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While compiling the present document, we identified 
several knowledge gaps. The research needed to bridge 
these gaps can be grouped according to the following 
issues: zinc and function; zinc requirements and toxic-
ity; zinc absorption; assessment of zinc status; and zinc 
intervention programs. Each of these sets of research 
needs is described briefly below.

4.1 Zinc and function

Additional information on the functional consequences 
of zinc deficiency is needed, both to support advocacy 
for zinc intervention programs and to define the full 
range of conditions for which zinc interventions might 
be desirable. Moreover, some of these functional out-
comes may provide useful indicators of zinc status and 
response to intervention programs. Specific functional 
domains that require additional research are zinc and 
infection, zinc and reproductive health, and zinc and 
neurobehavioral development.

In the area of zinc and infection, further information 
is needed on the mechanisms of the protective effects 
of zinc against infection. Also, the effects of zinc on 
specific etiologies of infection, including malaria and 
other parasitic diseases, tuberculosis, and HIV, should 
be studied. Finally, additional information is needed on 
the role of zinc in reducing the risk of mortality.

Further information is required to define the role 
of zinc in reproductive health and the consequences 
of zinc deficiency during pregnancy, including fetal 
development, delivery complications, postpartum 
maternal health, and infant health. Clinical trials that 
take into consideration the possible risk factors for 
poor zinc status during pregnancy (e.g., initial serum 
zinc concentration, pre-supplementation nutrition 
status, maternal health, and reproductive history) may 
help to better define those outcomes that are associated 
with zinc deficiency.

Little is known about the magnitude of effects of zinc 
deficiency on neurobehavioral development. Studies in 
a variety of populations and age groups are needed to 
define the range and magnitude of these effects.

4.2 Zinc requirements and toxicity

Many questions remain regarding zinc requirements in 
different subgroups, as defined by age, sex, and physi-
ologic status. Information is needed on the presence 
and size of zinc stores at birth (in term, pre-term, and 
small-for-gestational-age babies) and whether these 
contribute to zinc homeostasis of the newborn and 
young infant. More information is also needed on 
quantitative losses of endogenous zinc from different 
sites, including integument, semen, and menstrual fluid, 
in individuals with adequate zinc status and different 
stages of depletion. Empirical data are needed on total 
endogenous zinc losses (and hence physiologic require-
ments) in infants (including low-birthweight infants) 
and children, so that these do not need to be derived by 
extrapolation from data on adults. Investigation is also 
needed on the possible impact of common conditions 
that affect the integrity of the intestinal tract, such as 
tropical enteropathy or intestinal parasitemia, on the 
control of endogenous losses of zinc via the intestine. 
Finally, information is needed on zinc requirements for 
optimal compensatory growth of patients recovering 
from severe malnutrition and/or infectious disease.

Relatively little empirical data are available regarding 
risk assessment of zinc toxicity. Information is needed 
to define intakes at which there are no observable 
adverse effects (NOAEL) and levels of intake at which 
these effects first occur (LOAEL) in different population 
groups. Adverse effects may include interference with 
maintenance of nutrition adequacy with regard to 
other nutrients.

4.3 Zinc absorption

Additional studies are needed on zinc absorption 
from a broad range of mixed diets with varying levels 
of factors known to modify zinc absorption (e.g., levels 
of zinc, phytate, protein from different sources, and 
calcium and other minerals). Information is needed 
with particular urgency for diets with high phytate:
zinc ratios. Studies are also needed on the effects on 
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zinc absorption of commonly occurring diseases, such 
as tropical enteropathy, acute and persistent diarrhea, 
and intestinal helminthic infections. Studies that meas-
ure zinc absorption from a total day’s diet and that 
estimate the true absorption of zinc for individuals by 
correcting for intestinal losses of endogenous zinc are 
recommended. 

4.4 Assessment of zinc status

A critical area for future investigation is the develop-
ment of better methods to assess the zinc status of 
individuals and populations. Identification of easily 
obtainable, low-cost biomarkers of individual zinc 
status and their relationship to functional outcomes 
of zinc deficiency and excess is an area of high prior-
ity. Pending the development of such biomarkers, the 
risk of population zinc deficiency can be inferred from 
ecologic evidence, such as the absorbable zinc content 
of the food supply, rates of stunting, dietary zinc 
intake, and possibly rates of anemia and other diseases. 
Research is needed to validate these indicators against 
other markers of zinc status and to develop more infor-
mation on appropriate cutoffs that are associated with 
widely recognized public health problems. 

With regard to dietary assessment, information is 
needed on the zinc and phytate contents of local foods 
with the goal of incorporating this information into 
food composition databases. Moreover, simplified 
dietary methods, such as food frequency question-
naires or other techniques, should be developed and 
evaluated with regard to their ability to predict the risk 
of zinc deficiency.

Additional information is needed on appropriate 
reference values and cutoffs of serum zinc concentra-
tion of healthy individuals, especially for children less 
than 3 years of age, elderly individuals, and pregnant 
and lactating women.

4.5 Zinc intervention programs

There is relatively little programmatic experience to 
date in the control of zinc deficiency. Thus, information 
is needed on the efficacy and effectiveness of different 
strategic approaches, as well as their cost-effectiveness 
and acceptability. Specific research needs are described, 
as follows, for each of the different programmatic 
approaches that have been proposed.

4.5.1 Supplementation

Research is needed on the optimal doses (amount, fre-
quency, and duration) of zinc supplements for different 

groups, as defined by age and physiologic status. The 
extent to which these dosage recommendations should 
be modified according to the method of administration 
(e.g., with or after meals) and whether the supplements 
are provided as zinc alone or combined with other 
micronutrients should also be determined. The efficacy 
of weekly versus daily supplementation and of short-
course treatment with supplemental zinc, also deserve 
study. Evaluation is needed of the effects of different 
chemical forms (i.e., the particular zinc salt or organic 
ligand) and physical forms (liquid, tablet, sprinkles, 
spreads, etc.) of supplements on zinc absorption and 
the cost, shelf-life, and acceptability of the supplement. 
Cultural and behavioral factors that influence adher-
ence to the proposed dosage schedules should also be 
assessed, and studies are needed on the effectiveness 
and efficiency of different distribution systems. 

4.5.2 Fortification

The absorption of zinc from a variety of chemical 
forms of zinc fortificant compounds in different food 
vehicles requires further study. Sensory trials are also 
needed in relation to the chemical form and amounts 
of zinc fortificants added to different food vehicles. The 
effects of zinc fortification on final product cost, shelf-
life, and acceptability should also be determined. Stud-
ies of both the efficacy and the effectiveness of fortified 
food products, including fortified complementary 
foods, to improve zinc status are needed. Interactions 
of zinc with other nutrients should be assessed, in cases 
where these nutrients may be included in a mixture of 
multiple fortificants. 

4.5.3 Dietary diversification/modification

Studies are needed to plan and evaluate different 
approaches for enhancing dietary zinc intake and 
absorption, including food production and process-
ing and nutrition education. Agricultural methods 
to increase the zinc content of foods and/or improve 
zinc absorption from foods need to be evaluated, not 
only in terms of their efficacy but also in terms of their 
possible economic and environmental impact. Possible 
approaches include the use of zinc-containing fertiliz-
ers, plant-breeding strategies to select for high-zinc 
strains, and genetic modification to alter the content of 
inhibitors and enhancers of zinc absorption. Studies are 
also needed on household processing techniques that 
could be applied to improve zinc absorption. Finally, 
the feasibility and nutrition impact of incorporating 
non-traditional zinc-rich foods into the diet (e.g., 
animal-source foods, insects, and wild plants) should 
be evaluated.
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Appendix 1

Estimated Risk of Zinc Deficiency by Country

This table presents country-specific information on 
the per capita amounts of selected nutrients and food 
components (including absorbable zinc content) of 
national food supplies. Information is included on 
the individual and combined indicators of risk of zinc 
deficiency: prevalence of stunting (height- or length-

for-age < –2 SD) of children under 5 years of age, and 
the percent of the population at risk for inadequate 
zinc intake, based on data derived from national food 
supplies. See section 2.2 for details on the derivation 
of these data, the definition of risk categories, and the 
limitations in their interpretation.
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INFOODS (International Network of Food Data  
Systems) Secretariat
c/o FAO
ESNA
Viale delle Terme di Caracalla
00100 Rome
Italy
Telephone: +39 06 570 53728
FAX: +39 06 570 54593
http://www.fao.org/infoods/index_en.stm 

International Minilist/WorldFood Dietary  
Assessment System, 2.0.
(University of California, Berkeley; Berkeley, CA)
The software program including food composition 

databases can be downloaded at no cost from the 
INFOODS website: http://www.fao.org/infoods/
software_worldfood_en.stm  

US Department of Agriculture (USDA). Nutrient data-
base for standard reference. Release 14. Washington, 
DC: United States Department of Agriculture, 2001.
Nutrient Data Laboratory
Agricultural Research Service
Beltsville Human Nutrition Research Center
10300 Baltimore Avenue
Building 005, Room 107, BARC-West
Beltsville, MD 20705-2350
Telephone: 301-504-0630
FAX: 301-504-0632
http://www.nal.usda.gov:80/fnic/foodcomp/

Appendix 2

Resources for Food Composition Data for Zinc and 
Phytate, and Phytate Content of Selected Foods

Phytate content of foods (adapted from the International Minilist [WorldFood Dietary Assessment Program, 2.0; University 
of California, Berkeley, USA])

Food group Description
Phytate content 

(mg/100 g)

Cereals and grains Whole-grain cereals (barley, maize, millet, sorghum) 800
Refined cereals (extracted flours, rolled oats) 197
Bran, maize 263
Bran, wheat 3,011
Bread, whole-wheat 845
Bread, white, wheat 30
Bread, unleavened 200
Rice, brown 262
Rice, white 126
Tortilla, maize 480

Seeds, nuts, and legumes Beans, peas, lentils 358
Seeds (lotus, pumpkin, sesame) 3,465
Nuts (almonds, peanuts, walnuts) 1,760
Soybean and products (tempeh, tofu) 374

Starchy roots and tubers Cassava, potatoes, yams 54

continued
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Phytate content of foods (adapted from the International Minilist [WorldFood Dietary Assessment Program, 2.0; University 
of California, Berkeley, USA]) (continued)

Food group Description
Phytate content 

(mg/100 g)

Vegetables Broccoli, cabbage, carrots, eggplant, lettuce, mushrooms, onions, squash, 
sweet corn, tomatoes, turnip 0

Green beans, green peas 60
Green leaves 42
Pepper (capsicum), chiles 35
Seaweed, kelp 97

Fruits Berries, citrus, melons, stonefruit 0
Apple 63
Coconut 324
Mango 20

Meats Beef, pork, other game, poultry, organ meat 0

Fish and seafood Fish, shellfish 0

Insects Grubs, locusts 0

Dairy and eggs Milk, cheese, yogurt 0
Eggs 0

Resources for food composition data for zinc and phytate
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The specific features of zinc metabolism—a high 
endogenous intestinal excretion, a rapid turnover of 
zinc in plasma, and a constant urinary excretion over a 
wide range of dietary intakes—limit the possible range 
of methods that can be used to measure zinc absorp-
tion. The conventional chemical balance technique, 
where the apparent absorption is calculated as the differ-
ence between dietary zinc intake and fecal zinc content, 
can at best give information about the overall balance 
of body zinc. However, long periods (> 30 days) of con-
stant zinc intake are needed to achieve steady state con-
ditions and gain reliable information [1]. To measure 
true absorption of zinc, endogenous sources of excreted 
zinc must be separated from unabsorbed dietary zinc, 
and for this determination, isotope techniques are 
necessary. Suitable radio- and stable-zinc isotopes are 
available and have been used extensively to study zinc 
absorption from single meals and, to a limited extent, 
from total diets. These techniques require advanced 
analytic equipment and skills and are mainly suited 
for research laboratories and studies of small groups 
of subjects. Further research in this area is required to 
better quantify the effects of physiologic and dietary 
conditions that affect the efficiency of zinc absorption, 
particularly from total diets. These techniques will also 
be useful in assessing the potential efficacy of different 
zinc compounds for use in food fortification as well as 
zinc supplements.

Whole-body counting

The use of the gamma-emitting radioisotope 65Zn with 
a physical half-life of 243.6 days and determination of 
absorption from measurements of the whole-body 
retention of the isotope is regarded as the reference 
method for zinc absorption. Test meals or total diets 
are extrinsically labeled before intake and retention 
is measured in a whole-body counter at a time when 
unabsorbed isotope has been excreted from the body 
(minimum seven days) [2]. Endogenous excretion of 

absorbed isotope from the time of intake to the first 
retention measurement is corrected for by measuring 
the excretion of an intravenous dose in the same sub-
ject, or using the average rate of excretion determined 
in a group with similar characteristics. The whole-body 
counting technique has high precision and is simple for 
the participating subjects, but the required equipment 
is available in only a limited number of centers.

Fecal monitoring 

Measurement of appearance of zinc isotopes (stable 
or radioactive) in fecal samples is at present the only 
alternative method that has been validated against the 
whole-body counting technique [3]. When 65Zn is used, 
fecal samples can be measured directly in large-volume 
gamma-counters without further pretreatment. Intake 
of radio-opaque markers followed by x-ray of the fecal 
samples or of a non-absorbed marker (e.g., 51Cr) can 
be used to relate excretion to period of intake and 
thereby limit the number of fecal samples, which also 
means less influence of endogenous zinc excretion. 
This approach could be a relatively cheap and simple 
field technique.

Three stable isotopes of zinc are of low enough natu-
ral abundance to be used in a similar way as tracers. 
These are 67Zn, 68Zn, and 70Zn, with natural abundance 
rates of 4.1%, 18.8%, and 0.6%, respectively. Isotopic 
ratios can be determined using mass spectrometric 
techniques. Single or dual stable-isotope techniques 
with fecal monitoring have been applied to study zinc 
absorption. Endogenous excretion of zinc is corrected 
for by extrapolating a linear fit of rate of excretion after 
the unabsorbed, orally administered isotope has been 
excreted or by simultaneous intravenous injection of a 
second isotope. This correction is necessary as relatively 
long fecal collection periods (10–12 days) are required. 
Sample pretreatment prior to analysis is laborious and 
contributes to variation in results and therefore larger 
study groups are needed compared to the whole-body 
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counting technique [3]. Due to the need for advanced 
analytic equipment, application of this method is lim-
ited to research laboratories.

Urinary monitoring

Total urinary excretion is relatively constant and not 
related to intake within the range of typical dietary 
consumption. Thus, this method cannot be used to 
evaluate dietary zinc absorption. However, urinary 
65Zn excretion during 48 hours after intake of a labeled 
meal does appear to be correlated to zinc absorption 
determined by the whole-body counting technique.* 
Urinary radioisotope content can be measured in a 
similar way as fecal samples in large-volume gamma 
counters and could also be a relatively inexpensive field 
technique. A dual-isotope technique with simultaneous 
oral and intravenous administration of different stable 
isotopes of zinc and determination of isotope ratios 
in urine during the following 48 hours has been used 
to study zinc absorption from single meals [4]. The 
technique is based on the non-proven assumption 
that absorbed zinc is cleared from plasma in the same 
way as intravenously injected zinc. Relatively large oral 
doses are necessary when a low absorption is expected, 
as could be the case for diets in many lower-income 
countries, to achieve a detectable level of enrichment. 
It has not been conclusively demonstrated that an 
intravenous infusion of zinc does not affect systemic 
zinc metabolism. Nonetheless, as only a spot urine 
sample is required, this method is simple for the 
participating subjects, and the number of samples to be 
analyzed is limited. Thus, if the validity of this approach 

can be documented, it could be a feasible method for 
field studies. Its application is, however, limited to 
single-meal studies and it would consequently be 
most valuable in populations with a monotonous 
food intake. 

In vitro methods and models  

For mechanistic studies of zinc absorption and 
evaluation of the effect of individual food components 
on zinc uptake, cell models (e.g., Caco-2 cells) may be 
useful. This method is less suited for studies of complex 
diets and it is unable to give quantitative information 
about absorption. Qualitative information about zinc 
availability may also be obtained from animal studies. 
A rat pup model has been demonstrated to be able to 
rank zinc absorption from infant formula in the same 
order as results from human studies using the whole-
body counting technique [5], while adult rats were less 
suitable for this purpose.

An in vitro model simulating intestinal absorption 
conditions originally developed for iron [6] has also 
been applied to zinc [7]. After pepsin digestion at low 
pH, > 50% of zinc in cereal-based meals is released 
and dialyzable (MW cut off 6000–8000) while fur-
ther trypsin digestion at pH 8 reduces the dialyzable 
fraction. A comparison with in vivo measurements 
of absorption showed a good correlation at pH 8 but 
not at the lower pH [7]. It is possible that with further 
development and validation this method could be used 
to give qualitative information about zinc availability 
for the screening of different possible zinc intervention 
strategies. Its ability to compare different foods or diets 
and to give information that can be used to judge the 
adequacy of a total diet is probably limited.
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