feathers from poultry carcasses. It can be used in the production of resinous and polymeric coatings and as a stabiliser when migrating from packaging materials. It can be used as an aid in rendering animal fats.



	
	Sodium polyphosphate can be used in combination with sodium tripolyphosphate and sodium metaphosphate to protect flavour in fresh beef, beef for further cooking, cooked beef, beef patties, meat loaves, meat toppings and similar products derived from pork, lamb, veal, mutton and goat meat which are cooked or frozen after processing at a level not to exceed 0.5% of total product. It can be used to decrease the amount of cooked-out juices in meat food products at a level of 5% of phosphate in pickle, at 10% in pump level, and 0.5% of phosphate in product only (clear solution may be injected into product) or in poultry at a limit of 0.5% of total poultry product.



	
	Sodium pyrophosphate is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Sodium pyrophosphate can be used as a sequestrant. It can be used to decrease the amount of cooked-out juices in meat food products at a level of 5% of phosphate in pickle, at 10% in pump level, and 0.5% of phosphate in product only (clear solution may be injected into product) or in poultry at a limit of 0.5% of total poultry product. It can be used to remove hair from hog carcasses and feathers from poultry carcasses. It can be used as an indirect additive in the production of resinous and polymeric coatings in packaging materials.



	
	Sodium tripolyphosphate is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Sodium tripolyphosphate is used as a sequestrant, texturiser used in angel food cake mix, desserts, gelling juices, canned ham, lima beans, meringues and canned peas. In meat food products it can be used alone or in combination with sodium metaphosphate and sodium polyphosphate to protect flavour in fresh beef, beef for further cooking, cooked beef, beef patties, meat loaves, meat toppings and similar products derived from pork, lamb, veal, mutton and goat meat which are cooked or frozen after processing at a level not to exceed 0.5% of total product. It can be used to decrease the amount of cooked-out juices in meat food products at a level of 5% of phosphate in pickle, at 10% in pump level, and 0.5% of phosphate in product only (clear solution may be injected into product) or in poultry at a limit of 0.5% of total poultry product. It can be used to remove hair from hog carcasses and feathers from poultry. It can be used as a substance migrating to food from paper and paperboard products.



	
	Tetrasodium pyrophosphate is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Tetrasodium pyrophosphate can be used as a sequestrant and boiler water additive. It is used as an emulsifier in pasteurised process cheese, cheese food, and cheese spread at a level not to exceed 3.0% of the weight of the finished products. It can be used to remove feathers from poultry carcasses at a level sufficient for use. It is used as a substance when migrating to food from cotton and cotton fabrics used in dry packaging and can be used as an indirect additive in the production of resinous and polymeric coatings in packaging materials.



	TECHNOLOGY OF USE IN FOODS:
	Phosphoric acid pK1 = 2.12; pK2 = 7.21; pK3 = 12.67



	SYNERGISTS:
	Phosphoric acid increases the effectiveness of antioxidants in lard and shortening.



	FOOD SAFETY ISSUES:
	LD50 (mg/kg body weight) phosphoric acid. Rat 1530 oral route.



	
	Acceptable daily intake for humans of phosphoric acid is up to 70 mg/kg body weight.



	LEGISLATION:
	USA:



	
	Phosphoric acid: 21 CFR 131.111, 133.124, 133.129, 133.169, 133.173, 133.179, 178.1010, 182.1073



	
	Ammonium phosphate, dibasic: 21 CFR 184.1141b



	
	Ammonium phosphate, monobasic: 21 CFR 184.1141a



	
	Ammonium potassium hydrogen phosphate: 21 CFR 175.105, 175.300, 181.29



	
	Ammonium potassium phosphate: 21 CFR 175.300



	
	Calcium glycerophosphate: 21 CFR 175.300, 181.29, 184.1201



	
	Calcium hexametaphosphate: 21 CFR 182.6203



	
	Calcium phosphate, dibasic: 21 CFR 175.300, 181.29, 182.1217, 182.8217



	
	Calcium phosphate, monobasic: 21 CFR 150.141, 150.161, 175.300, 181.29, 182.1217, 182.6215, 182.8217



	
	Calcium phosphate, tribasic: 21 CFR 175.300, 182.1217, 182.8217



	
	Calcium pyrophosphate: 21 CFR 182.8223



	
	Ferric phosphate: 21 CFR 184.1301



	
	Ferric pyrophosphate: 21 CFR 184.1304



	
	Magnesium glycerophosphate: 21 CFR 175.300, 181.29



	
	Magnesium phosphate, dibasic: 21 CFR 175.300, 181.29, 184.1434



	
	Magnesium phosphate, monobasic: 21 CFR 175.300, 181.29,



	
	Magnesium phosphate tribasic: 21 CFR 175.300, 184.1434



	
	Potassium phosphate, dibasic: 21 CFR 133.169, 133.173, 133.179, 182.6285



	
	Potassium tripolyphosphate: 21 CFR 173.310



	
	Sodium acid pyrophosphate: 21 CFR 133.169, 133.173, 133.179, 182.1087



	
	Sodium aluminum phosphate: 21 CFR 133.169, 133.173, 133.179, 182.1781



	
	Sodium metaphosphate: 21 CFR 133.169, 133.173, 133.179, 150.141, 150.161, 169.115, 182.90, 182.6760, 182.6769



	
	Sodium phosphate, dibasic: 21 CFR 133.169, 133.173, 133.179, 150.141, 150.161, 173.310, 175.300, 182.1778, 182.6290, 182.6778, 182.8778



	
	Sodium phosphate, monobasic: 21 CFR 133.169, 133.173, 133.179, 150.141, 150.161, 173.310, 182.1778, 182.6085, 182.8778



	
	Sodium phosphate, tribasic: 21 CFR 133.169, 133.173, 133.179, 150.141, 150.161, 173.310, 182.1778, 182.6778, 182.8778



	
	Sodium tripolyphosphate: 21 CFR 173.310, 182.1810, 182.90, 182.6810



	
	Tetrasodium pyrophosphate: 21 CFR 133.169, 133.173, 133.179, 173.310, 181.29, 182.70, 182.6787, 182.6789



	REFERENCES:
	Budavari, S., O'Neill, M.J., Smith, A. and Heckelman, P.E. (1989) The Merck Index, 11th edn. Merck, Rahway, NJ.



	
	Code of Federal Regulations (CFR) (1995) Volumes 9 (U.S. Department of Agriculture [USDA]), 21 (Food and Drug Administration [FDA]), and 27 (Bureau of Alcohol, Tobacco, and Firearms [BATF]). Office of the Federal Register, National Archives and Records Administration, U.S. Government Printing Office, Washington, DC.



	
	Committee on Food Chemicals Codex (1981) Food Chemicals Codex, 3rd edn. Food and Nutrition Board, Institute of Medicine, National Academy of Sciences, National Academy Press, Washington, DC.



	
	Committee on Food Chemicals Codex (1996) Food Chemicals Codex, 4th edn. Food and Nutrition Board, Institute of Medicine, National Academy of Sciences, National Academy Press, Washington, DC.



	
	Deshpande, S.S., Salunkhe, D.K. and Deshpande, U.S. (1995) Food acidulants. In: Maga, J.A. and Tu, A.T. (eds) Food Additive Toxicology. Marcel Dekker, New York, Ch. 2.



	
	Doores, S. (2002) pH control agents and acidulants. In: Branen, A.L., Davidson, P.M., Salminen, S. and Thorngate, J.H. III (eds) Food Additives, 2nd edn. Marcel Dekker, New York, pp. 621–660.



	
	Doores, S. (2005) Organic acids. In: Davidson, P.M., Sofos, J.N. and Branen, A.L. (eds) Antimicrobials in Foods, 3rd edn. Taylor and Francis, Boca Raton, FL, pp. 91–142.



	
	Lewis, R.J. Sr (1989) Food Additives Handbook. Van Nostrand Reinhold, New York.



	
	Lide, D.R. (ed.) (1993) Handbook of Chemistry and Physics, 74th edn. CRC Press, Boca Raton, FL.
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	NAME:
	Sodium diacetate





	CATEGORY:
	Chelating agents/pH control agents/Preservatives/Flavour enhancers and modifiers



	FOOD USE:
	Baked goods/Dairy products/Edible oils and fats/Meat, poultry and eggs and products/Sugars, sugar preserves and confectionery



	SYNONYMS:
	Dykon/Sodium acid acetate/Sodium hydrogen diacetate/CAS 126-96-5



	FORMULA:
	CH3-COONa-CH3-COOH · xH2O



	MOLECULAR MASS IN Daltons:
	142.09, anhydrous



	ALTERNATIVE FORMS:
	Calcium diacetate



	PROPERTIES AND APPEARANCE:
	White, hygroscopic crystalline solid



	BOILING POINT IN °C AT VARIOUS PRESSURES (INCLUDING 760 mmHg):
	235



	MELTING POINT IN °C:
	58



	PURITY %:
	≥39 to ≤41 acetic acid; ≥58 to ≤60 sodium acetate



	WATER CONTENT MAXIMUM IN %:
	≤2



	HEAVY METAL CONTENT MAXIMUM IN ppm:
	≤10



	ARSENIC CONTENT MAXIMUM IN ppm:
	≤3



	SOLUBILITY % AT VARIOUS TEMPERATURE/pH COMBINATIONS:



	in water:
	@ 25°C
	100



	FUNCTION IN FOODS:
	Sodium diacetate is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. Sodium diacetate can be used as a preservative in butter and wrapping materials, pH control agent, flavouring agent and adjuvant. It inhibits bread mould and rope-forming bacteria in bakery products and has little effect on baker's yeast. It delays mould growth in cheese spreads at concentrations of 0.1–2% and in malt syrups at 0.5%. Maximum levels recommended are 0.05% in snack foods, soup, and soup mixes (commercial), 0.1% in fats, oils, soft candy, and meat products, 0.25% in gravies and sauces, and up to 0.4% in baked goods and baking mixes.



	
	Calcium diacetate is GRAS for miscellaneous and general-purpose usage in the USA with no limitation other than good manufacturing practices. It is used as a sequestrant, preservative, pH control agent, flavouring agent and adjuvant.



	TECHNOLOGY OF USE IN FOODS:
	Sodium diacetate pK1 = 4.75



	
	Effective at pH of 3.5–4.5 to control mould growth in animal feed and silage.



	FOOD SAFETY ISSUES:
	Acceptable daily intake for humans of sodium diacetate is limited conditionally up to 15 mg/kg body weight.



	LEGISLATION:
	USA:



	
	Sodium diacetate: 21 CFR 184.1754



	
	Calcium diacetate: 21 CFR 182.6197



	REFERENCES:
	Budavari, S., O'Neill, M.J., Smith, A. and Heckelman, P.E. (1989) The Merck Index, 11th edn. Merck, Rahway, NJ.



	
	Code of Federal Regulations (CFR) (1995) Volumes 9 (U.S. Department of Agriculture [USDA]), 21 (Food and Drug Administration [FDA]), and 27 (Bureau of Alcohol, Tobacco, and Firearms [BATF]). Office of the Federal Register, National Archives and Records Administration, U.S. Government Printing Office, Washington, DC.



	
	Committee on Food Chemicals Codex (1981) Food Chemicals Codex, 3rd edn. Food and Nutrition Board, Institute of Medicine, National Academy of Sciences, National Academy Press, Washington, DC.



	
	Committee on Food Chemicals Codex (1996) Food Chemicals Codex, 4th edn. Food and Nutrition Board, Institute of Medicine, National Academy of Sciences, National Academy Press, Washington, DC.



	
	Deshpande, S.S., Salunkhe, D.K. and Deshpande, U.S. (1995) Food acidulants. In: Maga, J.A. and Tu, A.T. (eds) Food Additive Toxicology. Marcel Dekker, New York, Ch. 2.



	
	Doores, S. (2002) pH control agents and acidulants. In: Branen, A.L., Davidson, P.M., Salminen, S. and Thorngate, J.H. III (eds) Food Additives, 2nd edn. Marcel Dekker, New York, pp. 621–660.



	
	Doores, S. (2005) Organic acids. In: Davidson, P.M., Sofos, J.N. and Branen, A.L. (eds) Antimicrobials in Foods, 3rd edn. Taylor and Francis, Boca Raton, FL, pp. 91–142.



	
	Lewis, R.J. Sr (1989) Food Additives Handbook. Van Nostrand Reinhold, New York.



	
	Lide, D.R. (ed.) (1993) Handbook of Chemistry and Physics, 74th edn. CRC Press, Boca Raton, FL.
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	NAME:
	Beta-carotene





	CATEGORY:
	Antioxidant/Nutrient



	FOOD USE:
	Orange beverages/Cheese/Dairy products/Butter/Ice-cream/Fats and oils/Fruit juices/Infant formula as vitamin A



	SYNONYMS:
	Provitamin A/Food Orange 5/Natural Yellow 26/C140800/C175130/E160a/trans-Beta-Carotene/Provatene/Provitamin A/NaturalYellow26/á,á-caroteno (Spanish)/β,β-carotene/1,1′-(3,7,12,16-tetramethyl-1,3,5,7,9,11,13,15,17-Octadecanonaene-1,18-diyl) Bis(2,6,6-trimethyl-, (All-e)-Cyclohexene



	FORMULA:
	C40H56



	MOLECULAR MASS IN Daltons:
	536.90



	PROPERTIES AND APPEARANCE:
	Purple hexagonal prisms or red leaflets



	MELTING RANGE IN °C:
	178–179



	FUNCTION IN FOODS:
	Singlet oxygen quencher, thereby acts as an antioxidant. Colorant and functions as provitamin A in foods.



	REFERENCE:
	Committee on Food Chemicals Codex (1981) Food Chemicals Codex, 3rd edn. Food and Nutrition Board, Institute of Medicine, National Academy of Sciences, National Academy Press, Washington, DC.







	NAME:
	Butylated hydroxyanisole (BHA)





	CATEGORY:
	Antioxidant



	FOOD USE:
	Bakery products/Meat products/Spices/Cereals/Dehydrated mashed potatoes/Beverage mixes/Dessert mixes/Nuts/Vitamins/Yeast/Vegetable oils/Animal fats/Processed cheeses/Margarine/Essential oils/Chewing gum base



	SYNONYMS:
	Butylated hydroxyanisole/Butylhydroxyanisole/2(3)-tert-Butyl-4-hydroxyanisole/tert-Butylhydroxyanisole/tert-Butyl-4-hydroxyanisole/tert-Butyl-4-methoxyphenol/(1,1-Dimethylethyl)-4-methoxyphenol/Hydroxyanisole, butylated



	FORMULA:
	C11H16O2



	MOLECULAR MASS IN Daltons:
	180.27



	PROPERTIES AND APPEARANCE:
	White or slightly yellow crystals or waxy solid with aromatic odour



	BOILING POINT IN °C AT VARIOUS PRESSURES (INCLUDING 760 mmHg):
	264–270 (at 733 mmHg); 270 (at 760 mmHg)



	MELTING RANGE IN °C:
	48–55 (decomposed)



	FLASH POINT IN °C:
	130



	PURITY %:
	Not less than 98.5 of 2-isomer and not less than 85 of 3-isomer



	HEAVY METAL CONTENT MAXIMUM IN ppm:
	10



	ARSENIC CONTENT MAXIMUM IN ppm:
	3



	ASH MAXIMUM IN %:
	0.05



	SOLUBILITY % AT VARIOUS TEMPERATURE/pH COMBINATIONS:



	in water:
	@ 20 °C
	Insoluble



	in vegetable oil:
	@ 25 °C
	30 in cottonseed oil



	
	
	40 in coconut, corn, peanut oils



	
	
	50 in soybean oil



	in ethanol solution (100%)
	@ 25 °C
	>25



	in propylene glycol:
	@ 20 °C
	70



	FUNCTION IN FOODS:
	Antioxidant preservative by terminating free radicals formed during autoxidation of unsaturated lipids. It also possesses antimicrobial activity as a phenolic compound.



	ALTERNATIVES:
	BHT; PG; TBHQ



	TECHNOLOGY OF USE IN FOODS:
	Direct application: dissolves in lipid heated to 60°C, continue mild agitation for additional 20 min to ensure uniform distribution.



	
	Concentration method: prepare an antioxidant concentrate solution by dissolving the antioxidant in a small quantity of heated lipid (93–121°C). This hot concentrate can be introduced into fat directly, or by metering.



	
	Spray method: a dilute antioxidant solution can be directly sprayed onto food products such as nuts.



	
	Other methods: antioxidants should be mixed with the seasonings for meat products such as sausages. For cereal products, antioxidants can be incorporated into the wax liner of the packages.



	
	Usually applied with BHT for better efficiency than alone.



	
	Should be protected from light and exposure to air.



	SYNERGISTS:
	BHT; propyl gallate; methionine; lecithin; thiodipropionic acid; citric acid; phosphoric acid



	FOOD SAFETY ISSUES:
	This antioxidant has not been subjected to great criticism of safety. However, suspected of tumour formation in animals with forestomach (Malaspina, 1987).



	LEGISLATION:
	USA:
	UK and EUROPE:



	
	Maximum usage level approved for general use: FDA 0.02% and USDA 0.01% of weight of fat
	Approved



	
	
	CANADA:



	
	Special applications include:
	Approved



	
	Chewing gum base: 0.01% by weight of chewing gum base Active dry yeast or dry material
	AUSTRALIA/PACIFIC RIM:



	
	Emulsion stabilisers: 0.02% by weight of emulsion, shortenings, stabiliser
	Japan: approved



	
	Potato flakes, sweet potato flakes: 0.005% by weight, dry breakfast cereal, of food material, packaging material



	
	Potato granules: 0.001% by weight of potato granules
	



	
	Dry mixes for beverages: 0.009% of material and desserts
	



	
	Beverages and desserts, prepared from dry mixes: 0.0002%
	



	
	Dry diced glazed fruits: 0.0032%
	



	
	Flavour substances: 0.5% of essential oil content
	



	REFERENCES:
	Ash, M. and Ash, I. (2008) Handbook of Food Additives, 3rd edn. Synapse Information Resources, Inc. Available at http://Knovel.com/web/portal/browse/display_EXT_KNOVEL_DISPLAY_bookid=2192&VerticalID=0.



	
	FAO (1992) Compendium of Food Additives Specifications, Volume 1. Joint FAO/WHO Expert Committee on Food Additives, FAO Food and Nutrition, Paper 52/1. FAO, Rome.



	
	Malaspina, A. (1997) Toxicology of use in foods. In: Miller, K. (ed.) Toxicological Aspects of Food. Elsevier Applied Science, London, pp. 17–57.



	
	Specchio, J.J. (1992) Antioxidants. In: Hui, Y.H. (ed.) Encyclopedia of Food Science and Technology, Volume 1. John Wiley & Sons, New York, pp. 73–78.



	
	Sustane® Food-Grade Antioxidants. Universal Oil Products Company, Food Antioxidants Department, Des Plaines, IL, 1994.



	
	Tenox® Food-Grade Antioxidants. Eastman Chemical Company, Kingsport, TN. Publication ZG262B, March 1995.







	NAME:
	Butylated hydroxytoluene (BHT)





	CATEGORY:
	Antioxidant



	FOOD USE:
	Breakfast cereals/Baked goods/Potato chips/Vegetable oils/Snack foods/Butter/Margarine/Frozen seafoods/Chewing gum base



	SYNONYMS:
	2,6-Bis-(1,1-dimethylethyl)-4-methylphenol/BHT/2,6-tert-butyl-4-methylphenol/DBPC/2,6-Di-tert-butyl-p-cresol/Di-tert-butyl-p-cresol/2,6-Di-tert-butyl-4-methylphenol/Hydroxytoluene, butylated/4-Methyl-2,6-di-tert-butylphenol/Methyl di-tert-butylphenol



	FORMULA:
	[(CH3)3C]2-C6H2-CH3OH



	MOLECULAR MASS IN Daltons:
	220.39



	PROPERTIES AND APPEARANCE:
	White granular crystals with slight odour



	BOILING POINT IN °C AT VARIOUS PRESSURES (INCLUDING 760 mmHg):
	265



	MELTING RANGE IN °C:
	69–72



	FLASH POINT IN °C:
	118



	PURITY %:
	Not less than 99



	HEAVY METAL CONTENT MAXIMUM IN ppm:
	10



	ARSENIC CONTENT MAXIMUM IN ppm:
	0.0001



	ASH MAXIMUM IN %:
	0.05



	SOLUBILITY % AT VARIOUS TEMPERATURE/pH COMBINATIONS:



	in water:
	@ 20°C
	Insoluble



	in vegetable oil:
	@ 25°C
	30 in coconut, cottonseed, corn, peanut and soybean oils



	in ethanol solution (100%):
	25
	



	in propylene glycol:
	@ 20°C
	Insoluble



	FUNCTION IN FOODS:
	Antioxidant preservative; prevents oxidative rancidity development in oil-containing foods by terminating free radicals formed during autoxidation of unsaturated lipids. It possesses antimicrobial activity as a phenolic compound.



	ALTERNATIVES:
	BHA; PG; TBHQ



	TECHNOLOGY OF USE IN FOODS:
	Similar to BHA



	SYNERGISTS:
	BHA



	FOOD SAFETY ISSUES:
	This has not been subjected to great criticism over safety.



	LEGISLATION:
	USA:

Maximum general usage level approved by USDA is 0.01% and FDA 0.02% of weight of lipids
	EUROPE and UK:

Approved



	
	Special applications include:
	CANADA:

Approved



	
	Enriched rice: 0.0033%
	



	
	Non-alcoholic beverages, frozen raw breaded shrimp, mixed nuts and margarine: 0.02% based on oil content
	



	
	
	AUSTRALIA/PACIFIC RIM:

Japan: approved



	
	Dry sausages: 0.003%
	



	
	Fresh pork sausages, brown-and-serve sausages, pre-grilled beef patties, pizza toppings, meatballs, dried meats: 0.01%
	



	
	Rendered animal fat or combination with vegetable fat, poultry fat or various poultry products: 0.01%
	



	
	Dry breakfast cereals: 0.005%
	



	
	Emulsion stabilised for shortening: 0.02%
	



	
	Potato granules: 0.001%
	



	
	Potato flakes, sweet potato flakes, dehydrated potato shreds: 0.005%
	



	REFERENCES:
	Ash, M. and Ash, I. (2008) Handbook of Food Additives, 3rd edn. Synapse Information Resources, Inc. Available at http://Knovel.com/web/portal/browse/display_EXT_KNOVEL_DISPLAY_bookid=2192&VerticalID=0.



	
	FAO (1992) Compendium of Food Additives Specifications, Volume 1. Joint FAO/WHO Expert Committee on Food Additives, FAO Food and Nutrition Paper 52/1. FAO, Rome.



	
	Malaspina, A. (1997) Toxicology of use in foods. In: Miller, K. (ed.) Toxicological Aspects of Food. Elsevier Applied Science, London, pp. 17–57.



	
	Specchio, J.J. (1992) Antioxidants. In: Hui, Y.H. (ed.) Encyclopedia of Food Science and Technology, Volume 1. John Wiley & Sons, New York, pp. 73–78.



	
	Sustane® Food-Grade Antioxidants. Universal Oil Products Company, Food Antioxidants Department, Des Plaines, IL, 1994.



	
	Tenox® Food-Grade Antioxidants. Eastman Chemical Company, Kingsport, TN. Publication ZG262B, March 1995.





[image: img]

[image: img]




[image: img]






	NAME:
	Citric acid and its salts





	CATEGORY:
	Sequestrant/Synergist for antioxidant/Dispersing agent/Acidifier/Flavouring agent



	FOOD USE:
	Beverages/Canned vegetables/Baby foods/Confectionery/Ice-cream/Baked products



	SYNONYMS:
	2-Hydroxy-1,2,3-propanetricarboxylic acid, β-Hydroxytricarballylic acid/E330/Cap-Shure® C-140E-75/Citrostabil® NEU/Citrostabil® – S/Citrocoat® A1000HP/Citrocoat® A2000HP/Citrocoat® A4000TP/Citrocoat® A4000TT/Descote® Citric Acid 50%/Liquinat®



	FORMULA:
	CH2(COOH)C(OH)(COOH)CH2COOH



	MOLECULAR MASS IN Daltons:
	192.43



	ALTERNATIVE FORMS:
	Isopropylcitrate; triethylcitrate; ammonium citrate; mono-, di-, tri-sodium citrate; mono-, di-, tri-potassium citrate; calcium citrate; citric acid monohydrate



	PROPERTIES AND APPEARANCE:
	Colourless translucent crystals or powder with tart taste



	MELTING RANGE IN °C:
	152–154 (anhydrous); 135–153 (hydrated)



	IONISATION CONSTANT AT 20°C:
	K1 = 7.10 × 10−4, pKa = 3.14



	
	K2 = 1.68 × 10−5, pKa = 4.77



	
	K3 = 6.4 × 10−5, pKa = 6.39



	PURITY %:
	Not less than 99.5 of C6H8O7 calculated on the anhydrous basis



	WATER CONTENT MAXIMUM IN %:
	0.5 in the anhydrous form; 8.8 in hydrous form



	HEAVY METAL CONTENT MAXIMUM IN ppm:
	10



	ARSENIC CONTENT MAXIMUM IN ppm:
	3



	ASH MAXIMUM IN %:
	0.05



	SOLUBILITY % AT VARIOUS TEMPERATURE/pH COMBINATIONS:



	in water:
	@ 20°C 200 g/100 mL
	



	in ethanol solution:
	50 g/100 mL
	



	FUNCTION IN FOODS:
	Control of pH in food, mainly an acidulant in beverages. Sequestrant of metal ions. Collects and deactivates metal ions, thus preventing the participation of metal ions in the initiation of autoxidation of unsaturated food lipids. Curing accelerator. Dispersant. As a flavour enhancer, it imparts tartness. Calcium citrate is a firming agent and a nutrient in baby foods.



	TECHNOLOGY OF USE IN FOODS:
	Readily soluble in water, and releases free acid. Therefore, it can be added directly to water-containing foods. Decomposes when heated.



	FOOD SAFETY ISSUES:
	Accelerates tooth decay. Moderate skin irritant and some allergic properties.



	LEGISLATION:
	USA:
	UK:



	
	FDA and USDA approved
	Approved



	
	Non-alcoholic beverages: 2500 ppm
	



	
	Ice-cream and ices: 1600 ppm
	EUROPE:



	
	Candy: 4300 ppm
	Listed



	
	Baked products: 1200 ppm
	



	
	Chewing gum: 3600 ppm
	AUSTRALIA/PACIFIC RIM:



	
	
	Japan: approved



	REFERENCES:
	Ash, M. and Ash, I. (2008) Handbook of Food Additives, 3rd edn. Synapse Information Resources, Inc. Available at http://Knovel.com/web/portal/browse/display_EXT_KNOVEL_DISPLAY_bookid=2192&VerticalID=0.



	
	Committee on Food Chemicals Codex (1981) Food Chemicals Codex, 3rd edn. Food and Nutrition Board, Institute of Medicine, National Academy of Sciences, National Academy Press, Washington, DC.



	
	de la Teja, P. (1991) pH control agents. In: Smith, J. (ed.) Food Additive User's Handbook. Van Nostrand Reinhold, New York, pp. 214–222.



	
	Freydberg, N. and Gortner, W.A. (1982) The Food Additive Book. Bantam Books, New York.







	NAME:
	Ethoxyquin





	CATEGORY:
	Antioxidant/Stabiliser



	FOOD USE:
	Apples/Pears/Chilli powder/Paprika powder



	SYNONYMS:
	6-Ethoxy-1,2-dihydro-2,2,4-trimethylquinoline/1,2-Dihydro-6-ethoxy-2,2,4-trimethylquinoline/1,2-Dihydro-2,2,4-trimethyl-6-ethoxyquinoline/EMQ/EQ/Ethoxyquine/6-Ethoxy-2,2,4-trimethyl-1,2-dihydroquinoline/ETMQ/Santoquine/2,2,4-Trimethyl-6-ethoxy-1,2-dihydroquinoline



	FORMULA:
	C14H19NO



	MOLECULAR MASS IN Daltons:
	217.34



	PROPERTIES AND APPEARANCE:
	Yellow-coloured liquid



	BOILING POINT IN °C AT VARIOUS PRESSURES (INCLUDING 760 mmHg):
	125



	FUNCTION IN FOODS:
	Prevents brown spot formation (scald) in apples and pears during storage. Preserves the colour in ground chilli and paprika. Used as antioxidant in animal feed.



	LEGISLATION:
	USA:



	
	FDA approved: 100 ppm in chilli powder; 100 ppm in paprika; 5 ppm in uncooked meat fat; 3 ppm in uncooked poultry fat; 0.5 ppm in eggs



	REFERENCE:
	Ash, M. and Ash, I. (2008) Handbook of Food Additives, 3rd edn. Synapse Information Resources, Inc. Available at http://Knovel.com/web/portal/browse/display_EXT_KNOVEL_DISPLAY_bookid=2192&VerticalID=0.







	NAME:
	Ethylenediaminetetraacetic acid (EDTA)





	CATEGORY:
	Chelator/Antioxidant



	FOOD USE:
	Margarine/Mayonnaise/Salad dressings/Fish and fish products/Beer/Fruit drinks/Vegetable juices/Condiments



	SYNONYMS:
	Edetic acid/Ethylenedinitrilotetraacetic acid/EDTA, free base/EDTA free acid/Ethylenediamine-N,N,N′,N′-tetraacetic acid/Hampene/Versene/N,N′-1,2-Ethanediylbis-(N-(carboxymethyl)glycine)/Ethylenediamine tetra-acetic acid



	FORMULA:
	(HOOC-CH2)2-NCH2-CH2N(CH2COOH)2



	MOLECULAR MASS IN Daltons:
	292.24



	ALTERNATIVE FORMS:
	Calcium disodium EDTA; sodium dihydrogen EDTA; disodium EDTA



	PROPERTIES AND APPEARANCE:
	White powder



	BOILING POINT IN °C AT VARIOUS PRESSURES (INCLUDING 760 mmHg):
	238



	MELTING RANGE IN °C:
	36.4; decomposes at 245°C



	FLASH POINT IN °C:
	160



	HEAVY METAL CONTENT MAXIMUM IN ppm:
	20



	ARSENIC CONTENT MAXIMUM IN ppm:
	3



	SOLUBILITY % AT VARIOUS TEMPERATURE/pH COMBINATIONS:
	



	in water:
	Freely soluble



	in ethanol solution:
	Insoluble



	FUNCTION IN FOODS:
	Chelation of transition metal ions such as copper and iron, thus preventing initiation of autoxidation of unsaturated lipids. EDTA salts improve the stability of foods.



	SYNERGISTS:
	BHT; PG



	LEGISLATION:
	GMP



	REFERENCES:
	Ash, M. and Ash, I. (2008) Handbook of Food Additives, 3rd edn. Synapse Information Resources, Inc. Available at http://Knovel.com/web/portal/browse/display_EXT_KNOVEL_DISPLAY_bookid=2192&VerticalID=0.



	
	Dean, J.A. (1992) Lange's Handbook of Chemistry, 14th edn. McGraw-Hill, New York.



	
	Freydberg, N. and Gortner, W.A. (1982) The Food Additives Book. Bantam Books, New York.
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	NAME:
	Rosemary extract; natural spice extract





	CATEGORY:
	Antioxidant/Natural



	FOOD USE:
	Edible fats and oils/Processed meats and poultry/Fresh and frozen sausages/Salad dressings/Mayonnaise/Seasonings/Snacks and nuts/Soup bases/Chewing gum/Peanut butter/Citrus oils



	SYNONYMS:
	Pristene® RO/Pristene® RW/Stabex®/Herbalox®/Freeze-Grad®-FP-15/Flav-R-Keep® FP-51



	PROPERTIES AND APPEARANCE:
	Yellowish powder or oil- or water-dispersible liquid



	DENSITY:
	0.36 g/mL



	PURITY %:
	16–24.8 carnosic acid



	WATER CONTENT MAXIMUM %:
	5



	HEAVY METAL CONTENT MAXIMUM IN ppm:
	Lead 20



	
	Cadmium 0.2



	
	Mercury 0.1



	FUNCTION IN FOODS:
	Retards development of oxidative rancidity by terminating free radicals. Used as a natural antioxidant.



	TECHNOLOGY OF USE IN FOODS:
	Direct addition or metering into fat. Concentrated suspension can be dosed into bulk fat or food material. It can be used by dry-mixing in powdered food.



	SYNERGISTS:
	Ascorbic acid; ascorbyl palmitate



	LEGISLATION:
	USA:



	
	200–1000 ppm depending on the carnosic acid content and intended shelf-life and specific food product



	REFERENCES:
	Pristene® Natural Based Food-Grade Antioxidants and Flavors. Universal Oil Products Company, UOP2341-2, Food Antioxidant Department, Des Plaines, IL (1995).



	
	Schuler, P. (1990) Natural antioxidants exploited commercially. In: Hudson, B.J.F. (ed.) Food Antioxidants. Elsevier Science Publishers, London, pp. 99–170.



	
	Stabex® SKW Chemicals. Product Data, Marietta, GA.
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	NAME:
	L-Tartaric acid





	CATEGORY:
	Sequestrant/Synergist of antioxidant



	FOOD USE:
	Non-alcoholic beverages/Ice-cream confectionery/Baked products/Desserts/Chewing gum/Condiments/Jam/Jelly/Canned vegetables and fruits



	SYNONYMS:
	Butanedioic acid, 2,3-dihydroxy-/2,3-Dihydrosuccinic acid/Dihydroxybutanedioic acid/2,3-Dihydroxybutanedioic acid/L-2,3-Dihydroxybutanedioic acid/Dihydroxysuccinic acid/α,β-Dihydroxysuccinic acid/3-Hydroxymalic acid/Malic acid, 3-hydroxy-/Succinic acid, 2,3-dihydroxy-/Tartaric acid (INCI); L(+)-Tartaric acid; Thearic acid



	FORMULA:
	COOH-CHOH-CHOH-COOH



	MOLECULAR MASS IN Daltons:
	150.09



	ALTERNATIVE FORMS:
	Sodium tartrate (L-tartaric acid disodium salt)



	PROPERTIES AND APPEARANCE:
	Colourless or translucent crystals or white crystalline powder, odourless with acid taste



	MELTING RANGE IN °C:
	168–170



	IONISATION CONSTANT AT 25°C:
	K1 = 1.04 × 10−3, pKa = 2.98



	
	K2 = 4.55 × 10−3, pKa = 4.34



	PURITY %:
	99



	WATER CONTENT MAXIMUM IN %:
	0.5



	HEAVY METAL CONTENT MAXIMUM IN ppm:
	10



	ARSENIC CONTENT MAXIMUM IN ppm:
	2



	ASH MAXIMUM IN %:
	0.05



	SOLUBILITY % AT VARIOUS TEMPERATURE/pH COMBINATIONS:



	in water:
	@ 25°C
	139



	in alcohol:
	@ 25°C
	33



	FUNCTION IN FOODS:
	Augments fruit flavours in beverages and candies; prevents discoloration or flavour changes from occurring during oxidative rancidity as a stabilising agent; prevents fermentation in baked products; firming agent, humectant, acidulant, pH control agent, sequestrant.



	TECHNOLOGY OF USE IN FOODS:
	Direct addition



	LEGISLATION:
	USA:



	
	FDA and USDA approved:



	
	Non-alcoholic beverages: 960 ppm



	
	Ice-cream: 570 ppm



	
	Candy: 5400 ppm



	
	Baked products: 130 ppm



	
	Gelatins and puddings: 60 ppm



	
	Chewing gum: 3700 ppm



	
	Condiments: 10 000 ppm



	REFERENCES:
	Ash, M. and Ash, I. (2008) Handbook of Food Additives, 3rd edn. Synapse Information Resources, Inc. Available at http://Knovel.com/web/portal/browse/display_EXT_KNOVEL_DISPLAY_bookid=2192&VerticalID=0.



	
	Committee on Food Chemicals Codex (1981) Food Chemicals Codex, 3rd edn. Food and Nutrition Board, Institute of Medicine, National Academy of Sciences, National Academy Press, Washington, DC.







	NAME:
	Tea extract





	CATEGORY:
	Antioxidant/Natural



	FOOD USE:
	Salad oils/Bulk vegetable oils/Nuts and snacks (deep-fat fried)/Extruded snack foods/Seasoning mixes



	SYNONYMS:
	Teabalox® T-02/Teabalox® O/Green tea oleoresin



	FORMULA:
	Water-soluble catechins and gallates and oil-soluble oleoresin of green tea



	PROPERTIES AND APPEARANCE:
	Brown viscous liquid



	FUNCTION IN FOODS:
	Prevents oxidative rancidity development by terminating free radicals, and may chelate metal ions. Used as a natural antioxidant.



	TECHNOLOGY OF USE IN FOODS:
	Spray application to fried foods, extruded foods. At temperatures above 130°C, it can have reduced performance but thermal stable types (Herbalox O) are available. Migration of polyphenols from the oil phase to the water phase may occur in the presence of a significant quantity of unbound water, thereby reducing antioxidative activity.



	LEGISLATION:
	USA:



	
	Approved by FDA for use in foods: 0.025–0.15% of the fat



	REFERENCE:
	Kalsec Technical Data, Development Product Bulletin T-20, June 1993. Kalsec Inc., Kalamazoo, MI.







	NAME:
	Tocopherols, mixed α (DL), γ and δ (synthetic)





	CATEGORY:
	Antioxidant/Vitamin supplement



	FOOD USE:
	Infant foods/Milk fat/Mayonnaise/Salad dressings/Vegetable oils/Processed meats/Fresh and frozen sausages/Snacks and nuts/Dehydrated potatoes



	SYNONYMS:
	d-α-[2R,4′R,8′R]-2,5,7,8-tetramethyl-2-(4′,8′,12′-trimethyl-tridecyl)-6-chromanol; 5,7,8-trimethyltocol E307/γ-7,8-dimethyltocol, E308/δ-8-methyltocol, E309/Pristene® 180, 184, 185, 186, 198/Tenite1®



	FORMULA:
	α = C29H50O2; γ = C28H48O2; δ = C27H46O2



	MOLECULAR MASS IN Daltons:
	α = 430.72; γ = 416.69; δ = 402.67



	ALTERNATIVE FORMS:
	Tocopheryl acetate



	PROPERTIES AND APPEARANCE:
	Yellow to brownish viscous oily liquid, odourless



	BOILING POINT IN °C AT VARIOUS PRESSURES (INCLUDING 760 mmHg):
	α = 210; γ = 200–210; δ = 150



	PURITY %:
	α-Tocopherol content is not less than 96 and not more than 102.



	SOLUBILITY % AT VARIOUS TEMPERATURE/pH COMBINATIONS:



	in water:
	@ 20°C
	Insoluble



	in vegetable oil:
	Soluble



	in ethanol solution:
	Soluble



	FUNCTION IN FOODS:
	Functions as a free-radical terminator in autoxidation reactions, and is considered as an antioxidant. It supplies vitamin E as a nutrient to foods. Some plant foods, particularly vegetable oils, oilseeds and nuts, naturally contain tocopherols, but during processing they are partly destroyed.



	ALTERNATIVES:
	Natural tocopherols



	TECHNOLOGY OF USE IN FOODS:
	Direct addition, spraying or dipping, can be used in frying oils.



	SYNERGISTS:
	Citric acid; ascorbyl palmitate; lecithin



	FOOD SAFETY ISSUES:
	Not subjected to safety criticism.



	LEGISLATION:
	USA:
	UK and EUROPE:



	
	General manufacturing practices
	Not to exceed 500 ppm



	REFERENCES:
	Committee on Food Chemicals Codex (1981) Food Chemicals Codex, 3rd edn. Food and Nutrition Board, Institute of Medicine, National Academy of Sciences, National Academy Press, Washington, DC.



	
	Schuler, P. (1990) Natural antioxidants exploited commercially. In: Hudson, B.J.F. (ed.) Food Antioxidants. Elsevier Science Publishers, London, pp. 99–170.



	
	Tenox® Food-Grade Antioxidants. Eastman Chemical Company, Kingsport, TN. Publication ZG262B, March 1995.







	NAME:
	Tocopherol, mixed natural concentrate





	CATEGORY:
	Antioxidant/Natural vitamin supplement



	FOOD USE:
	Dairy products/Cereal products/Green vegetables (frozen)/Margarine/Sausages/Vegetable oils/Soft drinks/Snacks and nuts/Salad dressings/Soup bases/Seasonings/Dehydrated potatoes/Fresh and frozen sausages/Processed meats and poultry/Baked products



	SYNONYMS:
	E306/Pristene® MT70/Prestene® MT-28/Pristene® MT-50/Vitamin E/Eisai® Natural Vitamin E/Tenox® GT-1/Tenox® GT-2



	FORMULA:
	Mixture of α, β, γ and δ tocopherol



	
	α = C29H50O2; β and γ = C28H48O2; δ = C27H46O2



	PROPERTIES AND APPEARANCE:
	Golden brown colour, slightly viscous liquid with a characteristic odour. It may show a slight separation of wax-like constituents in microcrystalline form. It oxidises and darkens slowly in air and on exposure to light, particularly when in alkaline media.



	PURITY %:
	28–70% tocopherol in vegetable oil.



	
	High α type: not less than 50% of total tocopherols of which not less than 50% consists of d-α-tocopherol and not less than 20% consists of d-β + d-γ + d-δ-tocopherols.



	
	Low α type: not less than 50% of total tocopherols, of which not less than 80% consists of d-β + d-γ +d-δ-tocopherols.



	SOLUBILITY % AT VARIOUS TEMPERATURE/pH COMBINATIONS:



	in water:
	@ 20°C
	Insoluble



	in vegetable oil:
	Soluble



	in ethanol solution:
	Soluble



	in propylene glycol:
	Soluble



	FUNCTION IN FOODS:
	Prevents oxidative rancidity development in lipid-containing foods by terminating free radicals. Dietary supplement of vitamin E. Inhibits N-nitrosamine formation in pump-cured bacon.



	ALTERNATIVES:
	Synthetic tocopherols



	TECHNOLOGY OF USE IN FOODS:
	Can be used in frying oils as tocopherols do not volatilise at 180°C.



	
	Spraying or dipping techniques for nuts (whole or broken) using 0.2% tocopherol solution in 96% ethanol.



	
	Should be stored in airtight light-proof containers.



	SYNERGISTS:
	Citric acid; ascorbic acid; ascorbyl palmitate; lecithin; amino acids; EDTA; BHA; BHT; PG



	FOOD SAFETY ISSUES:
	Has not been criticised over safety.



	LEGISLATION:
	USA:



	
	GMP for general use



	
	FDA: frozen raw breaded shrimp (amount required for intended technical effect), margarine, mixed nuts



	
	USDA: rendered animal fat or combination of such fat with vegetable fat: 0.03% (30% concentration of tocopherol should be used)



	
	Dry sausages, semi-dry sausages, dried meats, uncooked or cooked sausages from fresh beef and/or pork, uncooked or cooked meatballs, Italian sausages, meat pizza toppings, brown-and-serve sausages, pre-grilled beef patties and restructured meats; 0.03% based on fat content, may not be used in combination with other antioxidants



	
	Rendered poultry fat or various poultry products: 0.03% based on fat content; 0.02% in combination with BHA, BHT and PG



	REFERENCES:
	Committee on Food Chemicals Codex (1981) Food Chemicals Codex, 3rd edn. Food and Nutrition Board, Institute of Medicine, National Academy of Sciences, National Academy Press, Washington, DC.



	
	Schuler, P. (1990) Natural antioxidants exploited commercially. In: Hudson, B.J.F. (ed.) Food Antioxidants. Elsevier Science Publishers, London, pp. 99–170.



	
	Tenox® GT-1 and Tenox® GT-2. Eastman Chemical Company, Publication ZG-263D, Kingsport, TN, March 1996.









End of sample
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