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A Study on the Nutrient Intakes and Zinc Nutritional Status
of Preschool Children in Ulsan®

Yu, Kyeong Hee'
Department of Hotel Culinary Arts, Ulsan college, Ulsan 682-7135, Korea

ABSTRACT

The purpose of this study was to determine the zinc status of preschool children in Ulsan. The study was conducted
in 95 children aged 3 to 6 years by investigating the anthropometric indices and assessing the biochemical analysis. The
blood was analysed to assess serum zinc and alkaline phosphatase. And a questionnaire for dietary intakes using 24-hr
recall method were performed by mothers of 95 subjects. The dietary intakes of children were analysed to determine the
prevalence of inadequate and excessive intakes of zinc with Dietary Reference Intakes for Koreans (KDRIs). WHL
(Weight-Length Index) and Kaup index were used to define obesity. The overall prevalence of overweight and obese
subjects were 14.7% and 6.3% by WHL, were 15.8% and 13.7% by Kaup index. The mean intakes of zinc by children
aged 3~5y and 6y were 5.5 = 1.4 mg/d (75.7% RDA) and 6.7 & 2.0 mg/d, respectively, that was the level exceeding
the estimated average requirement (EAR) and the recommended intake (RI} of Korean Dietary Reference Intakes.
Less than 1.3% and 7.9% of children had usual zinc intakes below EAR and RI of KDRIs, respectively. The percentages
of children with intakes exceeding the tolerable upper intake level (UL) were 2.6%. The zinc nutritional status by
biological assay was found that mean serum zinc and alkaline phosphatase (ALP) of total subjects were 64.0 + 8.4 4
g/dl and 72.8 % 14.9 U/L, there was not a significant difference between boys and girls. The range of serum zinc level
was 45~89 pg/dl and children with a low serum zinc concentration by several cut-off points were 18.9~55.8%,
especially. Serum zinc level was positively correlated to the intakes of calorie, calcium, fiber, iron, zinc, zinc/kg and
height (p <0.001). Serum ALP was positively correlated height, weight and WLI. The zinc intake of children also
showed a positive correlation with height and weight. These results indicate that there were significant correlations
between the zinc status and growth of preschool children. Preschool children in Ulsan have dietary zinc intakes that
exceed the new DRIs. The present level of intake does not seem to pose a health problem, but if zinc intakes with
fortified foods and supplements were considered, the amount of zinc consumed by children may become excessive.
(Korean J Nutr 2007; 40(4): 385~394)
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Table 1. Distribution of subjects by age and sex

Age (Year) Boys no. (%) Girls no. (%) Total (%)
3yr 8 9 17 (17.9)
4yr 19 18 37 ( 38.9)
Syr 10 12 22 ( 23.2)
byr 13 6 19 ( 20.0)
Total 50 (52.6) 45 (47.4) 95 (100.0)
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Table 2. Height and weight measurement of children by age and sex

Height (cm) Weight (kg)
Age .

Boys Girls Boys Girls
3yr(n=17) 96.5 + 3.4° 95.8 + 2.6° 163+ 1.3° 159 +1.8°
4yr (n = 37), 102.8 + 5.1° 102.7 + 3.5° 17.7 £ 1.8° 169 = 1.9°
Syr (n = 22) 107.7 + 4.1° 106.1 + 4.5° 18.7 + 2.4° 182 £ 2.2°
éyr (n=19) 112.9 + 3.1° 114.8 + 4.0° 21.4 + 4.3° 209 + 50°

Total (n = 95) 105.4 + 7.0 103.8 + 6.7 18.7 + 3.2 17.6 29

Values in a column not sharing the same subscripts are significantly different at p <0.05 with Duncan's multiple range test.

Table 3. Anthropometric indices of subjects by age and sexes

WL Kaup index
Age
Boys Girls Total Boys Girls Total

3yr 1062+ 9.4 1035+ 9.8 1048+ 9.4 176 £ 1.9 173 1.4 174+ 1.6
4yr 107.6 = 8.2 1028 + 88 1053 = 87 168 £ 1.3 160+ 1.2 16.4 =13
Syr 101.9 £ 9.5 100.5 = 9.1 101.1 = 91 161 £ 1.1 16.1 = 1.1 16.1 = 1.1
byr 105.2 £ 19.6 100.9 = 21.2 103.8 £ 19.6 167 = 1.1 158 £ 29 16.4+28
Total 105.6 £ 123 1021 £11.0 1039118 168 1.9 163 1.6 165+ 1.8

Values in a column not sharing the same subscripts are significantly different at p <0.05 with Duncan’s multiple range test.

Table 4. Frequency and percentage of subjects by age according o obesity

wLl Kaup index
Age Under Over Under Over
weight Normal weight Obese weight Normal weight Obese
3yr (n=17) 1(59 10 (58.8) 6 (35.3) 0 7 (41.2) 4 (23.5) 6 (35.3)
4yr (n = 37) 0 29 (78.4) 5(13.5) 3(8D o] 27 (73.0) 5(13.5) 5(13.5
5yr (n = 22) 1(4.5) 19 (86.5) 1( 45 1(45 0 18 (81.8) 4(18.2) 0
byr (n=19) 3059 12 (63.2) 2 (10.5) 2 (10.5) 1(5.3) 14 (73.7) 2 (10.5) 2 (10.5)
Total (n = 95) 5(5.3) 70 (73.7) 14 (14.7) 6 ( 6.3) 1.1 66 (69.4) 15 (15.8) 13 (13.7)
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2 (RDA), 224133 (AD-E Table 5, 6 Yebiich
3~54) ojgo]e) i oA dFH= 1154.9 £ 2514
kcal2A ¥ ojalo] BF Hyd gk n|X]x] Z3}3irh
o= ojdo| o)A HjAh= Hhde] W Z1 0% ofjolE
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Table 5. Daily nutrient intakes of 3~5yr subjects by sex (Mean + SD)

Nutrients Total (n = 76) Boys (n = 37) Girls (n = 39) EAR RI Al
Energy (Kcal) 11549 £ 251.4 1205.8 + 207.3* 1106.5 + 281.2* 1400
Protein (@) 602+ 16.6 596+ 11.6 60.7 £ 20.4 15 20
Fiber (g) 28+ 1.6 29+ 1.8 27+ 13 17
Calcium (mg) 567.4 + 204.2 617.5 + 190.3* 519.9 + 208.0 400 600
Phosphorus 646.0 = 194.6 671.0 = 163.3" 622.4 + 219.7* 3%0 500
Iron 114+ 4.4 11.7+ 48 110+ 40 5 7
Sodium (g) 21 07 21+ 0.7 20 04 1.0
Potassium (g) 1.5+ 05 1.6+ 05 1.5+ 05 3.0
Zinc (mg/day) 55+ 1.4 58+ 1.3 52+ 14 3.1 4
Zinc (mg/kg) 03 0.1 03+ 0.1 03+ 0.1
Zinc density (mg/1,000 kcal) 48+ 08 48+ 09 47+t 07

*: significant difference between sex (p <0.05)
EAR (Estimated Average Requirements), Rl (Recommended Intakes), Al (Adequate Intake) for 3~5yrs children

Table &. Daily nutrient intakes of éyr subjects by sex (Mean *= SD)

Nutrients Total (n = 19) Boys (n = 13) EAR RI Al Girls (n = 6) EAR RI Al
Energy (Kcal) 1388.2 + 320.5 1435.6 = 299.9 1600 1285.2 + 367.7 1500
Protein (g) 78.4 = 52.1 85.7 £ 61.6 20 25 625+ 150 20 25
Fiber (@) 39+ 22 43+ 24 19 30x 10 18
Calcium (mg) 719.8 = 301.5 7858 *+ 327.7 550 700 576.5 £ 1828 550 700
Phosphorus 798.1 + 205.6 853.2 = 197.2 550 700 678.7 = 184.0 450 4600
Iron 139 £ 48 152+ 4.8 7 9 110+ 30 7 9
Sodium (g) 26 09 28 09 1.2 23+ 08 12
Potassium (g) 1.9+ 046 20+ 0.4 3.8 1.7 0.6 38
Zinc (mg/day) 67 20 73 18 43 5 54+ 20 4.1 5
Zinc (mg/kg) 03+ 0.1 0.4=x 0.1 03+ 0.1
Zinc density (mg/1,000 kcal) 48+ 08 51+ 07F 42+ 07F

! significant difference between sex (p <0.05)
EAR (Estimated Average Requirements), Rl (Recommended Intakes), Al (Adequate Intake) for 6~8yrs children
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Zolrh

1,000 kecald ofd AFALWEE #4¢ A3 H+f 4.8
+ 0.8 mgl & o}, ojo} ztell {23t Alolr} gilont
Arsenault & Brown™ 2] A1}s} Blm A] 1~34) oj&Ho|2]
79 5.6 + 1.8 mg, 4~54] oJHo)2) 355 £+ 1.7 mg
OF E AT o] R} &2 43 UrE Yehgith
S% o1 IS

vl g A ojo)e] FYeld wxol ek AP
< 719 glom HZ 109 ool & 2] Ael] &
ek AAolrt. AL thid ojHole] A ofd R A
Al A 64.0 + 8.4 pg/dl o]m G} o]-ol9] 79 65.3
+ 8.6 pg/dl, A& oJ™ele] AL 62.6 £ 8.0 pg/dIEA



W oo 7hefli= Relst 2lol7t Qiglth (Table 7). Kye
& Park'”o] B 75.3~83.0 pg/dl Brl= W2 FF0]
2lo™ Son & Park™9] A9 AAE ojgo|9] Bigl

Bl Al 2 AT olole] 345k 54] odole] BHol
FEE ulgg Folg ot 4xle 64 ojzlols] @io}
A BEE WE RS R £ ojlele] volrt

Patel w2t @3 olle] BEE Ftekglon, 3, 44
ulal SAlel $2lg (b < 0.001) Z74E vErisich %
oI S 9§ ool 13 ent #2939}
slo] 18~254] Aolel FHE o3 I F A% st
& ZA%E neirha®

Table 7. Serum zinc status indices by age and sex (Mean + SD)

Age Sex Zinc (pzg/dh) ALP (U/L)
Boys 59.6 +12.7 708 = 15.4
3 Girls 577+ 6.4 64.2 + 14.4*
Sub-average 58.6 + 9.6° 67.3 148

Boys 614+ 83 732+ 126

4 Girls 599+ 8.4 688 + 153
Sub-average 625+ 7.4° 711 £139

Boys 663+ 8.4 77.1 £ 158

5 Girls 658 = 4.4 78.7 £ 16.4
Sub-average bbb = 7.5° 780 = 15.7

Boys 699+ 7.7 75.8 £ 13.0

6 Girls 662+ 37 74.1 £18.7
Sub-average 687 = 6.8° 753 + 14.5

Boys 653+ 84 743 +13.6

Total Girls 626+ 80 71.2 £ 16.2
Average 640+ 8.4 72.8 = 149

2 significant difference between sex (p <0.05)
Values in a column not sharing the same subscripts are signifi-
cantly different with Duncan's multiple range test.

Table 8. Suggested lower cutoffs (2.5 percentile) for the assess-
ment of serum zinc concentration in population studies (chil-
dren aged < 10y)

Blood sample status Hotz C. etc™ Pilch & Senti®

Morning fasting - 70
Morning nonfasting 65 65
Afternoon 57 60
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n|2¢] National Health and Nutrition Examination 1I
Survey (1976~1980)" A Birgt 3~84 ojHe]d &
A ol FE] W gotel A% 85 pg/dl, %jote] B¢
84 pg/dIZ BIdte] B A7 347 A ofo]9] Y ofd
o o £Zo|glon] NHANES I surveyE AE
A3t Hotz 779 Aol 94 o]xe] ofdo|2] Z$-
o} ofotrit} vl W dHold FEE HIUTHL 3o
B Anels e A9E B3k

2k o} e 3‘;—_;}%101 61—/\1-/\4 ZH2 o];‘g].cn] o
717t 1Ay FolT A dlel & fAEAA, &
717F T A% ofd Age] Agefnt SAHE Wt ol

29| W3y}t el o 19 ofd JeteE wst
7)o WS sk X Erb HA X skl I8el% B8t
I ko] A9 o] ofdiFH o] ot Feje] W3} A]
A e ol AY S ke UAE AR AP 8
A ol T2 Aoirt YeRrh wEkA Aol e
ko) o}l JoldelS B Rl {8 A ;o =P
Ak Yol $& Aol FEE 7B 7S] vlgo] &
R oldAdH Y o] 5L AARIThT FITEY

FZ Hotz 577 d9 a3 2] Az A, vo] Fof ot
2} Ae] olAdAYES Hriepr] fIgh AH P okd F
E9] cutoffs pointE A|A18Kc} (Table 8). Table 9+ ¢
Z cutoffs pointE FIE B AF oJgo| AY FF&
Hrpst dajol}l, B FAlojHole] ol &
3 o AF = oo el wet 23T 2.5l S
g A3 MRS A=A e ol o7 7]l
30| FAjste] Holth E3 ofl FEe] W9l 45~89
pg/dIZA] cutoffs point < 65 pg/dlS 71522 H7F6IR
S ) AA oole] 55.8%7F YATFE oIk AFFE
< HQrh =g Jort oMl wet dAlsE olske]

| =8 3 K o)
E54E

=

olglol9] i ol ot 3uleli AR Fe)
3] & Wolgiek, YATE 61 pg/die 71F02 34

ol 56.3%, 441l 37.1%, 54l 25.6%, 64 13.0%% &
3155_} Son & Park™2] A7s} HI A] 3, 4M9)] AF3] =
FE2 Uehldet 6~36719 #1F o]0 oz

Table 9. Distribution of subjects below the cutoffs value in each age

Age

Parameter Cutoff point Total
3yr 4yr Syr byr
<57 9 (52.9%) 7 (18.9%) 2(9.9%) 0 ( 0%) 18 (18.9%)
Zinc (pxg/dl) <61? 12 (70.6%) 19 (51.4%) 5 (22.7%) 2 (10.5%) 38 (40%)
<65% 13 (76.5%) 26 (70.3%) 8 (36.4%) 6 (31.6%) 53 (55.8%)

1) cutoff point at collecting blood in afternoon™
2) cutoff point used in the paper of Son & Park™
3) cutoff point at nonfasting blood collecting in the morning®
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o)|Zolx AAF A7} (cutoffs point {65 ,ug/dl)l‘“"’ﬂ}\ih
A oj#o]d 35.1%7} AT olstE Husle] &
T o]dole] A} B} Wshrh

#A alkaline phosphatase (ALP) BT ofd 4k
o] 4535 Asleta] Bt E 4 9lom ofd B Ao
A 0:1_1_7(40] Z=48 3o g A o} ojekrtbe]e] T A
g Qoka 3k ALPS] 79 A Hd 72.8
+ 14.9 U/Lol3lew, Eat ofdole] A% 74.3 + 13.6
U/L, o=} o]™o]e] 3¢ 71.2 + 16.2 U/LZE ¥4 &
o] ztell f-23t zlolrt QAATt (Table 7). 3410l E=} of
Yol9] AL FF 77.7 + 11.6 U/L, oA} ojHo)g A5
60.8 = 13.9 U/LZ gots} oo} 7kl f2J&k Ao (p <
0.05)F BeH 1 9] YoloMz & AolE Kol
2 okl AR 5Ae FA3] TR AR B
o 6AlelE 27 WolAle FAE BYlou #old
atol= §lsiTh

IIAMA, LHMF Aot orp! ITSH
|
FA 49 ojglold kA AF dE), AA AF Aw,
MErA ol ook A EH AT FFUE AR )
9th (Table 10). ¥ ok
AR, old AFH, AF 2 of
°ok9] FAaA (p < 0.001) & YER
I} 228 ARl A vehe
E3 ¥ ALP 52 A%, Al
ARBAE Ko o]folg] ofd 4
| A&E AAEISATE T3 ofae]
A4, 2, 2 5 994 44
Rom, A ¥
Z #AE Bk e
L A A I oA H%fﬂ A3} o]-ole] Al *é

_10] ?51-

NEoje] 3

47 FAE ool Al 0} ivﬁbﬁz “H *é’e}ﬂr Al

Z9 F7Pt ks B g0l Yok

0
oo g B2

2 A7e SAYeN FTAYE) ofoldg olgahs
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dolge] ¥4 ol sk} ALP
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Table 10. Pearson's correlation coefficient among nutrient intakes, anthropometric indices and zinc status indices

Calcium Iron Zinc In density In/kg Height Weight WL Kaup

Fiber

Protein

Calorie

Serum ALP  Serum zinc

1

Serum ALP
Serum zinc

154
.017
.045
—-.090
-.009
-.018
-.029
—.051
-.198

394
192

Calorie

536™

Protein
Fiber

478"

.03

369

315 216
296

577

275

Calcium

291

A42%*

503"

348"

Iron

465"
078

585"
179

714
314"
L7
259*
132
-.033
-.097

423"

—.041

816
—.045

.388"*
.078

Zinc

523"

In density
In/kg

519
-.017

870

390™

177

107
-.011

.508"*
198
157
037
.008

377

176

072
-.087
-.104

656"

.284**

1

-.107

- 256"
-291"
—.236*

289"

376"

323"

168
-.093
-.136

260"

Height
Weight

WL

7287
71
-117

027

219*
043
000

263*
043

.306™*

236"
174

766

.053
074

916™

.589**

—.043

—-.043

Kaup

«. significant at p <0.05, =*: significant at p <0.001
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