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BACKGROUND

Zinc is a component of various enzymes that help maintain structural integrity of proteins and
regulate gene expression. Zinc metalloenzymes include ribonucleic acid polymerases, alcohol
dehydrogenase, carbonic anhydrase and alkaline phosphatase. The biological function of zinc can
be catalytic, structural or regulatory. More than 85% of total body zinc is found in skeletal muscle
and bone (King & Keen 1999).

Zinc is widely distributed in foods. Meats, fish and poultry are the major contributors to the diet

but cereals and dairy foods also contribute substantial amounts. The presence of zinc in foods as a
complex rather than as free ions affects its bioavailability. The environment within the gastrointestinal
tract, which can be affected by other dietary constituents, markedly influences the solubility and
absorptive efficiency of zinc (Cousins 1989, Lonnerdal 1989). The amount of protein in the diet is a
factor contributing to the efficiency of zinc absorption as zinc binds to protein. Small changes in protein
digestion may produce significant changes in zinc absorption (Sandstrom & Lonnerdal 1989). The
markedly greater bioavailability of zinc from breast milk than from cow’s milk is an example of how
the lower protein digestibility of cow’s milk influences zinc absorption (Roth & Kirchgessner 1985). In
general, zinc absorption from a diet high in animal protein will be greater than from a diet rich in plant
derived proteins (King & Keen 1999). The requirement for dietary zinc may be as much as 50% greater
for vegetarians, particularly strict vegetarians whose major staples are grains and legumes and whose
dietary phytate:zinc ratio exceeds 15:1.

Dietary intake of iron at levels found in some supplements can decrease zinc absorption, which is

of particular concern in the management of pregnancy and lactation. High intakes of calcium have
been shown to have a negative effect on zinc absorption in animal experiments, but human data are
equivocal with calcium phosphate decreasing zinc absorption (Wood & Zheng 1997) and calcium as
citrate-malate complex having no effect (McKenna et al 1997). Current data suggest that consumption of
calcium-rich diets does not have a major effect on zinc absorption at an adequate intake level. There is
also some evidence of potential interrelationship of zinc with copper and folate, but studies are limited.
Regulation of zinc metabolism is achieved through a balance of absorption and secretion of reserves
and involves adaptive mechanisms related to dietary zinc intake.

Zinc depletion in humans results in reduced endogenous zinc loss and increased efficiency of intestinal
zinc absorption. While plasma zinc is only 1% of the body’s total, its concentration is tightly regulated
and is generally not affected by mild deficiency. Situations of stress, acute trauma and infection can lead
to lower plasma zinc. Mild deficiency can result in impaired growth velocity, suboptimal pregnancy
outcomes and impaired immune responses. Severe deficiency can result not only in growth impairment
but also alopecia, diarrhoea, delayed sexual development and impotency, eye and skin lesions and
impaired appetite.

Assessment of requirements is based on estimates of the minimal amount of absorbed zinc necessary to
match total daily excretion of endogenous zinc (FNB:IOM 2001). Estimates are made using a factorial
approach that involves calculation of both intestinal and non-intestinal losses (via the kidney, skin,
semen and menstruation). Although urinary zinc losses decrease markedly with severe deficiency (Baer
& King 1984), across a dietary intake range of 4-25 mg/day, urinary zinc (and non-intestinal losses

in general) appears to be largely independent of dietary intake. Intestinal losses, however, correlate
strongly to absorbed zinc.
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To determine the dietary zinc requirement for a given age/gender group, it is necessary to define the
relationship between absorption and intestinal losses and adjust by a constant for the non-intestinal
losses in order to calculate the minimum quantity of absorbed zinc necessary to offset total endogenous
losses. The factorial calculations used are based on metabolic/tracer studies in which participants are fed
diets from which the bioavailability of zinc is likely to be representative of typical diets in Australia and
New Zealand.

1 mmol zinc = 65.4 mg zinc

RECOMMENDATIONS BY LIFE STAGE AND GENDER

Infants Al Zinc
0—6 months 2.0 mg/day

Rationale: The Al for 0-6 months was calculated by multiplying together the average intake of breast
milk (0.78 L/day) and the average concentration of zinc in breast milk in the early months postpartum,
and rounding. Concentrations of zinc in breast milk decline from approximately 4 mg/L at 2 weeks to
3 mg/L at 1 month, 2 mg/L at 2 months, 1.5 mg/L at 3 months and 1.2 mg/L at 6 months postpartum
(Krebs et al 1995). The AI was set to match the zinc intake of infants in the early months (2.5 mg/L x
0.78 L/day). This estimate is also consistent with factorial estimates of requirements in infants aged
0-6 months fed breast milk (Krebs et al 1996, Krebs & Hambridge 1986). Although the absorption of
zinc is higher from breast milk than from infant formula based on cow’s milk or soy, these formulas
generally have a much higher content of zinc than breast milk which compensates for the lower
absorption efficiency (Lonnerdal et al 1988, Sandstrom et al 1983).

Infants EAR RDI Zinc
7-12 months 2.5 mg/day 3 mg/day

Rationale: The EAR for 7-12 months was set by estimating the absorbable zinc required to replace
endogenous zinc losses, extrapolating on a body weight basis from adult data and including
considerations of growth needs, assuming an absorption of 30% (Davidsson et al 1996, Fairweather-Tait
et al 1995) and making an allowance for growth. The RDI was set using a CV of 10% for the EAR

and rounding, as information was not available on the SD of the requirement. Absorption is higher
from animal foods than plants sources, so vegetarian infants, particularly strict vegetarians, will need
higher intakes.

Children & adolescents EAR RDI Zinc
All
1-3 yr 2.5 mg/day 3 mg/day
4-8yr 3.0 mg/day 4 mg/day
Boys
9-13 yr 5 mg/day 6 mg/day
14-18 yr 11 mg/day 13 mg/day
Girls
9-13 yr 5 mg/day 6 mg/day
14-18 yr 6 mg/day 7 mg/day
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Rationale: The absorbed zinc requirement was estimated by summing the estimated non-intestinal
(urinary, integument, semen for men ) and intestinal zinc losses to derive total endogenous losses.
Endogenous losses for children were calculated using reference weights with an additional requirement
for growth. The EAR was then estimated assuming an absorption of 24% for boys and 31% for

girls (International Zinc Nutrition Consultative Group 2004), and rounding. The RDI was set on the
unrounded EAR using a CV of 10% for the EAR and rounding, as information was not available on the
SD of the requirement. Absorption is higher from animal foods than plants sources, so vegetarians,
particularly strict vegetarians, will need intakes about 50% higher than those set.

Adults EAR RDI Zinc
Men
19-30 yr 12 mg/day 14 mg/day
31-50 yr 12 mg/day 14 mg/day
51-70 yr 12 mg/day 14 mg/day
>70 yr 12 mg/day 14 mg/day
Women
19-30 yr 6.5 mg/day 8 mg/day
31-50 yr 6.5 mg/day 8 mg/day
51-70 yr 6.5 mg/day 8 mg/day
>70 yr 6.5 mg/day 8 mg/day

Rationale: The absorbed zinc requirement was estimated by summing the estimated non-intestinal
(urinary, integument, semen for men ) and intestinal zinc losses to derive total endogenous losses. The
EAR was then estimated assuming an absorption of 24% for men and 31% for women (IZiINCG 2004),
and rounding. The RDI was set on the unrounded EAR using a CV of 10% for the EAR and rounding up,
as information was not available on the SD of the requirement. Absorption is higher from animal foods
than plants sources, so vegetarians, particularly strict vegetarians, will need intakes about 50% higher
than those set.

Pregnancy EAR RDI Zinc
14-18 yr 8.5 mg/day 10 mg/day
19-30 yr 9.0 mg/day 11 mg/day
31-50 yr 9.0 mg/day 11 mg/day

Rationale: The EAR was established by estimating the needs for the additional maternal and fetal
tissues and adding this to the equivalent EAR for non-pregnant females. The figure used was based

on late pregnancy estimates of zinc accumulation (the period of greatest need) to give a single
recommendation throughout pregnancy. Zinc accumulation at this time averages 0.73 mg/day (Swanson
& King 1987). Absorption in pregnancy is thought to be similar to that of non-pregnant women, so an
absorption rate of 31% was used to estimate the additional requirement of 2.35 mg/day. Absorption is
higher from animal foods than plant sources, so vegetarians, particularly strict vegetarians, will need
intakes about 50% higher than those set.

Note: For women taking high levels of iron supplements during pregnancy and lactation, the current
EAR and thus RDI may not be adequate. There is some evidence that high levels of iron supplements
prescribed to pregnant and lactating women may decrease zinc absorption (Fung et al 1997, Hambidge
et al 1983, O’Brien et al 2000).
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Lactation EAR RDI Zinc
14-18 yr 9 mg/day 11 mg/day
19-30 yr 10 mg/day 12 mg/day
31-50 yr 10 mg/day 12 mg/day

Rationale: The lactation recommendation was based on consideration of the additional needs for
milk production together with estimates of zinc released for use because of decreasing maternal blood
volume (King & Turland 1989). This averages about 30 mg zinc that can be re-used. The average
increased requirement for absorbed zinc is 1.35 mg/day. Absorption is about 42% in lactation (Fung

et al 1997), giving an additional dietary zinc requirement of 3.2 mg/day. Absorption is higher from
animal foods than plants sources, so vegetarians, particularly strict vegetarians, will need intakes about
50% higher than those set.

UPPER LEVEL OF INTAKE - ZINC

Infants
0—6 months 4 mg/day
7-12 months 5 mg/day
Children and adolescents
1-3yr 7 mg/day
4-8yr 12 mg/day
9-13 yr 25 mg/day
14-18 yr 35 mg/day
Adults 19+ yr
Men 40 mg/day
Women 40 mg/day
Pregnancy
14-18 yr 35 mg/day
19-50 yr 40 mg/day
Lactation
14-18 yr 35 mg/day
19-50 yr 40 mg/day

Rationale: There is no evidence of adverse effects from naturally occurring zinc in food. The UL
applies to total zinc intake from food, water and supplements (including fortified food). Adverse events
associated with chronic intake of supplemental zinc include suppression of immune response, decrease
in high density lipoprotein (HDL) cholesterol and reduced copper status. The adverse effect of excess
zinc on copper metabolism has been identified as the critical effect on which to base the UL. This is
based on the consistency of findings (Fischer et al 1984, Samman & Roberts 1988, Yadrick et al 1989),
the sensitivity of the marker used (erythrocyte copper-zinc superoxide dismutase) and the quality and
completeness of the database for this endpoint. A LOAEL of 60 mg/day is based on the studies of
Yadrick et al (1989) and is supported by other studies (Fischer et al 1984). A UF of 1.5 is applied to
account for inter-individual variability in sensitivity and for extrapolation from LOAEL to NOAEL. As
reduced copper status is rare in humans, a higher UF was unjustified. The adult UL was therefore set at
40 mg/day. There was inadequate data to justify a different UL for pregnancy and lactation and so the
level is set at that for the equivalent non-pregnant women.
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A study by Walravens & Hambridge (1976) of 68 infants, showed no adverse effects at a level of 5.8 mg
zinc/L of infant formula fed for 6 months. This would translate to a NOAEL of 4.5 mg/day at 0.78 L milk
per day. A UF of 1 was applied, given the length and quality of the study and the fact that there is no
evidence of harm from intakes of formula at 5.8 mg zinc/L. Rounding down, a UL of 4 mg was therefore
set for infants of 0-6 months. As there were no data for older children and adolescents, this figure was
adjusted on a body weight basis, for older infants, children and adolescents and values rounded down.
Lind et al (2003) showed in a double-blind RCT that plasma copper does not differ between infants
receiving 10 mg zinc/day or placebo. However Bhandari et al (2002) reported lower copper levels in
children of 6-12 month given 10 mg zinc/day and those of 1-2.5 years given 20 mg/day over 4 months.
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