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A Study on The intake-Balance of iron, Copper,
and Cobalt of College Men in Korea

in-Sun Choi, Soo-Young Jang and Seung-Ho Oh

Dept. of Food Science and Nulrition. Chonnam National University, Kwangiu, 500— 757, Korea.

Abstract

This stduy measured each daily intake and excretion of iron, copper, and cobalt of eight
20~26 years old college men during four weeks by means of analyzing their feod intake,
urine, and feces, keeping their normal living pattern and maintenance body weight. This study
also compared the actual measurement value of iron intake by atoemic absorption spectrophoto-
meter with the conversion value of it by food table. The results were as foliows. Each person’s
average intake daily was iron 9.18+ 0.32M3/day, copper 0.66 + 0.06Mg/day, and cobait 1.86 + 0,
18Mg/day. Each person’s average urinary excretion daily was iron 0.53: 0.07M/day, copper
0.07+0.03M/day, and cobalt 0.13+ 0.01mg/day.Each person’s average fecal excretion daily
was iron 1.73+ 0.14M4/day, copper 0.16+ 0.01M/day, and cobalt 0.46+ 0.08Mg/day. The actual
measurement vatue was 9.19+ 0.32M/day, and its conversion vaiue 14.07 + 0.2919/day - the

former was 35% lower than the latier.
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Table 1. Physical characteristics of the subjects
Sub Age Height Wag{n gl,lfm]f()ldn
Subijects thickness

(Year) (cm ()

1 25.7 165.4 59,0 46,5
2 246 1675 63.4 415
3 241 16740 575 29.0
4 215 164.7 57.6 36.0
5 26.3 1635 56.7 455
6 20,0 171.9 70.0 385
7 22.1 1706 57.7 433
8 25.7 1717 66.5 315
Mean 238 167.8 61.1 39.0
+ SEM 08 12 18 2.1

DThe sum of triceps, abdomen and subscapular
skinfolds.
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Table 2. Summary of hematological and blood clinical results for each subjects

Hb{g/di) Het{%) A/Glratio)  GOTC(units)  GPTCunits)  ALP{units)

[nitial 1 161 45,6 1.3 14.0 14.0 8.0

2 153 44.1 1.8 11.0 13.0 5.0

3 148 44.4 1.9 110 12.0 84

4 1641 452 1.7 1848 140 490

5 138 43.3 15 14.0 13.0 4.0

6 163 46.9 1.8 12.0 10.0 4.0

7 161 48.0 1.9 14.0 12.0 8.0

& 152 434 1.9 16.0 14.0 6.0
Final 1 160 45.0 1.8 36,0 12.0 8.0

2 165 467 2.0 13.0 1148 5.0

3 156 448 15 15.0 130 70

4 153 43.7 14 16.40 14.0 4.0

H 149 434 1.7 158 11.0 5.0

6 152 420 L& 13,0 11.0 4.0

7 151 43.7 1.9 15.0 11.0 9.0

8 153 447 19 20.0 130 50
Mean+ SEM 15003 4523086 17+ 01 13.3£ 08 12.84 0.5 59+ 0.7
for initial
Mean+ SEM 155+ 0.2 443+ 0.5 1.8+ 0.1 17.9+ 28 120+ 05 6.0+ 0.7
for final

1.2~—20 80~40.0 5.0~35.0 3.0~13.0

Normal+ values®  14.0~16.0 4.0~ 48.0

Hb=Hemoglobin, Hct=Hematocrit, A/G= Albumin/Globin
GOT= Glutamic Oxaloacetic Transaminase( Reitman-Franke! Units)
GPT =Glutamic Pyrubic Transaminase(Reitman— Franke! Units) and

ALP=Alkaline Phosphatase(King— Armstrong Units
=2 Al
= =
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Table 3—a. The kind of diet used

Breakfast Lunch Supper
Monday Cooked rice Cooked rice Cooked rice
Trangle soup with beef Sea eel stew Soy-paste soup
Spiced perilla leaf Kimchi Hair tail, roasted
Dry anchovy, roasted Milk Lettuce, salted
Kimchi Castella
Kimchi
Tuesday Cooked rice Cooked rice Cooked rice
Steamed fish cake soup Radish soup with heef Beef, roasted
Squid bolied dry Spiced eggplant Spiced lettuce
Shreded cucumber salad Leek, sailted Soy-paste soup
Kimchi Kimechi Castalla
Milk
Wednesday Cooked rice Cooked rice Cooied rice
Soy-paste soup Beef stew Soy—paste soup
Dry cod, roasted Kimchi Spiced egg fry
Spiced belilflower root Milk Spiced watercress
Kimehi Castella
Kimchi
Thursday Cooked rice Cooked rice Cooked rice
Beef soup Soy-paste soup Pork chop, roasted
Spiced perilla feaf Mackere! bolied dry Soy-paste soup
Spiced saused clam Lettuce, salted Castella
Kimchi Kimchi
Milk
Friday Cooked rice Cooked rice Cooked rice with beef stew
Soybean sprout soup Kimchi stew with pork Kimchi
Spiced epg, steamed Spiced danmuji Castella
Spiced cucumber Spiced spinach
Kimchi Kimchi
Milk
Saturday Cooked rice Cooked rice mixed Cooked rice

Tangle soup with clam
Korean cabbage, salted
Spiced bellflower root
Kimchi

with seasoning
Soy-paste soup
Milk

Kimchi stew

Spiced green pumpkin
Spiced squid, steamed
Castella

Kimchi



Cooked rice

Dry alaskan pollack
soup with egg

Spiced cucumber

Anchovy hoiled dry

Kimchi

Cooked rice

Radish soup with beef
Fungus boiled dry
Fish cake boiled dry
Milk

Coaoked rice

Soy-paste soup

Spiced mungbean
sprout

Saused clam

Castelia

Table 3—b. An exampie of food and daily iron intake on Monday in make subject 1

Breakfast Lunch Supper
Cooking Material Intake Cooking Material Intake  Cooking Material Intake
(g) ) {9
1. Cooked Rice 96.0 1. Cooked Rice 154.0 1. Cooked  Rice 1540
rice rice rice

2. Tangle Beef 11.2 2. River River eel 628 2. Sov-paste Bean curd 205
soup Tangle 28 eel Radish leaf, soup Clam, dried 9.2
with beef Soy-sauce 1.0 stew dried 873 Stone leck 31
3. Spiced  Perllla leaf 36 Perilla seed, 8.3 Omon 31
perilla  Carrot 0.5 dired Soy-paste 13.1
leaf Onion 8.5 Ginger root 2.2 Garlic 1.0
Stone leek 05 Garfic 1.3 3. Hairtall, Hair tail 311
Red pepper Red pepper roasted  Corn oil 32
powder 0.1 powder 0.5 Carrot 0.9
Soy-sauce 0.5 3. Kimcht 80.0 Onion 0.9
Garlic 1 4, Castelia 8950 Stone leek 0.9

Sesame ol 0.2 5, Milk £00.0 Red pepper
4. Roasted Miller jelly 15 powder 0.3
anchavy  Anchavy, 13.3 Soy-sauce 12
with dried Garlic 06
millet Red pepper 4, Lettuce, Leftuce 21.8
s0y-paste 14 salted Carrot 27
Soybean oil 14 Onion 27
Soy-sauce 2.8 Stone leek 2.7

Garlic 0.1 Red pepper
5. Kimchi 40.0 powder 0.3
Soy-sauce 30
Garilc 0.3
Sesame oil 1.3
4. Kimchi 45.0

Iron estimated by food table
Iron measured by aromic absorption spectrophotometer

220

© 15.36my/day
S 1171mg/day
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Table 4. Measuring conditions for iron, copper

and cobalt in food, feces and urine AHAME
Fe Cu Co
CHaMRES| gltabg

Wavelength{nm) 3720 3274 3454 BE 4UgAEE A4 AU Sob 98
Lamp ecurrent(nm} 50 35 70

#7 2 72 Agd ¥ FghGon, 99
Band pass{nm) 0.1 0.1 0.1

Fue] S35 2 QB o1Fe] UATHTable 2 #

C,H; flow rate(L/min) 20 20 20 £).
air  flow rate(L/min) 135 135 135

fron M3a Y siaz
EFL A gEe A &7 Yo 2 A7 daE 19 F irondFF 2 vk
2zt s ERgA EFUIA ¥4 #A2RE FE Table 59 ¥k 1Y€ B HHAY RE S
oA 2 9RE A" B0 9o ~20T  4E $A% B 479 4 gAY & iron
WE e REEgn, S MATAE FE GHFL 784~108Tmg/day B HE HT 919+ 0.
Azt e g @i 10m£7+ Solgliz &71el  omg/dayel it 19 BoF A¥eng jrondd
A8t FEF S_— %%ﬁir F 1 dRE A Fe 2t dabE 029~088ng/day HHE Hi
£ 70of Yol —20C WEief Bastan, 0,53+ 0.07mg/dayel o3, e 29 jronul 4
L 102~226my/day BHE HT 173+ 0.14mg
0|2} | ME F tron, Copper K Cobalt2] B2 /daye] 3.
EXY Iron&] Y& A 2l FHAE Hws 7] o] of
FASE PEze R@sdy Ao, gig 3 AREe) HA Y4HFE Frsd SZF Y&
A@NgEE HedA dAFdd 2% d3FE AY AFEIERD ol g FUA = Table
FAEHUB oz B A7 F jron, copper, co- 50 AAFF, Irond FAHAE 1295~ 156509
balt 5 & A& Z2A8te] 2t FaFstA T A /day BHE B 14072 0.29m9/dayol R, &

¥

HAFFA A B2 Table 48 2T, A 7.84~ 10.87ng/day HHE H 9.19+ 0.32m9
Table 5. Relationship between dietary intake, fecal loss and urinary excretion of iron during
a 4-week study (mg/day)
Intake Excretion®
Suhjects
Table” Measured?’ Feces Urine

i 13.86+ 1.78 846 1.07 191+ 044 074+ 0.31

2 13.84:+ 125 7.84+ 0.98 1.89:+ 0.13 047+ 0.11

3 15.65+ 237 891+ 1.04 132+ 0.34 039+ 0.10

4 1295+ 1.21 9,93+ 097 207+ 055 059+ 0.17

5 1457+ 1.79 10.87+ 1.59 187+ 0.12 0.39+ 007

6 14.18+ 142 9.26+ 1.37 1.02+ 0.25 0.88+ 036

7 13.07£ 113 9.63+ 1.95 150+ 0.21 (.53 0.20

8 1447+ 2.03 8.58+ 0.84 226+ 0.30 0.29+ 0.14
Mean+ SEM 14.07+ 0.29 9.19+ 0.32 173+ 0.14 0.53+ 007

Dlron estimated by food table.
®Jron measured by a atomic absorption spectrophotometer.
Mron excretion by a atomic absorption spectrophotometer.
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fdayelelts,

Copper &F & 3 v M3

oA gaEe 18 % copperidH T R
B4 gk Table 65F 7ol 1Y Fet 439 28
AL A Fe] B A3 7 YA F ocop
perdd # &L 9.35~-083mg/day B 2 H 056+
0.06mg/dayo) vt 1Y TP ¥ E 9 copper
oA gkl 7 Al 0.01~0.20ma/day SR 0.

07+ 0.03mg/dayel e, i 2.2 2] coppertl 4
e 0.12~021mg/day HHE H3t 0164 001mg
Jdayetsith,

Cobalt A& L oidde

B dAEe] 19 % cobaltd 33 2 o
A Table 72 #uh. 19 FoF A#H3 wE
F4E wAsted F A a7 oAb # o
baltd # 22 1.01~250mg/day M & 2 BT 186+

Tabie 8. Relationship between dietary intake, fecal loss and urinary excretion of copper during

a d-week study {mg/day>
Intake Excretion®
Subjects
Table? Measured?’ Feces Urine
i - 037+ 006 0213 0,01 001 0.00
2 - 0.35+ (.05 0172 60N £.01+ 0.00
3 - 0.58+ (.08 013+ 0.04 0,09+ 0.06
4 - 0,404 0.07 0.18+ (.05 0.01+ .00
B - 0.74% (.18 0.15+ 0.01 0.13% 0.09
6 - 0.83+0.26 0.12+ .03 0.0+ 000
7 - 0.48:4 0.09 0.13x 301 0.29+ 0.21
8 - Q.74+ 6.85 0.19+ 0.02 (L02+ 0.01
Meanzx SEM .56+ 0.06 0.16+ 0.01 0.07+ 003

UCopner estimated by food table.

DCopper measured by a atomic absorption spectrophotometer.
‘INC{)}}})EI‘ excretion by a atomic absorption specirophotometer.

Table 7. Relationship between dietary intake, fecal foss and urinary excretion of cobalt during

a A-week study (mg/day)
intake
Subjects e -
Table! Measured? Feces Urine
1 1454 0.43 0.30+ 0.02 007+ 001
2 - 1014 0.34 0.32+ 4.05 .09+ 0.02
3 1324044 048+ .07 .14+ 0.05
A .- 221 0.78 096+ 0.31 0.09+ 002
5 - 237+ 098 0.34+ 0.10 0,13+ 002
g - 2.50% 0.73 031 0.00 0164 006
7 221+ 0.87 033+ 0.06 0.19+ 006
3 - 183+ 043 067+ 014 .15+ 0.05
Miean+ SEM 1.36+ 018 .46 0.08 0.13+ 0.01

Cobalt estimatad by food table.

PCobalt measured by a atomic absorption spectrophatometer.
UCobalt excretion by a atomic absorption spectrophotometer.
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0.18mg/dayol k. 1Y Eor AWMLl cobalt
uj k2 0.07~0.19mg/day W HE H 0132001
mg/daye] A2, hd ezl cobalttld & 0.

30~0.96mg/day HHE H 046+ 0.08my/day°]

A,
o E
tron2] AF 2 3 oA
Bailey 52, Nordstorm?® % Dokkum® & 7]

g, Add, Grpt Aol @Adel wep kol
ttzn Acosta':zg)m‘l A% AFL 283 Maha-
ko3P & @] A gkoll wef jron HHHFS
ggpdchu g F oiron 43S o8 279
uhe} Febzc,

W2 AE 4 HdeE 53 1Y 1319 iron
A F gko] A&yt Mt 145mg/day 714 wEoke
3 ostgu. A9 HEWEe JAAR HHs
B aiAle] Qo e HE Aol Ay
Alof A 1546+ 0.94ng/day. A A2 250+ 2.62mg/
dayol 213t 2302 g Al AF wele) FU
A3 A 2 AU dx 2AF AT g
14.8my/day, A= 13.0mg/day$ BIIE, 8
1986 % BARE 9] Zul adok zal Ailol gl gty
iron®} 1% 1919 4 # e 17.0my/daye} B F
;:3]. ﬂ;}.ﬁi@l)

oj ol et Zol jron HH A HE ArH2
gl AF HF A ARE AF E4H
ejeted Fatgh Aar Hel £ 9 B4 &%
45 BRI ARE 280, 20 Ae IdRAY
& LS AL 43%E dES 78
iron 4FFE F4F A4 AG] of e oy

ZHE 10.88+ 3.71m9/day, B 47} F 5 A 10.87
mg/dayel Ak n sl o WMWe g Hojg
A 4 S48 AR T4 A
2% jron 43 %S 6,71+ 3.08mg/dayol am
FERATe M8 ron HHFS 9.54> 3.58mg/

: MRS A
°: 9.19+ 0.32mg/day ¢} 3=

| 4E HAFE 4E RO g8 g0
iron A FE 1407+ 0.29m9/day 22 A A&7}
F4rH) BTk 35% R PH Table 5 3 2). o) & ¥
o H&a7 g golg FASG 13t
NE FHEE A AN FFA FIo)
WE FAEE NADRL 92 YAz wewn
e PAIET wpAl 2RI Feg gEln
2 AT Aol M= we Bate W) v
Zate vt +guvtel AU EY jron A Z0] &
el oo BAFT KA A EA A
FAsta glvbe 48 #Hrle AzmEoiel g,

Tron® 2, il 9@ 358 T L
R S, 9 W oy gsAEsp wejd
o BA AdEch o) BINe Spa Al
Zg, ¢l 3 HE 9 wid e B Fd oM F
Aol Ao AZ BAF oa) #4338 jron 143+
08my/day MFF F O E 128+ 0.819/day.
Mahalko B3 16.31+ 2.7909/dayS H Hs= 4
2l dated glelA o E 10.89+ 2.09mg/day e}
Fow WwEe g71+ 308mg/day A HF F
O 2 897+ 411my/day R S HE-F HEch

S, dubHo® A F jron WA S 008
mg/day’®olehm Barel ysted 7208 AWE
01~0.12m9/day, Mahalko5%8 .08+ 0.03mg/day
2 B foma W F BHéj.%*oﬂ 3] 2
Aol Holial glidh B AFAA il < iron
Hj A 2o BT 1,734 0.14mg/day 0] i
W) e B 0534 0.07m9/day A 6,92+ 0.35m9
/day®] positive BE S Heo £tk o1& Maha-
ko530 e] &7 B jron balance?} positive 3
89l 534+ 3.25m9/day ek - AFEHCE

3ot 4 iron

Copper2| &% 2 S vRAZ

Copper 33 ol thate] Mahatko5%2 659
protein A #HA 0952+ 0.120mg/day, L& Kel-
say3 32 high fiber diet® A #Hske HoldA
15+ 0.1mg/dayel b2 23§ vl glsd pve
Sevel a8 AY

& E919l copper A

3 o] Bao 2]f 2,10+ 0.68my/daye] 2hAL
sach B o7 459 19 copper B3 %2
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0.56+ 0.06mg/day{ Table 63 =) 2 1my/dayo]shr
A Ekar i mlarel 4588 fabsbe), wlel
4] L-glutel vk Aab Fefol 4 1Y cop-
per GF el 2mg/day = ul copper H P&
A Ao sk Bud maw BoaY g
A& 9] copper 443 #F°] copper Y FA
88 M3k v AR Bodha Alg =t
Copper?] WA 2 W& FalA o] FolAlzul
el thEEe] copper®t protein® = ¢ A= of
deon A¥E wEtS ol g gL
peptide A& T AFE ] Ao HA Aoz
A2 P, Copper?) B4 copperd
gof syElel Zaek AA doH,
perd A & gl osiA gdos A

W3k cop-

BHA e gl %’}fﬁ 55 S w e e
copper® BH Al FF ol ad Ur . R0
e g 123+01€>TR(J!day ARCE 0124003

1g/day ol ™ Kelsay$37 High fiber diet 434
W2 14+ 00/day, AW 0064 0.01mg/
dayolal 72V 2o 0.04+ 0.02mg/dayi: B
ok, B A7 digeon i 016+ 001
mg/daye] i AW g Wt 007+ 0.03mg/dayi &
HoF o ojake] A fARsE AN of

He gz HH’%’% of - vrekvh, JIE AT Cartw-
rxghtqg)—* R A9 ol 2~5mg Cu/day 4 # A
o e 0.1"‘0.3“19/(1337 oA g tde: 2l A

3}t

Cobalt2} A&k of Hfj a2t

Cobalts> B1E}F1 B8 744 HFow 8 &
AHEAN Fat G5 FAEL Qemn v
B BpE F58 4HSH cobaltd] d¥EL
GERLA] gew, sel2 A stE AHHE eo

halte] ool thste] & U A @f Fox
kel HHAS By 56001 /day =S vFFS}
vhil Szl By L‘H“XPF—C'I 1Y cobalt
AHEL 1.01~2.50m3/dayd ¥ 2 H 7 1,86+ 018
mg/day®] 2 v} (Tabie 7332,

St M o2 1Y cobalt WHEHS 0.30~096
ng/dayH A= Hib 046+ 0.08mG/dayol o &
Ho R 1Y cobalt ¥4 32 0.07~0.19mg/dayH &

Hit 0.13+0.01m9/day°] AT}, Iron, copper &

(,obaltrl A3 Eo A, e wdyeE g8
4% 2% F3= Table 8% #rh. o]l& B¥

positive 85 Hof thaFa432) jron, copper %

cobalt’} RF FHAACLD 4E AL £u g
B3 Ev & e Bgd RN e wen
‘%" 5my o442 irond WAE F glelA Am

oz WA

Sk
4w4d4a

T okE FAE S gl ‘§-‘—91r
A el -S'*r*%"i gt gl
= & ﬁﬁﬂ*‘] B oG » A

3ol @sid nlE de

=]

%i

21 EQk e Ur'?}‘lﬂ' Astoll M w52 S
FAshE kAT ol B8 iron, copper 2 cobalt 7+
FHYUC) Kol 2, dwelee Riow
Za B Hos AR A widEEA
of gt &% Arrt a7,
o ok

BoATE 202642 @A g gy o
o2 4T HAANY T2 4HckaR g4
T FAAIEA 2 gdalEe] g nE
S0 A Y E S FA5 jron, cop-

& FFE 1% 199 2
--%6‘&13} Tron® A

per % cobalt®) ek
HPgy MERE

Table 8. Metabolism of major minerals in the study subjects

Fe Cu Co
Intake by chemical analysis(mg/day) 9.19+ 0.32 0.56+ 0.06 1.86+ .18
Excretion feces{ma/day’ 1.73+0.14 0.16+ 0.01 0.464 0.08
urine{mg/day} 0534 0.07 0.07+ 0.03 0.13% 0.01
total (mg/day) 2264012 0.23+ 0.03 0.59+ 0.08
Balance(mg/day) 6.92+ 0.35 0.33+0.07 1274 0.18
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