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Preparation of Copper Database of Korean Foods and Copper Nutritional Status
of Korean Adults Living in Rural Area Assessed by Dietary Intake and Serum Anpalysis
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ABSTRACT

This study was carried out to prepare a copper database of Korean foods which can be used in calculating copper intake from
dietary data, and to cvaluate the copper nutritional stams of Korean adults living in rural areas by dietary intake and serum copper
concentrations. A copper database for 1,176 Korean foods was constructed (1) by analysing 112 Korean foods which are frequently
consumed by Korean adults living in rural areas, (2) by adapting values from food composition databases from other countries — 320
itemns from the University of Minnesota database, 201 irems from the USDA database, and 25 items from U. K. database, and (3) by
imputing valucs from similar foods for 518 food items. Copper intake of 2,034 Korean aduits over the age of 30 living in Yeonchon-
gun was Kyunggi province, Korea was estimated by 24-hour recall method. Mcan daily copper intake of subjects was 0.98mg. Mean
chily intake level of males was 1.11mg which was significantly highc: than that of females, 0.88mg. There was a significant
difference in the distribution of subjects by the level of copper intake and sex(p <0.05). Mean serum copper concentration was 14.
&pmol/] and the percentage of subjects with low, adequate, and high levels of copper concentrations were 23.9%, 69.4%, and 6.6%,
respectively. The two food groups which conrributed most to the dietary copper intake of subjects were cercals and grain products,
and vegetables, supplying 46.2% and 12.7% of total copper intake, respectively, Individuallym, rice contributed most, supplying 31%
of total copper intake, followed by soybean curd, starch vermicle, barley, cte. Plant foods contributed to 82.1% of the total copper
intake, In summary, results of this study show that copper intake of Korean adults living in niral areas is low, and that dietary sources
of copper are mainly plant foods. Serum levels of copper in the subjects were relatively normal. The copper database for Korean
foods constructed in the present study will be a valuable tool for the as-yet limited assessment of copper intake of Koreans. Such
studics will contribute to the establishment of a dietary allowance of copper and the relationship of copper nutriture and chronic
diseases in Koreans. (Korean J Nutrition 32(3) : 296~306, 1999)

KEY WORDS : copper database - copper intake - serum copper.
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Table 1. Sources for the construction of copper composition table
of Korgan foods

Sources No. of foods Percentage(%)
Analysis of foods 112 9.5
English database 25 2.1
U. of Minnesota database 320 17.1
UDSA database 201 27.2
Imputation 518 44.0
Total 1176 100.0

W EEEBeE 3239 296-306, 1999/299

M 2] gttt 243 AEF dFE AP
o= ®FH Aol gleng 2 &g Table 3o AASHA
th 98 AFqME dI2EFEA AAE AL A £
A% A7) BT 2 AolE 8 AE Lo} T2 AE
olEt = FA, BNt AR, A5AE, 7VlEe 21 R )
78] 2}ol% B KQE 93 Fgx T Zol7t
e & gleus HF FYFWE TR & 7
EAAEE o= AT} $45 02 ARSI
AZGWIEE FHT glol 7 F2 2 s
ghe] BE AEAF-S 398 TANEY 4R 3
H B4sle wk=s Aotk 2} o= A7k HlEo] B
o] 51 WL T writ} A2 g U glons 7|Es o
ki FEE7L YE ARolL ol BE3tE Aol YkHo]
o} 71E9] delgolRE of&al A R0 diofEue]
28 75T yole ool T # 71X A7 952 -
A, Az hggelnt, AFFA AMEE ARt A
ARE0] AMRBRE AFER PAHof gtk Rt} 4
L 2o Folgx AEHHY Aol7t Y& T AR T
A7), ¥, EdT #3UA wet 7o g A
97) W&o}, A= AEAEY] ZA Yol 24
] zpolol] 2]gt @ x= w1 E ] Holl= AN 2
zpol B FUE S gJonE B S FEII 0AE
23S slodof gk B JPaz Seuiele] H
oA TElol e FYtE ens T FWHEE T
23517] sl Selvel AQEe] ALAEF AFAFR
Tt 2o NEL 11248 IE B4t aln 7447
o FFshe AF) deME =Y ARE <|EHRL 9
29 AZRAE A2V} g AEFE g e tYEs
Arglanh AE GYrEe) g TEke) vl glen
Fda AFAFE Y q SFAFY 7 A7E FAEH
o] AFTFo] gy} H B2 Pegd B2 AFd giFt
of Bpgdh gh& Aol TASE Ao To3) 2 d7e 7
BYIIEE AT ZhY AT gief el F&E
oA AFHEI} B 11289 NE& 43190 o=
Z JEF 9.5%0t) LelA T A|Agh vie} 2ol AFY
FHY 7EE 240 w2 dds @39 AelE aHT
o $lviEl AFEL diateZ Ay E4T A=7t Bel
ZAgo] B Qo] 728 FHFYRIT oS Beke
o} olgslojor & Zojt} £ AT FEIYIIET} A%
Aoz BgEoe] AeojzAl ARE o|&s T HAT
& ARG & gukd goz T 433 FUEA

e 97 8ol 92 % & Aoloh



300 /354 Q9] FeF Pt

Table 2. Contents of copper in foods analyzed by ICP-AES

Food Food Copper | Food Food Copper
code (mg/100g) | code (mg/100g)
1013 Wheat, Wheat flour, Medium flour 0.12 6192  Soybean sprout, Bioled 0.12
1021 Barley, Barley, Rolled barley 0.28 6214  Squash and Pumpkin, Pumpkin, Immatur 0.07
1026  Barley, Naked barley, Milled 0.16 7002  Ovyster mushroom, Raw 0.1
1028 Sorghum, Milled grain 0.18 7004  Oyster mushroom, Bioled 0.03
1043  Rice, Paddy rice, Well-miled rice, Japonica type 0.15 7028  Mushroom, Oak mushroom, Dried 0.48
1049 Rice, Paddy rice, Cooked-rice, Well-milled 0.07 8001 Persimmon, Hard 0.04
1067  Corn, Roasted 0.10 8003  Persimmon, Dried 0.08
1072 Job's tears, Milled 0.26 8016  Citrus fruit, Juice, Unsweetened 0.02
1079  Glutinous rice, Brown rice 0.18 8025 Strawberry, Raw, Improved 0.04
1089 Noodles, Boiled 0.05 9081  Pork, Pork products, Ham, Ross 0.04
1097  Buckwheat Naeng Myon(Buckwheat vermicelli) 0.1 9123 Beef, Imported Cattle, Rib, Raw, Japane 0.06
1106 Chinese Noodle, Boiled 0.05 9144 Beef, Korean Cattle, Loin 0.04
1168 Okosi 0.02 10001 Chicken's egg, Whole egg, Fresh 0.18
1182 Ka Rae Ddok(Plain-rod shaped) 0.19 11145 Anchovy, Boiled-dried, Large anchovy 0.29
1188  Shi Ru Ddok(Steam rice bread with shreded red b 012 11146 Anchovy, Boiled-dried, Medium anchovy 0.26
1189  Shi Ru Ddok(Steamed glutinous rice bread 0.1 11147  Anchovy, Boiled-dried, Small anchovy 017
with shreded red bean) 11148 Anchovy, Sali-fermented 0.18
1191 In Gol Mi(Cubed rice cake), with soybean flour 0.16 11150 Alaska pollack, Fresh 0.06
3029 Crude maltose, Syrup 0.05 11151  Alaska pollack, Frozen 0.1
4001  Kidney bean, Dried 0.13 11157 Alaska pollack, Roe, Salt-fermented 0.17
4002  Kidney bean, Boiled 0.29 11311  Alabesque greenling, Fresh 0.06
4005  Mungbean, Mungbean powder 0.54 11394 Yellow-fin tuna, Canned 0.02
4009 Soybean, Yellow soybena, Boiled 0.06 11435  Oyster, Pacific oyster, Cultured 1.41
4011  Soybean, Soybean boiled with soya sauce 0.56 11453  Solen, Fresh 020
4021 Soybean curd, Curd residue 0.06 11531  Crab, Blue crab, Fresh 0.55
4032 Small red bean, Dark gray or black 0.61 11552  Warty sea squirt 0.11
5004 Acorn, Acorn starch jelly 0.10 11591  Shrimp, Shrimp, Salt-fermented 0.20
5007 Peanuts, Roasted 1.79 11595 Common squid, Fresh 0.18
5020 Sweet almond,Roasted ans Salted 0.53 11597 Common squid, Dried 0.74
5032  Walnuts, Dried 0.83 11599  Squid and cuttlefish, Raw, Boiled 0.28
5034 Perilla seeds, Dried 1.19 11602 Common squid, Salt-fermented 0.18
5035 Sesame, Black, Dried 1.31 12005 Laver, Dried 0.32
5036 Sesame, White, Dried 1.35 12010 Laver, Seasoned, Toustad 0.27
6011  Sweet potato, Stalk, Kried 0.48 12017 Sea tangle, Dried 0.52
6017  Braken, Dried 1.28 12031 Sea mustard, Fresh, Cultured 0.07
6018 Braken, Boiled 0.07 12032 Sea mustard, Dried 0.07
6020 Papper, Green pepper, Improved 0.07 13007 Cow's milk, Liquid milk, Ordinary liquid m 0.01
6025 Red pepper, Leaves 0.20 14010 Perilla oil 0.04
6034  Kimch'i, Kkakduki(Seasoned cubed radish roots) 0.02 15004 Cider 0.00
6035 Kimch'i, Na Bak Kimch'i 0.01 15012  Sik Hye(Sweet rice beverage) 0.03
6036  Kimch'i, Dongch'imi 0.04 15030 Tak Ju(Korean turbid rice liquor) 0.01
6038 Kimch'i, Korean cabbage 0.03 15070 Job's tears tea 0.12
6041  Kimch'i, Small radish 0.06 15071 Ginseng tea 0.09
6049 Shepher's purse, Raw 0.11 16002 Soy Sauce, Kan Jang(Korean style) 0.00
6054  Wild garlic 0.07 16005 Red pepper powder 0.46
6059 Doraji(Root of chinese bellflower), Raw 0.02 16006 Ko Chu Jang(Fermented red pepper 0.15
6065 Perilla leaf, Perilla [eaf 0.11 soybean paste)
6081 Radish root, Korean radish root 0.00 16008 Sesame, Toasted ang ground 1.24
6084 Dried radish cubes 0.25 16011 Soybean paste, Soybean paste 0.34
6085 Salted radish 0.05 16016 Ta Si Da, Anchovy 0.12
6088 Radish leaves, Boiled radish leaves 0.04 16026 Ta Si Da, Beef 0.20
6092 Water dropwort, Raw 0.07 16028 Vinegar, Vinegar 0.03
6093  Water dropwort, Boiled 0.07 16036 MS.G 0.03
6138 Crown daisy, Raw 0.06 16037 Chong Kuk Jang(Fermented soybean) 0.44
6185 Wild plant, Cham Chwi 0.10 16060 Seasoned soy sauce 0.05
6191 Soybean sprout, Raw 0.14 17040 Cha Jang, Retort pouched 0.03
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Food code Food UK USDA Minnesota Analyzed
database database database data
1013 Wheat, Wheat flour, Medium flour 0.17 0.182 0.12
1043 Rice, Paddy Rice, Well-milled rice, Japonica type 0.06 0.11 0.15
1049 Rice, Paddy rice, Cooked-rice, Well-milled 0.02 0.038 0.07 0.07
4002 Kidney bean, Boiled 0.174 0.29
4009 Soybean, Yellow soybean, Boiled 041 0.06
5007 Peanuts, Roasted 0.671 1.30 1.79
5020 Sweet almond, Roasted and Salted 1.225 0.53
5032 Walnuts, Dried 0.31 0.83
5035 Sesame, Black, Dried 4,082 2.08 1.31
5036 Sesame, Black, Dried 4.082 2.08 1.35
6020 Pepper, Green pepper, Improved 0.07 0.07
8001 Persimmon, Hard 0.113 0.11 0.04
8003 Persimmon, Dried 0.442 0.08
8025 Strawberry, Raw, Improved 0.13 0.049 0.04
9130 Beef, Imported Cattle, Shank, Raw 0.10 0.10
9137 Besf, Imported Cattle, Brisket, Raw 0.12 0.10 0.10
10001 Chicken's egg, Whole egg, Fresh 0.10 0.014 0.18
11435 OQyster, Pacific oyster, Cultured 4.452 141
13007 Cow's milk, Liquid milk, Ordinary liquid milk 0.02 0.01
Table 4, General characteristics of study subjects (Mean£50)
Males Females Total Pvalue”
(n=869) (n=1168) (n=2037)
Agefyear) 53.12+12.66 52.90+12.56 52.99-+12.60 NS
Heighl{cm) 165.12+ 7.80 15217 9.97 157.70:11.08 0.0001
Weightkg) 65.80+£10.62 57.77+10.13 61.20£11.08 0.0001
Dietary intake
Energy(kcal) 1853.41705.0 1382.3+525.6 1583.3£651.6 0.0001
(%RDA) (78.70£28.99) (71.53 £ 25.88) (74.67 £2751) 0.0001
Protein(g) 70.86+39.76 49.76+28.53 58.76435.35 0.0001
(%kecal) (14.91x 4.97) (14.07+ 4.64) (14.421 4.78) 0.0001
Fat(g) 37.914£31.96 25.39+20.58 30.73%£26.77 0.0001
(%okcal) (16.82+ 9.27) (15.45+ 8.58) (16.03+ 8.90) 0.0009

1) p value for t-test of mean difference between male and female
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Table 5. Dietary daily copper intake of Korean adults by age and sex

Male Female Total .
Agelyn No Mean(SD? No Mean(SD) No Mean(SD) P-value
30-39 159 12500601 220 0.95(0.44) 379 1070537 0.0001
4049 197 1.20(0.69y 250 0.93(0.50¢ 447 1.050.61)® 0.0001
50-59 229 1.00(0.46) 339 0.90(0.41) 568 0.94(0.43)" 0.0001
60 - 69 178 1.19(2.03y 233 0.88(0.92)° 411 10101 51)* 0.0001
70 106 0.82(0.42) 126 0.61(0.33p 232 0.71(0.39F 0.0001
Total 869 1110.05) 1168 0.88(057) 2037 0.98(0.83) 0.0001

1) p value for t-test of mean difference between male and female
2) unit : mg

3) Different letters mean significant difference of mean value of age groups at Duncan test{o.=0.05)

I Male
Femnale

%] o4 173 frad ~
[=] [as] o [=] =]

Percent of subjects{%}

[
[=]

—_
[=)

1.5-20
Copper intakelmg/day)

>2.0

Fig. 1. Distribution of subjects by the ievel of copper intake and sex.
Distribution in the two sexes are significantly different at chi-square
test(p<C0.50)

stor}(p<0.05), FiztdlE= 93 o7}t gith. T
HAAFE w} hAEL EF5GE o oaASo] we
ARTE Bl 2ESI AT WE AT £
T Gzt f2lg 2l AU (p<0.05. Fig. 1). &
FEHZY F£5£9U 15~3meE 71Fo = 9L 4 33
A2l 1.5mgelshe AF et dgate] Hlgo] drl= 82.9
%2 G2 91.0%° ¥l Rgtou @ BE 3aka
o|52 A sl AlEEo] divkedn.

T8 A4 43 AFFS A7 Ao) glenz fRE
o] B¢ AR ZFLZ AT 1.5~3mg/dayE B7H
1R Aa giuk? B ZA} ol Aol A4 19 A4F
o] 0.98mgel Az HAAH R A 1.5mge)sHE
AFeh= diAare] vgo) 87.7%¢) Edtatt 9%, n)=,
Tx WEds, 5 Add mAR= Wl ¥ 9= o
ke AFdME 72 4% BF JP4HH 3R
g oz JFHEZ Yd&e] Bud b Yok ® gy

Az 4 A9 F90 72 HHFHL 47 1.26~3.08
mg, 1.6~2.4mg/day@ o™ T F= 217 G Adglel
Z4? B 7d AHFL 2.6mg/dayE THE AT A
HE] diFos 52 £22 ehin gt vE4e 3
T 78 AF %] ¢ Imp/daye 2 BIFY B glazE
Hulzsht F 0§ BT AR 55 48U Aoz B
T AUt

FEvEte] FEG0E deR S48 A FAIA
B4 £ 500 AT 19 A5 %) 37 3.0mg. o
2 3.TmglE B, ¥ FRES ez & 4
TE Az o] 59] 19 HFFo] 2.23mg,® 1.66mgPe =
Z}7] st en o] $Me gy 2z HAG 4 # el 99~
198%. 124~247%74 5= AH e Y Ao R asisi,
webA ofze] ejuEidM Had AFEdd vste] & o
T aRte 7 AR v B o 5 U 29
W o)78] el B A7 AFuhga 2 Zlolrt ¢l
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HjaEte 7]1qEr) 22 2E-2 Table 79 A)A5T 7
2 AFd £z 79 AEFTS Ba FF € I A Fo)
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Table 6. Copper contents and contribution to copper intake of food graups

Food groups Copper contents Food intake Copper intake

mg/100g g/day Y%total mg/day %total
Cereals and grain products 0.188 499.64 44.34 0.454 46.22
Potatoes and starches 0.195 10.91 0.96 0.041 4.22
Sugars and sweets 0.106 4.33 0.38 0.001 ‘ 0.00
Bean and their products 0.406 39.58 351 0.077 794
Nuts and seeds 0.813 4.24 0.37 0.024 2.53
Vegetables 0.107 200.61 17.81 0.124 12.66
Mushrooms 0.099 2.01 0.17 0.002 0.25
Fruits 0.098 76.09 6.75 0.033 3.37
Meats and their products 0.156 90.01 7.99 0.083 8.51
Eggs 0.048 8.59 0.76 0.011 1.21
Fishes and shell fishes 0.113 45.04 3.99 0.076 7.76
Seaweeds 0.060 3.69 0.32 0.005 0.51
Milk and dairy products 0.050 29.43 2.61 0.004 0.41
Qils and fats 0.020 6.34 0.56 0.000 0.00
Beverages 0.071 89.83 7.97 0.017 1.74
Seasoning 0.252 11.12 0.98 0.022 2.25
Prepared foods 0.119 4.89 043 0.003 0.31
Others 0.482 0.09 0.00 0.000 0.00
Subtotal(Plant food) 0.180 953.41 84.63 0.805 82.14
Subtotal(Animal food) 0.119 173.09 15.36 0.175 17.91

Total 0.150 1126.51 100.0 0.981 100.0

o 7|ddls AEE AEYFE Hohg W] 7)o Er} =L 4 Table 7. Major food items contributing to copper intake
Z2 oz By o] 31.45%E 1 =1 1 el Rank Food
T2, 99, 2, 2 AR5 £oI3rHTable 7). 319) mglday) % tot

Copper intake

dere SEA TG AN AA SR AS | L
AEd B olEgel 2 57 B O']u'HT":'_L'q _'_:LH]'E% 3 Starch vermicelli 0.023 241
17.5%A =01 57 2 A&H7} 50%, A2f & FdF 4 Barley 0.021 2.22
7t 16%, 57 8 245 10%, AAF 4.2% S|}, © 5  Faxtail millet 0.021 2.21
= u]g_,] _<,>_ %-,21-21/ 1,:_%_ 9 4B 18% I 131 =) [ Kimchi 0.021 2.9
e TPV R
7{4 H]Lo}t‘a TR AL ] = ?asq AFFel A 9 Alaska pollack 0j018 1:88
o A % + AP ?L"—] 9 Folg&L HFe 10 Chicken 0.160 163
TH% ok, vEE C, A %E‘%‘ﬂr £9) AgRA7} 11 Ramyon 0.015 1.60
lesa® 2Fe) T fﬂ?} FA} B o= A EF 12 Apple 0.015 1.53
799 Aol gwol ) ATl Fale gy Y B O 0.014 152
7o) §85ioiek & Aelr). b Smallred bear oo e
2) gy 2 F 16 Peanut 0.012 1.26
el G S4g nad 27 93, é‘ }ﬂ% E -1—_9_ 19 Soybean paste 0:010 1:05
g2 AHFE 2P vigted AL ZAelZt AAT 0 Garlic 0.008 0.89

(Table 8). ATy £ 14. 811m01/1M_:_ 2= 13
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Table 8. Comparison of general characteristics of total study sub-

jects and subpopulation for serum analysis (Mean+5D)
Total .
(n=2037) Subpopulation
Age(year) 52.99+12.60 50.881+11.69
Height{crn) 157.70+11.08 157.87+ 8.69
Weight(kg) 61.201+-11.08 61.934£11.38
Dietary intake
Energy(kcal) 1583.3+651.6 1654.8+£678.5
(%RDA) (74.67£27.51) (77.42+28.91)
Protein(g) 58.76+35.35 63.01+£40.56
(%kcal) (14.42% 4.78) (14.98+ 5.20)
Fat(g) 30.73+26.77 30.35+22.54
(Yekeal) (16.03+ 8.90) (15.74+22.54)
[ ]
251
20
=
[=]
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3
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8
E
2
w
Bt
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Fig. 2. The concentrations of serum copper of subjects by age.
Mean values with different superscripts are signifacantly different at
Duncan test.

9urnol/l, A= 15.4mmol/IR ¥1AZHe] 28t Aol 8l
How, do] ¥EFE Fe Ao UM Fig 2). 2
3ol APEAE PR 11~22mmol/l, 2 12.6~
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dAe] v1E-L 6.6%Art BT FE G2 FATt
o] Rzl 28 Aol7t Ak (Fig. 3). A=Y T
g 4 B FE L U2 Fo %A E 4F
Z7re] AAFAE FHGE o FRLEe] HF A
£ froldel oke) ARdArt 9ok (p<0.000) X T
7 e 79 9 UE gk AT foFQ Agd
A7t A Table 9).

B dAse 83799 52 A7 A0 e U
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Fig. 3. Distribution of subjects by the level serum copper concen-
tration ans sex. Adequate level of serum copper(Male : 171-22
umolfl, female : 12.6-24.4mol/l). distribution of subjects in the
two sexes are not significantly different at chi squre test.

Table 9. Correlation coefficient among intakes of copper and zinc,
serumn levels of copper and zinc

Dietary intake"
Eenergy Protein Fat Zinc  Copper
Dietary intake
Energy
Protein  0.8084%**
Fat 0.7608*+* 0.7161***

Zinc 0.6258*** 0.6665%** 0.5517%*

Copper  0.4224%% (.4240%** 0.2691%* (0.5128%**
Serum

Scoppe” -0.0015 0.0471 00841 ~-0.0223 0.0828
*+p <0.001

1) Energy : dietary energy intake(Kcal), Protein : dietary protein in-
take(g), Fat:dietary fat intake(g), Zinc : dietary zinc intake(mg),
Copper : dietary copper intake(mg)
2) Scopper : serum copper(pmol/)

T oz e FEE ST A dAe 12
~14pmol/L, o7k A & 15~20pmoel/LE1.” SI-
ovakia®] 194)0]4¢] 491 thate = Z=ANG A= ERb
7} 17.42mmol/L dA7F 18.51pmol/LE Ve B |5
o] AR} 23 v} Miline® Johnson®™el &j&hd 2
T elefoli} Estrogend =88l AGdAEY TA
Fd F5o] folaiA Eskvhx s BT A
92 FA= 11~92pmol/l, A 12.6~24 45mol/1= 8t
gL o 2 47 RS A &3 dAdAke vE
69.4% 97 AAZBE 7FsAel i AAelsiel Rz
o] B1&& 2397%5 ). S Ale e tig 83 e

2o R s 9% FEFFIA 9.5mol/LARL
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