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Abstract

Zinc intake and status of South Koreans from rural, urban and metropolitan areas were investigated. The
dietary habits of 760 healthy male and female adult subjects with a mean age of 54 were assessed using
a food frequency questionnaire and were verified using 24 h dietary recall. Daily Zn intakes for men and
women were 7.41+5.4 mg and 7.0 5.4 mg, respectively, which were 62% and 70% of the Korean RDA. The
phytate : zinc and phytate X calcium : zinc molar ratios were 38 and 398, respectively. Both the low intake of
zinc and the high extremely phytate and phytate X calcium ratios with zinc suggest that South Koreans may
be at risk of zinc deficiency. Plasma zinc (86 + 61 pg/dL), urinary zinc (33 27 pg/dL) and plasma alkaline
phosphatase (102 + 52 mU/mL) levels within the normal range did not however suggest marked zinc deficiency
in these subjects. However, conventional zinc biomarkers are known to be unreliable for assessment of
marginal zinc deficiency. Based on zinc intake alone, it is likely that at least a proportion of these subjects
were marginally zinc deficient and the wider consumption of zinc rich, phytate deficient foods, particularly
in rural areas, would be beneficial.
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INTRODUCTION

Marginal zinc deficiency adversely affects human health,
particularly through suppression of growth and immune
function (1). The Korean Recommended Daily Allow-
ance (RDA) for dietary zinc is 15 and 12 mg/d for males
and females, respectively (2). However, there is evidence
that zinc intakes in the rural population in South Korea
are significantly lower than the RDA levels (3). The Ko-
rean diet contains foods rich in phytate (inositol hexa-
phosphate), which inhibits zinc absorption and is likely
to exacerbate deficiency caused by low zinc intake. There
is therefore a very significant risk that a proportion of
South Koreans are zinc deficient and that their health
status is compromised.

The potential for zinc deficiency in Koreans has not
been examined in detail, with only one study (3) es-
timating zinc intake based on selected foods from the
1995 National Nutrition Survey (4). Using the data ob-
tained by trained dieticians over a 2-day period in 2000
households, the dietary zinc intakes from the 214 most
consumed foods were calculated. The results of this
study suggest that dietary zinc intake in large cities is
around 80% the Korean RDA for zinc, but that in rural
areas, the mean zinc intake is only around 60% of the
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RDA. What this study did not show was gender- and
age-related differences in zinc intake, and since it was
only possible to obtain data from foods included in the
Survey, the estimation of zinc intake may have been
incomplete. In addition, there was no assessment of zinc
status using biochemical indicators.

The present study was designed to evaluate zinc intake
from complete food intake data and conventional zinc
biochemical indexes to assess zinc nutriture in South
Koreans. In the same way, the zinc intake information
for the previous study may have been incomplete, data
for calcium and phytic acid, both of which inhibit zinc
absorption, are also likely to have been incomplete. The
aims of the present study therefore included a more
complete estimation of these zinc absorption inhibitors.

SUBJECTS AND METHODS

Subjects

The subjects in this study were recruited from three
different areas (Andong County, Andong City, and Daegun
City) representing rural, city and metropolitan city pop-
ulations, which were reported to be ca 2.6, 190, and
2,540 thousand people, respectively, at the time of the
study. The subjects (total 760, men 341 and women 416)
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aged between 40 and 65 yrs were randomly selected
from the register of the 2000~2001 Health Promotion
Project in the Andong and Taegu Public Center, sup-
ported by Ministry of Health and Welfare. The study was
conducted between September 2000 and May 2001. The
study protocol was approved by the Ethical Committee
of Andong National University and written consent was
obtained from each subject after the aim of the study had
been explained to them.

Anthropometric assessment

Selected anthropometric measurements were made;
height and body weight were measured with the subjects
wearing light clothing and no shoes. Body fat was mea-
sured using a body composition analyzer (inBody 3.0
Body Composition Analyzer, Biospace, South Korea).
Each measurement was taken by the same anthropomet-
rist to avoid inter-examiner error.

Dietary assessment

A food frequency questionnaire (FFQ) was used for
estimation of the intakes of zinc, calcium, phytate and
other nutrients. The FFQ, which contained 38 food items,
included the major food sources and major zinc-con-
taining food items which are commonly consumed by
Koreans during the four seasons of each year. In order

to verify the reliability and reproducibility of the FFQ,

a 24-h recall test was also used.

Nutrient intakes were calculated using Computer
Aided Nutritional Analysis Program, version 2.0 (CAN
Pro 2.0, Version 2.0) (2). Intake for zinc and phytate,
which are not present in CAN Pro 2.0 program, were
analyzed using food composition tables, databases, a
cross-referenced index, and various values from the
literature. The procedure for calculation of zinc, calcium,
phytate and phytate : zinc molar ratio has been described
previously (3,5,6). Nutrient intakes were compared with
the Korean Recommended Dietary Allowance (2).

Zinc biochemical index assessment

Precautions were taken to avoid zinc contamination
during the collection and analyses of the samples. Sam-
ples from 10~ 15 subjects were pooled for analysis. The
accuracy and precision of all analytical methods were
checked by analyzing a standard reference material
(15770, bovine liver, National Institute of Standards and
Technology, Gaithersburg, USA).

Sample collection : Blood samples were obtained by
venepuncture in the morning after overnight fasting and
were collected into trace element-free heparinized tubes
(Becton Dickinson, Rutherford, NJ, USA). Twenty four-
hour urine collections were removed in the early morn-
ing. Hair samples (300 mg) were collected from close

to the occipital portion of the scalp with stainless steel
scissors. Only the proximal 2~3 cm of the hair strands
were retained to avoid collection of contaminated hair.
Nail clippings were also collected.

Sample analyses : Zinc and calcium level in plasma,
red blood cells (RBCs) and urine were measured using
inductively coupled plasma (ICP) emission spectroscopy
(Boschstrasse 10 Spectro Analytical Instruments, Ger-
many) after wet-digestion and appropriate dilution. In
brief, RBCs were wet-digested with concentrated nitric
acid and hydrogen peroxide. Plasma, urine and the wet-
digested RBCs were diluted using trace element-free
0.125 M HCI1 (Fluka, Buchs, Switzerland). Protein level
in RBCs was also measured using Lowry method (7).
The collected hair and nail clippings were washed thor-
oughly and were wet-digested for element analyses. Plas-
ma alkaline phosphatase was measured using a com-
mercial kit (Sigma).

Statistical analyses

Statistical analyses were performed with the statistical
package SPSS. The mean difference between men and
women was analyzed uvsing an unpaired Student’s f-test
at p<t0.05.

RESULTS

Anthropometric assessment

The mean age of the subjects was 542139 yrs
which represents early aging people. The mean (& SD)
heights were 165.31 6.8 and 153.4 £7.4 cm, and weights
were 63.91£10.4 and 54.3 8.4 kg for the men and wo-
men, respectively. Mean body fat values were 23.7 6.7
and 29.91+5.7% for the men and women, respectively,
which are just above the normal range for men (10~20
%) and women (20~30%) using the body composition
analyzer (Table 1).

Dietary assessment and diet pattern
Mean energy and macronutrient intakes are shown in
Table 2. The nutrient intakes analyzed by FFQ were

Table 1. Age and anthropometric measurement of men and
women Korean subjects

Subjects
Factor Men Women Total
(n=341) (=419) (n=760)
Age (year)  56.8+11.9"* 53.0+14.6* 542+13.9*
Height (cm) 1653%=6.8* 153.4+74* 1572+9.1
Weight (kg) 63.9+104* 543%84* 57.4*10.1
Body fat (%) 23.2%5.7*  299+57* 282+64

DEach value represents mean+ SD.
*Values with asterisk in each row are significantly different
between men and women at p<0.05 by t-test.



Zinc Intake and Status of the Selected Korean Adults 81

Table 2. Energy and macronutrient intakes in subjects by food frequency record (intake/day)
Nutrient Subjects
utre Men (n=262) Women (n=363) Total (n=625)
Energy (kcal) 1458.8 +486.3" 1485.2 +680.6 1478.4+635.7
Protein (g) 51.9+26.6 51.9+342 51.9+325
Animal protein (g) 20.1+14.1 19.2+18.0 19.5+16.1
Plant protein (g) 31.8+11.8 32.7+15.8 32.5+14.9
Lipid (g) 249+175 265234 26.1+22.0
Animal fat (g) 120+11.7 11.8+14.6 11.9+13.9
Plant oil (g) 129+92 13.7+11.8 142+11.2
Carbohydrate (g) 2522+70.4 257.0+99.6 255.8+92.8
Dietary fiber (g) 50*25 5.0=3.1 50+29
Cholesterol (mg) 141.6+114.8 128.0+101.7 131.5+108.2

YEach value represents mean =+ SD.

verified for reliability and reproducibility using 24-hr
dietary recall. Most of the analyzed nutrient intakes using
FFQ and 24-hr dietary recall were similar, except for
Na, vitamin A, and vitamin C, and this confirms the
reliability of using FFQ for dietary assessment in this
study for Zn and Zn-related nutrients intakes.

No significant difference was found between nutrient
intakes in men and women. Energy intake was 1478.4 =
635.7 kcal which constitutes around 75% of the Korean
RDA (7th ed. 2000). Protein intake (51.91£32.5 g) was
about 74% (men) and 94% (women) of the Korean RDA
and animal protein intake (19.5+16.1 g) was 38% of
total protein intake. Cholesterol intake (131.51+108.2 g)
was the less than half the suggested intake level for
Koreans (300 mg/d) (2). Dietary fiber intake was 5.0 &
2.9 g which is much lower than the suggested dietary
intake per day (2). The general pattern of macronutrient
intake indicated that the subjects consumed low amounts

of animal products.

Mean mineral and vitamin intakes are shown in Table
3. Calcium and iron intakes are 476.21384.3 mg and
8.5+:5.9 mg which comprised 68% and 71% of the
Korean RDA. Approximately half of the calcium intake
was derived from animal foods. Most water-soluble vi-
tamin intakes were 60~90% of the Korean RDA.

Zinc intake and molar ratio of phytate: Zn and
phytate X Ca : Zn

The calculated daily Zn, Ca, phytate intake and their
molar/millimolar ratios are shown in Fig. 1 and 2. Daily
Zn intakes for men and women were 7.4 5.4 mg and
7.0£5.4 mg, respectively, which were 62% and 70% for
men (12 mg) and women (10 mg) of the Korean RDA.
Ca intake was 485.51%369.4 mg, which was 69% for
both men and women (700 mg) of the Korean RDA.
The estimated daily phytate intake was 2332.6+976.0

Table 3. Mineral and vitamin intakes in subjects by food frequency record (intake/day)
Mi | Subjects
1era Men (n=262) Women (n=363) Total (n=625)
Ca (mg) 430.5+325.8" 492.2+401.9 476213843
Animal Ca (mg) 187.3+214.5* 228.31266.2* 217.7+254.3
Plant Ca (mg) 2432+176.0 263.9+211.2 258.5+202.7
P (mg) 874.8+441.7* 947.5+604.6* 928.6+567.4
Fe (mg) 8.2+5.1 8.6+6.1 8.5+59
Animal Fe (mg) 1.8+2.0 1.7£2.5 1.7+23
Plant Fe (mg) 6.5+3.8 7.0+4.6 6.9+4.4
Na (mg) 2875.1+1415.7 2770.7+1670.4 2797.7+1607.0
K (mg) 1848.6+1029.7 1889.6+1212.9 1879.0+1167.5
Vitamin A (RE)” 573.1+690.3 62.6+827.7 609.8 +794.1
Retinol (mg) 54.5+45.0 51.0+t42.3 51.9+430
Carotene (mg) 2930.0+1843.1 3212.4+2598.6 3139.2+2413.9
Vitamin B, (mg) 0.85+0.36 0.88+0.51 0.87+0.47
Vitamin B, (mg) 0.75+0.56 0.76 +0.67 0.75+0.64
Niacin 11.9+79 12.5+838 12.3+8.3

YEach value represents mean= SD.
PRE (retinol equivalent, unit).

*Values with asterisk in each row are significantly different between men and women at p<0.05 by t-test.
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Fig. 1. Zn, Ca and phytate intake in South Koreans (meantSD).
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Fig. 2. Molar ratio of Zn, Ca and phytate in South Koreans (mean= SD).
*Cutoff point for causing poor Zn nutriture above this ratio.

mg, which gives a phytate : zinc molar ratio of 38. The
phytate X Ca : Zn millimolar ratio was 398 and the phy-
tate X Ca : Zn millimolar ratio per 4.2 MJ (1000 kcal)
was 272. The phytate X Ca : Zn millimolar ratio per 4.2
MJ was calculated taking into account differences in the
amount of food consumed in order to compare it with
the data from the different survey units.

Biochemical indexes

The concentrations of zinc in plasma, RBCs, urine,
hair and nail, and also plasma alkaline phosphatase ac-
tivity, are shown in Table 4. No significant difference
between men and women was found for any of the zinc
status indices. Hair and nail zinc concentration was not
measured separately for men and women. The mean (£

Table 4. Zn concentration in blood, urine, nail, and hair and plasma alkaline phosphatase activity

Zn concentration Subjects

Men (n=280) Women (n=377) Total (n=657) Reference Value
Plasma Zn (ug/dL) 83.6+48.4" 87.8+69.3 86.0+61.3 52.3~130.8”
RBC? Zn (ug/g protein) 82+1.5 79+1.4 8.0+ 1.4 -
Urinary Zn (ug/dL) 35.7+25.1 32.6+27.7 333+27.1 15.8~94.8%
Hair Zn (umol/g) - - 1.7£038 1.8+0.7°
Nail Zn (umol/g) - - 1.0=0.1 -
Plasma ALP” activity (mU?/mL) 99.2+45.3 102.7+55.3 101.6+52.3 97.3~102.3”

YEach value represents mean+ SD.
JRBC (Red blood cell).

YALP (Alkaline phosphatase).
“mU (Milliunit).

5)Burgess et al., 1999. Proceeding of 10th Trace Element in Man and Animal.

9Gibson and Huddle, 1998, Am J Clin Nutr 67: 702-709.
Cavan et al., 1993, Am J Clin Nutr 57: 334-343.
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SD) plasma zinc concentration of the subjects was 86.4
+61.3 ug/dL, which was within the reference range of
52.3%130.8 pg/dL (8). RBC zinc concentration was 8.0
1.4 pg/g protein which was much lower than plasma
zinc level. Urinary zinc concentration was 33.3 £27.1
ig/dL, which was within the reference range of 15.8 ~
94.8 yg/dL (8). Hair zinc concentration was 1.7 0.8
umol/g which is about the same level of normal adults,
- 1.8£0.8 pmol/g (9) and Nail zinc concentration was 1.0
+0.1 pmol/g.
The activity of the zinc-containing enzyme alkaline
phosphatase was 101.6 £52.3 mU/mL which is within
the normal range for human subjects (10).

DISCUSSION

In this study, zinc intake of the subjects was low com-
pared to Korean RDA or previous reported data. There
may be two possible explanations for a low zinc intake
in Korean subjects in this study. Firstly, the study fo-
cused on aging subjects (mean age 54 yrs), and older
people generally eat less food. The mean energy intake
of the subjects in this study was 1478.4 kcal (75% of
the Korean RDA), indicating a lower food intake and
therefore a low intake of all nutrients including zinc.
South Koreans in this study consumed zinc (7.2 mg/d)
and calcium (485 mg/d) approximately at one third of
the Korean RDA level for both men and women. Daily
Zn intakes for men and women were 7.4 mg (62% of
RDA) and 7.0 mg (70% of RDA), respeclively. When
considering the subjects in this study consumed only
70% of the daily energy RDA, zinc intake can be im-
proved if the subjects could consume a more appropriate
energy intake. The second possible reason is that subjects
in this study consumed plant food-dominated diets,
which is predominant in rural and small city areas. Also
this plant food-dominated diet is likely to be a much
more in general pattern during late fall through to early
spring in rural and small city areas, because people
consume stored vegetables during this period. The low
zinc intake of South Koreans in this study may reflect
the timing of the dietary survey; during September to
May, which coincides with the period of low animal food
intake. The zinc intake of Koreans (7.2 mg/d) in this
study is two thirds of the levels of normal healthy Am-
ericans (11.9~12.3 mg/d) (11).

The estimated daily phytate intake in the present study
was 2332 mg/d which is 3~5 times higher than in Ca-
nadian children (422 mg/d) (12,13), or Americans (395 ~
781 mg/d) (11,14,15). The molar ratio of phytate : Zn
above which zinc status may be compromised, is above
20, and this is considered as a factor for zinc deficiency

(12,16). In this study, the phytate : Zn ratio was 38,
which may cause poor zinc nutriture in Koreans. The
phytate : Zn molar ratios are reported with levels ranging
from 5 in normal Western people (17) to 67 for vege-
tarian Trappist monks in the states (18). Millimolar ratios
of phytate X Ca : Zn>200 are considered as indicators of
marginal zinc deficiency in men (17). The phytate X Ca
: Zn millimolar ratio in the present study was 398 which
was twice the level thought to present a risk for zinc
deficiency. The ratio (271) was even >200 when cor-
rected for energy intake, (Phytate X Ca:Zn) / 4.2 MJ,
which is likely to cause poor zinc nutriture.

Control of body zinc homeostasis is maintained over
quite a wide range of zinc intakes through regulation
of intestinal zinc absorption and pancreatic secretion
(19). However, it is well recognized that intakes below
1 mg Zn/d in adult humans cause severe deficiency and
that marginal deficiency effects may be found between
1 and 10 mg/d (20). Unfortunately, there is no single
reliable indicator of zinc status (21). Plasma zinc levels
generally reflect zinc status but are influenced by other
variables such as stress and infection. This indicator is
also less useful for assessment of marginal status because
plasma zinc levels may not be greatly reduced, if they
are reduced at all. The situation with urinary zinc is
much the same as for plasma zinc and efforts have been
made to find other biomarkers. Alkaline phosphatase, a
zinc-dependent enzyme, is readily measured and its ac-
tivity is reduced in severe zinc deficiency. However, the
sensitivity of this assay to detect marginal zinc de-
ficiency is questionable (20). In the present study, a
number of bioindices of zinc status were measured in
order to try and obtain some consensus on the status
of the subjects. The mean results for plasma zinc, urinary
zinc and plasma alkaline phosphatase were all within the
normal range, suggesting that the level of zinc deficiency
was not sufficiently severe to affect these biomarkers.
Plasma zinc concentration (86 1ig/dL) in Korean adults
was similar level of most of Western peoples (22-24),
even with a low intake of zinc and high intake of phytate.
However, it was higher than found in African adults who
showed severe zinc deficiency (9). The RBC zinc con-
centration in Koreans (8 lg/g protein) was one quarter
of the level reported in subjects from the USA (31 ug/g
protein) (22). Bearing in mind the low dietary zinc and
high phytate intakes, it is highly likely that a significant
proportion of the subjects were marginally zinc deficient.

CONCLUSION

Zinc intake and status of 760 healthy male and female
adult South Koreans with a mean age of 54 were as-
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sessed using a food frequency questionnaire and zinc
biochemical markers. Daily Zn intakes for men (7.4
mg/d) and women (7.0 mg/d) were low (62% and 70%
of the Korean RDA, respectively). The phytate : zinc and
phytate X calcium : zinc molar ratios were high at 38
and 398, respectively. Both the low intake of zinc and
the high phytate and phytate X calcium ratios with zinc
suggest that South Koreans may be at risk of zinc de-
ficiency. However, plasma zinc (8661 jg/dL), urinary
zinc (33£27 pg/dL) and plasma alkaline phosphatase
(102 £52 mU/mL) levels were within the normal range,
which indicates that these zinc status markers were not
sufficiently sensitive to detect marginal zinc deficiency
in these subjects. It is likely that at least a proportion
of the subjects were marginally zinc deficient and the
wider consumption of zinc rich, phytate deficient foods
would be beneficial.
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