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THIS REVIEW IS THE THIRD OF A

five-part series that examines zinc
in terms of its biochemistry and physi-
ology, metabolism, dietary require-
ments, nutritional assessment and
states of excess and deficiency.

Certain levels of essential nutrients,
such as zinc, are required to maintain
human life. If the body is consistently
provided with less than these required
amounts, impaired function, disease
and death can result. Every essential
nutrient has a unique range of tissue
concentration and intake necessary for
proper physiological and biochemical
functioning. Defining these ranges of
safe and adequate intake is the goal of
human nutrition research.

Although recommendations about
dietary zinc intake have been pub-
lished, zinc requirements and methods
for determining zinc’s nutritional status
continue to be intensively studied. Be-
cause of the body’s ability to adjust ho-
meostatically to various levels of zinc
intake, it has been next to impossible
to determine what level of zinc intake
is just sufficient and below what level
the body cannot compensate. Further,
a clear lack of satisfactory biochemical
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methods to distinguish among ade-
quate, marginally deficient and defi-
cient zinc states continues to hinder
the formulation of dietary guidelines.

Another barrier to the establish-
ment of adequate dietary recommenda-

tions for zinc is its ionic form. Most
trace elements, including zinc, occur in
the cationic form. Thus, they are in-
completely absorbed, and their absorp-
tion can be greatly influenced by the
chemical form in which they are

bound, as well as by interactions with
other nutrients. Such factors make it
exceptionally difficult to recommend
safe and adequate levels of zinc intake
for a diverse population which con-
sumes a variable diet.

This review presents the current
Canadian recommended nutrient in-
takes of zinc for various sex and age
categories, with a rationale for these
suggested values. A discussion of the
important nutrient interactions affect-
ing the bioavailability of zinc follows.

HUMAN DIETARY ZINC
REQUIREMENTS

Sources of dietary zinc: Zinc absorp-
tion is affected by the amount of zinc in
the diet (1), age (2) and the presence of
interfering substances (3). In an aver-
age adult, 30 to 50% of the zinc pro-
vided daily in the diet is absorbed (4).
Major dietary sources of zinc are foods
of animal origin such as meat, fish,
shellfish, poultry, eggs and dairy prod-
ucts. Whole grain cereals are also good
sources of zinc; however, absorption of
zinc from these sources is reduced due to
the presence of interfering materials
such as phytates and fibre. In Canada,
an average mixed diet contains ap-
proximately 5 mg zinc/1000 kcal (5).
Recommended zinc intake: The appar-
ent lack of readily accessible zinc stores
(ie, virtually all the zinc in the body is
locked away in bone and protein), cou-
pled with a relatively high endogenous
loss of the element, dictates that the
body experiences a constant need for
dietary zinc to maintain plasma zinc
concentrations (6). The recommended
nutrient intake for zinc in Canada has
been established using a factorial ap-
proach, whereby obligatory zinc losses
are divided by the fractional absorption
to obtain the required amount (7) (Ta-
ble 1). The recommended zinc intake
for males and females over the age of 13
years is 12 and 9 mg/day, respectively
(7). This requirement is thought to en-
compass the needs of the elderly be-
cause it is not known whether zinc
requirements change in later adult-
hood. Studies have indicated that the
amount of zinc absorbed by the body ap-
pears to decline with age. For example,
in a study by Turnlund et al (2), a group

Aspects cliniques, biochimiques et physiologiques des éléments
trace : zinc et nutrition humaine. Les besoins en zinc

RÉSUMÉ : L’organisme requiert certains taux d’éléments nutritifs essentiels,
comme le zinc, pour rester en vie. Un apport insuffisant peut provoquer des dys-
fonctions, des maladies et même la mort. Chaque élément nutritif essentiel doit
être présent dans une concentration tissulaire spécifique et doit être pris en quan-
tité adéquate pour le bon fonctionnement biologique et biochimique de l’organ-
isme. De nombreux critères ont été utilisés pour teuter d’établir quel est l’apport
alimentaire idéal de ces éléments nutritifs. Pour les éléments traces toutefois, le
nombre d’approches expérimentales actuellement utilisées par les chercheurs est
limité à cause du manque de renseignements et de la variabilité des besoins et des
apports. De plus, l’absence de méthodologie biochimique satisfaisante pour me-
surer le statut nutritionnel en zinc continue de freiner la préparation des direc-
tives diététiques. Ainsi, plusieurs suppositions doivent être faites et de bonnes
marges de sécurité ont été ajoutées aux exigences quotidiennes pour compenser
ces lacunes du savoir. De nombreuses barrières s’opposent toujours à la pleine
compréhension de ce qui constitue une recommandation diététique adéquate
pour le zinc. Le zinc s’absorbe de façon incomplète et cette absorption peut être
grandement influencée par la forme chimique à laquelle le zinc est lié. Les inter-
actions avec d’autres aliments peuvent également en affecter l’absorption. La
troisième partie de cette synthèse en cinq volets présente les apports nutrition-
nels recommandés au Canada pour le zinc, selon l’âge et le sexe et explique la rai-
son d’être de ces recommandations. On y décrit les importantes interactions
nutritionnelles qui affectent la biodisponibilité du zinc, y compris les interactions
avec les phytates, le cuivre, le cadmium, l’étain et le fer.

TABLE 1
Recommended dietary zinc intakes

Age (years) Sex

Canadian RNI:*

zinc mg/day

American RDA:
†

zinc mg/day

0-0.3 Both 2.0 5.0

0.4-1 Both 3.0 5.0

1 Both 4.0 10.0

2-3 Both 4.0 10.0

4-6 Both 5.0 10.0

7-9 Both 7.0 10.0

10 Both 9.0 10.0

11 Males 9.0 15.0

Females 9.0 12.0

12 Males 9.0 15.0

Females 9.0 12.0

13+ Males 12.0 15.0

Females 9.0 12.0

Pregnancy 15.0 15.0

Lactation 15.0

First six months 19.0

Second six months 16.0

*Canadian values from reference 7;
†
American values from reference 8. RDA Recommended Dietary Al-

lowance; RNI Recommended Nutrient Intake

CAN J GASTROENTEROL VOL 9 NO 7 NOVEMBER/DECEMBER 1995 369

Zinc requirements



of healthy elderly men showed reduced
fractional absorption of zinc compared
with young control males fed the same
diet. The endogenous fecal and urinary
losses of the elderly group were less than
those of the young men. Thus, the
lower zinc absorption of the elderly men
was sufficient to replace their endoge-
nous losses. In this study, as well as in
others, the older group absorbed about
55% the amount of zinc absorbed by
young adults. As more research is dedi-
cated to the zinc status of the elderly,
perhaps changes in the recommended
zinc intake will be forthcoming.

The recommended daily zinc intake
is increased during pregnancy and
lactation. Schraer and Calloway (9)
calculated that, in order to allow for a
normal pregnancy weight gain, an
additional 1.5 mg zinc would have to
be retained daily throughout the
pregnancy. Given a reported daily
zinc intake of 8.9±3.2 mg by women in
the second trimester and applying a
safety factor of 2 SD, the recommended
intake for pregnant women is 15 mg/
day. For lactating women, an addi-
tional 6 mg/day zinc is required to make
up for zinc losses to breast milk (10).
This increase raises the zinc re-
quirement for breast-feeding women to
15 mg/ day (7).

The recommended dietary zinc in-
take for infants is based on consump-
tion of breast milk and is set at a
recommended intake of 2.0 mg/day for
infants from birth to age four months.
The requirement for formula-fed in-
fants is likely higher because of the
lower bioavailability of zinc in formulas
(7). The zinc content of breast milk de-
creases as postpartum time increases,
from 2.6±0.2 �g/mL at one month to
1.1±0.1 �g/mL at six months (11).
Therefore, infants older than five or six
months may not receive adequate zinc

from breast milk alone. However, it has
been suggested that zinc requirements
are highest during the period of early
infancy and decrease during later in-
fancy because of a decline in growth ve-
locity (12). If this is so, breast-fed
infants likely receive adequate zinc
supplies despite the decline in breast
milk’s zinc content. Due to the lack of
adequate data a linear require-
ment:weight ratio has been assumed for
children from six months to 13 years of
age (7). Thus, the requirement for chil-
dren at five to 12 months is 3 mg/day,
one to three years is 4 mg/day, four to
six years is 5 mg/day, seven to nine
years is 7 mg/day and 10 to 12 years is 9
mg/day. This model does not recognize
differences in sex until 13 years of age,
when the adult recommended nutrient
intake comes into effect.
Zinc bioavailability: In addition to the
amount of zinc provided by the diet, its
biological availability is an important
nutritional consideration. For example,
foods from animal sources enhance the
absorption and retention of zinc (7,13).
Factors that particularly affect the bioa-
vailability of zinc include the phytate
found in cereal grains, copper, cad-
mium, tin and iron (4,7,13-15).

Phytic acid, the major form of phos-
phorus found in cereal grains and leg-
umes, has long been seen as a potential
antagonist of zinc absorption (16) (Ta-
ble 2). Single-meal studies using radio-
nuclide and stable isotope techniques
have confirmed phytic acid’s negative
effect on zinc absorption in humans.
Turnlund et al (2), using levels of
phytic acid similar to those found in
whole grain and cereal-based diets, ob-
served a significantly reduced absorp-
tion of zinc with a liquid formula diet.
Similar decreases in zinc absorption
were observed when phytic acid was
added to white bread (17) and to cow’s
milk formula (18) at levels close to
those observed for wholemeal bread
and soy-based formula, respectively.

The framework for understanding
the interaction between minerals and
trace elements was set by the studies of
Hill and Matrone (19). These investi-
gators suggested that minerals with
similar chemical properties often en-
gage in biological competition. The

zinc ion has parameters identical to
those of Cu+ and Cd2+, and therefore
these elements can be expected to in-
teract with zinc. Such biological inter-
actions between zinc and copper or
cadmium are well-documented. The
molecular basis of this interaction ap-
pears to be a competition for intracellu-
lar binding to metallothionein (20).

Using 65Zn and whole-body count-
ing in human subjects, Valberg et al
(21) found that 5 mg copper had no ef-
fect on the absorption of 0.5 mg zinc in
water. The normal human diet almost
always contains more zinc than copper.
Thus, this interaction has little practi-
cal nutritional significance (15). Con-
versely, large quantities of oral zinc can
interfere with copper absorption and,
because copper is necessary for iron me-
tabolism, anemia may occur (22). Zinc
supplementation may, however, pro-
tect against detrimental effects of cop-
per accumulation such as those found
in Wilson’s disease (23). Zinc acetate is
becoming well-established in the treat-
ment of Wilson’s disease (24). Zinc
acts by inducing the production of in-
testinal cell metallothionein, which
has a high affinity for copper, blocking
its absorption and causing its excretion
in the feces. Doses of 50 mg zinc bid,
taken separate from food, have been
shown to control abnormal copper bal-
ances, block the uptake of orally ad-
ministered 64Cu, control urine and
plasma copper, prevent reaccumula-
tion of hepatic copper and prevent the
progression of symptoms of copper
toxicosis (24).

A negative interaction has been
shown to occur between zinc and cad-
mium. It has recently been proposed
that the use of tobacco products may
indirectly affect zinc status. Tobacco
products contain cadmium, a trace ele-
ment toxic to all tissues, which com-
petes with other elements, including
zinc, for binding sites on the intestinal
mucosa (25). Smokers have also been
found to have twice the cadmium tissue
concentration of nonsmokers. Thus,
indirectly, cadmium from tobacco may
decrease zinc metabolism. Addition-
ally, maternal smoking appears to im-
pair the fetal zinc status (25). Kuhnert
et al (26) related the birth weight of in-

TABLE 2
Elemental antagonists to zinc absorp-
tion

Phytic acid (phosphorus)

Copper

Cadmium

Tin

Iron
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fants to zinc:cadmium ratios and postu-
lated that cadmium released from ma-
ternal smoking accumulates in the
placenta, tying up zinc and reducing fe-
tus growth.

The levels of tin ordinarily found in
the human diet are low and unlikely to
interfere with zinc absorption (27).
Food preserved in unlaquered cans
can, however, contain considerable
amounts of tin (27). Human metabolic
balance studies have shown that tin
supplements of 50 mg increase fecal
zinc excretion (28) and radiozinc stud-
ies have confirmed that tin reduced the
zinc absorbed from both a test solution
and a meal (21). Solomons and co-
workers (29) suggested that tin en-
hanced zinc excretion because they
found that the addition of up to 100 mg
tin to an oral dose of 12.5 mg zinc had
no significant effect on plasma zinc up-
take. While the level of tin used in that
study is much higher than that found in
the ordinary diet, such amounts are
biologically possible if several servings
of foods from unlaquered tin cans are
ingested within a short time (20,21).

Of greater importance is the com-
petitive interaction between zinc and
iron, which both have a mutual affinity

for the biological carrier transferrin. A
study using bodily retention of 65Zn as
an index of absorption found that both
inorganic and heme iron inhibited zinc
absorption from 6 mg doses of zinc as
zinc chloride (21). Inorganic iron,
however, had no effect on 65Zn absorp-
tion from an extrinsically labelled test
meal. Similar results regarding the dif-
ferential effects of iron on zinc absorp-
tion from aqueous solution or
meal-based sources have been observed
(30). These effects exemplify the com-
plex interactions that take place be-
tween promoters and antagonists of
absorption; it is important to know that
a much higher fraction of zinc is ab-
sorbed from an aqueous solution than
from food (30). Therefore, interactions
with iron may reduce the efficiency of a
zinc supplement, while the normal lev-
els of iron enrichment found in foods
may not significantly impair absorption
of the dietary zinc supply (27). Pharma-
cological doses of iron are often given
to individuals with high zinc require-
ments such as pregnant women and
teenagers (27). In addition, nutritional
formulas such as those for infants are
often enriched with iron. Thus, the
negative effect of iron on zinc absorp-

tion could have profound effects on
vulnerable groups (27), and some as-
pects of formula composition of dietary
supplementation may have to be re-
thought taking this fact into account.

CONCLUSIONS
In view of the current incomplete

data on zinc intake and requirements
and the absence of a flawless method of
analysis, it is very difficult to define hu-
man zinc requirements. In addition,
human zinc requirements cannot be
fully defined without consideration of
the dietary source and amount because
they both affect whole-body zinc utili-
zation. An understanding of variations
in the efficiency with which zinc can be
used from different dietary sources re-
mains very limited. Once biochemical
methods have been developed that suf-
ficiently reveal changes in zinc status,
epidemiological studies will be able to
provide much more useful information
regarding the relationship between die-
tary habits and nutritional zinc status.
Only then will truly accurate recom-
mendations for the dietary intake of
zinc be available for all members of the
human population.
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