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Vitamins

INTRODUCTION
Vitamins are minor components of foods
that play an essential role in human nutrition. Many vitamins are unstable under certain conditions of processing and storage
(Table 9-1), and their levels in processed
foods, therefore, may be considerably reduced. Synthetic vitamins are used extensively to compensate for these losses and to
restore vitamin levels in foods. The vitamins
are usually divided into two main groups,
the water-soluble and the fat-soluble vitamins. The occurrence of the vitamins in the
various food groups is related to their wateror fat-solubility. The relative importance of
certain types of foods in supplying some of
the important vitamins is shown in Table
9-2. Some vitamins function as part of a
coenzyme, without which the enzyme would
be ineffective as a biocatalyst. Frequently,
such coenzymes are phosphorylated forms
of vitamins and play a role in the metabolism of fats, proteins, and carbohydrates.
Some vitamins occur in foods as provitamins—compounds that are not vitamins but
can be changed by the body into vitamins.
Vitamers are members of the same vitamin
family.
Lack of vitamins has long been recognized to result in serious deficiency diseases.

It is now also recognized that overdoses of
certain vitamins, especially some of the fatsoluble ones, may result in serious toxic
effects. For this reason, the addition of vitamins to foods should be carefully controlled.
The sources of vitamins in significant
amounts by food groups have been listed by
Combs (1992) as follows:
• Meats, poultry, fish, and beans provide
thiamin, riboflavin, niacin, pyridoxine,
pantothenic acid, biotin, and vitamin
B12.
• Milk and milk products provide vitamins
A and D, riboflavin, pyridoxine, and
vitamin B12.
• Bread and cereals provide thiamin, riboflavin, niacin, pyridoxine, folate, pantothenic acid, and biotin.
• Fruits and vegetables provide vitamins A
and K, ascorbic acid, riboflavin, and
folate.
• Fats and oils provide vitamins A and E.
FAT-SOLUBLE VITAMINS
Vitamin A (Retinol)
The structural formula of vitamin A is
shown in Figure 9-1. It is an alcohol that
occurs in nature predominantly in the form
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riboflavin
niacin
vitamin B6
biotin
pantothenic
acid
folate
vitamin B12

Vitamer
retinol
retinal
retinoic acid
dehydroret.
ret. esters
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Source: Reprinted with permission from G. F. Combs, The Vitamins: Fundamental Aspects in Nutrition an
p. 449, © 1992, Academic Press.

Table 9-2 Contributions (%) of Various Food Groups to the Vitamin Intake of Americans
Foods
vegetables
legumes
fruits
grain products
meats
milk products
eggs
fats and oils
other

Vitamin A Vitamin C Thiamin Riboflavin Niacin Vitamin B6 Vitamin B12
39.4

51.8

8.0

39.0

22.5
13.2
5.8
8.2
2.7

2.0
3.7

11.7
5.4
4.4
41.2
27.1
8.1
2.0

6.9
2.2
22.1
22.2
39.1
4.9

3.4

12.0
8.2
2.5
27.4
45.0
1.4

22.2
5.4
8.2
10.2
40.0
11.6
2.1

1.6
69.2
20.7
8.5

3.3

Source: Reprinted with permission from G.F. Combs, The Vitamins: Fundamental Aspects in Nutrition
Health, p. 441, © 1992, Academic Press.

of fatty acid esters. Highest levels of vitamin
A are found in certain fish liver oils, such as
cod and tuna. Other important sources are
mammalian liver, egg yolk, and milk and
milk products. The levels of vitamin A and
its provitamin carotene in some foods are
listed in Table 9-3.
The structural formula of Figure 9-1
shows the unsaturated character of vitamin
A. The all-trans form is the most active biologically. The 13-cis isomer is known as neovitamin A; its biological activity is only
about 75 percent of that of the all-trans form.
The amount of neo-vitamin A in natural vitamin A preparations is about one-third of the

Figure 9-1 Structural Formula of Vitamin A.
Acetate: R = CO-CH3. Palmitate: R =
CO(CH2)14CH3.

total. The amount is usually much less in
synthetic vitamin A. The synthetic vitamin A
is made as acetate or palmitate and marketed
commercially in the form of oil solutions,
stabilized powders, or aqueous emulsions.
The compounds are insoluble in water but
soluble in fats, oils, and fat solvents.

Table 9-3 Vitamin A and Carotene Content of
Some Foods

Product
Beef (grilled sirloin)
Butter (MayNovember)
Cheddar cheese
Eggs (boiled)
Herring (canned)
Milk
Tomato (canned)
Peach
Cabbage
Broccoli (boiled)
Spinach (boiled)

Vitamin A Carotene
(IU/100g) (mg/100g)
37
2363-3452

0.04
0.43-0.77

553-1078
165-488
178
110-307
O
O
O
O
O

0.07-0.71
0.01-0.15
0.07
0.01-0.06
0.5
0.34
0.3
2.5
6.0

A

B

Figure 9-2 Structural Formulas of Some Provitamins A. (A) p-carotene, and (B) apocarotenal (R =
CHO) and apocarotenoic acid ester (R = COOC2H5).

There are several provitamins A; these
belong to the carotenoid pigments. The most
important one is p-carotene, and some of the
pigments that can be derived from it are of
practical importance. These are p-apo-8'carotenal and p-apo-8'-carotenoic acid
ethyl ester (Figure 9-2). Other provitamins
are a- and y-carotene and cryptoxanthin.
Beta-carotene occurs widely in plant products and has a high vitamin A activity. In theory, one molecule of p-carotene could yield
two molecules of vitamin A. The enzyme 1515'-dioxygenase is able to cleave a P-carotene molecule symmetrically to produce two
molecules of vitamin A (Figure 9-3). This
enzyme occurs in intestinal mucosa, but the
actual conversion is much less efficient. As
shown in Figure 9-3, there are other reactions that may cause the yield of retinol to be
less than 2. After cleavage of the p-carotene,
the first reaction product is retinal, which is
reduced to retinol (Rouseff and Nagy 1994).
A general requirement for the conversion of
a carotenoid to vitamin A is an unsubstituted
p-ionone ring. Citrus fruits are a good source
of provitamin A, which results mostly from

the presence of p-cryptoxanthin, p-carotene,
and a-carotene. Gross (1987) reported a total
of 16 carotenoids with provitamin A activity
in citrus fruits.
Vitamin A levels are frequently expressed
in International Units (IU), although this unit
is officially no longer accepted. One IU
equals 0.344 |U,g of crystalline vitamin A acetate, or 0.300 |Lig vitamin A alcohol, or 0.600
|ig p-carotene. The recommended daily
allowance (RDA) of vitamin A of the National
Research Council Food and Nutrition Board
is 5000 IU for an adult. Other sources quote
the human requirement at about 1 |uig/day.
Conditions of rapid growth, pregnancy, or
lactation increase the need for vitamin A.
Vitamin A, or retinol, is also known as vitamin A1. Another form, vitamin A2, is found
in fish liver oils and is 3-dehydroretinol.
The Food and Agriculture Organization
and the World Health Organization of the
United Nations (FAOAVHO) and the National
Academy of Sciences of the United States
(1974a) have recommended that vitamin A
activity be reported as the equivalent weight
of retinol. To calculate total retinol equiva-

B- CAROTENE

RETINAL

RETINOL
Figure 9-3 Conversion of Beta-Carotene to Vitamin A. Source: Reprinted with permission from R.R.
Rouseff and S. Nagy, Health and Nutritional Benefits of Citrus Fruit Components, Food Technology,
Vol. 48, No. 11, p. 125, © 1994, Institute of Food Technologists.

lents, it is proposed that food analyses list
retinol, carotene, and other provitamin A carotenoids separately. It is also desirable to distinguish between the cis- and trans- forms of
the provitamins in cooked vegetables. By
definition, 1 retinol equivalent is equal to 1
|Lig of retinol, or 6 |Hg of (3-carotene, or 12 [Lg
of other provitamin A carotenoids. The
National Academy of Sciences (1974a)
states that 1 retinol equivalent is equal to 3.3
IU of retinol or 10 IU of p-carotene.
Vitamin A occurs only in animals and not
in plants. The A1 form occurs in all animals

and fish, the A2 form in freshwater fish and
not in land animals. The biological value of
the A2 form is only about 40 percent of that
of A1. Good sources of provitamin A in vegetable products are carrots, sweet potatoes,
tomatoes, and broccoli. In milk and milk
products, vitamin A and carotene levels are
subject to seasonal variations. Hartman and
Dry den (1965) report the levels of vitamin A
in fluid whole milk in winter at 1,083 IU/L
and in summer at 1,786 IU/L. Butter contains
an average of 2.7 |Ug of carotene and 5.0 |Lig
of vitamin A per g during winter and 6.1 |Lig

Table 9-4 Vitamin A and Carotene Stability in Foods
Product
Vitamin A
Butter

Nutrient Content
1 7,000-30,000 lU/lb

Margarine

1 5,000 lU/lb

Nonfat dry milk

1 0,000 lU/lb

Fortified ready-to-eat cereal
Fortified potato chips
Carotene
Margarine

4000 lU/oz
700IUAIOOg
3 mg/lb

Lard

3.3 mg/lb

Dried egg yolk

35.2mg/100g

Carbonated beverage

7.6 mg/29 oz

Canned juice drinks

0.6-1 .3 mg/8 fl oz

Storage Conditions

Retention (%)

12 mo & 50C
5 mo @ 280C
6 mo @ 50C
6 mo @ 230C
3 mo @ 370C
12 mo 9 230C
6 mo @ 230C
2 mo @ 230C

66-98
64-68
89-100
83-100
94-100
69-89
83
100

6 mo 9 50C
6 mo 9 230C
6 mo @ 50C
6 mo 9 230C
3 mo 9 370C
12 mo 9 230C
2 mo 9 3O0C
2 mo 9 230C
12 mo @23°C

98
89
100
100
94
80
94
94
85-100

Source: From E. deRitter, Stability Characteristics of Vitamins in Processed Foods, Food Technol., Vol. 30, pp.
48-51,54, 1976.

of carotene and 7.6 |Lig of vitamin A per g
during summer.
Vitamin A is used to fortify margarine and
skim milk. It is added to margarine at a level
of 3,525 IU per 100 g. Some of the carotenoids (provitamin A) are used as food colors.
Vitamin A is relatively stable to heat in the
absence of oxygen (Table 9-4). Because of
the highly unsaturated character of the molecule, it is quite susceptible to oxidation—
especially under the influence of light,
whether sunlight or artificial light. Vitamin
A is unstable in the presence of mineral acids
but stable in alkali. Vitamin A and the carotenoids have good stability during various

food processing operations. Losses may occur
at high temperatures in the presence of oxygen. These compounds are also susceptible
to oxidation by lipid peroxides, and conditions favoring lipid oxidation also result in
vitamin A breakdown. The prooxidant copper is especially harmful, as is iron to a lesser
extent. Pasteurization of milk does not result
in vitamin A loss, but exposure to light does.
It is essential, therefore, that sterilized milk
be packaged in light-impervious containers.
Possible losses during storage of foods are
more affected by duration of storage than by
storage temperature. Blanching of fruits and
vegetables helps prevent losses during frozen
storage.

Vitamin A added to milk is more easily
destroyed by light than the native vitamin A.
This is not because natural and synthetic vitamin A are different, but because these two
types of vitamin A are dispersed differently
in the milk (deMan 1981). The form in which
vitamin A is added to food products may
influence its stability. Vitamin A in beadlet
form is more stable than that added as a solution in oil. The beadlets are stabilized by a
protective coating. If this coating is damaged
by water, the stability of the vitamin is greatly
reduced (de Man et al. 1986).
Vitamin D
This vitamin occurs in several forms; the
two most important are vitamin D2, or ergocalciferol, and vitamin D3, or cholecalciferol.
The structural formulas of these compounds
are presented in Figure 9-4. Vitamin D does

A

not occur in plant products. Vitamin D2
occurs in small amounts in fish liver oils;
vitamin D3 is widely distributed in animal
products, but large amounts occur only in
fish liver oils. Smaller quantities of vitamin
D3 occur in eggs, milk, butter, and cheese
(Table 9-5).
The precursors of vitamins D2 and D3 are
ergosterol and 7-dehydrocholesterol, respectively. These precursors or provitamins can
be converted into the respective D vitamins
by irradiation with ultraviolet light. In addition to the two major provitamins, there are
several other sterols that can acquire vitamin
D activity when irradiated. The provitamins
can be converted to vitamin D in the human
skin by exposure to sunlight. Because very
few foods are good sources of vitamin D,
humans have a greater likelihood of vitamin
D deficiency than of any other vitamin deficiency. Enrichment of some foods with vitamin D has significantly helped to eradicate
rickets, which is a vitamin D deficiency disease. Margarine and milk are the foods commonly used as carrier for added vitamin D.
The unit of activity of vitamin D is the IU,
which is equivalent to the activity of 1 mg of
a standard preparation issued by the WHO.
One IU is also equivalent to the activity of
0.025 |ig of pure crystalline vitamin D2 or
D3. The human requirement amounts to 400
Table 9-5 Vitamin D Content of Some Foods

B

Figure 9-4 Structural Formulas of (A) Vitamin
D2 and (B) Vitamin D 3

Product
Liver (beef, pork)
Eggs
Milk
Butter
Cheese
Herring oil

Vitamin Dfag/WOOg
Edible Portion)
2-5
44
0.9
2-40
12-47
2,500

to 500 IU but increases to 1,000 IU during
pregnancy and lactation. Adults who are regularly exposed to sunlight are likely to have a
sufficient supply of vitamin D. Excessive
intakes are toxic.
Vitamin D is extremely stable, and little or
no loss is experienced in processing and storage. Vitamin D in milk is not affected by pasteurization, boiling, or sterilization (Hartman
and Dryden 1965). Frozen storage of milk or
butter also has little or no effect on vitamin D
levels, and the same result is obtained during
storage of dry milk.
The vitamin D potency of milk can be
increased in several ways: by feeding cows
substances that are high in vitamin D activity, such as irradiated yeast; by irradiating
milk; and by adding vitamin D concentrates.
The latter method is now the only commonly
used procedure. The practice of irradiating
milk to increase the vitamin D potency has
been discontinued, undoubtedly because of
the deteriorative action of the radiation on
other milk components. Vitamin D is added
to milk to provide a concentration of 400 IU

per quart. Addition of vitamin D to margarine is at a level of 550IU per 100 g.
Tocopherols (Vitamin E)
The tocopherols are derivatives of tocol,
and the occurrence of a number of related
substances in animal and vegetable products
has been demonstrated. Cottonseed oil was
found to contain a-, p-, and y-tocopherol,
and a fourth, 5-tocopherol, was isolated from
soybean oil. Several other tocopherols have
been found in other products, and Morton
(1967) suggests that there are four tocopherols and four tocotrienols. The tocotrienols have three unsaturated isoprenoid
groups in the side chain. The structure of
tocol is given in Figure 9-5 and the structures of the tocopherols and tocotrienols in
Figure 9-6. The four tocopherols are characterized by a saturated side chain consisting of
three isoprenoid units. The tocotrienols have
three double bonds at the 3', 7', and 1Y carbons of the isoprenoid side chain (Figure

A

B

Figure 9-5 Structural Formula of (A) Tocol and (B) a-Tocopherol
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Figure 9-6 Chemical Structure of the Tocopherols and Tocotrienols

9-6). The carbons at locations 4' and 8' in
the side chains of the tocopherols are asymmetric, as is the number 2 carbon in the chroman ring. The resulting possible isomers are
described as having R or S rotation. The natural tocopherols and tocotrienols are predominantly RRR isomers. Morton (1967)
has summarized the chemistry of the tocopherols as shown in Figure 9-7.
On oxidation, oc-tocopherol can form a
meta-stable epoxide that can be irreversibly
converted to oc-tocopherolquinone. Reduc-

tion of the quinone yields a quinol. Tocopherolquinones occur naturally. Oxidation
with nitric acid yields the o-quinone or tocopherol red, which is not found in nature.
Alpha-tocopheronic acid and a-tocopheronolactone are some of the products of
metabolism of tocopherol. Much of the biological activity of the tocopherols is related
to their antioxidant activity. Because a-tocopherol is the most abundant of the different tocopherols, and because it appears to
have the greatest biological activity, the oc-

#.-tocoph*rol

metastable
tpoxid*

irnvtrsibly on
standing
«e~ toccphtrolquinon*
o-qufnonf

quinol

a-focopforomc acid

a-focop/ierono/acfon*

Figure 9-7 Chemistry of the Tocopherols. Source: From R.A. Morton, The Chemistry of Tocopherols,
in Tocopherole, K. Lang, ed., 1967, Steinkopff Verlag, Darmstadt, Germany.

tocopherol content of foods is usually considered to be most important.
The biological activity of the tocopherols
and tocotrienols varies with the number and
position of the methyl groups on the chroman ring and by the configuration of the
asymmetric carbons in the side chain. The R
configuration at each chiral center has the
highest biological activity. Because the different isomers have different activities, it is
necessary to measure each homolog and convert these to RRR-oc-tocopherol equivalents
(Ct-TE). One oc-TE is the activity of 1 mg of
RRR-oc-tocopherol (Eitenmiller 1997). The
vitamin E activity of oc-tocopherol isomers
and synthetic tocopherols is listed in Table
9-6.
Tocopherols are important as antioxidants
in foods, especially in vegetable oils. With

few exceptions, animal and vegetable products contain from about 0.5 to 1.5 mg/100 g;
vegetable oils from 10 to 60 mg/100 g; and
cereal germ oils, which are a very good
source, from 150 to 500 mg/100 g. Vegetable
oils have the highest proportion of oc-tocopherol, which amounts to about 60 percent of
the total tocopherols. Refining of vegetable
oils, carried out under normal precautions
(such as excluding air), appears to result in
little destruction of tocopherol. The tocopherol and tocotrienol content of selected
fats and oils and their primary homologs are
listed in Table 9-7. The seed oils contain
only tocopherol. Tree oils, palm, palm kernel, coconut oil, and rice bran oil also contain major amounts of tocotrienols. The
processing of vegetable oils by deodorization
or physical refining removes a considerable

cereal products are good sources of tocopherol (Table 9-9). The distribution of
tocopherol throughout the kernels is not uniName
ILJ/mg
form, and flour of different degrees of
extraction can have different tocopherol levd-cc-tocopherol (2R4/R8/R) RRR-a1^49
els.
This was shown by Menger (1957) in a
tocopherol
study
of wheat flour (Table 9-10).
1 -a-tocopherol (2S4'R8'R)
0.46
Processing and storage of foods can result
dl-a-tocopherol
1.10
in substantial tocopherol losses. An example
all-rac-a-tocopherol
is given in Table 9-11, where the loss of
2R4/R8/S-a-tocopherol
1.34
tocopherol during frying of potato chips is
2S4'R8'S-oc-tocopherol
0.55
reported. After only two weeks' storage of
2S4'S8'S-a-tocopherol
1.09
the chips at room temperature, nearly half of
2S4'S8'R-a-tocopherol
0.31
the
tocopherol was lost. The losses were only
2R4'S8'R-a-tocopherol
0.85
slightly smaller during storage at freezer
2S4'S8'S-a-tocopherol
1.10
temperature. Boiling of vegetables in water
d-a-tocopheryl acetate RRR-a1.36
tocopheryl acetate
for up to 30 minutes results in only minor
dl-a-tocopherol
1.00
losses of tocopherol. Baking of white bread
all-rac-a-tocopherol acetate
results in a loss of about 5 percent of the
Source: Reprinted with permission from R.R. Eiten- tocopherol in the crumb.
miller, Vitamin E Content of Fats and Oils: Nutritional
The human daily requirement of vitamin E
Implications, Food Technol., Vol. 51, no. 5, p. 79, ©
is estimated at 30 IU. Increased intake of
1997, Institute of Food Technologists.
polyunsaturated fatty acids increases the
need for this vitamin.
Table 9-6 Vitamin E Activity of cc-Tocopherol
lsomers and Synthetic Tocopherols

portion of the tocopherols, and these steamvolatile compounds accumulate in the fatty
acid distillate (Ong 1993). This product is an
important source of natural vitamin E preparations. Baltes (1967) carried out tests in
which two easily oxidizable fats, lard and
partially hydrogenated whale oil, were stabilized with a-tocopherol and ascorbylpalmitate and citric acid as synergists. Without
antioxidants, these fats cannot be used in the
commercial food chain. Amounts of a-tocopherol ranging from 0.5 to 10 mg/100 g were
effective in prolonging the storage life of
some samples up to two years.
The tocopherol content of some animal
and vegetable products as reported by Thaler
(1967) is listed in Table 9-8. Cereals and

Vitamin K
This vitamin occurs in a series of different
forms, and these can be divided into two
groups. The first is vitamin K1 (Figure 9-8),
characterized by one double bond in the side
chain. The vitamins K2 have a side chain
consisting of a number of regular units of the
type
CH3
R-[CH2—CH=C—CH2]n—H

where n can equal 4, 5, 6, 7, and so forth.
Vitamin K1 is slowly decomposed by atmospheric oxygen but is readily destroyed
by light. It is stable against heat, but unstable
against alkali.

Table 9-7 Tocopherol (T) and Tocotrienol (T3) Content of Vegetable Oils and Their Primary Homologs

Fats and Oils
Sunflower
Cottonseed
Safflower
Safflower— high
linolenic
Safflower— high oleic
Palm
Canola
Corn
Soybean
Rice bran
Peanut
Olive
Cocoa butter
Palm kernel
Butter
Lard
Coconut

Total T+T3 OC-7E/
(mg/100g) 10Og

%T

%T3

46-67
78
49-80
41

35-63
43
41-46
41

100
100
100
100

O
O
O
O

32
89-117

31
21-34

100
17-55

O
45-83

65

25

100

O

78-109
96-115
9-160
37
5.1
20
3.4
1.1-2.3
0.6
1.0-3.6

20-34
17-20
0.9-41
16
5.1
3.0
1.9
1.1-2.3
0.6
0.3-0.7

95
100
19-49
100
100
99
38
100
100
31

5
O
51-81
O
O
1
62
O
O
69

Primary Homologs
oc-T, y-T
oc-T, y-T
oc-T, 5-T, Y-T p-T
CC-T1 P-T
(X-T1 P-T, Y-T
oc-T, oc-TS, 6-T3, oc-T, 6T3
Y-T, (X-T, 8-T,
Ct-TS(Tr)1 P-T(Tr)
Y-T, oc-T, 8-T, Y-T3, 6-T3
Y-T, 8-T, oc-T
Y-T3, ccT, (X-T3, p-T, p-T3
Y-T, oc-T, 8-T
oc-T
Y-T, 8-T, oc-T, cc-T3
cc-T3, CC-T
CC-T
cc-T
Y-T3, cc-T3, 8-T, cc-T, PT3

Source: Reprinted with permission from R.R. Eitenmiller, Vitamin E Content of Fats and Oils: Nutritional Implications, Food Technol., Vol. 51, no. 5, p. 80, © 1997, Institute of Food Technologists.

The human adult requirement is estimated
at about 4 mg per day. Menadione (2-methyl
1,4-naphtoquinone) is a synthetic product
and has about twice the activity of naturally
occurring vitamin K.
Vitamin K occurs widely in foods and is
also synthesized by the intestinal flora. Good
sources of vitamin K are dark green vegetables such as spinach and cabbage leaves, and
also cauliflower, peas, and cereals. Animal
products contain little vitamin K1, except for
pork liver, which is a good source.

The Vitamin K levels in some foods,
expressed in menadione units, are given in
Table 9-12.
WATER-SOLUBLE VITAMINS
Vitamin C (L-Ascorbic Acid)
This vitamin occurs in all living tissues,
where it influences oxidation-reduction reactions. The major source of L-ascorbic acid in
foods is vegetables and fruits (Table 9-13).

Table 9-8 Tocopherol Content of Some Animal
and Vegetable Food Products

Product
Beef liver
Veal, lean
Herring
Mackerel
Crab, frozen
Milk
Cheese
Egg
Egg yolk
Cabbage
Spinach
Beans
Lettuce
Peas
Tomato
Carrots
Onion
Potato
Mushrooms

Total Tocopherol as
a-Tocopherol (mg/100 g)
0.9-1.6
0.9
1.8
1.6
5.9
0.02-0.15
0.4
0.5-1.5
3.0
2-3
0.2-6.0
1-4
0.2-0.8 (0.06)
4-6
0.9 (0.4)
0.2(0.11)
0.3 (0.22)
?(0.12)
0.08

Table 9-9 Tocopherol Content of Cereals and
Cereal Products

Product
Wheat
Rye
Oats
Rice (with hulls)
Rice (polished)
Corn
Whole wheat meal
Wheat flour
Whole rye meal
Oat flakes
Corn grits
Corn flakes
White bread
Whole rye bread
Crisp bread

Total Tocopherol as ocTocopherol (mg/1 OO g)
7-10
2.2-5.7
1.8-4.9
2.9
0.4
9.5
3.7
2.3-5.4
2.0-4.5
3.85
1.17
0.43
2.15
1.3
4.0

Source: From H. Thaler, Concentration and Stability of Tocopherols in Foods, in Tocopherols, K. Lang,
ed., 1967, Steinkopff Verlag, Darmstadt, Germany.

Source: From H. Thaler, Concentration and Stability of Tocopherols in Foods, in Tocopherols, K. Lang,
nonreversible reaction. Diketo-L-gulonic acid
ed., 1967, Steinkopff Verlag, Darmstadt, Germany.

L-ascorbic acid (Figure 9-9) is a lactone
(internal ester of a hydroxycarboxylic acid)
and is characterized by the enediol group,
which makes it a strongly reducing compound. The D form has no biological activity. One of the isomers, D-isoascorbic acid,
or erythorbic acid, is produced commercially
for use as a food additive. L-ascorbic acid is
readily and reversibly oxidized to dehydroL-ascorbic acid (Figure 9-10), which retains
vitamin C activity. This compound can be
further oxidized to diketo-L-gulonic acid, in a

has no biological activity, is unstable, and is
further oxidized to several possible compounds, including 1-threonic acid. Dehydration and decarboxylation can lead to the
formation of furfural, which can polymerize
to form brown pigments or combine with
amino acids in the Strecker degradation.
Humans and guinea pigs are the only primates unable to synthesize vitamin C. The
human requirement of vitamin C is not well
defined. Figures ranging from 45 to 75 mg/
day have been listed as daily needs. Continued stress and drug therapy may increase the
need for this vitamin.
Vitamin C is widely distributed in nature,
mostly in plant products such as fruits (espe-

Table 9-10 Tocopherol Content of Wheat and Its
Milling Products

Product

Ash (%)

Tocopherol
mg/100g
(Dry Basis)

Table 9-11 Tocopherol Losses During
Processing and Storage of Potato Chips
Tocopherol
(mg/100 g)

Oil before use
Oil after use
Oil from fresh chips
After two weeks at
room temperature
After one month at
room temperature
After two months at
room temperature
Source: From A. Menger, Investigation of the Stabil- After one month at
ity of Vitamin E in Cereal Milling Products and Baked
-120C
Goods, Brot. Geback, Vol. 11, pp. 167-173,1957 (Ger- After two months at
man).
-12.0C

Whole wheat
Flour 1 (fine)
Flour 2
Flour 3
Flour 4
Flour 5
Flour 6 (coarse)
Germ

2X35
1.68
1.14
0.84
0.59
0.47
0.48
4.10

5^04
5.90
4.27
3.48
2.55
2.35
2.13
25.0

cially citrus fruits), green vegetables, tomatoes, potatoes, and berries. The only animal
sources of this vitamin are milk and liver.
Although widely distributed, very high levels
of the vitamin occur only in a few products,
such as rose hips and West Indian cherries.
The concentration varies widely in different
tissues of fruits; for example, in apples, the
concentration of vitamin C is two to three
times as great in the peel as in the pulp.
Vitamin C is the least stable of all vitamins
and is easily destroyed during processing and
storage. The rate of destruction is increased
by the action of metals, especially copper

Figure 9-8 Structural Formula of Vitamin K1

Loss (%)

82
73
75
39

—
11
—
48

22

71

17

77

28

63

24

68

and iron, and by the action of enzymes.
Exposure to oxygen, prolonged heating in
the presence of oxygen, and exposure to light
are all harmful to the vitamin C content of
foods. Enzymes containing copper or iron in
their prosthetic groups are efficient catalysts
of ascorbic acid decomposition. The most
important enzymes of this group are ascorbic
acid oxidase, phenolase, cytochrome oxidase, and peroxidase. Only ascorbic acid oxidase involves a direct reaction among enzyme, substrate, and molecular oxygen. The
other enzymes oxidize the vitamin indirectly.
Phenolase catalyzes the oxidation of mono-

Table 9-12 Vitamin K in Some Foods (Expressed
as Menadione Units per 100 g of Edible Portion)

Table 9-13 Vitamin C Content of Some Foods

Product

Product

Cabbage, white
Cabbage, red
Cauliflower
Carrots
Honey
Liver (chicken)
Liver (pork)
Milk
Peas
Potatoes
Spinach
Tomatoes (green)
Tomatoes (ripe)
Wheat
Wheat bran
Wheat germ

Units/1 OO g
70
18
23
5
25
13
111
8
50
10
161
24
12
17
36
18

L-ASCORBIC ACID

D-ISOASCORBIC ACID
(ERYTHORBIC ACID)

Black currants
Brussels sprouts
Cauliflower
Cabbage
Spinach
Orange
Orange juice
Lemon
Peas
Tomato
Apple
Lettuce
Carrots
Milk
Potatoes

D-ASCORBIC ACID

L-ARABOASCORBIC ACID

Figure 9-9 Structural Formulas of L-Ascorbic Acid and Its Stereoisomers

Ascorbic Acid
(mg/1 OO g)
200
10O
70
60
60
50
40-50
50
25
20
5
15
6
2.1-2.7
30

L-ASCORBIC
ACID

DEHYDRO-L-ASCORBIC
ACID

DIKETO-L-GULONIC
ACID

Figure 9-10 Oxidation of L-Ascorbic Acid

electronic heating. Blanching is necessary
before vegetables are dried or frozen. In fruit
juices, the enzymes can be inhibited by pasteurization, deaeration, or holding at low
temperature for a short period. The effect of
blanching methods on the ascorbic acid content of broccoli was reported by Odland and
Eheart (1975). Steam blanching was found
to result in significantly smaller losses of
ascorbic acid (Table 9-14). The retention of
ascorbic acid in frozen spinach depends on
storage temperature. At a very low temperature (-290C), only 10 percent of the initially
present ascorbic acid was lost after one year.
At -12°, the loss after one year was much
higher, 55 percent. The presence of metal
chelating compounds stabilizes vitamin C.
These compounds include anthocyanins and
Table 9-14 Effect of Blanching Method on
flavonols, polybasic or polyhydroxy acids
Ascorbic Acid Levels of Broccoli
such as malic and citric acids, and polyphosphates.
Ascorbic Acid (mg/100 g)
Ascorbic acid is oxidized in the presence
of
air under neutral and alkaline conditions.
Factor Effect Reduced Dehydro Total
At acid pH (for example, in citrus juice), the
"Raw
94^0
4^0
98.2
vitamin is more stable. Because oxygen is
Water blanch
45.3
5.7
51.0
required
for the breakdown, removal of oxySteam blanch
48.8
7.4
56.2
gen should have a stabilizing effect. For the
Source: From D. Odland and M.S. Eheart, Ascorbic production of fruit drinks, the water should
Acid, Mineral and Quality Retention in Frozen Broccoli
be deaerated to minimize vitamin C loss. The
Blanched in Water, Steam, and Ammonia-Steam, J.
Food ScL, Vol. 40, pp. 1004-1007, 1975.
type of container may also affect the extent
and dihydroxy phenols to quinones. The
quinones react directly with the ascorbic
acid. Cytochrome oxidase oxidizes cytochrome to the oxidized form and this reacts
with L-ascorbic acid.
Peroxidase, in combination with phenolic
compounds, utilizes hydrogen peroxide to
bring about oxidation. The enzymes do not
act in intact fruits because of the physical
separation of enzyme and substrate. Mechanical damage, rot, or senescence lead to cellular disorganization and initiate decomposition.
Inhibition of the enzymes in vegetables is
achieved by blanching with steam or by

% loss
L-ASCORBIC ACID

EXPOSURE

TIME

hours

Figure 9-11 Effect of Exposure Time at Light Intensity of 200 Ft-C on the Loss of Ascorbic Acid in
Milk. Packaging materials: (1) clear plastic pouch, (2) laminated nontransparent pouch, (3) carton, (4)
plastic 3-quart jug. Source: From A. Sattar and J.M. deMan, Effect of Packaging Material on LightInduced Quality Deterioration of Milk, Can. lnst. Food ScL Technol J., Vol. 6, pp. 170-174, 1973.

of ascorbic acid destruction. Use of tin cans
for fruit juices results in rapid depletion of
oxygen by the electrochemical process of
corrosion. In bottles, all of the residual oxygen is available for ascorbic acid oxidation.
To account for processing and storage losses,
it is common to allow for a loss of 7 to 14 mg
of ascorbic acid per 100 mL of fruit juice.
Light results in rapid destruction of ascorbic
acid in milk. It has been shown (Sattar and
deMan 1973) that transparent packaging
materials permit rapid destruction of vitamin
C (Figure 9-11). The extent of ascorbic acid
destruction is closely parallel to the development of off-flavors. The destruction of ascorbic acid in milk by light occurs under the
influence of riboflavin as a sensitizer. The
reaction occurs in the presence of light and
oxygen, and the riboflavin is converted to
lumichrome.

Factors that affect vitamin C destruction
during processing include heat treatment and
leaching. The severity of processing conditions can often be judged by the percentage
of ascorbic acid that has been lost. The
extent of loss depends on the amount of
water used. During blanching, vegetables
that are covered with water may lose 80 percent; half covered, 40 percent; and quarter
covered, 40 percent of the ascorbic acid. Particle size affects the size of the loss; for
example, in blanching small pieces of carrots, losses may range from 32 to 50 percent,
and in blanching large pieces, only 22 to 33
percent. Blanching of cabbage may result in
a 20 percent loss of ascorbic acid, and subsequent dehydration may increase this to a total
of 50 percent. In the processing of milk,
losses may occur at various stages. From an
initial level of about 22 mg/L in raw milk,

the content in the product reaching the consumer may be well below 10 mg/L. Further
losses may occur in the household during
storage of the opened container.
The processing of milk into various dairy
products may result in vitamin C losses. Ice
cream contains no vitamin C, nor does
cheese. The production of powdered milk
involves a 20 to 30 percent loss, evaporated
milk a 50 to 90 percent loss. Bullock et al.
(1968) studied the stability of added vitamin
C in evaporated milk and found that adding
266 mg of sodium ascorbate per kg was sufficient to ensure the presence of at least 140
mg/L of ascorbic acid during 12 months of
storage at 210C. Data on the stability of vitamin C in fortified foods have been assembled
by deRitter (1976) (Table 9-15).
There are many technical uses of ascorbic
acid in food processing. It is used to prevent
browning and discoloration in vegetables
and fruit products; as an antioxidant in fats,
fish products, and dairy products; as a stabilizer of color in meat; as an improver of
flour; as an oxygen acceptor in beer processing; as a reducing agent in wine, partially
replacing sulfur dioxide; and as an added
nutrient. The vitamin is protected by sulfur
dioxide, presumably by inhibiting polyphenolase.

Table 9-15 Vitamin C Stability in Fortified Foods
and Beverages after Storage at 230C for 12
Months, Except as Noted
Retention

Product
Ready-to-eat cereal
Dry fruit drink mix
Cocoa powder
Dry whole milk, air
pack
Dry whole milk, gas
pack
Dry soy powder
Potato flakes1
Frozen peaches
Frozen apricots2
Apple juice
Cranberry juice
Grapefruit juice
Pineapple juice
Tomato juice
Vegetable juice
Grape drink
Orange drink
Carbonated beverage
Evaporated milk

No. of
Sam- Mean Range
pies
(%) (%)
4
3
3
2

71
94
97
75

60-87
91-97
80-100
65-84

1

93

—

1
3
1
1
5
2
5
2
4
2
3
5
3
4

81
85
80
80
68
81
81
78
80
68
76
80
60
75

—
73-92
—
—
58-76
78-83
73-86
74-82
64-93
66-69
65-94
75-83
54-64
70-82

1

Stored for 6 months at 230C.
Thawed after storage in freezer for 5 months.

2

Vitamin B1 (Thiamin)
This vitamin acts as a coenzyme in the
metabolism of carbohydrates and is present
in all living tissues. It acts in the form of thiamin diphosphate in the decarboxylation of
oc-keto acids and is referred to as cocarboxylase. Thiamin is available in the form of its
chloride or nitrate, and its structural formula
is shown in Figure 9-12. The molecule contains two basic nitrogen atoms; one is in the
primary amino group, the other in the quater-

Source: From E. deRitter, Stability Characteristics
of Vitamins in Processed Foods, Food Technol., Vol
30, pp. 48-51,54, 1976.

nary ammonium group. It forms salts with
inorganic and organic acids. The vitamin
contains a primary alcohol group, which is
usually present in the naturally occurring
vitamin in esterified form with ortho-, di-, or

Figure 9-12 Structural Formula of Thiamin. Hydrochloride: X = Cl , HCl; Mononitrate: X = NO3 .

triphosphoric acid. In aqueous solution, the
compound may occur in different forms,
depending on pH. In acid solution, the equilibrium favors the formation of positive ions
(Figure 9-13). The thiol- form is favored in
alkaline medium. This form can react with
compounds containing sulfhydryl groups to
form disulfide bridges. It has been suggested
that thiamin occurs in some foods linked to
protein by disulfide bridges.
Small quantities of thiamin are present in
almost all foods of plant and animal origin.
Good sources are whole cereal grains; organ
meats such as liver, heart, and kidney; lean
pork; eggs; nuts; and potatoes (Table 9-16).
Although thiamin content is usually mea-

positive ions
acid

sured in mg per 100 g of a food, another unit
has been used occasionally, the IU corresponding to 3 jug of thiamin-hydrochloride.
The human daily requirement is related to
the carbohydrate level of the diet. A minimum intake of 1 mg per 2,000 kcal is considered essential. Increased metabolic activity,
such as that which results from heavy work,
pregnancy, or disease, requires higher intake.
Thiamin is one of the more unstable vitamins. Various food processing operations
may considerably reduce thiamin levels.
Heat, oxygen, sulfur dioxide, leaching, and
neutral or alkaline pH may all result in
destruction of thiamin. Light has no effect.
The enzyme is stable under acid conditions;

Pseudobase

Thiol form
alkaline

Figure 9-13 Behavior of Thiamin in Aqueous Solutions. Source: Reprinted with permission from J.
Schormuller, The Composition of Foods, © 1965, Springer.

Table 9-16 Thiamin Content of Some Foods

Product
Almonds
Corn
Egg
Filberts
Beef heart
Beef liver
Macaroni (enriched)
Macaroni (not enriched)
Milk
Peas
Pork, lean
Potatoes
Wheat (hard red spring)
Wheat flour (enriched)
Wheat flour (not enriched)

Thiamin
(mg/100g)
Edible Portion
0.24
0.37
0.11
0.46
0.53
0.25
0.88
0.09
0.03
0.28
0.87
0.10
0.57
0.44
0.08

at pH values of 3.5 or below, foods can be
autoclaved at 12O0C with little or no loss of
thiamin. At neutral or alkaline pH, the vitamin is destroyed by boiling or even by storage at room temperature. Even the slight
alkalinity of water used for processing may
have an important effect. Bender (1971)
reports that cooking rice in distilled water
reduced thiamin content negligibly, whereas
cooking in tap water caused an 8 to 10 percent loss, and cooking in well water caused a
loss of up to 36 percent.
Some fish species contain an enzyme that
can destroy thiamin. Sulfur dioxide rapidly
destroys thiamin. For this reason, sulfur
dioxide is not permitted as an additive in
foods that contain appreciable amounts of
thiamin.
Baking of white bread may result in thiamin loss of 20 percent. Thiamin loss in milk

processing is as follows: pasteurization, 3 to
20 percent; sterilization, 30 to 50 percent;
spray drying, 10 percent; and roller drying,
20 to 30 percent. Cooking of meat causes
losses that are related to size of cut, fat content, and so on. Boiling loss is 15 to 40 percent; frying, 40 to 50 percent; roasting, 30 to
60 percent; and canning, 50 to 75 percent.
Similar losses apply to fish. Because thiamin
and other vitamins are located near the bran
of cereal grains, there is a great loss during
milling. White flour, therefore, has a greatly
reduced content of B vitamins and vitamin E
(Figure 9-14). Not only is thiamin content
lowered by milling, but also storage of whole
grain may result in losses. This depends on
moisture content. At normal moisture level
of 12 percent, five months' storage results in
a 12 percent loss; at 17 percent moisture, a
30 percent loss; and at 6 percent moisture, no
loss at all. Because of the losses that are
likely to occur in cereal grain processing and
in the processing of other foods, a program
of fortification of flour is an important factor
in preventing vitamin deficiencies. Table
9-17 lists the nutrients and recommended
levels for grain products fortification (National
Academy of Sciences 1974b). A summary of
data relating processing treatment to thiamin
stability has been given by deRitter (1976)
(Table 9-18).
Vitamin B2 (Riboflavin)
The molecule consists of a d-ribitol unit
attached to an isoalloxazine ring (Figure
9-15). Anything more than a minor change
in the molecule results in a loss of vitamin
activity. Aqueous solutions of riboflavin are
yellow with a yellowish-green fluorescence.
The vitamin is a constituent of two coenzymes, flavin mononucleotide (FMN) and
flavin adenine dinucleotide (FAD). FMN is

Proportion of vitamin retained (%)
Extraction rate (%)
Figure 9-14 Relation Between Extraction Rate and Proportion of Total Vitamins of the Grains Retained
in Flour. Source: Reprinted with permission from W.R. Aykroyd and J. Doughty, Wheat in Human
Nutrition, © 1970, Food and Agriculture Organization of the United Nations.

riboflavin-5'-phosphate and forms part of
several enzymes, including cytochrome c
reductase. The flavoproteins serve as electron carriers and are involved in the oxidation of glucose, fatty acids, amino acids, and
purines.

Very good sources of riboflavin are milk
and milk products; other sources are beef
muscle, liver, kidney, poultry, tomatoes, eggs,
green vegetables, and yeast (Table 9-19).
Riboflavin is stable to oxygen and acid pH
but is unstable in alkaline medium and is

Table 9-17 Nutrients and Levels Recommended
for Inclusion in Fortification of Cereal-Grain
Products1

Table 9-18 Thiamin Stability in Foods

Product
Level
Nutrient
2

Vitamin A
Thiamin
Riboflavin
Niacin
Vitamin B6
Folic acid
Iron
Calcium
Magnesium
Zinc

(mg/lb)

(mg/100g)

22
2.9
1.8
24.0
2.0
0.3
40
900
200
10

O48
0.64
0.40
5.29
0.44
0.07
8.81
198.2
44.1
2.2

1

Wheat flour, corn grits, cornmeal, rice. Other
cereal-grain products in proportion to their cereal-grain
content.
2
Retinol equivalent.

Nine canned
vegetables
Four canned
vegetables
Cereals
Fortified ready-toeat cereal
Bread (white,
whole wheat)
Devil's food cake
(PH9)

Treatment

Retention (%)

Processing

31-89

Storage, 2-3 mo
@ room
temperature
Extrusion cooking
Storage, 12 mo @
230C
Commercial
baking
Baking

73-94

48-90
10O
74-79
0-7

Source: From E. deRitter, Stability Characteristics of
Vitamins in Processed Foods, Food Technol., Vol. 30,
pp. 48-51,54, 1976.

Source: Reprinted with permission from National
Academy of Sciences, Recommended Dietary Allowances, 8th rev. ed., © 1974, National Academy of Scian inactive compound with a yellowishences.

very sensitive to light. When exposed to
light, the rate of destruction increases as pH
and temperature increase. Heating under
neutral or acidic conditions does not destroy
the vitamin.
The human requirement for riboflavin varies with metabolic activity and body weight
and ranges from 1 to 3 mg per day. Normal
adult requirement is 1.1 to 1.6 mg per day. In
most cases, the riboflavin of foods is present
in the form of the dinucleotide, the phosphoric acid ester, or is bound to protein. Only in
milk does riboflavin occur mostly in the free
form.
Under the influence of light and alkaline
pH, riboflavin is transformed into lumiflavin,

green fluorescence. Under acid conditions,
riboflavin is transformed into another inactive derivative, lumichrome, and ribitol. This
compound has a blue fluorescence. The trans-

Figure 9-15 Structural Formula of Riboflavin.
Riboflavin: R = OH; Riboflavin phosphate: R =
PO3NaOH.

Table 9-19 Riboflavin Content of Some Foods

Product

Riboflavin (mg/100 g)
Edible Portion

Beef
Cabbage
Eggs
Chicken
Beef liver
Chicken liver
Beef kidney
Peas
Spinach
Tomato
Yeast (dry)
Milk
Nonfat dry milk

oTe
0.05
0.30
0.19
3.26
2.49
2.55
0.29
0.20
0.04
5.41
0.17
1.78

formation into lumiflavin in milk results in
the destruction of ascorbic acid.
The light sensitivity of riboflavin results in
losses of up to 50 percent when milk is
exposed to sunlight for two hours. The nature
of the packaging material significantly
affects the extent of riboflavin destruction. It
appears that the wavelengths of light responsible for the riboflavin destruction are in the
visible spectrum below 500 to 520 nm. Ultraviolet light has been reported to have no
destructive effect on riboflavin (Hartman and
Dry den 1965). Riboflavin is stable in dry
milk for storage periods of up to 16 months.
Pasteurization of milk causes only minor
losses of riboflavin.
Vitamin B6 (Pyridoxine)
There are three compounds with vitamin
B6 activity. The structural formula of pyri-

Figure 9-16 Structural Formula of Pyridoxine

doxine is presented in Figure 9-16. The
other two forms of this vitamin are different
from pyridoxine—they have another substituent on carbon 4 of the benzene ring. Pyridoxal has a -CHO group in this position and
pyridoxamine has a -CH2NH2 group. All
three compounds can occur as salts. Vitamin
B 6 plays an important role in the metabolism
of amino acids, where it is active in the coenzyme form pyridoxal-5-phosphate. The three
forms of vitamin B6 are equally active in
rats; although it can be expected that the
same applies for humans, this has not been
definitely established.
Vitamin B6 is widely distributed in many
foods (Table 9-20), and deficiencies of this
vitamin are uncommon. The recommended
allowance for adults has been established at
2 mg per day. The requirement appears to
increase with the consumption of high-protein diets.
Vitamin B6 occurs in animal tissues in the
form of pyridoxal and pyridoxamine or as
their phosphates. Pyridoxine occurs in plant
products.
Pyridoxine is stable to heat and strong
alkali or acid; it is sensitive to light, especially ultraviolet light and when present in
alkaline solutions. Pyridoxal and pyridoxam-

Table 9-20 Vitamin B6 Content of Some Foods
Product
Wheat
Whole wheat bread
White bread
Orange juice
Apple juice
Tomatoes
Beans, canned
Peas, canned
Beef muscle
Pork muscle
Milk, pasteurized
Yeast

Vitamin B6 (\ig/g)
3.2-6.1
4.2
1.0
0.52-0.60
0.35
1.51
0.42-0.81
0.44-0.53
0.8-4.0
1.23-6.8
0.5-0.6
50

ine are rapidly destroyed when exposed to
air, heat, or light. Pyridoxamine is readily
destroyed in food processing operations.
Because it is difficult to determine this
vitamin in foods, there is a scarcity of information on its occurrence. Recent data establish the level in milk as 0.54 mg per liter.
Other sources are meats, liver, vegetables,
whole grain cereals, and egg yolk.
The effects of processing on pyridoxine
levels in milk and milk products have been
reviewed by Hartman and Dryden (1965).
No significant losses have been reported to

result from pasteurization, homogenization,
or production of dried milk. Heat sterilization of milk, however, has been reported to
result in losses ranging from 36 to 49 percent. Losses occur not only during the heat
treatment but also during subsequent storage
of milk. These storage losses have been
attributed to a conversion of pyridoxal to
pyridoxamine and then to a different form of
the vitamin. Wendt and Bernhart (1960) have
identified this compound as fe/s^-pyridoxal
disulfide (Figure 9-17). This compound is
formed by reaction of pyridoxal and active
sulfhydryl groups. The latter are formed during heat treatment of milk proteins. Exposure
of milk to daylight in clear glass bottles for
eight hours resulted in a vitamin B6 loss of
21 percent.
Food canning results in losses of vitamin
B6 of 20 to 30 percent. Milling of wheat may
result in losses of up to 80 to 90 percent.
Baking of bread may result in losses of up to
17 percent.
A review of some stability data of vitamin
B6 as prepared by deRitter (1976) is given in
Table 9-21.

Niacin
The term niacin is used in a generic sense
for both nicotinic acid and nicotinamide

Figure 9-17 Structural Formula offcw-4-PyridoxalDisulfide

Table 9-21 Vitamin B6 Stability in Foods
Product
Bread (added B6)
Enriched corn meal
Enriched macaroni

Whole milk

Infant formula, liquid
Infant formula, dry
Boned chicken

Treatment

Retention (%)

Baking
12 mo @ 380C + 50% relative
humidity
12 mo @ 380C + 50% relative
humidity

Evaporation and sterilization
Evaporation and sterilization
+ 6 mo @ room temperature
Processing and sterilization
Spray drying
Canning
Irradiation (2.79 megarads)

100
90-95
100
Saccharomyces
Carlsbergensis
30
18

Chick
55
44

Rat
65
41

33-50 (natural)
84 (added)
69-83
57
68

Source: From E. deRitter, Stability Characteristics of Vitamins in Processed Foods, Food Technol., Vol. 30, pp
48-51,54,1976.

(Figure 9-18). Nicotinamide acts as a component of two important enzymes, NAD and
NADP, which are involved in glycolysis, fat
synthesis, and tissue respiration. Niacin is
also known as the pellagra preventive factor.
The incidence of pellagra has declined but is
still a serious problem in parts of the Near
East, Africa, southeastern Europe, and in
North American populations that subsist on

corn diets. When corn is treated with alkali
or lime, as for the tortilla preparation in Central America, the amount of available niacin
can be greatly increased. Tryptophan can be
converted by the body into niacin. Many
diets causing pellagra are low in good-quality protein as well as in vitamins. Corn protein is low in tryptophan. The niacin of corn
and other cereals may occur in a bound form,

Figure 9-18 Structural Formulas of (A) Nicotinic Acid and (B) Nicotinamide

called niacytin, that can be converted into
niacin by alkali treatment.
The human requirement of niacin is related to the intake of tryptophan. Animal
proteins contain approximately 1.4 percent
of tryptophan, vegetable proteins about 1
percent. A dietary intake of 60 mg of tryptophan is considered equivalent to 1 mg of
niacin. When this is taken into account,
average diets in the United States supply
500 to 1,000 mg tryptophan per day and 8 to
17 mg niacin for a total niacin equivalent of
16 to 33 mg. The RDA for adults, expressed
as niacin, is 6.6 mg per 1,000 kcal, and not
less than 13 mg when caloric intake is less
than 2,000 kcal.

Table 9-22 Niacin Content of Some Foods

Product
Barley (pearled)
Beans (green, snap)
Beans (white)
Beef (total edible)
Beef kidney
Beef liver
Chicken (dark meat)
Chicken (light meat)
Corn (field)
Haddock
Milk
Mushrooms
Peanuts
Peas
Potatoes
Spinach
Wheat
Yeast (dry)

Niacin (mg/100 g)
Edible Portion
3.1
0.5
2.4
4.4
6.4
13.6
5.2
10.7
2.2
3.0
0.1
4.2
17.2
2.9
1.5
0.6
4.3
36.7

Good dietary sources of this vitamin are
liver, kidney, lean meat, chicken, fish, wheat,
barley, rye, green peas, yeast, peanuts, and
leafy vegetables. In animal tissues, the predominant form of niacin is the amide. Niacin
content of some foods are listed in Table
9-22.
Niacin is probably the most stable of the B
vitamins. It is unaffected by heat, light, oxygen, acid, or alkali. The main loss resulting
from processing involves leaching into the
process water. Blanching of vegetables may
cause a loss of about 15 percent. Processes in
which brines are used may cause losses of up
to 30 percent. Processing of milk, such as
pasteurization, sterilization, evaporation,
and drying have little or no effect on nicotinic acid level. Virtually all the niacin in
milk occurs in the form of nicotmamide. In
many foods, application of heat, such as
roasting or baking, increases the amount of
available niacin. This results from the change
of bound niacin to the free form.
Vitamin B12 (Cyanocobalamine)
This vitamin possesses the most complex
structure of any of the vitamins and is unique
in that it has a metallic element, cobalt, in the
molecule (Figure 9-19). The molecule is a
coordination complex built around a central
tervalent cobalt atom and consists of two
major parts—a complex cyclic structure that
closely resembles the porphyrins and a nucleotide-like portion, 5,6-dimethyl-l-(oc-Dribofuranosyl) benzimidazole-3'-phosphate.
The phosphate of the nucleotide is esterified
with l-amino-2-propanol; this, in turn, is
joined by means of an amide bond with the
propionic acid side chain of the large cyclic
structure. A second linkage with the large
structure is through the coordinate bond
between the cobalt atom and one of the nitro-

Figure 9-19 Structural Formula of Cyanocobalamine

gen atoms of the benzimidazole. The cyanide
group can be split off relatively easily, for
example, by daylight. This reaction can be
reversed by removing the light source. The
cyano group can also be replaced by other
groups such as hydroxo, aquo, and nitroto.
Treatment with cyanide will convert these
groups back to the cyano form. The different
forms all have biological activity.
Cyanocobalamine is a component of several coenzymes and has an effect on nucleic
acid formation through its action in cycling
5-methyl-tetrahydrofolate back into the folate
pool. The most important dietary sources of
the vitamin are animal products. Vitamin B12
is also produced by many microorganisms. It
is not surprising that vitamin B12 deficiency
of dietary origin only occurs in vegetarians.

The average diet in the United States is
considered to supply between 5 and 15 |Hg/
day. In foods, the vitamin is bound to proteins via peptide linkages but can be readily
absorbed in the intestinal tract. The RDA is 3
|ig for adults and adolescents.
Few natural sources are rich in vitamin
B12. However, only very small amounts are
required in the diet. Good sources are lean
meat, liver, kidney, fish, shellfish, and milk
(Table 9-23). In milk, the vitamin occurs as
cobalamine bound to protein.
Vitamin B12 is not destroyed to a great
extent by cooking, unless the food is boiled in
alkaline solution. When liver is boiled in
water for 5 minutes, only 8 percent of the
vitamin B12 is lost. Broiling of meat may
result in higher losses. Pasteurization causes

Table 9-23 Vitamin B12 Content of Some Foods

Product
Beef muscle
Beef liver

Milk
Shellfish
Egg yolk

Vitamin B12
0.25-3.4 jig/1 OO g
14-152 (ig/1 OO g

3.2-12.4 |ig/L
600-970 p.g/1 OO g (dry wt)
0.28-1.556 jig/1 OO g

only a slight destruction of vitamin B 12 in
milk; losses range from 7 to 10 percent
depending on pasteurization method. More
drastic heat treatment results in higher losses.
Boiling milk for two to five minutes causes a
30 percent loss, evaporation about 50 percent,
and sterilization up to 87 percent. The loss in
drying of milk is smaller; in the production of
dried skim milk, the vitamin B 12 loss is about
30 percent. Ultra-high-temperature sterilization of milk does not cause more vitamin B 12
destruction than does pasteurization.

Folic Acid (Folacin)
Folic acid is the main representative of a
series of related compounds that contain
three moieties: pterin, /7-aminobenzoic acid,
and glutamic acid (Figure 9-20). The commercially available form contains one glutamic

Figure 9-20 Structural Formula of Folic Acid

acid residue and is named pteroylglutamic
acid (PGA). The naturally occurring forms
are either PGA or conjugates with varying
numbers of glutamic acid residues, such as
tri- and heptaglutamates. It has been suggested that folic acid deficiency is the most
common vitamin deficiency in North America and Europe. Deficiency is especially
likely to occur in pregnant women.
The vitamin occurs in a variety of foods,
especially in liver, fruit, leafy vegetables, and
yeast (Table 9-24) (Hurdle et al. 1968; Streiff 1971). The usual form of the vitamin in
these products is a polyglutamate. The action
of an enzyme (conjugase) is required to liberate the folic acid for metabolic activity;
this takes place in the intestinal mucosa. The
folacin of foods can be divided into two main
groups on the basis of its availability to L.
casei: (1) the so-called free folate, which is
available to L. casei without conjugase treatment; and (2) the total folate, which also
includes the conjugates that are not normally
available to L. casei. About 25 percent of the
dietary folacin occurs in free form. The
folate in vegetables occurs mainly in the conjugated form; the folate in liver occurs in the
free form.
The RDA for folacin is 400 (Ig for adults.
There is an additional requirement of 400
|iig/day during pregnancy and 200 |iig/day
during breastfeeding.

Table 9-24 Folate Content of Some Foods

Product

Folate
fag/g)

Beef, boiled
Chicken, roasted
Cod, fried
Eggs, boiled
Brussels sprouts, boiled
Cabbage, boiled
Lettuce
Potato, boiled
Spinach, boiled
Tomato
Orange
Milk
Bread, white
Bread, brown
Orange juice, frozen reconstituted
Tomato juice, canned

0.03
0.07
0.16
0.30
0.20
0.11
2.00
0.12
0.29
0.18
0.45
0.0028
0.17
0.38
0.50
0.10

Many of the naturally occurring folates are
extremely labile and easily destroyed by
cooking. Folic acid itself is stable to heat in
an acid medium but is rapidly destroyed
under neutral and alkaline conditions. In
solution, the vitamin is easily destroyed by
light. Folate may occur in a form more active

Figure 9-21 Structural Formula of Folinic Acid

than PGA; this is called folinic acid or citrovorum factor, which is N5-formyl-5, 6, 7, 8tetrahydro PGA (Figure 9-21). The folate of
milk consists of up to 20 percent of folinic
acid. It has been reported that pasteurization
and sterilization of milk involve only small
losses or no loss. Hurdle et al. (1968) reported that boiling of milk causes no loss in
folate; however, boiling of potato results in a
90 percent loss and boiling of cabbage a 98
percent loss. Reconstitution of dried milk
followed by sterilization as can occur with
baby formulas may lead to significant folacin
losses. Fermentation of milk and milk products may result in greatly increased folate
levels. Blanching of vegetables and cooking
of meat do not appear to cause folic acid
losses. Table 9-25 contains a summary of
folate stability data prepared by deRitter
(1976). Citrus fruit and juices are relatively
good sources of folic acid, which is present
mostly as the reduced 5-methyl tetrahydrofolate (monoglutamate form). There are also
polyglutamate derivatives present (White et
al. 1991).
Pantothenic Acid
The free acid (Figure 9-22) is very unstable and has the appearance of a hygroscopic

Table 9-25 Folic Acid Stability in Foods

Table 9-26 Pantothenic Acid Content of Some
Foods

Retention of
Folic Add
Total
Free (%) (%)
32
54
92
50
10
<50
<50

Product

Beef, lean
Wheat
Cabbage
Boiled 5 min
Potatoes
Potatoes
Boiled 5 min
Split
peas
Rice
Boiled 15 min
Tomatoes
Beef, pork,
Boiled 15 min
Orange
and chicken
Walnuts
Various
Cooked
27
55
Milk
foods
Beef liver
Source: From E. deRitter, Stability Characteristics of
Vitamins in Processed Foods, Food Technol., Vol. 30, Eggs
Broccoli
pp. 48-51,54, 1976.
Product

Treatment

oil. The calcium and sodium salts are more
stable. The alcohol (panthenol) has the same
biological activity as the acid. Only the dextrorotatory or D form of these compounds
has biological activity. Pantothenic acid
plays an important role as a component of
coenzyme A, and this is the form in which it
occurs in most foods.
Pantothenic acid occurs in all living cells
and tissues and is, therefore, found in most
food products. Good dietary sources include
meats, liver, kidney, fruits, vegetables, milk,
egg yolk, yeast, whole cereal grains, and nuts
(Table 9-26). In animal products, most of the
pantothenic acid is present in the bound

Pantothenic Acid
fag/g)
10
11
6.5
20-22
1
0.7
8
1.3-4.2
25-60
8-48
46

form, but in milk only about one-fourth of
the vitamin is bound.
There is no recommended dietary allowance for this vitamin because of insufficient
evidence to base one on. It is estimated that
adult dietary intake in the United States
ranges from 5 to 20 mg/day, and 5 to 10 mg/
day probably represents an adequate intake.
The vitamin is stable to air, and labile to
dry heat. It is stable in solution in the pH
range of 5 to 7 and less stable outside this
range. Pasteurization and sterilization of
milk result in very little or no loss. The production and storage of dried milk involves
little or no loss of pantothenic acid. Manu-

Figure 9-22 Structural Formula of Pantothenic Acid. Pantothenic acid: R = COOH; Panthenol: R =
CH2OH.

Table 9-27 Biotin Content of Some Foods
Product

Figure 9-23 Structural Formula of Biotin

facture of cheese involves large losses during
processing, but during ripening the pantothenic acid content increases, due to synthesis by microorganisms. Blanching of vegetables may involve losses of up to 30 percent. Boiling in water involves losses that
depend on the amount of water used.
Biotin
The structural formula (Figure 9-23) contains three asymmetric carbon atoms, and
eight different stereoisomers are possible.
Only the dextrorotatory D-biotin occurs in
nature and has biological activity. Biotin
occurs in some products in free form (vegetables, milk, and fruits) and in other products
is bound to protein (organ meats, seeds, and
yeast). Good sources of the vitamin are meat,
liver, kidney, milk, egg yolk, yeast, vegetables, and mushrooms (Table 9-27).
Biotin is important in a number of metabolic reactions, especially in fatty acid synthesis. The biotin supply of the human organism is only partly derived from the diet.
An important factor in biotin's availability
is that some of the vitamin is derived from
synthesis by intestinal microorganisms; this
is demonstrated by the fact that three to six

"Milk
Tomatoes
Broad beans
Cheese
Wheat
Beef
Beef liver
Lettuce
Mushrooms
Potatoes
Spinach
Apples
Oranges
Peanuts

Biotinfog/1OO g)
1.1-3.7
1
3
1.1-7.6
5.2
2.6
96
3.1
16
0.6
6.9
0.9
1.9
34

times more biotin is excreted in the urine
than is ingested with the food. The daily
intake of biotin is between 100 and 300 (Ig.
No recommended dietary allowance has
been established. Biotin is deactivated by
raw egg white. This is caused by the glycoprotein avidin. Heating of avidin will destroy
the inactivator capacity for biotin.
Data on the stability of biotin are limited.
The vitamin appears to be quite stable. Heat
treatment results in relatively small losses.
The vitamin is stable to air and is stable at
neutral and acid pH. Pasteurization and sterilization of milk result in losses of less than
10 percent. In the production of evaporated
and dried milk, losses do not exceed 15 percent.
VITAMINS AS FOOD INGREDIENTS
In addition to their role as essential micronutrients, vitamins may serve as food ingre-
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Figure 9-24 Prevention of Lipid Free Radical
Formation by Ascorbyl Palmitate. Source: From
M.L. Liao and P.A. Seib, Selected Reactions of
L-Ascorbic Acid Related to Foods, Food TechnoL, Vol. 41, no. 11, pp. 104-107, 1987.

dients for their varied functional properties
(Institute of Food Technologists 1987). Vitamin C and vitamin E have found widespread
use as antioxidants. In lipid systems, vitamin

L-ASCORBIC
ACID

L-ASCORBATE RADICAL

E may be used as an antioxidant in fats that
have little or no natural tocopherol content.
Ascorbic acid in the form of its palmitic acid
ester, ascorbyl palmitate, is an effective antioxidant in lipid systems. Ascorbyl palmitate
prevents the formation of lipid free radicals
(Figure 9-24) and thereby delays the initiation of the chain reaction that leads to the
deterioration of the fat (Liao and Seib 1987).
Ascorbyl palmitate is used in vegetable oils
because it acts synergistically with naturally
occurring tocopherols. The tocopherols are
fat-soluble antioxidants that are used in animal fats. Ascorbic acid reduces nitrous acid
to nitric oxide and prevents the formation of
N-nitrosamine. The reaction of nitrous acid
and ascorbic acid is given in Figure 9-25
(Liao and Seib 1987). Ascorbic acid is also
widely used to prevent enzymic browning in
fruit products. Phenolic compounds are oxidized by polyphenoloxidase to quinones.
The quinones rapidly polymerize to form
brown pigments. This reaction is easily reversed by ascorbic acid (Figure 9-26).

2-NITRITE ESTER
OF L-ASCORBIC ACID

NITRIC
OXIDE

Figure 9-25 Reaction Between Nitrous Acid and Ascorbic Acid. Source: From M.L. Liao and P.A.
Seib, Selected Reactions of L-Ascorbic Acid Related to Foods, Food Technol, Vol. 41, no. 11, pp.
104-107, 1987.

BROWN
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DEHYDROASCOR3IC
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Figure 9-26 Reduction of Ortho-Quinone by Ascorbic Acid During Enzymic Browning. Source: From
M.L. Liao and RA. Seib, Selected Reactions of L-Ascorbic Acid Related to Foods, Food TechnoL, Vol.
41, no. 11, pp. 104-107,1987.

The carotenoids p-carotene and p-apo-8carotenal are used as colorants in fat-based
as well as water-based foods.
Other functions of ascorbic acid are inhibition of can corrosion in canned soft drinks,

protection of flavor and color of wine, prevention of black spot formation in shrimp,
stabilization of cured meat color, and dough
improvement in baked goods (Institute of
Food Technologists 1987).
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Additives and Contaminants

INTRODUCTION
The possibility of harmful or toxic substances becoming part of the food supply
concerns the public, the food industry, and
regulatory agencies. Toxic chemicals may be
introduced into foods unintentionally through
direct contamination, through environmental pollution, and as a result of processing.
Many naturally occurring food compounds
may be toxic. A summary of the various
toxic chemicals in foods (Exhibit 11-1) was
presented in a scientific status summary of
the Institute of Food Technologists (1975).
Many toxic substances present below certain
levels pose no hazard to health. Some substances are toxic and at the same time essential for good health (such as vitamin A and
selenium). An understanding of the properties of additives and contaminants and how
these materials are regulated by governmental agencies is important to the food scientist.
Regulatory controls are dealt with in Chapter
12.
Food additives can be divided into two
major groups, intentional additives and incidental additives. Intentional additives are
chemical substances that are added to food
for specific purposes. Although we have little control over unintentional or incidental
additives, intentional additives are regulated

by strict governmental controls. The U.S.
law governing additives in foods is the Food
Additives Amendment to the Federal Food,
Drug and Cosmetic Act of 1958. According
to this act, a food additive is defined as follows:
The term food additive means any substance the intended use of which results,
or may reasonably be expected to result,
directly or indirectly in its becoming a
component or otherwise affecting the
characteristics of any food (including
any substance intended for use in producing, manufacturing, packing, processing, preparing, treating, packaging,
transporting, or holding food; and including any source of radiation intended
for any such use), if such a substance is
not generally recognized, among experts
qualified by scientific training and experience to evaluate its safety, as having
been adequately shown through scientific procedures (or, in the case of a substance used in food prior to January 1,
1958, through either scientific procedures or experience based on common
use in food) to be safe under the condition of its intended use; except that such
a term does not include pesticides, color

Exhibit 11-1 Toxic Chemicals in Foods
NATURAL
• normal components of natural food
products
• natural contaminants of natural food
products
-microbiological origin: toxins
-nonmicrobiological origin: toxicants
(e.g., Hg, Se) consumed in feeds by
animals used as food sources
MAN-MADE

• food additives
• chemicals derived from food packaging materials
• chemicals produced in processing of
foods (e.g., by heat, ionizing radiation,
smoking)
• inadvertent or accidental contaminants
-food preparation accidents or mistakes
-contamination from food utensils
-environmental pollution
-contamination during storage or
transport

• agricultural chemicals (e.g., pesticides,
fertilizers)

additives and substances for which prior
sanction or approval was granted.
The law of 1958 thus recognizes the following three classes of intentional additives:
1. additives generally recognized as safe
(GRAS)
2. additives with prior approval
3. food additives
Coloring materials and pesticides on raw
agricultural products are covered by other
laws. The GRAS list contains several hundred compounds, and the concept of such a
list has been the subject of controversy (Hall
1975).
Before the enactment of the 1958 law, U.S.
laws regarding food additives required that a
food additive be nondeceptive and that an
added substance be either safe and therefore
permitted, or poisonous and deleterious and

therefore prohibited. This type of legislation
suffered from two main shortcomings: (1) it
equated poisonous with harmful, and (2) the
onus was on the government to demonstrate
that any chemical used by the food industry
was poisonous. The 1958 act distinguishes
between toxicity and hazard. Toxicity is the
capacity of a substance to produce injury.
Hazard is the probability that injury will
result from the intended use of the substance.
It is now well recognized that many components of our foods, whether natural or added,
are toxic at certain levels but harmless or
even nutritionally essential at lower levels.
The ratio between effective dose and toxic
dose of many compounds, including such
common nutrients as amino acids and salts,
is of the order of 1 to 100. It is now mandatory that any user of an additive must petition
the government for permission to use the
material and must supply evidence that the
compound is safe.

An important aspect of the act is the socalled Delaney clause, which specifies that
no additive shall be deemed safe if it is found
to induce cancer in man or animal. Such special consideration in the case of cancer-producing compounds is not incorporated in the
food laws of many other countries.
INTENTIONAL ADDITIVES
Chemicals that are intentionally introduced
into foods to aid in processing, to act as preservatives, or to improve the quality of the
food are called intentional additives. Their
use is strictly regulated by national and international laws. The National Academy of Sciences (1973) has listed the purposes of food
additives as follows:
•
•
•
•
•
•
•

to improve or maintain nutritional value
to enhance quality
to reduce wastage
to enhance consumer acceptability
to improve keeping quality
to make the food more readily available
to facilitate preparation of the food

The use of food additives is in effect a food
processing method, because both have the
same objective—to preserve the food and/or
make it more attractive. In many food processing techniques, the use of additives is an
integral part of the method, as is smoking,
heating, and fermenting. The National Academy of Sciences (1973) has listed the following situations in which additives should not
be used:
• to disguise faulty or inferior processes
• to conceal damage, spoilage, or other
inferiority
• to deceive the consumer

• if use entails substantial reduction in
important nutrients
• if the desired effect can be obtained by
economical, good manufacturing practices
• in amounts greater than the minimum
necessary to achieve the desired effects
There are several ways of classifying intentional food additives. One such method
lists the following three main types of additives:
1. complex substances such as proteins or
starches that are extracted from other
foods (for example, the use of caseinate in sausages and prepared meats)
2. naturally occurring, well-defined chemical compounds such as salt, phosphates, acetic acid, and ascorbic acid
3. substances produced by synthesis,
which may or may not occur in nature,
such as coal tar dyes, synthetic (3-carotene, antioxidants, preservatives, and
emulsifiers
Some of the more important groups of
intentional food additives are described in
the following sections.
Preservatives
Preservatives or antimicrobial agents play
an important role in today's supply of safe
and stable foods. Increasing demand for convenience foods and reasonably long shelf life
of processed foods make the use of chemical
food preservatives imperative. Some of the
commonly used preservatives—such as sulfites, nitrate, and salt—have been used for
centuries in processed meats and wine. The
choice of an antimicrobial agent has to be
based on a knowledge of the antimicrobial

spectrum of the preservative, the chemical
and physical properties of both food and preservative, the conditions of storage and handling, and the assurance of a high initial
quality of the food to be preserved (Davidson
and Juneja 1990).

more active against gram-positive than gramnegative bacteria. They are used in fruitcakes, pastries, and fruit fillings. Methyl and
propyl parabens can be used in soft drinks.
Combinations of several parabens are often
used in applications such as fish products,
flavor extracts, and salad dressings.

Benzoic Acid
Benzoic acid occurs naturally in many
types of berries, plums, prunes, and some
spices. As an additive, it is used as benzoic
acid or as benzoate. The latter is used more
often because benzoic acid is sparsely soluble in water (0.27 percent at 180C) and
sodium benzoate is more soluble (66.0 g/100
mL at 2O0C). The undissociated form of benzoic acid is the most effective antimicrobial
agent. With a pKa of 4.2, the optimum pH
range is from 2.5 to 4.0. This makes it an
effective antimicrobial agent in high-acid
foods, fruit drinks, cider, carbonated beverages, and pickles. It is also used in margarines, salad dressings, soy sauce, and jams.
Parabens
Parabens are alkyl esters of /?-hydroxybenzoic acid. The alkyl groups may be one of
the following: methyl, ethyl, propyl, butyl, or
heptyl. Parabens are colorless, tasteless, and
odorless (except the methyl paraben). They
are nonvolatile and nonhygroscopic. Their
solubility in water depends on the nature of
the alkyl group; the longer the alkyl chain
length, the lower the solubility. They differ
from benzoic acid in that they have antimicrobial activity in both acid and alkaline pH
regions.
The antimicrobial activity of parabens is
proportional to the chain length of the alkyl
group. Parabens are more active against
molds and yeasts than against bacteria, and

Sorbic Acid
Sorbic acid is a straight-chain, trans-trans
unsaturated fatty acid, 2,4-hexadienoic acid.
As an acid, it has low solubility (0.15 g/100
mL) in water at room temperature. The salts,
sodium, or potassium are more soluble in
water. Sorbates are stable in the dry form; they
are unstable in aqueous solutions because they
decompose through oxidation. The rate of
oxidation is increased at low pH, by increased
temperature, and by light exposure.
Sorbic acid and sorbates are effective
against yeasts and molds. Sorbates inhibit
yeast growth in a variety of foods including
wine, fruit juice, dried fruit, cottage cheese,
meat, and fish products. Sorbates are most
effective in products of low pH including
salad dressings, tomato products, carbonated
beverages, and a variety of other foods.
The effective level of sorbates in foods is
in the range of 0.5 to 0.30 percent. Some of
the common applications are shown in Table
11-1. Sorbates are generally used in sweetened wines or wines that contain residual
sugars to prevent refermentation. At the levels generally used, sorbates do not affect
food flavor. However, when used at higher
levels, they may be detected by some people
as an unpleasant flavor. Sorbate can be
degraded by certain microorganisms to produce off-flavors. Molds can metabolize sorbate to produce 1,3 pentadiene, a volatile
compound with an odor like kerosene. High
levels of microorganisms can result in the

Table 11-1 Applications of Sorbates as Antimicrobial Agents
Products

Levels (%)

Dairy products: aged cheeses, processed cheeses, cottage cheese, cheese
spreads, cheese dips, sour cream, yogurt
Bakery products: cakes, cake mixes, pies, fillings, mixes, icings, fudges, toppings,
doughnuts
Vegetable products: fermented vegetables, pickles, olives, relishes, fresh salads
Fruit products: dried fruit, jams, jellies, juices, fruit salads, syrups, purees, concentrates
Beverages: still wines, carbonated and noncarbonated beverages, fruit drinks, lowcalorie drinks
Food emulsions: mayonnaise, margarine, salad dressings
Meat and fish products: smoked and salted fish, dry sausages
Miscellaneous: dry sausage casings, semimoist pet foods, confectionery

0.05-0.30
0.03-0.30
0.02-0.20
0.02-0.25
0.02-0.10
0.05-0.10
0.05-0.30
0.05-0.30

Source: Reprinted with permission from J.N. Sofos and RF. Busta, Sorbic Acid and Sorbates, in Antimicrobials in
Foods, P.M. Davidson and A.L. Branen, eds., p. 62,1993, by courtesy of Marcel Dekker, Inc.

degradation of sorbate in wine and result in
the off-flavor known as geranium off-odor
(Edinger and Splittstoesser 1986). The compounds responsible for the flavor defect are
ethyl sorbate, 4-hexenoic acid, 1-ethoxyhexa-2,4-diene, and 2-ethoxyhexa-3,5-diene.
The same problem may occur in fermented
vegetables treated with sorbate.
Sulfites
Sulfur dioxide and sulfites have long been
used as preservatives, serving both as antimicrobial substance and as antioxidant. Their
use as preservatives in wine dates back to
Roman times. Sulfur dioxide is a gas that can
be used in compressed form in cylinders. It is
liquid under pressure of 3.4 atm and can be
injected directly in liquids. It can also be
used to prepare solutions in ice cold water. It
dissolves to form sulfurous acid. Instead of
sulfur dioxide solutions, a number of sulfites
can be used (Table 11-2) because, when dissolved in water, they all yield active SO2.

The most widely used of these sulfites is
potassium metabisulfite. In practice, a value
of 50 percent of active SO2 is used. When
sulfur dioxide is dissolved in water, the following ions are formed:
SO2 (gas) -> SO2 (aq)
SO2 (aq)+ -» H2O -> H2SO3
H2SO3 -» H+ + HSO3- (K1 = 1.7 x 1(T2)
HSO31 -> H+ + SO321 (K2 = 5 x IO"6)
2HSO3- -> S2O52- + H2O
All of these forms of sulfur are known as free
sulfur dioxide. The bisulfite ion (HSO3") can
react with aldehydes, dextrins, pectic substances, proteins, ketones, and certain sugars
to form addition compounds.

Table 11-2 Sources of SO2 and Their Content of Active SO2
Chemical
Sulfur dioxide
Sodium suifite, anhydrous
Sodium suifite, heptahydrate
Sodium hydrogen suifite
Sodium metabisulfite
Potassium metabisuifite
Calcium suifite

The addition compounds are known as
bound sulfur dioxide. Sulfur dioxide is used
extensively in wine making, and in wine acetaldehyde reacts preferentially with bisulfite.
Excess bisulfite reacts with sugars. It is possible to classify bound SO2 into three forms:
aldehyde sulfurous acid, glucose sulfurous
acid, and rest sulfurous acid. The latter holds
the SO2 in a less tightly bound form. Sulfites
in wines serve a dual purpose: (1) antiseptic
or bacteriostatic and (2) antioxidant. These
activities are dependent on the form of SO2
present. The various forms of SO2 in wine
are represented schematically in Figure 11-1.
The free SO2 includes the water-soluble SO2
and the undissociated H2SO3 and constitutes
about 2.8 percent of the total. The bisulfite
form constitutes 96.3 percent and the suifite
form 0.9 percent (all at pH 3.3 and 2O0C).
The bound SO2 is mostly (80 percent)
present as acetaldehyde SO2, 1 percent as
glucose SO2, and 10 to 20 percent as rest
SO2. The various forms of suifite have different activities. The two free forms are the only
ones with antiseptic activity. The antioxidant
activity is limited to the SO32" ion (Figure
11-1). The antiseptic activity of SO2 is
highly dependent on the pH, as indicated in
Table 11-3. The lower the pH the greater the

Formula
SO2
Na2SO3
Na2SO3-? H2O
NaHSO3
Na2S2O5
K2S2O5
CaSO3

Content of Active SO2
100.00%
50.82%
25.41%
61.56%
67.39%
57.63%
64.00%

antiseptic action of SO2. The effect of pH on
the various forms of sulfur dioxide is shown
in Figure 11-2.
Sulfurous acid inhibits molds and bacteria
and to a lesser extent yeasts. For this reason,
SO2 can be used to control undesirable bacteria and wild yeast in fermentations without
affecting the SO2-tolerant cultured yeasts.
According to Chichester and Tanner (1968),
the undissociated acid is 1,000 times more
active than HSO3~ for Escherichia coli, 100
to 500 times for Saccharomyces cerevisiae,
and 100 times for Aspergillus niger.
The amount of SO2 added to foods is selflimiting because at levels from 200 to 500
ppm the product may develop an unpleasant
off-flavor. The acceptable daily intake (ADI)
is set at 1.5 mg/kg body weight. Because
large intakes can result from consumption of
wine, there have been many studies on reducing the use of SO2 in wine making.
Although some other compounds (such as
sorbic acid and ascorbic acid) may partially
replace SO2, there is no satisfactory replacement for SO2 in wine making.
The use of SO2 is not permitted in foods
that contain significant quantities of thiamine, because this vitamin is destroyed by
SO2. In the United States, the maximum per-

TOTAL
free SO2

SO2
bound SO2

active
antiseptic

acetaldehyde SO2
HSOj

rest SO2
I antjoxidont

giucose su?

Figure 11—1 The Various Forms of SO2 in Wine and Their Activity. Source: Reprinted with permission from J.M. deMan, 500 Years of Sulfite Use in Winemaking, Am. Wine Soc. /., Vol. 20, pp. 44-46,
© 1988, American Wine Society.

mitted level of SO2 in wine is 350 ppm.
Modern practices have resulted in much
lower levels of SO2. In some countries SO2 is
used in meat products; such use is not permitted in North America on the grounds that
this would result in consumer deception. SO2
is also widely used in dried fruits, where levels may be up to 2,000 ppm. Other applications are in dried vegetables and dried potato
Table 11-3 Effect of pH on the Proportion of
Active Antiseptic SO2 of Wine Containing 100
mg/L Free SO2
pH

Active SO2 (mg/L)

~22
2.8
3.0
3.3
3.5
3.7
4.0

3?!o
8.0
5.0
3.0
1.8
1.2
0.8

products. Because SO2 is volatile and easily
lost to the atmosphere, the residual levels
may be much lower than the amounts originally applied.
Nitrates and Nitrites
Curing salts, which produce the characteristic color and flavor of products such as
bacon and ham, have been used throughout
history. Curing salts have traditionally contained nitrate and nitrite; the discovery that
nitrite was the active compound was made in
about 1890. Currently, nitrate is not considered to be an essential component in curing
mixtures; it is sometimes suggested that
nitrate may be transformed into nitrite, thus
forming a reservoir for the production of
nitrite. Both nitrates and nitrites are thought
to have antimicrobial action. Nitrate is used
in the production of Gouda cheese to prevent
gas formation by butyric acid-forming bacteria. The action of nitrite in meat curing is
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pH
Figure 11-2 Effect of pH on the lonization of Sulfurous Acid in Water

considered to involve inhibition of toxin formation by Clostridium botulinum, an important factor in establishing safety of cured
meat products. Major concern about the use
of nitrite was generated by the realization
that secondary amines in foods may react to
form nitrosamines, as follows:

The nitrosamines are powerful carcinogens, and they may be mutagenic and teratogenic as well. It appears that very small
amounts of nitrosamines can be formed in
certain cured meat products. These levels are
in the ppm or the ppb range and, because

analytical procedures are difficult, there is as
yet no clear picture of the occurrence of nitrosamines. The nitrosamines may be either volatile or nonvolatile, and only the latter are
usually included in analysis of foods. Nitrosamines, especially dimethyl-nitrosamine, have
been found in a number of cases when cured
meats were surveyed at concentrations of a
few |Ltg/kg (ppb). Nitrosamines are usually
present in foods as the result of processing
methods that promote their formation (Havery and Fazio 1985). An example is the spray
drying of milk. Suitable modifications of
these process conditions can drastically
reduce the nitrosamine levels. Considerable
further research is necessary to establish why
nitrosamines are present only in some samples and what the toxicological importance
of nitrosamines is at these levels. There
appears to be no suitable replacement for
nitrite in the production of cured meats such

as ham and bacon. The ADI of nitrite has
been set at 60 mg per person per day. It is
estimated that the daily intake per person in
Canada is about 10 mg.
Cassens (1997) has reported a dramatic
decline in the residual nitrite levels in cured
meat products in the United States. The current residual nitrite content of cured meat
products is about 10 ppm. In 1975 an average
residual nitrite content in cured meats was
reported as 52.5 ppm. This reduction of
nitrite levels by about 80 percent has been
attributed to lower ingoing nitrite, increased
use of ascorbates, improved process control,
and altered formulations.
The nitrate-nitrite intake from natural
sources is much higher than that from processed foods. Fassett (1977) estimated that
the nitrate intake from 100 g of processed
meat might be 50 mg and from 100 g of
high-nitrate spinach, 200 mg. Wagner and
Tannenbaum (1985) reported that nitrate in
cured meats is insignificant compared to
nitrite produced endogenously. Nitrate is
produced in the body and recirculated to the
oral cavity, where it is reduced to nitrite by
bacterial action.
Hydrogen Peroxide
Hydrogen peroxide is a strong oxidizing
agent and is also useful as a bleaching agent.
It is used for the bleaching of crude soya lecithin. The antimicrobial action of hydrogen
peroxide is used for the preservation of
cheese milk. Hydrogen peroxide decomposes slowly into water and oxygen; this process is accelerated by increased temperature
and the presence of catalysts such as catalase, lacto-peroxidase and heavy metals. Its
antimicrobial action increases with temperature. When hydrogen peroxide is used for
cheese making, the milk is treated with 0.02

percent hydrogen peroxide followed by catalase to remove the hydrogen peroxide. Hydrogen peroxide can be used for sterilizing
food processing equipment and for sterilizing packaging material used in aseptic food
packaging systems.
Sodium Chloride
Sodium chloride has been used for centuries to prevent spoilage of foods. Fish, meats,
and vegetables have been preserved with salt.
Today, salt is used mainly in combination
with other processing methods. The antimicrobial activity of salt is related to its ability
to reduce the water activity (aw), thereby
influencing microbial growth. Salt has the
following characteristics: it produces an
osmotic effect, it limits oxygen solubility, it
changes pH, sodium and chloride ions are
toxic, and salt contributes to loss of magnesium ions (Banwart 1979). The use of sodium
chloride is self-limiting because of its effect
on taste.
Bacteriocins
Nisin is an antibacterial polypeptide produced by some strains of Lactococcus lactis.
Nisin-like substances are widely produced
by lactic acid bacteria. These inhibitory substances are known as bacteriocins. Nisin has
been called an antibiotic, but this term is
avoided because nisin is not used for therapeutic purposes in humans or animals. Nisinproducing organisms occur naturally in milk.
Nisin can be used as a processing aid against
gram-positive organisms. Because its effectiveness decreases as the bacterial load increases, it is unlikely to be used to cover up
unhygienic practices.
Nisin is a polypeptide with a molecular
weight of 3,500, which is present as a dimer

of molecular weight 7,000. It contains some
unusual sulfur amino acids, lanthionine and
p-methyl lanthionine. It contains no aromatic
amino acids and is stable to heat.
The use of nisin as a food preservative has
been approved in many countries. It has been
used effectively in preservation of processed
cheese. It is also used in the heat treatment of
nonacid foods and in extending the shelf life
of sterilized milk.
A related antibacterial substance is natamycin, identical to pimaricin. Natamycin is
effective in controlling the growth of fungi
but has no effect on bacteria or viruses. In
fermentation industries, natamycin can be
used to control mold or yeast growth. It has a
low solubility and therefore can be used as a
surface treatment on foods. Natamycin is
used in the production of many varieties of
cheese.
Acids
Acids as food additives serve a dual purpose, as acidulants and as preservatives.
Phosphoric acid is used in cola soft drinks to
reduce the pH. Acetic acid is used to provide
tartness in mayonnaise and salad dressings.
A similar function in a variety of other foods
is served by organic acids such as citric, tartaric, malic, lactic, succinic, adipic, and fumaric acid. The properties of some of the
common food acids are listed in Table 11-4
(Peterson and Johnson 1978). Members of
the straight-chain carboxylic acids, propionic
and sorbic acids, are used for their antimicrobial properties. Propionic acid is mainly used
for its antifungal properties. Propionic acid
applied as a 10 percent solution to the surface of cheese and butter retards the growth
of molds. The fungistatic effect is higher at
pH 4 than at pH 5. A 5 percent solution of
calcium propionate acidified with lactic acid

to pH 5.5 is as effective as a 10 percent unacidified solution of propionic acid. The sodium
salts of propionic acid also have antimicrobial properties.
Antioxidants
Food antioxidants in the broadest sense are
all of the substances that have some effect on
preventing or retarding oxidative deterioration in foods. They can be classified into a
number of groups (Kochhar and Rossell
1990).
Primary antioxidants terminate free radical
chains and function as electron donors. They
include the phenolic antioxidants, butylated
hydroxyanisole (BHA), butylated hydroxytoluene (BHT), tertiary butyl hydroquinone
(TBHQ), alkylgalates, usually propylgallate
(PG), and natural and synthetic tocopherols
and tocotrienols.
Oxygen scavengers can remove oxygen in
a closed system. The most widely used compounds are vitamin C and related substances,
ascorbyl palmitate, and erythorbic acid (the
D-isomer of ascorbic acid).
Chelating agents or sequestrants remove
metallic ions, especially copper and iron, that
are powerful prooxidants. Citric acid is widely
used for this purpose. Amino acids and ethylene diamine tetraacetic acid (EDTA) are
other examples of chelating agents.
Enzymic antioxidants can remove dissolved
or head space oxygen, such as glucose oxidase. Superoxide dismutase can be used to
remove highly oxidative compounds from
food systems.
Natural antioxidants are present in many
spices and herbs (Lacroix et al. 1997; Six
1994). Rosemary and sage are the most
potent antioxidant spices (Schuler 1990).
The active principles in rosemary are carnosic acid and carnosol (Figure 11-3). Anti-

Table 11-4 Properties of Some Common Food Acids

Property

GluconoDeltaLactone

Lactic Acid

Malic Acid

Phosphoric
Acid

Tartaric Acid

C6H10O6

C3H6O3

C4H6O5

H3PO4

C4H6O6

85% Water
Solution
82.00

Crystalline

Acetic Acid

Adipic Acid

Citric Acid

Fumaric
Acid

C2H4O2

C6H10O4

C6H8O7

C4H4O4

Oily Liquid

Crystalline

60.05

146.14

192.12

116.07

178.14

60.05

73.07

64.04

58.04

178.14

90.08

67.05

27.33

75.05

OO

1.4

181.00

0.63

59.0

OO

144.0

OO

147.0

8x10~ 5

3.7x10~5

8.2 xlO" 4

1 x10~3

2.5 x 10"4
(gluconic
acid)

1.37 x 1Q-4

4 x 1Q-4

7.52 x 10~3

1.04x1 0~3

2.4x10-®

1.77 x 10"5
3.9 XlO" 6

3x10~ 5

9 xlO" 6

6.23 x 10~8

5.55x1 0~5

Structure

Empirical
formula
Physical form
Molecular
weight
Equivalent
weight
Sol. in water
(g/100ml_
solv.)
lonization
constants
KI

K2
K3

Crystalline Crystalline Crystalline

85% Water Crystalline
Solution
90.08
134.09

3x10- 13

150.09

carnosic acid

carnosol
Figure 11-3 Chemical Structure of the Active Antioxidant Principles in Rosemary

oxidants from spices can be obtained as
extracts or in powdered form by a process
described by Bracco et al. (1981).
The level of phenolic antioxidants permitted for use in foods is limited. U.S. regulations allow maximum levels of 0.02 percent
based on the fat content of the food.
Sometimes the antioxidants are incorporated in the packaging materials rather than
in the food itself. In this case, a larger number of antioxidants is permitted, provided
that no more than 50 ppm of the antioxidants
become a component of the food.
Emulsifiers
With the exception of lecithin, all emulsifiers used in foods are synthetic. They are
characterized as ionic or nonionic and by
their hydrophile/lipophile balance (HLB).
All of the synthetic emulsifiers are derivatives of fatty acids.
Lecithin is the commercial name of a mixture of phospholipids obtained as a byproduct of the refining of soybean oil. Phosphatidylcholine is also known as lecithin, but
the commercial product of that name contains several phospholipids including phos-

phatidylcholine. Crude soybean lecithin is
dark in color and can be bleached with
hydrogen peroxide or benzoyl peroxide. Lecithin can be hydroxylated by treatment with
hydrogen peroxide and lactic or acetic acid.
Hydroxylated lecithin is more hydrophilic,
and this makes for a better oil-in-water emulsifier. The phospholipids contained in lecithin are insoluble in acetone.
Monoglycerides are produced by transesterification of glycerol with triglycerides.
The reaction proceeds at high temperature,
under vacuum and in the presence of an alkaline catalyst. The reaction mixture, after
removal of excess glycerol, is known as commercial monoglyceride, a mixture of about
40 percent monoglyceride and di- and triglycerides. The di- and triglycerides have no
emulsifying properties. Molecular distillation can increase the monoglyceride content
to well over 90 percent. The emulsifying
properties, especially HLB, are determined
by the chain length and unsaturation of the
fatty acid chain.
Hydroxycarboxylic and fatty acid esters
are produced by esterifying organic acids to
monoglycerides. This increases their hydrophilic properties. Organic acids used are ace-

tic, citric, fumaric, lactic, succinic, or tartaric
acid. Succinylated monoglycerides are synthesized from distilled monoglycerides and
succinic anhydride. They are used as dough
conditioners and crumb softeners (Krog
1981). Acetic acid esters can be produced
from mono- and diglycerides by reaction
with acetic anhydride or by transesterification. They are used to improve aeration in
foods high in fat content and to control fat
crystallization. Other esters may be prepared: citric, diacetyl tartaric, and lactic acid.
A product containing two molecules of lactic
acid per emulsifier molecule, known as
stearoyl-2-lactylate, is available as the sodium
or calcium salt. It is used in bakery products.
Polyglycerol esters of fatty acids are produced by reacting polymerized glycerol with
edible fats. The degree of polymerization of
the glycerol and the nature of the fat provide
a wide range of emulsifiers with different
HLB values.
Polyethylene or propylene glycol esters of
fatty acids are more hydrophilic than monoglycerides. They can be produced in a range
of compositions.
Sorbitan fatty acid esters are produced by
polymerization of ethylene oxide to sorbitan
fatty acid esters. The resulting polyoxyethylene sorbitan esters are nonionic hydrophilic
emulsifiers. They are used in bakery products as antistaling agents. They are known as
polysorbates with a number as indication of
the type of fatty acid used (e.g., lauric,
stearic, or oleic acid).
Sucrose fatty acid esters can be produced
by esterification of fatty acids with sucrose,
usually in a solvent system. The HLB varies,
depending on the number of fatty acids esterified to a sucrose molecule. Monoesters have
an HLB value greater than 16, triesters less
than 1. When the level of esterification increases to over five molecules of fatty acid,

the emulsifying property is lost. At high levels of esterification the material can be used
as a fat replacer because it is not absorbed or
digested and therefore yields no calories.
Bread Improvers
To speed up the aging process of wheat
flour, bleaching and maturing agents are
used. Benzoyl peroxide is a bleaching agent
that is frequently used; other compounds—
including the oxides of nitrogen, chlorine
dioxide, nitrosyl chloride, and chlorine—are
both bleaching and improving (or maturing)
agents. Improvers used to ensure that dough
will ferment uniformly and vigorously include oxidizing agents such as potassium
bromate, potassium iodate, and calcium peroxide. In addition to these agents, there may
be small amounts of other inorganic compounds in bread improvers, including ammonium chloride, ammonium sulfate, calcium
sulfate, and ammonium and calcium phosphates. Most of these bread improvers can
only be used in small quantities, because
excessive amounts reduce quality. Several
compounds used as bread improvers are
actually emulsifiers and are covered under
that heading.
Flavors
Included in this group is a wide variety of
spices, oleoresins, essential oils, and natural
extractives. A variety of synthetic flavors contain mostly the same chemicals as those found
in the natural flavors, although the natural flavors are usually more complex in composition. For legislative purposes, three categories
of flavor compounds have been proposed.
1. Natural flavors and flavoring substances are preparations or single substances obtained exclusively by phys-

ical processes from raw materials in
their natural state or processed for
human consumption.
2. Nature-identical flavors are produced
by chemical synthesis or from aromatic raw materials; they are chemically identical to natural products used
for human consumption.
3. Artificial flavors are substances that
are not present in natural products.
The first two categories require considerably less regulatory control than the latter
one (Vodoz 1977). The use of food flavors
covers soft drinks, beverages, baked goods,
confectionery products, ice cream, desserts,
and so on. The amounts of flavor compounds
used in foods are usually small and generally
do not exceed 300 ppm. Spices and oleoresins are used extensively in sausages and prepared meats. In recent years, because of
public perception, the proportion of natural
flavors has greatly increased at the expense
of synthetics (Sinki and Schlegel 1990).
Numerous flavoring substances are on the
generally recognized as safe (GRAS) list.
Smith et al. (1996) have described some of
the recent developments in the safety evaluation of flavors. They mention a significant
recent development in the flavor industry—
the production of flavor ingredients using
biotechnology—and describe their safety
assessment.
Flavor Enhancers
Flavor enhancers are substances that carry
the property of umami (see Chapter 7) and
comprise glutamates and nucleotides. GIutamic acid is a component amino acid of proteins but also occurs in many protein-containing foods as free glutamic acid. In spite
of their low protein content, many vegetables

have high levels of free glutamate, including
mushrooms, peas, and tomatoes. Sugita
(1990) has listed the level of bound and free
glutamate in a variety of foods. Glutamate is
an element of the natural ripening process
that results in fullness of taste, and it has
been suggested as the reason for the popularity of foods such as tomatoes, cheese, and
mushrooms (Sugita 1990).
The nucleotides include disodium 5'-inosinate (IMP), adenosine monophosphate
(AMP), disodium 5'-guanylate (GMP), and
disodium xan thy late (XMP). IMP is found
predominantly in meat, poultry, and fish;
AMP is found in vegetables, crustaceans,
and mollusks; GMP is found in mushrooms,
especially shiitake mushrooms.
Monosodium glutamate (MSG) is the sodium salt of glutamic acid. The flavor-enhancing property is not limited to MSG. Similar
taste properties are found in the L-forms of
oc-amino dicarboxylates with four to seven
carbon atoms. The intensity of flavor is
related to the chemical structure of these
compounds. Other amino acids that have
similar taste properties are the salts of
ibotenic acid, tricholomic acid, and L-theanine.
The chemical structure of the nucleotides
is shown in Figure 7-21. They are purine
ribonucleotides with a hydroxyl group on
carbon 6 of the purine ring and a phosphate
ester group on the 5'-carbon of the ribose.
Nucleotides with the ester group at the 2' or
3' position are tasteless. When the ester
group is removed by the action of phosphomonoesterases, the taste activity is lost. It
is important to inactivate such enzymes in
foods before adding 5'-nucleotide flavor enhancers.
The taste intensity of MSG and its concentration are directly related. The detection
threshold for MSG is 0.012 g/100 mL; for

sodium chloride it is 0.0037 g/100 mL; and
for sucrose it is 0.086 g/100 mL. There is a
strong synergistic effect between MSG and
IMP. The mixture of the two has a taste
intensity that is 16 times stronger than the
same amount of MSG. MSG contains 12.3
percent sodium; common table salt contains
three times as much sodium. By using flavor
enhancers in a food, it is possible to reduce
the salt level without affecting the palatability or food acceptance. The mode of action
of flavor enhancers has been described by
Nagodawithana (1994).
Sweeteners
Sweeteners can be divided into two
groups, nonnutritive and nutritive sweeteners. The nonnutritive sweeteners include saccharin, cyclamate, aspartame, acesulfame K,
and sucralose. There are also others, mainly
plant extracts, which are of limited importance. The nutritive sweeteners are sucrose;
glucose; fructose; invert sugar; and a variety
of polyols including sorbitol, mannitol, maltitol, lactitol, xylitol, and hydrogenated glucose syrups.
The chemical structure of the most important nonnutritive sweeteners is shown in Figure 11-4. Saccharin is available as the sodium or calcium salt of orthobenzosulfimide.
The cyclamates are the sodium or calcium
salts of cyclohexane sulfamic acid or the acid
itself. Cyclamate is 30 to 40 times sweeter
than sucrose, and about 300 times sweeter
than saccharin. Organoleptic comparison of
sweetness indicates that the medium in
which the sweetener is tasted may affect the
results. There is also a concentration effect.
At higher concentrations, the sweetness
intensity of the synthetic sweeteners increases
at a lower rate than that which occurs with
sugars. This has been ascribed to the bitter-

ness and strong aftertaste that appears at
these relatively high concentrations.
Cyclamates were first synthesized in 1939
and were approved for use in foods in the
United States in 1950. Continued tests on the
safety of these compounds resulted in the
1967 finding that cyclamate can be converted
by intestinal flora into cyclohexylamine,
which is a carcinogen. Apparently, only certain individuals have the ability to convert
cyclamate to cyclohexylamine (Collings 1971).
In a given population, a portion are nonconverters, some convert only small amounts,
and others convert large amounts.
Aspartame is a dipeptide derivative, Laspartyl-L-phenylalanine methyl ester, which
was approved in the United States in 1981
for use as a tabletop sweetener, in dry beverage mixes, and in foods that are not heat processed. This substance is metabolized in the
body to phenylalanine, aspartic acid, and
methanol. Only people with phenylketonuria
cannot break down phenylalanine. Another
compound, diketopiperazine, may also be
formed. However, no harmful effects from
this compound have been demonstrated. The
main limiting factor in the use of aspartame
is its lack of heat stability (Homier 1984).
A new sweetener, approved in 1988, is
acesulfame K. This is the potassium salt of
6-methyl-1,2,3-oxathiozine-4(3H)-one-2, 2dioxide (Figure 11-4). It is a crystalline
powder that is about 200 times sweeter than
sugar. The sweetening power depends to a
certain degree on the acidity of the food it is
used in. Acesulfame K is reportedly more
stable than other sweeteners. The sweet taste
is clean and does not linger. Sucralose is a
trichloroderivative of the C-4 epimer galactosucrose. It is about 600 times sweeter than
sucrose and has a similar taste profile. One
of its main advantages is heat stability, so it
can be used in baking.

Na-Saccharin

Na-cyclamate

cyclohexylamine

Acesulfame K
Figure 11-4 Chemical Structure of Sodium Saccharin, Sodium Cyclamate, Cyclohexylamine, and
Acesulfame K

Blending of nonnutritive sweeteners may
lead to improved taste, longer shelf life,
lower production cost, and reduced consumer exposure to any single sweetener
(Verdi and Hood 1993). The dihydrochalcone sweeteners are obtained from phenolic
glycosides present in citrus peel. Such compounds can be obtained from naringin of
grapefruit or from the flavonoid neohesperidin. The compound neohesperidin dihydrochalcone is rated 1,000 times sweeter than
sucrose (Inglett 1971). Horowitz and Gentili
(1971) investigated the relationship between
chemical structure and sweetness, bitterness,
and tastelessness. Several other natural compounds having intense sweetness have been
described by Inglett (1971); these include
glycyrrhizin (from licorice root) and a tastemodifying glycoprotein named miraculin
that is obtained from a tropical fruit known
as miracle berry. Stevioside is an extract
from the leaves of a South American plant
that is 300 times sweeter than sugar. Thaumatin, a protein mixture from a West African

fruit, is 2,000 times sweeter than sugar, but
its licorice-like aftertaste limits its usefulness.
It has been suggested that sugars from the
L series could be used as low-calorie sweeteners. These sugars cannot be metabolized in
the normal way, as D sugars would, and
therefore pass through the digestive system
unaltered. Their effect on the body has not
been sufficiently explored.
Possible new sweeteners have been described by Gelardi (1987).
Phosphates
These compounds are widely used as food
additives, in the form of phosphoric acid as
acidulant, and as monophosphates and polyphosphates in a large number of foods and
for a variety of purposes. Phosphates serve as
buffering agents in dairy, meat, and fish
products; anticaking agents in salts; firming
agents in fruits and vegetables; yeast food in
bakery products and alcoholic beverages;

and melting salts in cheese processing. Phosphorus oxychloride is used as a starch-modifying agent.
The largest group of phosphates and the
most important in the food industry is the
orthophosphates (Figure 11-5). The phosphate group has three replaceable hydrogens,
giving three possible sodium orthophosphates—monosodium, disodium, and trisodium phosphate. The phosphates can be
divided into othophosphates, polyphosphates, and metaphosphates, the latter having
little practical importance. Polyphosphates
have two or more phosphorus atoms joined
by an oxygen bridge in a chain structure. The
first members of this series are the pyrophosphates, which have one P-O-P linkage. The
condensed phosphate with two linkages is
tripolyphosphate. Alkali metal phosphates
with chain lengths greater than three are usu-
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Figure 11-5 Structure of Ortho- and Polyphosphate Salts

ally mixtures of polyphosphates with varied
chain lengths. The best known is sodium
hexametaphosphate. The longer chain length
salts are glasses. Hexametaphosphate is not a
real metaphosphate, since these are ring structures and hexametaphosphate is a straightchain polyphosphate. Sodium hexametaphosphate has an average chain length of 10 to 15
phosphate units.
Phosphates are important because they
affect the absorption of calcium and other
elements. The absorption of inorganic phosphorus depends on the amount of calcium,
iron, strontium, and aluminum present in the
diet. Chapman and Pugsley (1971) have suggested that a diet containing more phosphorus than calcium is as detrimental as a simple
calcium deficiency. The ratio of calcium to
phosphorus in bone is 2 to 1. It has been recommended that in early infancy, the ratio
should be 1.5 to 1; in older infants, 1.2 to 1;
and for adults, 1 to 1. The estimated annual
per capita intake in the United States is 1 g
Ca and 2.9 g P, thus giving a ratio of 0.35.
The danger in raising phosphorus levels is
that calcium may become unavailable.
Coloring Agents
In the United States two classes of color
additives are recognized: colorants exempt
from certification and colorants subject to
certification. The former are obtained from
vegetable, animal, or mineral sources or are
synthetic forms of naturally occurring compounds. The latter group of synthetic dyes
and pigments is covered by the Color Additives Amendment of the U.S. Food, Drug and
Cosmetic Act. In the United States these
color compounds are not known by their
common names but as FD&C colors (Food,
Drug and Cosmetic colors) with a color and
a number (Noonan 1968). As an example,

FD&C red dye no. 2 is known as amaranth
outside the United States. Over the years the
originally permitted fat-soluble dyes have
been removed from the list of approved dyes,
and only water-soluble colors remain on the
approved list.
According to Newsome (1990) only nine
synthetic colors are currently approved for
food use and 21 nature-identical colors are
exempt from certification. The approved
FD&C colors are listed in Exhibit 11-2. Citrus red no. 2 is only permitted for external
use on oranges, with a maximum level of 2
ppm on the weight of the whole orange. Its
use is not permitted on oranges destined for
processing.
Lakes are insoluble forms of the dyes and
are obtained by combining the color with
aluminum or calcium hydroxide. The dyes
provide color in solution, and the lakes serve
as insoluble pigments.

Exhibit 11-2 Color Additives Permitted for
Food Use in the United States and Their Common Names
•
•
•
•
•
•
•
•
•

FD&C red no. 3 (erythrosine)
FD&C red no. 40 (allura red)
FD&C orange B
FD&C yellow no. 6 (sunset yellow)
FD&C yellow no. 5 (tartrazine)
FD&C green no. 3 (fast green)
FD&C blue no. 1 (brillian blue)
FD&C blue no. 2 (indigotine)
Citrus red no. 2

Source: Reprinted with permission from R.L.
Newsome, Natural and Synthetic Coloring
Agents, in Food Additives, A.L. Branen, P.M.
Davidson, and S. Salminen, eds., p. 344, 1990,
by courtesy of Marcel Dekker, Inc.

The average per capita consumption of
food colors is about 50 mg per day. Food colors have been suspect as additives for many
years, resulting in many deletions from the
approved list. An example is the removal of
FD&C red no. 2 or amaranth in 1976. In the
United States, it was replaced by FD&C red
no. 40. The removal from the approved list
was based on the observation of reproductive
problems in test animals that consumed amaranth at levels close to the ADI. As a consequence, the Food and Agriculture Organization (FAO)AVorld Health Organization
(WHO) reduced the ADI to 0.75 mg/kg body
weight from 1.5 mg/kg. Other countries,
including Canada, have not delisted amaranth.
The natural or nature-identical colors are
less stable than the synthetic ones, more variable, and more likely to introduce undesirable flavors. The major categories of natural
food colors and their sources are listed in
Table 11-5.
Food Irradiation
Food irradiation is the treatment of foods
by ionizing radiation in the form of beta,
gamma, or X-rays. The purpose of food irradiation is to preserve food and to prolong
shelf life, as other processing techniques
such as heating or drying have done. For regulatory purposes irradiation is considered a
process, but in many countries it is considered to be an additive. This inconsistency in
the interpretation of food irradiation results
in great obstacles to the use of this process
and has slowed down its application considerably. Several countries are now in the process of reconsidering their legislation
regarding irradiation. Depending on the radiation dose, several applications can be distinguished. The unit of radiation is the Gray

Table 11-5 Major Categories of Natural Food Colors and Their Sources
Colorant
Anthocyanins
Betalains
Caramel
Carotenoids
Annatto (bixin)
Canthaxanthin
p-apocarotena!
Chlorophylls
Riboflavin
Others
Carmine (cochineal extract)
Turmeric (curcuma)
Crocetin, crocin

Sources
Grape skins, elderberries
Red beets, chard, cactus fruits, pokeberries, bougainvillea, amaranthus
Modified sugar
Seeds of Blxa orellana
Mushrooms, crustaceans, fish, seaweed
Oranges, green vegetables
Green vegetables
Milk
Coccus cati insect
Curcuma longa
Saffron

Source: Reprinted with permission from R.L. Newsome, Natural and Synthetic Coloring Agents, in Food Additives, A.L Branen, P.M. Davidson, and S. Salminen, eds., p. 333,1990, by courtesy of Marcel Dekker, Inc.

(Gy), which is a measure of the energy
absorbed by the food. It replaced the older
unitrad(l Gy = 100 rad).
Radiation sterilization produces foods
that are stable at room temperature and
requires a dose of 20 to 70 kGy. At lower
doses, longer shelf life may be obtained,
especially with perishable foods such as
fruits, fish, and shellfish. The destruction of
Salmonella in poultry is an application for
radiation treatment. This requires doses of 1
to 10 kGy. Radiation disinfestation of spices
and cereals may replace chemical fumigants, which have come under increasing
scrutiny in recent years. Dose levels of 8 to
30 kGy would be required. Other possible
applications of irradiation processing are
inhibition of sprouting in potatoes and
onions and delaying of the ripening of tropical fruits.

Nutrition Supplements
There are two fundamental reasons for
the addition of nutrients to foods consumed
by the public: (1) to correct a recognized
deficiency of one or more nutrients in the
diets of a significant number of people
when the deficit actually or potentially
adversely affects health; and (2) to maintain
the nutritional quality of the food supply at
a level deemed by modern nutrition science
to be appropriate to ensure good nutritional
health, assuming only that a reasonable
variety of foods are consumed (Augustin
and Scarbrough 1990).
A variety of compounds are added to
foods to improve the nutritional value of a
product, to replace nutrients lost during processing, or to prevent deficiency diseases.
Most of the additives in this category are

vitamins or minerals. Enrichment of flour
and related products is now a well-recognized practice. The U.S. Food and Drug
Administration (FDA) has established definitions and standards of identity for the enrichment of wheat flour, farina, corn meal, corn
grits, macaroni, pasta products, and rice.
These standards define minimum and maximum levels of addition of thiamin, riboflavin, niacin, and iron. In some cases, optional
addition of calcium and vitamin D is
allowed. Margarine contains added vitamins
A and D, and vitamin D is added to fluid and
evaporated milk. The addition of the fat-soluble vitamins is strictly controlled, because
of the possible toxicity of overdoses of these
vitamins. The vitamin D enrichment of foods
has been an important measure in the elimination of rickets. Another example of the
beneficial effect of enrichment programs is
the addition of iodine to table salt. This measure has virtually eliminated goiter.
One of the main potential deficiencies in
the diet is calcium. Lack of calcium is associated with osteoporosis and possibly several
other diseases. The recommended daily allowance for adolescents/young adults and the
elderly has increased from the previous recommendation of 800 to 1,200 mg/day to
1,500 mg/day. This level is difficult to
achieve, and the use of calcium citrate in fortified foods has been recommended by LabinGoldscher and Edelstein (1996). Sloan and
Stiedemann (1996) highlighted the relationship between consumer demand for fortified
products and complex regulatory issues.
Migration from Packaging Materials
When food packaging materials were
mostly glass or metal cans, the transfer of
packaging components to the food consisted
predominantly of metal (iron, tin, and lead)

uptake. With the advent of extensive use of
plastics, new problems of transfer of toxicants and flavor and odor substances became
apparent. In addition to polymers, plastics
may contain a variety of other chemicals,
catalysts, antioxidants, plasticizers, colorants, and light absorbers. Depending on the
nature of the food, especially its fat content,
any or all of these compounds may be
extracted to some degree into the food (Bieberetal. 1985).
Awareness of the problem developed in the
mid 1970s when it was found that mineral
waters sold in polyvinyl chloride (PVC) bottles contained measurable amounts of vinyl
chloride monomer. Vinyl chloride is a known
carcinogen. The Codex Alimentarius Committee on Food Additives and Contaminants
has set a guideline of 1 ppm for vinyl chloride monomer in PVC packaging and 0.01
ppm of the monomer in food (Institute of
Food Technologists 1988). Another additive
found in some PVC plastics is octyl tin mercaptoacetate or octyl tin maleate. Specific
regulations for these chemicals exist in the
Canadian Food and Drugs Act.
The use of plastic netting to hold and shape
meat during curing resulted in the finding of
N-nitrosodiethylamine and N-nitrosodibutylamine in hams up to levels of 19 ppb
(parts per billion) (Sen et al. 1987). Later
research established that the levels of nitrosamines present were not close to violative
levels (Marsden and Pesselman 1993).
Plasticizers, antioxidants, and colorants are
all potential contaminants of foods that are
contained in plastics made with these chemicals. Control of potential migration of plastic
components requires testing the containers
with food simulants selected to yield information relevant to the intended type of food
to be packaged (DeKruyf et al. 1983; Bieber
etal. 1984).

