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A Study on Status of Magnesium, Iron, Copper, Zinc
in Korean Obese Male Elementary School Students
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Dept. of Food and Nutrition, Sookmyung Women's University
Dept. of Food and Nutrition, Kangwon National University*

ABSTRACT

The purpose of this study was to investigate the status of magnesium, iron, copper and zinc nutrition in 28
normal and 28 obese male elementary school students who have over 30% obesity index. The anthropometric
measurements, dietary intakes and serum levels of magnesium, iron, copper and zinc were determined by
24-hr recall method and blood analysis, respectively. The mean age, height, weight, and obesity index were
10.9years, 147.4cm, 61.1kg, and 50.5% in obese group and 10.8years, 145.4cm, 40.2kg, and 3.3% in normal
group. There was no significant difference in average daily food intake between obese and normal group, but
meats(p < 0.05) intake of obese group was significantly lower than that of normal group. The intakes of
energy, magnesium, iron, copper were not significantly difference between obese and normal group, but heme
iron(p < 0.05) intake of obese group was significantly lower than that of normal group. Zinc(p<0.05) intake
of obese group was significantly higher than that of normal group. Serum magnesium(p<0.001) level of
obese group was significantly higher than that of normal group, but there were no significant differences in
serum iron, copper, zinc levels between obese and normal group. There was a significantly positive correlation
between serum magnesium and weight(p<0.05), and obesity index(p<0.05). There was a significantly positive
correlation between serum magnesium and energy intake(p<(0.05), protein intake(p<0.05), animal protein
intake(p <0.05), phosphorus intake(p <0.05) and animal iron intake(p <0.05). There was a significantly positive
correlation between serum magnesium and seaweeds intake(p < 0.05), milks intake(p<0.001). Also, there was
significantly positive correlation between serum copper and oils and fat intake(p < 0.05). These results suggest
that there should be careful considerations for micronutrients nutrition status among male obese elementary
school students.
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Table 1. Anthropometric measurements of the subjects

Obese Normal Sienificance®
(n=28) (0=28) g
Age(yr) 109 + 08" 108 = 0.6 N.S”
Height(cm) 1474 + 8.5 1454 = 65 NS
Weight(kg) 611 =113 402 = 66 p<0.001
Obese
Index(?%) 505 + 9.1 33 = 91 p<0.001

1) Meansstandard deviation

 Significance as determined by Student's t-test according to obesity
_ index

¥ Not significant
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Table 2. Food intakes from each food group of the subjects

Obese Normal Sisnificance”

(n=28) (n=28) g
Food(g) 1139.9+2459" 12373+ 357.) N.S§Y
Cereals(g) 293.2+67.0 283.0+ 853 N.S
Potato and " 2. .
Starches(e) 237344 27.8+394 NS
Sugars and 9.8+84 93+ 87 NS
Sweeteners(g)
Soybean and ity 36, 493 298+ 296 NS
products(g)
Nuts and Seeds(g) 13+33 33+44 NS
Vegetables(g) 203.8+90.3 236.8+ 139.6 N.S
Fungi and 5 .
Mushrooms(g) 18448 39+52 NS
Fruits(g) 74.1+ 1495 116.8= 201.7 N.S
Meats(g) 49.4+259 943+ 97.0 p<0.05
Eggs(g) 2374329 219+ 358 NS
Fish and . J
Shellfishes(g) 53.5£477 457+ 464 NS
Seaweeds(g) 0714 14+ 2.1 N.S
Milks(g) 307.6+210.7 297.9+ 229.4 N.S
Oils and Fat(g) 11.2£5.5 1204+ 6.9 NS
Beverages(g) 18.754.6 15.5+ 58.9 NS
Seasoning(g) 263=17.1 279+ 188 N.S

Meanislandard deviation

* Significance as determined by Student's t-test according to obesity
~ index
" Not significant
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Table 3. The daily nutrient intakes of the subjects Table 4 The percentage of under estimated average

requirement(EAR) of the subjects

Obese Normal Sionificance?
(n=28) (n=28) g Obese Normal (onifi I}
(1=28) (n=28) Significance
Energy(keal) 1803.6+467.3"  1664.0+ 4453 NgY
. Protein 0.00 7.14 NS
Protein(g) 70.6+23.9 597+ 17.1 NS
Vitamin A 25.00 39.29 NS
Animal protein 39.1+23.5 29.2+ 14.1 NS
Vitamin B, 17.86 25.00 N.S
Plant protein 31.5¢8.7 30.5£ 9.4 N.S L
Vitamin B, 3571 53.57 N.S
Fat 48.1+232 442+192 NS
ag) Niacin 2143 2857 NS
i +
Animal fat 259+193 19.7£ 15.0 N.S Vitamin Bs 1071 14.29 NS
Plant fat 22+115 24.5¢ 137 N.S Folate 82,14 986 NS
Carbohydrate(g) 272.0+61.2 257.8463.2 N.S Vitamin C 5357 50.00 NS
Crude ﬁber(g) 6.4+3.1 53+24 N.S Calcium 46.43 50.00 NS
Ash(g) 174438 158+ 44 NS Phosphorus 17.86 35.71 NS
Vitamin A{ug RE)  725.6+947.5 553.8+ 486.3 NS Magnesium 4286 46.43 NS
Retinol(g) 129.5£97.8 1413+ 1674 NS Iron 17.86 28.57 N.S
Carotene(zg) 3171.1=5799.1  1876.7+ 12904 NS Copper 10.71 357 NS
Vitamin Bi(mg) 1.2+04 1.0+ 0.4 N.S Zinc 10.71 3571 p<0.05
Vitamin Bs(mg) 1.140.4 1.0+ 0.5 N.S i} Significance by & test
Niacin(mg) 16.1£8.5 125255 NS
Vitamin Be(ne) 19506 16506 NS Table 5. The percent Ris of daily nutrient intakes of the
subjects
Folate(ug) 179.8+84.4 166.4+ 74.0 N.S
Obese Normal Lo 2)
Vitamin C(ng) 63.8+34.] 58.8+275 NS (1=28) (n-2g)  Significance
Vitamin E(ng a-TE) ~ 143£74 13.5£53 NS Protein 185.6+67.2" 166.7+ 53.1 NS’
Caleium(mg) 616412899 574.84 2855 N.S Vitamin A 1262+ 173.1 98.7+ 88.1 NS
Animal calcium 384.8£306.5 3442+ 2704 NS o
Vitamin B, 1194+38.2 109.2+ 40.9 NS
Plant calcium 231.6+903 230.6+ 105.1 NS
Vitamin B, 93.8+393 86.9+ 42.3 N.S
Phosphorus(mg) 1104.0£337.1 953.1+ 3349 NS
Sodium(ng) 39352510223 34852+ 10753 NS Niacin 12745681 10262 46.7 N$
Potassium(ng) 2006.4+657.1 20453+ 734.0 NS Vitamin By 160.4:+ 57.5 141.2£ 59.0 NS
Magnesium(mg) 206.8+74.3 178.8+ 53.0 N.S Folate 57.0+24.6 543+ 238 N.S
Iron(mg) 120+2.8 125+6.7 NS Vitamin C 833416 80.0+ 36.1 NS
Animal iron 31421 25+21 NS Calcium 7355367 704+ 354 NS
Plant iron 89+£2.6 101+ 6.4 NS
Phosphorus 110.4+33.7 953+£33.5 N.S
Heme iron(mng) 0.5£0.2 0.7£0.5 p<0.05
M i 95.8+404 86.9+ 292 N.
Nonheme iron(mg)  11.3+3.2 120+ 6.6 NS aghesium ) s
Copper(mg) 0.9+03 09+03 NS Iron 99.7+23.7 1044+ 555 N.S
Zino(ng) 88427 7423 p<0.05 Copper 1553+ 548 151.9+ 511 N.S
Cholesterol(mg) 288.0+145.9 238.8+177.0 N.S Zine 1225+37.8 104.9+ 335 NS

" Meantstandard deviation

? Significance as determined by Student’s t-test according to obesity

_ index
» Not significant

1 e
ﬂ) Meansstandard deviation

2 Significance as determined by Student's t-test according to obesity

_ index
' Not significant
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Table 6. Major food sources of magnesium calculated from one—day food intake records of subjects

Obese (n=28)

Normal (n=28)

Food Source . Magnesium %.Of total Food Source . Magnesium %.Of total

intake (mg/day) intake intake (mg/day) intake

I | Paddy rice, well-milled rice 435 20.3(20.3)" | Paddy rice, well-milled rice 46.2 25.8(25.8)
2 | Paddy rice, brown rice 395 18.4(38.7) Cow's Milk 19.6 11.0(36.8)
3| Cow's Milk 216 10.1(48.8) Soybean Paste 122 6.8(43.6)
4 | Cuttlefish 94 4.4(53.2) Sea mustard, dried 8.7 4.9(48.5)
5 | Anchovy boiled-dried, small anchovy 8.3 39(57.1) Soybean curd 6.6 3.7(52.2)
6 | Soybean curd 8.3 3.9(61.0) Anchovy boiled-dried, medium anchovy 54 3.0(55.2)
7 | Water melon 6.1 2.9(63.8) Water melon 5.0 2.8(58.0)
8 | Pork, loin, raw 5.7 2.7(66.5) Pork, loin, raw 4.8 2.7(60.7)
9 | African millet 44 2.0(68.5) Anchovy boiled-dried, small anchovy 4.0 2.2(62.9)
10 | Spinach 4.1 1.9(70.4) Cuttlefish 38 2.1(65.0)
11 | Soybean Paste 4.0 1.9(72.3) Chicken, raw 34 1.9(66.9)
12 | Soybean 35 1.6(73.9) Potato 34 1.9(68.8)
13 ] Potato 34 1.6(75.6) Black Soybean 28 1.5(70.4)
14| Egg 2.6 1.2(76.8) Saybean 28 1.5(71.9)
15 | Chicken, raw 2.5 1.2(77.9) Anchovy boiled-dried, large anchovy 2.7 1.5(73.4)
16 | Curry Sauce 24 L1(79.0) Radish 25 1.4(74.8)
17 | Red Pepper Powder 22 1.0(80.0) Egg 22 1.2(76.0)
18 | Mackerel, raw 2 0.9(81.0) Onion 2.1 1.2(77.2)

19 | Onion 20 0.9(81.9) Red Pepper Powder 1.9 1.1{78.3)
20 | Pork, ham 1.9 0.9(82.8) Yogurt, Liguid 1.8 1.0(79.3)
Others 36.9 17.2(100) Others 37.1 20.7(100)

Total 2143 100 Total 178.8 100
YAccumulation of % of total intake
Table 7. Major food sources of iron calculated from one—day food intake records of subjects
Obese (n=28) Normal (n=28)

Food Source . [ron %'of total Food Source . Iron %‘of total

intake (mg/day) intake intake (mg/day) intake

1 Paddy rice, well-milled rice 2.5 21.0(21. ())” Paddy rice, well-milled rice 2.6 20.6(20.6)
2 | Paddy rice, brown rice 1.3 11 0(32.0) Choco pie 1.6 12.4(33.0)
3 | Soybean curd 0.7 5.9(38.0) Kimchi 0.7 5.1(38.1)
4 | Kimchi 0.6 5.1(43.0) Soybean curd 0.6 44(42.5)
5 | Egg 04 3.7(46.7) Radish 0.5 3.7(46.2)
6 | Pork, loin, raw 04 3.0(49.6) Egg 0.4 2.9(49.1)
7 | Sports drink 03 2.7(52.4) Pork, loin, raw 0.3 23(514)
8 | Anchovy boiled-dried, small anchovy 0.2 2.1(54.5) Hamburger 0.2 1.7(53.1)
9 | Small red bean, dried 0.2 2.0(56.5) Cow's Milk 0.2 1.5(54.7)
10 | Cow's Milk 0.2 1.8(58.3) Anchovy boiled-dried, medium anchovy 0.2 1.4(56.0)
11| Glutinous millet 0.2 1.8(60.2) Cereals 0.2 14(574)
12| Tuna 02 1.5(61.7) Tomato 0.2 1.2(58.6)
13 | Spinach 0.2 1.3(63.0) Fried Chicken 0.2 1.2(59.8)
14 | Soy sauce, shoyu 0.2 1.3(64.3) Beef, edible viscera, small intestion 0.2 1.2(61.0)
15 | Red Pepper Paste 0.1 1.2(65.5) Glutinous millet 0.1 1.1(62.1)
16 | Beef, Korcan cattle, brisket 0.1 1.2(66.7) Potato 0.1 1.1(63.2)
17 1 Soybean 0.1 1.2(67.9) Yellow croaker, raw 0.1 1.0(64.2)
18 | Potato 0.1 1.2(69.1) Lettuce 0.1 1.0(65.2)
19 | Water melon 0.1 1.0(70.0) Soybean Paste 0.1 1.0(66.2)
20 | Corn Bread 0.1 0.9(70.9) Tuna 0.1 1.0(67.1)
Others 34 29.1(100) Others 42 32.9(100)

Total 11.7 100 Total 12.7 100

“Accumulation of % of total intake
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intake records of subjects

Obese (n=28)

Normal (n=28)

Copper % of total Copper % of total
Food Source intake l()ggday) intake Food Source intake pg 55!/day) intake
1 | Paddy rice, well-milled rice 0.4 43.143.)" | Paddy rice, well-milled rice 0.4 49.9(49.8)
2 | Paddy rice, brown rice 0.1 10.0(53.1) Soybean Paste 0.1 7.0(56.8)
3 | Cuttlefish 0.1 6.2(59.3) Soybean curd 0.0 3.6(60.5)
4 Soybean curd 0.0 4.1(63.4) Cuttlefish 0.0 2.7(63.1)
5 | Cow's Milk 0.0 2.2(65.6) Cow's Milk 0.0 2.2(65.4)
6 | Soybean Paste 0.0 2.1(67.8) Potato 0.0 1.9(67.3)
7| Egg 0.0 2.0(69.7) Fgg 0.0 1.8(69.1)
b Pork, loin, raw 0.0 1.8(71.6) Pork, loin, raw 0.0 1.7(70.8)
9 | Potato 0.0 1.8(73.3) Water melon 0.0 1.5(72.3)
10 | Water melon 0.0 1.7(75.1) Red Pepper Powder 0.0 1.5(73.8)
Il | Soybean 0.0 1.7(76.8) Black Soybean 0.0 1.4(75.2)
12 | Red Pepper Powder 0.0 1.6(78.3) Soybean 0.0 1.4(76.7)
13 | Anchovy boiled-dried, small anchovy 0.0 1.5(79.8) Onion 0.0 1.3(78.0)
14 | Onion 0.0 1.1(80.9) Tomato 0.0 1.3(79.3)
15 | Cucumber 0.0 1.1(82.1) Peach 0.0 1.2(80.5)
16 | Curry Sauce 0.0 0.9(83.0) Chestnut 0.0 1.2(81.7)
17 | African millet 0.0 0.9(83.8) Green Pepper 0.0 1.1(82.7)
18 | Loaf Bread 0.0 0.8(84.6) Dried Squid 0.0 1.1(83.8)
19 | Garlic 0.0 0.8(85.4) Radish 0.0 1.1(84.9)
20 | Black Soybean 0.0 0.7(86.2) Anchovy boiled-dried, medium anchovy 0.0 1.0(85.9)
Others 0.1 13.8(100) Others 0.1 14.1(100)
Total 1.0 100 Total 0.9 100

"Accumulation of % of total intake
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Table 9, Major food sources of zinc calculated from one—day food intake records of subjects

Obese (n=28) Normal (n=28)

Food Source ~ Zinc %.of total Food Source . Zinc %'of total

intake (mg/day) intake intake (mg/day) intake

i Paddy rice, well-milled rice 28 324(324)" Paddy rice, well-milled rice 3.0 34.8(34.8)
2 Cow's Milk 0.9 9.9(42.3) Cow's Milk 0.8 9.1(43.9)
3 Paddy rice, brown rice 0.7 8.4(50.7) Pork, loin, raw 0.3 3.8(47.7)
4 Pork, loin, raw 04 4.5(55.3) Chicken, raw 0.3 3.0(50.7)
5 Cuttlefish 0.2 2.6(57.9) Fried Chicken 0.2 2.2(52.8)
6 Small red bean, dried 0.2 2.6(60.4) Egg 0.2 2.1(54.9)
7 Egg 02 2.5(62.9) Soybean curd 0.2 2.0(56.9)
8 Soybean curd 0.2 24(65.3) Beef, edible viscera, small intestion 0.2 2.0(58.9)
9 Chicken, raw 0.2 2.1(67.5) Pizza 0.2 1.9(60.8)
10 | Glutinous millet 0.2 1.8(69.3) Pork, belly 0.2 1.8(62.5)
11 Beef, Korean cattle, brisket 0.1 1.6(70.9) Kimchi 0.1 1.5(64.1)
12 Kimchi 0.1 1.3(72.2) Shrimp, small shrimp, dried 0.1 1.5(65.5)
13 Pork, pork products, ham, loin 0.1 1.3(73.5) Hamburger 0.1 1.4(66.9)
14| Green peas, raw 0.1 09(74 4) Yogurt, Liquid 0.1 1.3(68.3)
15 Shrimp, small shrimp, dried 0.1 0.8(75.3) Glutinous millet 0.1 1.2(69.4)
16 Potato 0.1 0.8(76.1) Beef, korean cattle, loin 0.1 1.1(70.6)
17 | Korean Melon 0.1 0.7(76.8) Iee cream, Vanilla 0.1 L1(71.7)
18 Ramyun 0.1 0.6(77.4) Beef, Korean cattle, brisket 0.1 1.1{72.8)
19 | Loaf Bread 0.1 0.6(78.0) Cuttlefish 0.1 1.0(73.9)
20 Sherbet 0.1 0.6(78.6) Green peas, raw 0.1 1.0(74.9)
Others 1.9 21.4(100) Others 22 25.1(100)

Total 8.8 100 Total 8.7 100

YAccumulation of % of total intake

Table 10, Serum magnesium, iron, copper, zinc concentrations of the subjects

Variable 8 Egsse) Tzlr?i;gl Normal Range Significance”
Magnesium(mg/d¢) 19+03" 1.6+ 0.2 1.8~2.3 p<0.001
% of normal range 75.6 10.7
Tron(yg/d?) 140.5 + 74.1 1426+ 72.8 60~200 NSY
% of normal range 714 85.7
Copper(ug/dl) 137.6 +40.9 1303 £ 455 70~130 N.S
% of normal range 64.3 57.1
Zinc(ug/dl) 101.2 £222 1233 = 86.2 61~121 NS
% of normal range 75.6 82.1

" Meanzstandard deviation
Significance as determined by Student's t-test according to obesity index
¥ Not significant
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Table 11. Correlation coefficients between serum minerals and

anthropometric measurements of subjects

{n=56)
Serum Mg Fe Cu Zn
Age(yr) 00715 -0.0659 00174  0.0354
Height(cm) 00145 01609  -0.1162  -0.1675
Weight(kg) 027847 00497 00211  -0.1258
Obese Index(%) 03888 00805  0.1053  -0.0429

" Pearson's correlation coefficient
* o p<0.05, ** @ p<0.01

Table 12, Correlation coefficients between serum minerals and
nutrients intakes in subjects

{(n=56)
Serum Mg Fe Cu Zn
Energy(keal) 027377 00900 00732 -0.0855
Protein(g) 03268  -0.0082  -0.0610  -0.0070
Animal protein 02832° 00354  -0.0689  -0.0080
Plant protein 0.1511 0.0586 0.007] 0.0008
Fat(g) 0.1970  -0.0604  -0.0567  -0.1241
Animal fat 02212 -00881  0.1423  -0.1142
Plant fat 00244 00205 01012 -0.0500
Carbohydrate(g) 02390 0099  -0.0696  -0.0655
Crude fiber(g) 00144 00889 00763 00548
Ash(g) 02078 00412 -0.0321 0.0041
Vitamin A(RE) 01634 00310 -0.0588  -0.0652
Retinok((zs) 00929  -0.0855  -0.1538  -0.0407
Carotene(ug) -0.1270 -0.0297 -0.0021 -0.0154
Vitamin B/(ng) 02179 00402  -00184  -0.0981
Vitamin Bx(ug) 02383 01374 01031 -0.0054
Niacin(mg) 0.1440  -00664 00571  -0.0583
Vitamin Be(ng) 00468  0.1146 01692  -00228
Folate(ug) 00919 00159 -00854 00614
Vitamin C(ng) 01091 -0.1807  -0.0651 0.0026
Vitamin E(ng aTE) 00836 -0.0664  -0.1071 00243
Calcium(mg) 02431 01303  -0.1156  0.0392
Animal calcium 02546 -0.1340  -0.1050  0.0370
Plant calcium -0.0371 00126  -0.029 00062
Phosphorus(nig) 03034 00215  -0.0129 00694
Sodium(mg) 02058 00680 00798 00177
Potassium(mg) -0.0154 -0.1035 -0.0268 0.1123
Magnesium({ng) 0.0208 0.0244 -0.0380 -0.0811
Tron(mg) 00726 00826 00305  0.108
Animal iron 02703 -00946  -0.0462  0.0099
Plant iron 01896 01256 -0.0121 0.1078
Copper(mg) 00046 00055  -00751  -0.1294
Zinc(ig) 0.1555  -0.0340 00142 0.0202
Cholesterol{ zg/d0) 0.1820 00258 02322 -0.0669

" Pearson's correlation coefficient
*p<0.05
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AA QARES E3 vlavs, d, e, ofdd Table 13. Correlation coefficients between serum minerals and
o food intakes in subjects
SESE AEAAZI AUTAL Table 133 22 (n=56)
Dj, fﬁa%‘ H]’:LL"”% %57}’ %‘/‘\’—_J% E‘l 73]’,}3 ﬁZHEk Serum Mg Fe Cu Zn
(p<0.05), *f 9 FAE HAHFHp<0.01)T} 9 Food(g) 0.0049 00052 00800  -0.1508
ABAAE B nay 4l B0 A4 Cereals(g) 01332 01648 00728 -0.0846
ojng =AAA o wo] Faxlo] 9o A, gf;fgﬁesa&d) 01690 0150 00795 0.1602
T2 gl IlE AL Ee g =] A ol= G
TR AT ARAE SR, meta o] gi’vgeae’fenﬁf(g) 01142 008%6 01019 -0.0336
e el B S5 FHoR st o Y
= 201495 -00362  -0.161 -0.14
TEY g Fe AolFTYe FHeE 28 4 podisty ToOE e
. 5 Y = 2743 - .
o AR, oba Aol A e E Nuts and Seeds(g) 0.2743 0.0956 0.0380 0.0430
QS Hol7] Holzt AZks 4 ol7lch Vegetables(z) -0.0465 00511 02201 -0.1124
Fungi and
Mushrooms(g) 0.1896 00435 -0.0460  -0.0823
Fruits(g) 02068 <0152 0.0962 00834
Hn= g ol Meats(g) 01693 <0244 -0.0301 01215
= - Eggs(g) 02097  -0.1276  0.0372  -0.1366
Fish and 5
BodATolHE Hida ZESHRY) wiaug,  Silise 00 00800007
- - Nes - - 022
;f:'i :;La’ 0}039/] Ogoobko}‘EH% %0}5'_7] ‘(HEHH Seaweeds(g) 03175” 0.0108 0.2367 0.2274
10-1249] 258t HAEA E S6US tAroR Milks(g) 034417 0.0856 '0'020{ -0.0969
Oils and Fai(g) 00025 00566 03076 00118
HIRHE 30% o] /4] ulnhat 289k AANE 28 o R Beverages(g) 00315 00554 00815  -0.1107
R & AAAS, AF E 9% AHAY, @ Seasoning(g) 0038 00071 00726  -0.0069
5@9’] D}:’-Lﬂ‘gﬂ %ﬂj, %E] Ofﬂ% T'ti‘@]f& 3;: o]% " Pearson’s correlation coefficient
} ~ £ 1 p<0.05, ** : p<0.01
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