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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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Appendix 1 Estimated risk of zinc deficiency by country
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Appendix 1 Estimated risk of zinc deficiency by country
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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

Resources for food composition data for zinc and phytate
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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 

Appendix 3

Techniques for Measuring Zinc Absorption
Techniques for measuring zinc absorption
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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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