BESREGTE 323 : 277286, 1999

U ofejge] Felsh ol Jopabe) o)
ZAgd) - wEg - FEA
A-gdiEtn Agasiet AFAEE, AR 0T JEgadTFar

Evaluation of Zinc and Copper Status in Korean College Women

Kim, Chung Hye - Paik, Hee Young - Joung, Hyojee**
Deparmment of Food and Nutrition, Seoul National University, Seoul 151-742, Korea
Research Institute of Cardiovascular Disease,** Kyungpook National University, Taegu 700-422, Korea

ABSTRACT

This study was conducted to assess dietary intake and nutritional status of zinc and copper in Korean college women. Dictary
survey was conducted by 24-hour recall method and fasting serum samples were collected from 111 apparently healthy subjects.
Intake levels of zinc and copper were calculated using newly developed database for Zn & Cu of Korean foods. Serum levels of Zn,
Cu and activities of ALP, EC-SOD were measured from fasting serum sample. Mean daily zinc and copper intakes were 6.72mg/
day(56.0%RDA) and 1.11mg/day respectively. Mean values of serum ALP activity, zinc and copper concentration were 43.9U/L,
14.8umol/1, 15.5umol/1 and these values were mostly within normal range. EC-SOD activitis of the subjects were low and had no
correlation with intake or serum levels of Zn, Cu. In conclusion, these results show that zinc and copper intake of Korean college
women are lower than those from other counties but higher than those of adults in rural area of Korea. Their serum levels of Zn,
Cu, ALP are relatively normal. These results indicate that marginal deficiency of Zn and Cu may be quite prevalent in these subjects
but serum indicators measured may not be sensitive enough to detect such marginal deficiency. Further study is needed to develop
a biochemical index sensitive enough to evaluate Zn and Cu status. (Korean J Nutrition 32.(3) : 277~286, 1999)

KEY WORDS : dietary zinc intake - dietary copper intake - zinc and copper status - alkaline phosphatase activity - extracellular
superoxide dismutasc activity.
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Table 1. Dietary intake and biochemical measurements of Cu, Zn
status in study subjects (n=111)

Mean SD
Anthropometry
Agelyr) 20.4 1.4
Height(cm) 161.6 54
Weight(kg) 50.0 5.4
BMi(kg/m") 19.1 1.8
Diery Intake T
Energy(kcal) 1944.9 609.2
Protein(g) 715 33.2
{(Yokeal) 148 4.6
Animal protein(g) 33.0 28.5
Fat(g) 51.6 26.3
(%ekcal) 232 7.3
Carbohydrate(g) 283.7 89.7
(Yekcal) 59.1 9.4
Zn{mg) 6.7 4.4
(%RDA) 56.0 36.3
density(mg/1000kcal) 3.5 17
Cu(mg) 1.1 0.4
(%ESADDI") 742 258
(%ESADDI™) 37.1 129
density(mg/1000kcal) 0.6 0.1
‘Biochemical Parameter
Alkaline phosphatase(U/L) 439 10.8
Supero>.(ode Dismutase 9.4 1.1
(Units/ml)
Zinclumol/l) 14.8 2.2
Copper(umol/l} 155 2.5
Cu/Zn ratio 1.0 0.2

1) Cu intake/low limit of ESADDI for Cu(1.5mg) X 100
2) Cu intake/high limit of ESADDI for Cu(3.0mg) x 100



Table 2. Atomic absarption conditions for analysis of copper and zinc
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Wave length(nm)

Lamp

Slitinm) Flame

324nm
274nm

Copper
Zinc

2380 Cu Hollow Cathod 0.7
2380 Zn Hollow Cathod+D, 0.7

Air-acetylene
Air-acetylene

60
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Zn intake(mg/day) 1
RDA 12mg/day

Fig. 1. Distribution of subjects by dietary Zn intake.
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Table 3. Comparison of dietary zinc intake percentile
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9] 56.0%, 7219 A Astn A 7 H4F B
(ESADDD) 3ol whe} 37.1~74.2%% 433t At
WdAre] 19 e ol HAFFL 6.72mg, T AT
1L1lmeggw. 4355y B¥(Fig. DE B9 1Y 3~6
mg/dayE AFsHe %) 717 Bokern 1 ggo= 6~
9mg/dayE A a5 2. ol glakrke] Atol
Agge] 25~50%8 A3t AoR HF FFo] vty
o2 gz AS B F#r qiAg] 1,000keal?d obde]
AH L 3.46mgo ® P17 HF oldEUE 505mgel
H3) 68.5% =2 1 AH o] g v} ojde] dY
AT P 56%F LeeF 0] Burdl gk 4204
2} 5.2mg/day(ARF 43.3% FE)RTE =2 Aol
o}, A B e gl S g5 FE Al
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ol A Al3E NHANES-II9] 20~294] o34do] HF o}dA
e W, §)AdY, Fold oA §.41mg/day, 8.80
mg/day, 8.86mg/day$ith.? Table 314 AA)g o} 4
He NP g 7L WHOS A72d3¥ s} nud of 92
vt Al Ee] B AF $Ee] eS8 4 99 WHO
B39 A4 o 75 FFFe|BR B AT s &
ST alelg] zo|7t 27 gov o]2 A B G A}
H|25}7)E olgd Aoz Addr) 2dey AR =9
2 oz g ol AT AP Qe HF @3]
82| AN E HH M o] 7.33mg/dayS JehiA @=
A Ae] o}l A o] 2¥Q09] x=9] JAHHTE Y} ©
& F= 2170 A9A1Pe BF old dH 3 8.8mg/days}

Percentile of intake(mg/day)

Group 0 10 50 90 100
(min.) (median) (max)
WHO" No. of studies
Females 46 47 5.7 8.5 109 13.8
Males 36 6.6 9.1 12 154 18.5
Vegetarians 10 7.6 9.5 149 15
All adults 171 42 7 10 143 18.5
IAEA study 9 83 10 14
leeeta®  No.of subjects T
Males 868 0.03 295 6.13 12.45 26.70
Females 1165 0.64 2.24 4.47 8.82 18.10
Total 2033 0.03 250 5.11 10.92 22.20
This study 110 1.94 4.12 5.79 7.89 16.60

1) WHO, 1996™, 2) Lee et al, 1998""
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Fig. 2. Distribution of subjects by dietary Cu intake. oA B5-o] A WMoyt Am T AF e AL
Table 4. Comparison of dietary copper intake percentile
Percentile of intake(mg/day)
Group 0 10 50 90 100
(min.) (median) (max)
WHOQ" No. of studies
Fernales 35 0.6 0.8 1.3 3.6
Males 30 0.8 1 1.7 27 4.8
Vegetarians 10 1.4 29 37
Al adults 136 0.6 1 1.5 2.8 5.8
IAEA study 10 1.1 1.4 2
“This sudy  No. of subjecs T
College female M 0.48 0.83 1.07 1.39 2.08

1) WHO, 1996
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Fig. 3. Distribution of Cu% ESADDI/Zn%RDA ratio.
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Table 5, Reference values and levels of serum zinc and copper of
healthy population by various investigators

Subjects Zinc(umol/l) Copper(umol/l)
This study 14.8+ 2.2 99-228
Reference value” 13.0-18.4 15.7-315
Reference value? >107 12.6-24.4
Adults in Norway” 13.8+18.3 16.2-19.2
Adults in Germany” 16.6(plasma) 16.5+ 8.6
Adults in Bangkok” 127423 18.0+ 2.8
Adults in Slovac Republic® 142421 15.4—20.8
Men in USA” 15626
Women in USAY 13.2
College women in Korea” 18.7
Children in Japan'® 11.0-25.8
Adults in Japan'” 12.8

Fig. 4. Distribution of subjects by serum zinc.

1) Simko et al, 1995%
2) Gibson, 1990°9,

7) Solomons, 1979%

8) Pilch and Senti, 1980**

3) Helgeland et al, 1982%, 9) Chyun and Choi, 1993*

4) Rukgauer et al, 1997%, 10) Ohtake and Tamura, 1976
5) Songchitosmboon et al, 1996*, 11) Hatabo et al, 1982**

6) Madaric et al, 1994
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Table 6, Characteristics of subjects by quartiles of dietary zinc intake (Mean=+50)
Quartiles of dietary zinc intake
Q1 Q2 Q3 Q4
n 28 29 27 27
L OO
Httcm) 16063+ 4.05 163.08+ 646 161.19+4.485.15 16150+ 6.09
Wiikg) 4929+ 530 5071+ 688 5000+  4.33 4996+ 5.04
BMI 19.05+ 1.70 1902+ 213 1926+ 1.76 1911+ 152
_Biochemical measurement e e e
ALPUL) 4183+ 7.56° 4442+ 9.94® 4803+ 15.70° 4160+ 7.80°
EC-SOD(unit/ml) 835+ 6.31 1075+ 1628 9.82+ 970 8.47+ 10.18
Zincumol/) 1455+ 227 1460+ 238 1553+ 231 1456+ 1.61
Copperumol/l) 1526+ 222 1503+ 245 1637+ 248 1558+ 2.58
Cu/Zn ratio 107+ 024 1.05+  0.21 101+ 0.29 109+ 026
Ry Itk e
Energytkcali** 412.85 + 413.02¢ " 898.86+572.13 11149+ 47249° 237949 +534.00°
Protein(g)*** 4584+ 1436 59.04+ 11.79" 7558+  25.91° 10722+ 3747
Animal protein(g/** 17.68+ 13.46° 2285+ 11.75% 3149+ 2441° 6131+ 35.96°
Zinc(mgy*+* 331+ 057 511+ 054 6.82+  0.70° 1188+ 6.00°
Zn density(mg/1000) 247+ 063 294+ 094" 338 078 515+  2.52°
Copper(mg)*** 0.80+ 027 106+ 028 1.18% 036" 143+ 0.36°
Cu density(mg/1000) 058+ 0.14 058+ 0.14 036+ 013 061+ 0.16
Cu/Zn ratio™* 130+ 038 111+ 0.29° 093+ 028 070+ 0.21°

1) Mean values of the four groups are significantly different by ANOVA test(***p<{0.001)
2) Mean values with different superscripts in the same row are significantly different by DUNCAN test
3)1.942Q1£4.12, 412<Q2<5.85, 5.85<Q3<7.99. 7.99 <Q4:<40.38(unit : mg/day)

Table 7. Characteristics of subjects by quartiles of dietary copper intake (Mean £50D)
Quartiles of dietary copper intake
Q1 Q2 Q3 Q4
n 27 28 27 27
Dy et ee e e eeeeennes
Ht(cm) 15948+ 4000 16291+ 6.39° 161.61+ 3.95™ 16151+ 4.37°® ’
Witkg) 4893+ 464 5082Lf 6.48 4904+ 455 50.78t 5.52
BMI 1917+ 1.55 1912+ 201 1878+ 1.71 1943+ 1.82
Bioch:emical measurewent
Ay T 246+ 927  A7.08%+1483%n=27) 4080+ 753 4503+ 9.96%
EC-SODunit/ml) 1110+ 16.37 10.34x£9.04 8.85x 10.75 708+ 632
Zincumol/) 1429+ 2.29 15.45+2.16 1446+ 194 15014+ 2.26
Copper(umol/l) 1543+ 2.28 15124252 1597+ 230 1587+ 2.54
Cu/Zn ratio 1.10+ 0.25 1.01£0.28 112+  0.21 109+ 0.23
Dy e e
Energy(Cal)™** 1308.65+251.172  1759.83 % 389.01* 216618+ 45457 2500574 500.34°
Protein(g)*** 46.71+ 11.37° 6164+ 21.64° 83.07+ 35.77° 9286+ 36.07°
Animal protein 1892+ 11.42° 835+ 19.36® 43.51+ 34.51° 3958+ 34.94°
Zinc(mg)** 412+ 1.56° 580+ 2.15° 814+ 6.86° 858+ 3.00°
Zn density(mg/1000) 317+ 1.02 333+ 107 378+ 2.81 356+ 1.41
Copper(mg)*** 065+ 0.a¢° 094+ 0.06° 120+ 0.09° 163+ 019
Cu density(mg/1000) 051+ 0.1 056 0.13° 058+ 013 0.68+ 0.15°
Cu/Zn ratio 094+ 032 098+ 0.37 1.02+ 0.39 112+ 0.38

1) Mean values of the four groups are significantly different by ANOVA test (**p<{0.005, ***p <0.0001)
2) Mean values with different superscriopts in the same row are significantly different by DUNCAN test
3) 0482 Q150.83, 0.83<Q2<1.07, 1.07<Q351.39. 1.39 <Q4<2.08 (mg/day)
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