Korean J. Food & Nutr. Vol. 15. No. |, 7~11 (2002)

THE KOREAN JOURNAL OF
FOOD AND NUTRITION

SrRAZ YLD

Zinc Absoarption of Preschool Children

Young — Seon Kim
Department of Food & Nutrition, Pohang Callege, Pohang 791 - 940, Korea

1%,

L

Abstract

This study was performed to estimate the zine absorption, excretion, and balance of preschool children in
Pohang and to evaluate the relationship zinc absorption and related variables. To determine the zinc absorption
and excretion, duplicate food samples, pooled feces and urine samples were collected for 3 consecutive days in
21 preschool children. The mean fecal and urine excretions were 7.03mg/day and 0.16mg/day for the boys and
5.87mg/day and 0.15mg/day for the girls. Analyzed daily mean zinc intake was 10.45mg/day for the boys and
7.80mg/day for the girls. The mean apparent absorption rate and balance were 29.7% and 3.25mg for the boys
and 23.3%, 1.78mg for the girls. Although the mean apparent absorption rate and balance of boys tended to be
higher, there was no significant difference between boys and girls.

In this study, subjects showed the positive balance except one. Fecal zinc loss reflected dietary zine (p<{0.01),
but urinary zinc loss was unaffected by zinc intake. There was a positive relationship between zinc apparent
absorption and zinc balance (p<0.01). These results show that the zinc absorption and balance were favorable.
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Zinc requirements are generally based on the amount
needed to support balance or to replace cndogenous
losses.” Zinc absorption is influenced by the types of
food ingested. According to previous study, about 10 to
35% of dietary zinc is absorbed from foods. The higher
figure is more likely when animal protein sources are
consumed, the body's zinc needs are elevated.” The total
zinc content of a meal was an impoitant factor influ-
encing the amount of zinc absorbed.” Also several dietar-
y factors have contributed to the negative zinc balances
measured when the high - fiber, low-protein diet was
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zinc absorption, zinc bajance, preschool children.

consumed. From other studies it was concluded that
protein improves the absorption of zinc from the diet.* ™
Korean's diet appear to be high cereal grains and low in
sources of readily available zinc. Correspondingly, the
low animal protein and high fiber diet may have
decreased the zinc absorption.

Zinc is involved in the growth process. Zinc has been
identified in numerous enzymes. It is a component of
biemembranes, is thought to be necessary for RNA,
DNA, and ribosome stabilization, is involved in the
binding of & number of transcription factors, stabilizes
hormone - receptor complexes.” Severe zinc deficiency
is how a rare condition. Mild zinc deficiency, however,



may be relatively common. The symptoms marginal zinc
deficiency were poor appetite, poor growth, hypogeusia‘@
Thus, adequate zinc intake is necessary to support many
bodily functions and growth of preschooler.

Data from Western children study indicated” that zinc
intakes of from 7 to 8mg per day appears to provide the
necessary intake, assuring zinc availability between 20
and 309 during the growing period. If the diet is largely
plant sources, the zinc intake should be in the range of
8 to 9mg per day to provide sufficient zinc to meet the
needs of the growing child. In contrast, little information
is available concerning the zinc nutriture of Korean
children. Data on zinc absorption and balance of Korean
children is limited. Thus the purpose of this study was
to investigate and provide information on the zinc

absorption and balance in Korean preschool children.
Materials and Methods

1. Feces, and Urine Collection

To assess zinc absorption on usual diet, subjects
completed three consecutive days diet collection and three
consecutive days pooled feces and urine collection on
same days. For food, urine, and feces collection and
record, subject's mothers were instructed how to measure,
to record, and to collect with the aid of a scale and mass
cylinder. All food was weighed during preparation and it
was eaten quantitatively by the subjects. Twenty one
preschool children aged 3 to 6 with no health problems
participated in this study. Characteristics of the subjects
are given in Table 1.

2. Analysis of Zinc Excretion, Absorption, and
Balance
Zinc was determined in food and feces by inductively

Table 1. Characteristics of subjects
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conpled argon plasma spectroscopy (Jobin Yvon 38--,
Jobin Yvon Inc., France) after wet digestion of aliquots
of freeze-dried blended material with nitric and perchloric
acids. Urinary zinc was determined directly by [CAP. The
amount of nutrient intake except zinc was determired by
weighed food records using food table.”’ Apparent zinc
absorption and zinc balance were calculated by using
intake, urinary loss, and fecal loss data from the three day
collection periods. Analysis data of zinc intake and
calculated nutrient intakes were presented in previous
report.9)

Crude balance was calculated as intake - feces - urine.

Apparent absorption\was calculated as (intake - feces)
/intake X 100

3. Statistical Analysis

Statistical analysis was performed with a Staristical
Analysis System. Results were expressed as mean value
and standard deviation and percentages. Statistical dif-
ferences between two groups were compared by Student's
t-test at p<0.05. Pearson product moment corr¢lation
coefficient test was used to determine the relationship
between zinc intake, excretion, balance and absorption.

Results and Discussion

1. Characteristics of the Subjects

The average age of total subjects was 4.7£0.8. The
mean age boys and girls was 4.6%0.7 and 4.8+0.9,
respectively. Their mean body weight and height were

slightly lower than those of Korean standards for age,”

but similar to the results of other preschool children.'”
The mean Kaup index boys and girls was 16.31.8 and
15.3 £ 1.8, respectively. The subjects had Kaup index

level in the normal range. The preschool years are the

Variables Boys Girls All subjects
Age (vr) 4.6+0.7" 4.8+0.9" 4.740.8
Weight (kg) 183+2.8 165423 172426
Height (cm) 106.11+9.6 104.24+9.4 105.019.5
Kaup index” 163+1.8 153+1.8 15.7+1.9

" Values represent mean * standard deviation.

2 Kaup index :

[weight(g)/height(cm®)] X 10, criteria for obesity =20.

% NS. : All measurements were not significantly different between boys and girls by Student's t - test.
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Table 2. Dietary intake of the subjects

Variables Boys Girls All subjects
Energy (kcal) 1404.9:+:285.6" 1253.2 43144 1311.0+312.6
Protein (g) 41.7+103 39.9+126 40.6+11.9
Animal protein(g) 17.6 274 17.9+8.5 17.8+7.9
Fiber(g) 3.5841.22 227406 2.77+1.09
Ca (mg) 587.9 £2441 512.2:219.1 541.0+231.9
P (mg) 696.7 1542 693.8 £229. 694.9204.4

Y Mean * SD.

best time for a child to start a healthful pattern of living
and eating, focusing on nutritious foods.'” Mean daily
energy intake levels were 1,404.9kcal for boys and
1,253.2keal for girls, which were slightly lower than the
Korean RDA. Although the mean energy intekes for girls
tended to be lower, there was no significant difference
between boys and girls, because of the large variation of
the girls values. Mean daily protein intake levels were
40.6g/day. The proportion of animal protein of the
subjects was about 43.8%, which was higher than the
recommended range.

2. Zinc Excretion, Apparent Zinc Absorption, and
Zinc Balance

Mean daily zinc excretion, apparent absorption, and
balance are shown in Table 3 and cortelation between
zinc absorption and related variables are presented in
Table 4.

The mean urine zinc excretion level was 0,16 =0.04mg
/day, unaffected by dietary zinc. But fecal excretions
(6.3113.21mg/day) increased as intakes increased (p<
0.01). In this study, fecal zinc reflected dietary zinc, on

the other hand, urinary zinc remained relatively stable.
This result is similar to previous reports that excretion of
zin¢ occurs primarily through the feces and lesser
amounts are excreted in the urine.”” Particularly, zinc
deficiency is likely in children with poor dietary intakes
and chronic diarrhoea with loss of zinc from the body
through failure to reabsorb secreted zinc.” Zinc is
considered to be relatively nontoxic, particularly if taken
orally. But zinc intakes over 100mg/day also result in
diatrhea, nausea, vomiting, and depressed immune system
function. The Korean RDA for zinc is 8mg in preschool
children. Studies in young children suggest that diets
should provide a minimum of 7mg of zinc daily for
growing children.” If the diet is largely plant sources and
the absorption of zinc would likely be less than 3095 of
intake, the znc intake should range of 8 to 9mg/day to
provide sufficient zinc to meet the needs of the growing,
period. In this study the average zinc intake of boys and
girls was 10.45£5.0lmg and 7.80%3.86mg, respectively.
Although the mean zinc intake of boys tended to be
higher, there was no significant difference between boys
and girls. The mean daily zinc intake was 8.81mg

Table 3. Zinc excretion, apparent absorption, and balance

Variables Boys

Zinc excretion

Fecal zinc (mg/day) 7.03 % 2.93
Urine zinc (mg/day) 0.16 £ 0.03
Zinc intake (mg/day) 10451 5.01
Zinc balance (mg/day)" 3255 239
Apparent absorption (%) 297011327

1 .
’ Intake - feces - urine.
2)

3 N.S. : All measurements were not significantly different between boys and girls by Student's t - test.

[(intake - feces) / intake] X 100.

Girls All subjects
5872 329 631+ 321
0.15= 0.04 0.16 0.04
7.80 = 3.86 8.81+ 452
1.78 = 1.38 2341+ 196

23.33213.85 25.75113.98
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Table 4. Correlation between zinc absorption and related variables

Zinc absorption Zinc intake
Variables -
Boys Girls All subjects Boys Girls All subjects
Zinc intake 0.4693 0.2069 0.3593 1.0000 1.0000 1.0000
Urinary zinc -0.0186 0.0727 0.0661 - 0.4880 0.5364 0.1907
Fecal zinc 0.1952 -0.1171 0.2999 0.9513** 0.9373%* 0.9253%*
Balance 0.7418* 0.8587** 0.7758** 0.9265** 0.5532* 0.7839**

* p<0.05, **p<0.01.

(110.1% RDA), which was slightly higher than the a-
mount Korean RDA. Data on zinc intake and excretion
of Korean preschool children is limited. Compared with
previous studies, the subjects zinc intake level was higher
than that of Kim et al,,'” Lee et al,'” and Park et al.'”

and lower than that of Kim et al*®

. Mean daily zinc
intake level was reported as 6.lmg,'> 6.7mg,'¥ and
7.47mg,'6) in Korean adults, 11.35mg in Korean college
women.'” The subjects zinc intake level in this study was

'® reported a

similar to other researches. Holden et al.
mean daily zinc intake of 8.6mg when the diets of 22
Americans of different ages were analyzed. Average

) was calculated

intake of zinc by young Western woman'’
to be 9.9mg/day.

Zinc absorption appears to be response to zinc status,
dietary factors; protein and fiber. From previous study,”
it was concluded that protein improves the absorption of
zinc from the diet. The mechanism of zinc absorption
across the gastrointestinal mucosa is incompletely char-
acterized. In the body, zinc is bound to albumin or to
amino acids for transport to the liver. About two-thirds
of the zinc found in the peripheral circulation is bound
loosely to albumin, approximately another third is firmly
complexed with @2 - macroglobulin, and a small portion
is bound to amino acids. Zinc that is bound to albumin
and amino acids is readily taken up by tissues."”

In the present study, calculation of apparent absorption
revealed a mean of 25.8%. As regards zinc balance, the
mean of all subjects was 2.34mg/day. Subjects were in
positive balance except one. Little information is avail-
able concerning the zinc absorption and balance preschool
children. Compared with previous results, above results
were similar to the reports of Price et al® and Engel et
al.®". Price et al.™ reported that the subjects retained 2mg

of zinc in a diet providing approximately 7 mg of zinc.

Engel et al.?" reported retentions of approximately 30%
of intake, 7mg/day, by preadolescent girls. The total zinc
content of a diet was an important factor influencing the
amount zinc absorbed. In this study, zinc absorption was
significantly related to zinc balance (p<0.01), but there
was no significant difference zinc absorption and total
zinc intake, related dietary factors which are protein,
fiber, phosphorus. Balance was significantly correlated
with zinc intake (p<0.01).

As a result of this study, it seems that the subjects diet
consider to proper in zinc balance and absorption. But
research on zinc of Korean children is limited, so further
studies are needed to determine zinc nutriture, also
nutrition education is needed in order to proper intake of
zinc of preschool children.

2 o

3}l A o}=9] zinc absorption, excretion, balanceol]
getel 4Fe Anke et 2ok

Zinc absorption FAlo}lE2] 74-$- 29.7%, o JolE
9] 72-233%, H 25.8%= e thAdRte] zine
absorption-& zinc intake9h= A #do] YERIR sk
on, zinc balance®} &-o}& AFTHp<0.01)S Bl
Zinc balancer ‘FAlo}%9] 79 HF 3.25mg/day, o]
Alobge] A% 1.78mg/day, H 2.34mg/dayZE 175 9]
A A9l 25 positive balanceE BT

Fecal zinc loss= ¥ 6.31mg/day, urinary zinc loss
= Wit 0.16mg/dayit}. zinc intake= fecal zinc loss
9l zinc balanceo]] #2174 J&-E v|x|= AL & e}
o m(p<0.01), urinary zinct intake2] A3-S- W]
stk

2-glvte) & o}%9] zinc absorption % balance
= 95 Ao 2 yelyt) v o] e 1t 2
87} B3] go}, AA7] o}F-& Ao 2 3 zine nutri-



Vol. 15, No. 1(2002) s A o}%

tiono]] thet FA|Holm A&

11

. Sandstead, H. H.

. Recommended Dietary Allowances for Koreans.,

. Wardlaw, G. M., and Insel, P. M. :

References

. Shils, M. E., Olson, J. A. and Shike M. : Modern nutrition

in health and disease, 8th ed., Lea & febiger, Philadelphia,
p219~220 (1994).

: Is zinc deficiency a public health
problem? Nutrition., 11, 87 (1995).

. Sandstrom, B. and Cederblad, A. : Zinc absorption from

composite meals. II. Influence of the main protein source.
Am. J. Clin. Nutr., 33, 1778 ~1783 (1980).

. Sandstrom, B., Arvidson, B., Cederblad, A. und Bjorn -

Rasmussen, E. : Zinc absorption from composite meals. 1.
The significance of wheat extraction rate, zinc, valcium, and
protein content in meals based on bread. Am. J. Clin. Nuty.,
33, 739~745 (1980).

. Sandstrom, B., Almgreen, A., Kjvistoi B. and (‘ederblad, A.

: Effect of protein level and pr(;tein source on zinc
absorption in humans. J. Nutr., 53, 119 ~148 (1989).

. Hambidge, K. M. C., Hambidge, M. Jacobs und Baum, J.

D. : Low levels of zinc in hair, anorexia, poor growth, and
hypogeusia in children. Pediatr. RES., 6, 868 874 (1972).

. Ritchey, S. J., Korslund, M. K., Gilbert, 1.. M., Fay, D. C.

and Robinson, M. F. : Zinc retention and losses of zing in
sweat by preadolescent girls. Am. J. Clin. Nutr., 32, 799~
803 (1979).

7th
Revision., Korean Nutrition Society, Seoul (2000).

. Kim, Y. S. : Association between nutrient intake and zinc

nutriture in preschool children. J Ind Techi Po hang
College, 27(2), 39~50 (2000).

Perspectives in
Nutrition, Third ed., Mosby-Year Book Ine., Boston, p. 542
~546 (1996).

Moon, H. K., Jung, H. J. and Park, S. Y. : Indicators of
nutritional status on the basis of preschoul children's anthro-

12,

—
ted

16.

17.

20.

21.

il 11

pometry. Korean J. Nutr., 31(8), 1283 ~1294 (1998).
Pike, R. L. and Brown, M. L. : Nutrition an integrated
approach. Third ed., John Wiley & Sons Inc., New York,
p.168~198 (1984).

. Sadler, M. J., Strain, J. J. and Caballero B. : Encyclopedia

of Human Nutrition. Academic Press, San Diego, p. 345~
346 (1999).

. Kim, J. H., Paik, H. Y. and Joung, H. J. : Evaluation of

zinc and copper status in Korean college women. Korean
J. Nutr, 32(3). 277~286 (1999).

. Lee, J. Y., Paik, H. Y. and Joung, H. J. : Supplementation

of zinc nutrient database and evaluation of zinc intake of
Korean adults living in rural area. Korean J. Nutr., 31(8),
1324~1337 (1998).

Park, J. S. and Chyun, J. H. : Dietary zinc analysis and
changes of zinc nutriture with zinc supplementation in
Korean adults. Korean J. Nutr., 26(9), 1110~1117 (1993).
Kim, A. J.,, Yuh, C. S., Kim, H. K., Kim, S. U., Kim, S.
K. and Chang, O. J. : The correlation of dietary Cr, Cu and
Zn levels with serum lipid healthy college women living in
Choongnam area. Nutritional Sciences, 3(1) May, 42~46
(2000).

. Holden, J. M., Wolf, W. R. and Mertz, W. : Zinc and

copper in self-selected diets. J. Am. Diet. Assoc., 77, 23~-
28 (1979).

- Deutsche Gesellschaft fur Emahrung. Nutrition Report 1988,

Frankfurt, FRG : Henrich (1988).

Price, N. O., Bunce, G. E. and Engel, R. W. : Copper,
manganese and zinc balance in preadolescent girls. Am. J.
Clin. Nutr., 23. 258 (1970).

Engel, R. W., Miller, R. F. and Price, N. O. : Metabolic
patterns in preadolescent children. XIII. Zinc balance. In :
Zinc Metabolism, edited by A. S. Prasad, Springfield,
Charles €. Thomas, p.326 (1966).

(200243 29 202 )



