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Dietary Copper Intakes and Nutritional Status of Copper in Serum among
Elementary Schoolchildren in Chungnam Province in Korea:
Comparison between Remote Rural and Urban Areas
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Department of Foodservice Management and Nutrition, Kongju National University, Gongju 314-701, Korea

ABSTRACT

This study is performed to compare the dietary intakes and food sources of copper (Cu) using the database of Cu
content developed in this study between the elementary schoolchildren in remote rural areas (RA, n=158,9.9 = 1.7 yrs)
and those in urban area (UA, n =60, 9.4 & 1.8 yrs), and to analyze the relationship between serum Cu concentration and
serum antioxidant status in the RA. The results obtained in this study were as followings: 1) Dietary intakes of calorie,
calcium and iron in the RA were in the 3/5 — 4/5 of the Korean RDA while the UA were similar to or more than the
Korean RDA, 7th ed. except iron. 2) More than 273 kinds of food consumed by the subjects were analyzed the content
of Cu and database of Cu content were developed in the present study. The mean dietary intake of Cu per day in the RA
was 0.99 £ 0.07 mg/d (170.0 £ 13.2% of the USA RDA) while it was 1.22 £ 0.07 mg/d (203.4 £ 13.1% of the
RDA) in the UA. The percentage of dietary intakes of Cu less than 2/3 of the RDA was 8.6% in the RA in comparison
to 0% in the UA. 3) The RA and the UA consumed more than 80% of total dietary intakes of Cu from plant foods. Thus,
the RA and the UA consumed Cu from cooked rice, vegetables and fruits as a major source. However the RA had less
Cu from meat and their products than did the UA (p <0.05). 4) Crab stew including crab and juice was the highest food
source of Cu for the total subjects, followed by seasoned bud of aralia, cooked; beef rib meat, roasted; soybean paste
soup w/ mallow; and soybean paste soup w/ mallow & beef. Major food source of Cu was similar for the RA and the UA
such as cooked rice, vegetables and fruits. 5) Mean concentration of serum Cu in the RA was 18.1 = 0.7 ¢M/L that was
in the normal value, and all subjects in this group were in more than normal value. In the RA serum Cu concentration re-
lated positively with serum ceruloplasmin concentration, serum vitamin C concentration and EC SOD activity, respectively.
However, serum Cu concentration did not relate with serum TBARS concentration in the RA. Above results showed that
the RA had good status of Cu nutrition based upon dietary intake and serum concentration, however some of the RA had
lower intake of Cu than the RDA. The overall children in the UA had good Cu nutrition. Therefore, the subgroup of the
RA should be supported to improve their Cu nutrition, and this support could give them better antioxidant status based
upon positive relationship between serum Cu concentration and serum antioxidant status in the RA. (Korean J Nutrition
39(4) : 381~391, 2006)
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Table 1. General characteristics of subjects
Variable Rural area Urban area Total Significance
¥-test

Mgjor source of family income e

Farm 160" (50.3) 5(1.4) 165 ( 24.7)

Meonthly salary 94 (29.6) 243 (69.7) 337 ( 50.6)

Private business 60 (18.9) 101 (28.9) 161 ( 24.1)

Others 4(1.2) 0(00D 4(C 0.6)
Education level of father -

Less than junior high school 104 (32.7) 2 (06 106 ( 15.9)

Senior high school 149 (46.9) 101 (28.9) 250 ( 37.5)

More than college 48 (16.1) 245 (70.2) 293 ( 43.9)

No father at home 17 ( 53) 1(03 18( 2.7
Education level of mother o

Less than junior high school 123 (38.7) 8(23 131 ( 19.6)

Senior high school 1563 (48.1) 185 (63.0) 338 ( 60.7)

More than college 28 ( 8.8) 156 (44.7) 184 ( 27.6)

No mother at home 14 ( 4.4) 0( 00 14 2.1)
Total 318 (47.7)% 349 (62.3) 667 (100.0)

1-test

Age of subjects (years of age) NS

Mean 9.9 +17Y 94=+18

Range 7-12 7-12
Y Number of subjects
? Percentage of the subtotal within the column
¥ Percentage of the total
4 Mean * SEM
=+ 0 <0.001
NS: Not significant by the t-test at « = 0.05
—: y-test was not performed as the cell containing less than 5 subjects was more than 20% of total cells,
Table 2. Dietary nutrient intakes and their ratio of the RDA

) b Daily intakes Percentage of the RDA
Nutrient RDA
Rural area (n=58) Urbanarea (n=60) Ruralarea (n=58) Urban area (n = 60)

Energy (kcal/d) 1,800 — 2,200 1.522.7 + 49,97+ 1,932.3 + 62.6 783+ 25** 990+ 30
Protein (g/d) 40 - 85 525+ 1.9*** 699+ 24 110.7 £ 4.0 149.7 £ 57
Calcium (mg/d) 700 — 800 386.7 £ 18.2** 685.3 + 24.3 51.5 £ 2.3** 940+ 33
Iron (mg/d) 10— 16 8.1+ 0.3 94+ 03 816 4.2* 823+ 3.8
Vitamin A (g RE/d) 500 — 600 704.3 £+ 52.0* 882.6 + 70.4 129.5 &+ 10.2* 161.8 £ 124 °
Vitamin B, (mg/d) 11— 1.3 09+ 01" 33+ 1.6 789 = 3.9*** 285.4 + 148.6
Vitamin C (mg/d) 60— 70 59.1 = 4.3 691+ 43 938+t 65 1061 = 6.4

Y Korean recommended dietary allowances (RDA) (2000)® for males and females 7 — 12 years

2 Mean * SEM
*: P<0.05, +*+: p<0.001
NS: Not significant by the t-test at ¢« = 0.06
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Table 3. Dietary copper intakes and their ratio of the RDA

Daily intakes (mg/d)

Percentage of the RDA

Varable RDA" (mg/d)
Rural area Urban area Rural area Urban area
Lower grade 0.87 + 016" 1.15 £ 0.09 184.47 + 36,22 204,68 + 33.59
Male 0.44-0.7 (n=15) (n=15)
Female 0.44-0.7 0.89 = 0.09" 1.04 £0.12 181.63 + 22.50™ 227.42 + 28.20
(n=14) (n=15) )
Mean 0.88 + 0.09™ 1.10 £ 0.07 183.10 = 21.12% 216.05 + 21.63
(n=29) (n=30)
Upper grade 0.98 + 0.10* 1.44 +0.18 139.52 + 14.13* 205.06 * 25.07
Male 0.7 (n=15) (n=15)
Female 0.7 1.23 + 0.20" 1.24 + 0.11 175.38 + 28.80"™ 176.53 + 45.61
(n=14) (=15
Mean 110x011™ 134 +0.10 156.83 + 1591 190.79 + 14.92
(n=29 (n =30
Total subjects 0.99 + 0.07* 1.22 + 0.07 169.97 + 13.22™ 203.42 = 13.13
(n=58) (n = 60)

Y USA - Canadian dietary reference intake for copper (2001)'™ for males and females 7 — 12 years of age as there was no Korean RDA,

7th ed. for copper

2 Mean + SEM

*: p<0.05

NS: Not significant by the t-test at « = 0.05

Joz veh}, Frzke] stol7t ATt (p < 0.001). ZA}
)} okE ol 9] sge BRI E 1F olshr}
YEEon}, ‘:/\]——rL—— tiE olido] ool ofHu e
FHE BxEET L 7 ols) fREolut FAEE T
Z o)Ado] nﬂ 7o et} (p<0.00D).

2. 32 HNT

B B AAFE HAFETS B AFel Sk &
= G AFFV 78.3% = Won, EATS AYF -
FOE AF3ST (p<0.001) (Table 2). TN HHF
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Fy} vSshAY 71 ooz el
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2/3 mRk £21) 66% B|gro 2 A3 shk= HlEF} 66~100%
WO AF n1Eo] BxFEFS 24 8.6%% 10.4%A R
o vl&l, AT 0%} 3.3% % UERGTh
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Percentage of dietary copper intake of the RDA

Fig. 1. Distribution of the percentage of dietary copper intakes to
the RDA'? in the RA and the UA.

£ g3 T2 F2 29 AEL Hr)e A, Table 4
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Hd @ 7 AFE (14 9%) SF 2 2 AF 01w 2
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T3t o]zt 2101, B 0%301 TEAIFRY fHo R
Wt (p <0.05). slZF U 1 AF, 24 7Iek AF (1}
2, ug, &t 2} 3 FogRE sk FHe T
oM Zzk 27FS 3.0% )8kE A8, o5 AE
T2 7o 39 AFo2A 7|oimrt Weoth



A P obgo] AR 247 AF Folld 100 g9 F
2 & 74 wo] Ffsta AF-E Table 5elXX#H ZAX
N (ALY FEZES crab stew)o]d, 1 thgo] FF Y
& (seasoned bud of aralia, cooked), & 17] Znja +
o] (beef rib meat, roasted), °F%= (soybean paste soup
w/ mallow), #7155 o}2-€%=" (soybean paste soup

L=R=R=K-1]

w/ mallow & beef), F7%3 (pan—fried soybean curd),

mEs% 2 et 394 :381~391, 2006/387
1r2Ao] %3] (steamed squid) 59 £22 Yelsith o]
5 2ol AES B3 T2 A3 vEL A EETY
SAIEZY Ae)7t Qle], BiRAlEE TS FRAATE 29
(soybean curd & salt fermented shrimp soup) 2.2 4-E
TEE 7P Zol AFE, 1 ooz = (waterme-
lon, raw), 732 3% (cooked rice w/ black beans), 3
AR (cooked rice), AlEX YE (seasoned spinach,

Table 4. Copper confent of each food group and its contribution to daily total dietary copper intake of subjects

Food group Cu content Food infake (g/day) % total food intake % total Cuintake
(mg/1009}  Ruralarea  Urbanarea  Ruralarea  Urbanarea  Ruralarea  Urban area
Grain & their products 0.26 2233 £ 121" 2904 +17.8 28.8 13" 235+ 10 255=04" 255+03
Wheat flour products 0.14 137.7 £ 111 88.2+10.0 167 £ 1.5** 6708 71+£01% 5700
Potato, starch & their products 0.20 116+ 50 386+ 7.0 1.2+05" 32=x06 07 £00® 3002
Legume, seed & thelr products 0.72 365+ 4.6* 73+ 1.6 47 07" 06=01 128 07" 2.6 0.1
Vegetable 0.54 1014+ 69% 1181=% 85 13.2 +0.9** 97 +07 256+01% 27.6=+0.
Fruit & thelr products 0.38 1231 +£273% 1077+ 95 8416 88207 152+05° 149+04
Seaweed & their products 0.21 164+ 1.8* 100+ 1.3 1.9+£02"* 09=%0.1 09 +01% 0501
Others 0.17 9.1+ 24% 171+ 3.6 09 =03 1.5+04 0.3 +0.0* 1.1 £0.4
Meat & their products 0.25 289 + 50" 1028+ 7.7 32=x06* 86+07. 2600 9.1 x0.1
Egg 0.22 247 + 29" 176+ 23 3205 1.5+02 25+ 05% 1.5 +02
Fish, shell & their products 0.44 343+ AT 3/4+ 40 43+07° 29+04 55+01" 52400
Milk & their products 0.03 1235 £ 11.2** 3977 £22.2 13.5 £ 1.2*** 321 £ 1.1 1.3+04% 33+1.0
Subtotal plant foods 0.33 659.1 + 38.4° 477.5+354 758 1.5 549 +12 882+01" 80801
Subtotal animal foods 0.23 211.4 + 154*** 5533 + 288 242 +1,5*** 45112 11.8=0.1% 192+0.1
Total foods 0.28 870.6 £ 47.0*** 1230.8 £ 58.6 100 100 100 100
" Mean £ SEM
*: p<0.05, xx: p<0.01, **x: p<0.001, NS: Not significant by the t-test at « = 0.05
Table 5. Rank of food containing copper and major food items contributing to copper intake of subjects
Major food items for Cu intake
Cu content
Rank Food % of total % of total
(mg/100 @) Rural area : Urban area :
Cuintake Cu intake
1 Crab stew 2.83 Soybean curd & salf- 8.39 Grape, raw 6.63
fermented shrimp soup
2 Seasoned bud of ardlia, 222 Watermelon, raw 7.87 Cooked rice 6.62
cooked
3 Beefrib meat, roasted 1.96 Cooked rice w/ black beans 7.21 Cooked rice w/ black 5.21
noodle sauce paste
type (Tcha Jang)
4 Soybean paste soup w/ 1.756 Cookedrice 6.67 Soybean paste soup 5.03
mallow
5 Soybean paste soup w/ 1.30 Seasoned spinach, cooked 5.78 Cooked rice w/ black 3.94
mallow & beef beans
6 Pan-fried soybean curd 1.26 Chinese cabbage Kimchi 5.28 Chinese cabbage Kimchi 3.19
7 Steamed squid 1.20 Cooked rice w/ red beans 5.00 Bean sproutf soup 3.19
8  Squid soup 1.16 Hand made noodles in broth 3.33 Banana, raw 2.85
w/ sliced potato
9 Tomato, raw .1 Cooked rice w/ black non- 2.69 Lettuce, raw 2.85
glutinous rice
10 Banana, raw 1.11 Kimchi stew 2.46 Beef soup w/ seasoned 2.80
red pepper sauce
11 Leftuce, raw 1.08 Soybean paste soup 2.37 Cow’s milk, whole fiuid 2.78
(Seoul milk Co. Ltd.)
12 Soybean paste soup w/ 1.04 Melon, raw 225 Apple, raw 2.37
soybean curd
13 Squid & radish soup 1.03 Chernry tomato, raw 210 Kimchi stew 227
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cooked), Bl5712] (Chinese cabbage Kimchi), 242yt
(cooked rice w/ red beans) 5] ]tk o]l v &
Al X5 (grape, raw) 258 7815 71 Bol HF 3}
o, 7 ohgo® At (cooked rice), #8% (cooked
rice w/ black noodle sauce paste type, Tcha Jang), &
# (soybean paste soup), ZH2F% (cooked rice w/
black beans), ¥}3732] (Chinese cabbage Kimchi), v}
E= (bean sprout soup) 52 otk

5. 8% 72| I YEfet Fo A #H|

WzsE oA Bt 3 EFEE18.13+ 0.66 ML
2 A4 5% (10~24.6 pg/mL)Vo|n], AN +F MY Z
FH 231 10 pg/mL ool g ik ¢tk 1
Y zAMALY] g3 Fel §5 BEE Fig. 29 o)
10~14 £M/L HYel siF=e= 2971 DAchldAte] 16.7%,
14~17 uM/L H9E 29.2%, 17~20 pM/L = 31.2%,
20~30 #M/L W= 22.9%% ekt BX)FEd
A Ao] ] AR EF Tl FEeE BA (Y=
—-0.1961X + 18.32, R* = 0.0006) 7} §i&= ROo=Z vehyt
o} 28y 8% 7 w58 8% Cp w50l Fig. 37
7o) o] AlAl (Y = 3.533X + 17.841, R? = 0.3864)
7= ZosE e} 84 7l st =S W Y Op F

Percentage of subjects
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Serurn copper concentration ( zM/L)
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Fig. 2. Distribution of serum copper conceniration in the RA.
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Fig. 3. Relationship between serum copper concentration and se-
rum ceruloplasmin concentration in the RA.

E% w9t} 84 78 $R9 EC AT (Y = 0.0994X +
8.0455, R* = 0.0091), 8% 7] =9 @Y vjeI C &
% (Y=0.0127X + 0.7451, R* = 0.0189) 7tol|= z}2z} o}
o] FHTAIE ZH= FFoIE clutel A 7o) w=et ¥
% TBARS %% (Y = 0.0048X + 1.0354, R* = 0.0098)
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2 9o} (p<0.05), T BF #HF oo = AHIA
o0 UL (tolerable upper levels, 3~5 mg/d)?& 23
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