Micronutrients, Food Additives,
and Food Safety

bodily substance or energy, but that are nonetheless vital to
our well-being (i.e., vitamins and minerals), or that contrib-

Ut to the taste, texture, or stability of foods Ge., tolo;i aa-
ditives). Some of these additives ocour in fuCt"og.a‘ e
substances that may offer additional health benefits.

In Chapter 5 we saw that foods consist largely of macro-
nutrients: the fats and oils, proteins, and carbohydrates
that provide us with the material structures and energy of
our bodies. In this chapter we examine the much smaller
components of foods that do not provide us directly with
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Micronutrients

LEARNING OBJECTIVES ’
1. Define vitamins and describe their classification  Vitamins ‘hat form in small
and roles in health. ‘ arc OTganic compounds '
vitamins ts and [itamins Organic

2. Define minerals and describe their classification

within the plar
and roles in health. amounts

animals we eat as food, an

: od
: ial for life and 8°
n Chapter 5 we studied the macronutrients  are essential fo; «yitamin” came
of food: its fat, carbohydrates, and proteins,  health. The wor - 1000 e e
But food contains small quantities of other  into our languff‘ge 4 pemist (later American citizen)
essential natural products as well, known as vised by the Polish b‘lOC e St organic substances
micronutrients. Obtaining adequate amounts of these — Casimir Funk. He discoverc Ao (Section 12.2)
micronutrients micronutrients, which include and believed that ey, WeEe «yital amines.” Hence he
Dietary substances vitamins and minerals, is essen-  that are vital to our healt,l,l’ ol shortened to our cur-
needed in trace | tal for good health. In this sec- named them “vitamines,” later : ¥
amounts for proper : { E S know that not all vitamins are
Famith tion, we explore the chemistry of ~ rent “vitamins.” We now B e vical o
- micronutrients, learn about their ~ amines, but we also know that they are, ’

compounds required
in small amounts for
proper health.

dietary sources, and examine the health consequences of  our health.
micronutrient deficiencies.
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Formation of vitamin A « Figure 14.2

Human metabolism converts one molecule of B-carotene into two

molecules of vitamin A, also known as retinol.

p-carotene

Chemical reactions
within the body

Retinol

As one of the fatsoluble vitamins, vitamin A accu-
mulates in the body’s fat cells, particularly in the liver.
A moderate excess of vitamin A in our bodies normally
does no harm. We simply store it, largely in our livers, for
use later, when it might be in short supply. A large excess,
though, can overwhelm the body’s storage capacity and
can generate toxic symptoms, including nausea, blurred
vision, loss of hair, and worse, including death. Moreover,
even though vitamin A is required for the normal devel-
opment of an embryo, excesses taken in early stages of
pregnancy—and even shortly before conception, since the
vitamin can be stored—can produce serious birth defects.

Toxic doses of the vitamin can result from overzeal-
ous use of vitamin supplements and from eating cer-
tain rare and bizarre foods that are particularly rich in

vitamin A. Polar bear livers, for example, contain unusu-
ally large quantities of the substance; a 3-oz portion of
polar bear liver provides about 200 times the currently
recommended daily intake for an adult. There have been
reports of extreme toxicity and death among early Arctic
explorers who ate large quantities of these livers.

Although animal livers can store very large concen-
trations of vitamin A, plants don’t contain any. Carrots,
which are supposed to be a very good source of the nutri-
ent (and indeed are), have none whatever. This strange-
sounding contradiction makes more sense when we
examine the chemistry of the vitamin.

Our bodies can use vitamin A (known chemically as
retinol) itself, or we can easily convert several chemical
structures closely related to retinol into the vitamin, or
even use these closely related compounds directly as reti-
nol’s equivalents. For this reason, vitamin levels in foods

or supplements are sometimes stated in Retinol Equiv-
alents (REs) of the vitamin, or in International Units

Think Cfltlﬁa“y 1. What chemical group is present in
retinol but not in B-carotene?

2. What structural features of p-carotene and retinol
help make these compounds fat-solubl.e?

(To answer this question, you may find it helpful to
review Section 7.1 on factors that affect solubility.)

Foods rich in p-carotene
include root vegetables,
such as sweet potatoes
and carrots; melons

and squashes, such

as cantaloupe and pumpkin;
green leafy vegetables, such
as spinach and kale; and
certain fruits, such as apricots,
mangos, and papayas.

Wally Eberhart/The Image Bank/
Getty Images

(IUs). REs and IUs represent not only the quantity of the
vitamin itself, but the total amount of the vitamin and all
its physiological equivalents that can be converted into or
used as the vitamin. (One RE of vitamin A is equivalent
to 1 pg—one microgram or 10° g—of retinol. One IU of
vitamin A represents 0.3 pg of retinol. A little arithmetic
shows that 3.33 IUs of retinol constitute one RE.)

Although carrots contain no retinol, they do provide
large amounts of B-carotene, a deeply colored material
that we easily convert into vitamin A (Figure 14.2). With
enough of the vitamin stored in our liver, our body stops
converting the B-carotene into retinol. As a result, we
can’t poison ourselves by overeating carrots and other
deeply colored red, orange, and yellow fruits and vegeta-
bles, all of which provide plenty of B-carotene.

When we consume more P-carotene than we need,
some of it reaches our surface tissues, where it’s stored and
begins imparting its own color to the skin and eyes. There
are reports of people whose skin acquires a yellow—orange
tint from consuming enormous quantities of carrots and/or
tomato juice (which is also rich in carotenes) over along pe-
riod. It’s a harmless and reversible condition that disappears
when carrots and tomatoes are removed from the diet.

Vitamin D, a fat-soluble vitamin Vitamin D promotes
the absorption of food-borne calcium and phosphorus
through our intestinal wall and into the bloodstream,
thereby providing the raw materials for forming and
maintaining healthy bones. Without vitamin D, children’s
bones develop poorly, resulting in the severely bowed legs
and other skeletal deformations that characterize the con-
dition known as rickets. Fortifying milk with added vitamin
D makes sense because milk is rich in calcium, and the fat-
soluble vitamin dissolves readily in milk’s fatty components.
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Minerals

You might think of minerals as hard, sometimes metal-
Jic or crystalline substances we obtain from the ground,
ranging in value from lead to gold, or to gems such as

Formation of vitamin D ¢ Figure 14.3

We naturally produce
vitamin D when our
skin is exposed to

the ultraviolet
radiation of sunlight.
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7-dehydrocholesterol, a
precursor to vitamin Dj,
which occurs in the skin.
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D synthesis?

HO

S
Opals minerals Element

needed by the pody
in smail amounts for

prope( heaﬂh.

Or rubies. Nutritionally,
though, the term minerals refers
o all (he nutritionally important
chemical elements of our foods,
xcept for the carbon, hydrogen,
Nitrogen, and oxygen that come to u
trients. Of 3] the minerals, calcium is the :
in our bodies, ranking fifth among all of,ou!‘ o
behind hydrogen, oxygen, carbon, and mtr(?ge’?‘l from

Two significant features distinguish mn?exa“s‘ are
Vitamins: their structure and their origin. Vltax-mnshich
chemical compounds, composed of molecules 1n th it
atoms of various elements are held together i '
bonds, However, all the minerals of food consist O_f ato.m =
or ions of individual elements. The molecules of vuar“.I ﬂ:
are formed biochemically by the bonding together of xa.
ious elements within the structures of the plants or ani-
mals we use as food; minerals must be absorbed by p.lal:‘;s
from the soil in which they grow, or ingested l?y amm‘; S
as they eat the plants that have absorbed the mm?mb- n
essence, vitamins are synthesized by the living thmg{s we
eventually eat; minerals can’t be created by living thmg&
but (ultimately) must be absorbed from the earth in
which they exist.

s with the macronu-

most abundant
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Major minerals Between 1.5 and 2.0% of your Welg?lt
comes from calcium—in the form of the Ca** ior.l——fn
your body, and more than 99% of all this calcium lies in
your bones and teeth. This means that if you weigh, for
example, 70 kg (154 1b), you're carrying around some
1.0~-1.5 kg (roughly 2-3 1b) of calcium in your skeleton
and in your mouth.
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Sunscreens offer benefits in protecting the
Cholecalciferaol, vitamin D5 skin against sun damage, but they aiso
decrease vitamin D synthesis.

...become this CH, group.

Adapted with permission of John Wiley & Sons, inc. from Snyder, C., The Extraordmary Chemistry of
Ordinary Things, Fourth Edition, p. 469 Copyright 2003.
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of your bones and teeth and 1o
ho&d it there. Add to this the smaller amounts of phospho-
rus in our soft tissues, and a 70-kg person carries around
a total of almost a kilogram (about 2 Ib) of this clement.

- We have smaller amounts of potassium, chlorine, so-
dium, and magnesium inside us, in that order. These ele-
ments form the major ions of the fluids in and around

cells. (The fluids within the cells are intracellular; those

m&m extracellular.) Potassium ion (K'), the princi-

n inside the cells, governs the activities of the cel-

hﬂwm&ymm Sodium ion (Na*), which is the dominant

cation outside the cells, keeps the water content of the
intracellular and extracellular fluids in a healthy balance
and ‘helps maintain proper fluid levels in the
hm m ‘sodium and potassium cations regulate the
‘of hydrogen ions throughout the body and
Mﬁb} kmep the acidities of various bodlly fluids wn.hm

major minerals Next in rank of the major
| Minerals required in minerals comes the element phos-
the diet in amounts phorus. Although calcium is the
greater than 100 mg | major mineral of our bones and
%mﬁm teeth, it takes about half a gram of
: greater than 0.01% phosphorus to pack cach gram
ﬁ&edym of calcium firmly into the lattices
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e r: in regulating hiochemical activities withip
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cell to ce
sxgn;l: f:z::' major mineral, sulfur, is a component of the
o

ionine and cystemc and hence is foung
::n:;::s 3::?§ur:;:-l;::1ns of the body. Sulfuris also prc,l-acm
within other biomolecules, including onc ]:sschnfm ft.)r
the metabolism of all foods and another t ;Lh elps rid
the body of toxins. Sulfur also occurs as part o the sulfate

ion (SO42), one of several anions in the blood.

Trace minerals Together, just 1% elememsf—zhc carbon,
hydrogen, nitrogen, OXygeth and sulfur of the macro-
putrients and of water, and the calcium, phosphorus,
potassium, chlorine, sodium, and magnesium of the mi-
cronutrients—compose well over 99% of the mass Ofin
living matter. All the remaining el- trace minefals‘
ements necessary for good health | Minerais required in
constitute the category of trace thl’; dlett rl‘n af;\ggnts
minerals. Generally, we consider Oferegzy an 100 mg
trace minerals to be those needed i R
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Since almost all dietary minerals exist as
1ons, muitimineral supplements, such as
that shown here, provide these minerals
in the form of ionic compounds.
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CHEMIST SEES
9 an.d the Periodic Table

¢ collectively account for about 39 of T €cessary in small amounts for good health

: Md@ podies. These minerals inciude the h‘mﬂmera;s are progeny o

t "‘owms. sodium (Na) and potassium (k). the p ly than th alor mmlg ar lower quantities within
lemer " ats, magnesium (Mg) and the o8 4 transition marr o5 These elements include
p2 "’:‘d the nonmetals, phosphorus (), nonm°"°d 5 transition metar Va,nad'“‘“ (V) through zine (Zn):
[c:;)xd achkm'“e (Cl). Calcium is the most Iron .38};‘9 1 Selenjym (Se), "bg:i"n:ﬁenum {Mo), and the

M), o mineral, followed by phosphorus, Yet consy oS! 30Undant rggg elemg;w?z‘i’tr?d ine (1).

] :5“” 7 Utes only 0,005, of our body mas;n ok

<. These three

3, elements exist
|~ as anions

4" within the body.
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diets at levels of less than a tenth of a gram (less
00 mg) per day.
\mong the more important trace minerals are iron,
orine, zinc, copper, selenium, manganese, iodine, mo-
bdenum, chromium, and cobalt, arranged here in de-
asing order of their presence in an adult body. They
unction in various ways, with most of them incorporated
ito the structures of enzymes, hormones, and related
gically important molecules.
on forms a critical part of the hemoglobin mole-
in red blood cells. The iron of hemoglobin bonds to
en molecules acquired as the blood passes through
e lungs. As the blood circulates throughout the body,
lispenses this oxygen to all the body’s cells. Anemia,
ondition characterized by fatigue, results from a defi-
ney of iron and the resulting inability of the blood to
iy sufficient oxygen to the cells.
luorine, acting as the fluoride anion, helps harden
el of teeth, making them resistant to decay.
mmunities add fluoride salts to drinking water to
the teeth of children. The fluoride anion, often

as sodium fluoride, is also an ingredient of most anti-
cavity toothpastes.

Other trace minerals include zinc¢, which promotes
growth, the healing of wounds, and the development
of male sex glands. Iodine is important to the proper
development and operation of the thyroid gland in the
neck. A deficiency of iodine can lead to enlargement of
the thyroid gland, a condition known as a goiter, and
has been implicated in learning deficiencies. A single
cobalt atom is incorporated into every molecule of vi-
tamin B,.

Still other trace minerals play various roles in the
body. Deficiencies of copper can produce symptoms
ranging from changes in hair color to anemia and bone
disease, and may impair the immune system. Manganese
is essential for healthy bones, a well-functioning nervous
system, and reproduction. Chromium plays an important
partin the metabolism of glucose.

Table 14.2 summarizes some of the more common
dietary sources of minerals. What a Chemist Sees summa-
rizes some of the distinctions between the major minerals
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