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Abstract

The study was designed to examine the effects of level of protein intake on Cu metabolism
in 6 healthy young adult women. The subjects were given 4 levels of protein diet, 0.459 (period
1), 0.609 (period 1), 0.759 (period II) and 0.909 (period IV) of protein per Kg of body
weight and 0.86mg 0.70mg, 1.86Mg and 2.34mg of Cu per day for 5 days respectively. During
the experimental period, urine sample were collected everyday and fecal sample were collected
for last 2 days of each dietary period. The samples were analyzed for Cu contents.

Mean daily urinary Cu excretion were 0.12+ 0.03mg for period 1,

0.16+ 0.02mg for period

I, 0.35+0.08mg for period I and 0.11+ 0.02m3 for period IV, and the mean daily urinary
excretion of Cu was not affected significant difference by the level of protein intake.

Mean daily fecal Cu excretion were 0.12+ 0.03m3 for period [,

0.16+ 0.02m3 for period

I, 0.35+ 0.08mg for period I and 0.11+ 0.02mg for period IV, and the mean daily urinary
excretion of Cu was not affected significant difference by the level of protein intake.

Mean daily fecal Cu excretion were 1.23+ 0.16Mmg for period I,

1.28+ 0.25m3 for period

I, 0.99+ 0.01mg for period Il and 1.856+ 0.19mg for period IV, and the difference of the
2 periods I vs IV was significant(p<<0.05).

Mean daily Cu balance were 0.48+ 0.14mgfor period 1, 0.74+ 0.26M3 for period Ill, 0.52+
0.12mg for period II and 0.38+0.20mg for period V. and the difference of the 2 period

of I vs N was significants(p<(0.05).
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Fig. 1. Experimental design.

% Period I : protein intake 0.45g / kg of b dy weight/ day.
m: ” 0.60g / kg of body weight/ day.
a: ” 0.75g / kg of body weight/ day.
N: ” 0.90g / kg of body weight/ day.
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Table 1. Characteristics of study subjects
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1 Kim H. J. 19 F 150.6 440 Student
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4 Song H. H. 21 4 158.1 51.2 &
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Table 2. Composition of experimental diets(g /day)

A
e

%

SF G P el

peroid*

Food I It i v
1. Rice 120 120 140 150
2. Barley 2 4 4 5
3. Potato 50 50 50
4. Sweet potato 250 300 200 100
5. Starch dried noodle(dangmyun) 50 60 60 50
6. A Corn mook 150 100
7. Corn starch 20 40 20 30
8. Kimchie 150 150 150 150
9. Cabbage, Korean 30
10. Onion 50 50 70 80
11. Korean radish(large rooted) 20 20 20
12. Cucumber, improved fresh 100 100 100
13. Squash, improved 50 50
14. Cabbage, common style 10 10
15. Green onion 12 3 2 2
16. Garlic 4 4 2 3
17. Carrot 10 10 10 10
18. Green pepper 30 20
19. Pork lean meat 10 30
20. Beef, lean 30
21. Egg, whole 50 50
22. Fish ball 30 50
23. Fish sausage 20 70
24. Bacon, curd 20 20
25. Soybean curd 20 50 30
26. Fermented soybean paste 2
27. Modified soybean paste powder 5

with red pepper

28. Targle, dried 2 2 2 2
29. Soybean oil 18 21 25 25
30. Sesame oil 12 8 6 2
31. Butter 10 10 10 10
32. Mayonaise 10 10 10
33. Soya souce, commercial 4 9 4 4
34. Tomato catchup 10
35. White sugar 5 5

36. Dried small sardone large 0.75 0.2

37. Tasida, anchovy 0.5

38. Yoghurt 100 120 100 130
39. Soda pop and cola 400 200 200 200
40. Peach white freshed variety 100 100 100
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41. Grape nectar 100
42. * Peach nectar 200
43. Pineapple, canned 100
44, Potato chips 10 20
45. Candy 30 40 30
* Period 1 . protein in take 0.459/kg of body weight/day
IR | 2 0.609/kg %
v I 2 0.759/kg ”
2 N “ 0.90g9/kg 2
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Table 3. Intake of energy, protein, fat, carbohydrates, copper per day
* Ener Protein Fat Carbohydrate Copper
. Sub. "B W, (Keal (9) (9) (g (u9)
Period

No. (kg) Total /kg Total /kg Total /kg Total /kg Total /kg

1 432 1,723 40 197 045 431 10 3140 73 860 19.9

1 470 1878 40 212 045 490 10 3381 72 860 183

I 3 464 1,878 40 212 045 490 10 3381 72 860 185
4 505 2,020 40 228 045 496 10 3468 70 860 17.0

5 50.0 2,020 40 228 045 496 10 3468 70 860 172

6 537 2,159 40 246 045 524 10 3973 74 860 16.0

Mean. 485 1,946 40 221 045 488 1.0 3469 72 860 17.8

S. E. 15 62 0.7 13 112 01 0.6

1 42.7 1,720 40 259 060 481 1.1 2559 69 700 164

2 468 1,880 40 282 060 544 11 3194 68 700 150

hifl 3 458 1,880 40 282 060 544 11 3194 68 700 153
4 498 1,990 40 300 060 568 11 3372 67 700 141

5 493 1,990 40 300 060 568 11 3372 67 700 142

6 534 2,166 40 324 060 598 11 3746 69 700 131

Mean. 480 1938 40 291 060 551 11 3306 68 700 147

S. E. 15 60 0.9 1.6 108 0.0 04

1 428 1,720 40 323 075 566 13 2704 63 1860 435

2 468 1,880 40 353 075 628 13 2934 .62 1860 397

I 3 459 1,880 40 353 075 628 13 2934 62 1860 405
4 494 2,000 40 377 075 631 13 3203 64 1860 377

5 499 2,000 40 377 075 631 13 3203 64 1860 373

6 534 2,165 40 410 075 688 13 3454 64 1860 348

Mean, 480 1,940 40 366 07 629 13 3072 63 1860 389

S. E. 15 612 1.2 1.6 109 00 1.2

1 426 1,720 40 387 090 576 13 2617 61 2340 549

2 469 1,880 40 423 090 634 13 2861 61 2340 499

v 3 458 1,880 40 423 090 634 13 2851 61 2340 511
4 491 2,020 40 451 090 653 1.3 3128 63 2,340 477

5 50.1 2,020 40 451 090 653 13 3128 63 2340 467

6 533 2,160 40 487 090 698 13 3343 62 2340 439

Mean. 480 1947 40 437 090 641 1.3 2986 62 2340 490

S. E. 15 62.5 14 16 107 00 1.6

*B. W. ! Body Weight
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Table 4. Summary of nitrogen data for six subject during the experimental period(g/day)

Peotein Sub. Nitrogen(9/day)
level No.
(9/kg) Intake Urinary Fecal
1 3.17 334 1.24
2 3.39 3.30 1.26
3 3.35 321 1.34
4 3.69 3.58 1.64
0.45 5 3.65 3.60 1.38
6 391 349 1.63
Mean. 3.53 342 142
S. E. 0.11 3.51 0.07
1 412 3.30 1.31
2 449 351 144
3 4.40 3.27 1.30
4 4.78 3.57 1.60
0.60 5 4.73 3.99 151
6 5.13 3.61 1.68
Mean. 461 3.54 147
S. E. 0.14 3.11 0.06
1 5.14 3.64 1.32
2 5.63 3.60 1.46
3 5.52 3.74 1.29
4 5.96 413 1.56
0.75 5 6.02 461 1.36
6 6.49 4.39 1.55
Mean. 5.79 4.02 142
S. E. 0.19 0.17 0.05
1 6.13 381 137
2 6.75 4.50 1.59
3 6.60 4.07 1.33
4 7.09 4.78 1.80
0.90 5 723 497 1.77
6 7.69 542 1.77
Mean. 6.92 459 1.61
S. E. 0.22 0.24 0.09

1. Values are means for the last two days at each protein level.
2. Mean fecal N loss for the last two days at each protein level.
* Eliminated anomalous data may be due to experimental error or some metabolic difference.



Vol. 18, No. 4 (1989) W2 gelolAe) Tel AANH L B 9B Tl o) e AT 383

Table 5. Cu balance data for six subjects during experimental periods

Protein Sub. (Copper mg/day)
Period level No.

(a/kg) Intake Urinary Feces Balance
T 0.86 0.25 0.78 -0.17
2 0.11 1.24 -0.49
3 0.12 0.83 —0.09
1 0.45 4 0.09 1.12 —0.35
5 0.05 1.79 —0.98
6 0.07 1.59 —0.80
Mean* 0.86 0.12 1.23 —0.48
S. E. 0.03 0.16 0.14
1 0.70 0.16 1.00 —0.46
2 0.13 1.15 —0.58
3 0.22 121 —-0.73
il 0.60 4 0.14 1.72 —1.16
5 0.09 042 0.19
6 0.21 2.17 —1.68
Mean 0.70 0.16 1.28 —0.74
S. E. 0.02 0.25 0.26
1 1.86 0.25 1.18 043
2 0.16 1.00 0.70
3 0.26 0.74 0.86
11 0.75 4 0.70 1.13 0.03
5 0.29 1.20 0.37
6 0.46 0.66 0.74
Mean 1.86 0.35 0.99 0.52
S. E. 0.08 0.10 0.12
1 2.34 0.09 1.79 0.46
2 0.17 214 0.03
3 0.18 2.54 -0.38
v 0.90 4 0.10 1.40 0.84
5 0.04 19 0.39
6 0.08 1.33 0.93
Mean 2.34 0.11 1.85 0.38
S. E. 0.02 0.19 0.20

* Meant S. E. of six subjects.
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Table 6. Mean daily urinary and fecal copper

excretion for the experimental period
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Table 8. Mean ratio of copper excretion to copper

intake for the experimental period

Protein Urinary Fecal
level Cu Cu
(9/kg) (mg) (mg)
0.45 0.12+ 0.03 123+ 0.16
0.60 0.16+ 0.02 1.28+ 0.25
0.75 0.35+ 0.08 0.99+ 0.10
0.90 0.11+ 0.02 0.85+ 0.19
P-value N. S. N. S

* Mean+ S. E. of six subjects
* % N. S.: Statistically not significant at a=0.05
level.
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Protein Cu in urine Cu in feces
level Cu intake Cu intake
(9/kg) (%) (%)
045 13.37+ 3.37 14244+ 19.20
0.60 22.66+ 2.88 182.62+ 35.24
0.75 19.00+ 4.31 4812+ 521
0.80 470+ 0.95 79.13% 796
P-value N. S N. S.

* Meant S. E. of six subjects

% % N. S.: Statistically not significant at a=0.05
level
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Table 7. Ratio of copper excretion to copper intake for six subjects during the experimental period

Protein level 0.45 0.60 0.75 0.90
% of intake

Sub. No. Urine Feces Urine Feces Urine Feces Urine Feces
1 29.07 90.70 22.86 142.86 1344 63.44 3.85 76.50
2 12.79 144.19 18.57 164.29 8.60 53.76 7.26 91.45
3 13.95 96.51 3143 172.86 13.98 39.78 7.69 08.55
4 1047 130.23 20.00 245.71 37.63 60.75 427 59.83
5 5.81 208.14 12.86 60.00 15.59 64.52 171 81.62
6 8.14 184.88 30.00 310.00 24.73 3548 342 56.84
Mean 13.37 142.44 22.66 182.62 19.00 48.12 4.70 79.13
S. E. 3.37 19.20 2.88 35.24 4.31 521 0.95 7.96
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Table 9. Mean copper balance for the experimental period

Protein Copper{(mg/day)

level

(9/kg) Intake Excretion Balance
0.45 0.86 1.34+0.14 —048+0.14
0.60 0.70 1.44+ 0.26 —0.74+ 0.26
0.75 1.86 1.34+0.12 052+ 0.12
0.90 2.34 1.96+0.20 0.38+ 0.20

P-value N. S

* Meant S. E. of six subjects

* % N. S.: Staitstically not significiant at ¢=0.05 level

Table 10. Correlation coefficients among intake, urinary excretion, fecal excretion, and balance of copper

Intake Urine Feces Balance
Intake -
Urine 0.1639
Feces 0.3004 —0.2641 -
Balance 0.7365 0.1552 —0.3974* -
* p0.05
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T gl olE B A¥EN0 Bt 4384
Ao g e =937l E o8 Table 10
A FElAdF Y AEFE e Ad
BAE AoE A7, Mﬂw T T

PAFHE DA Yee ¢ 5 ARE o)
o] muHET P AREA, 2WF Tl
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G P F) Wi AUy FeudEe
3t5 dolH 7] Y3l 7} A el A A 2ol
s

il |
e AW el e Fdn e s
w A (Table 7, 8), WAL H Foll whebr +
2l F ol het AW Fe Fel ke Yy
Foll=

F93 Welt Qideh 2y R
19 4% 1kg% 04597 0909¢ AHAAY F
717 5 oko] H it vi&2 7h7 13.37% 9 4.7% 2 A
AL wol AHAANAY NEed FedASE
oA th& A F Felupdeke] v go] fojxor
g deh (p<0.05) 1evt o] 7 7kE HA
AdEo) el d e 0.12+ 0.03mgEt 0.11+ 0.02
mgo. 2 AA zel7t g A AWF e
go pHAdAFSE JRAAC gl EF
|70 Zuf, e dgdHEFY AA A&
A7 E G 2 Aol AMEH Auh ot
gl o]zt AW HE e W A
A3E A7)e AL
% 94 '_L"L]BH/EE]:,_Q_ r;}uuxl_%

mZ:
5
Mo

for > >>L lo
J{Fl o
“H

-

{ 1—‘4

14 4% 1

kg3 0.459, 0.609, 0.7597 0.909-% FHAAZ 717t
&St 7+7t 1.23+0.16mg, 1.28+0.25m9, 0.99+ 0.10

mgo} 185+ 0.19mg o 2 Tl A M Fo 2 F
oA Wete HolA gtk 1oy w A
19 A5 1kg% 04597 09092 HAANZAA F
71 Eote fode AHE Ay dyE e
ujdere golx oz ZrhE ), (p0.05)
Cartwright”™ 9} Greger® 5 < T2 # %ol 1
15~3mgdu} FF&LE Ao wal 1~60% 7HA
= f(],o]E. P_O (;}.57_ 3}010[4 1::5]. /\]-TIOi
HEF s FE9 do] 2~smgd ) 0.6~1.6mg7 =
FrEga Ruste] fiiFe 7o s
2o o7t YLS ¥ 4 Jed, 2 H4F
ANE 9o HuEF vt B, wuald
19 A% 1koT 04597 0609 HHAAE
© EH&I—s«I T AdFe i Bokon,
19 A% 1kgF 07597 09098 A1#
AR l7P°ﬂ Aot RugH v A#%E
el oleb e Aol T g o

iNIOAQ”

LECEREL R

AA7 Q=TS Golr ] et FEl A AT
W paluldge] FHAAE A9E 4
, S Felvjd e FEdAETdE B4

Ao gt o 7Y FFrEL
NzA 2o 4531\1 oNoz xa A3
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deo g HAWS dole FF80 HadE
the Haele o Ze sk, ey &
WAg 1Y AF 1kgT 04593 0.909= HFH A
5 717bE <t g 7o WA FE 09098
AHAANAE W FefFe= 57}5191tfﬂ ol &
T ol Sz AF /¥ Phytic acid,
oluji=itel FH/Le, H(ﬁ)hﬂiﬂ HCIE 39,
ascorbic acid® €l 93] €etd & ke Joz
n oy Hol, z} dAE AFIIN F AHEH
ApAdolt AEFMEY olPFoz R
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tlo 0.2: l‘lf
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%,

z
=
g vl
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H-&& Z+7t 14244% 9 79.13% 24 @A 4
H7F F7HERE 1 e A s
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2]o] d# o] Zhzh 0.87mg T} 2.34mg O 2 2F 2,78}
71t o, didF o Fel A #1234 0.16
mg, 1.85+ 0.19mg o 2 158 5 71E AMA 2 1] 5o
Hol FEld# ol oM Hoie dud 43
g 2T AV e e 47,

A7 ot HE 7 balance® @ AEE
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Al7I Bt e H Fel 42 0.86my, 0.70mg,
1.86mg ¥} 2.34mgd wj z}7Zk —0.48+ 0.14mg, —0.74
+0.26mg, 0.52+ 0.12mg3} 0.38+ 0.20mg 0. 2 el 3
AFH e & F93Q ¥Wie ARk (Table
10)
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FHAAHE 713 F H1F 2 balanceT negative
balance®E Eedl, <dAQ FeHPAFHNA
A8 Felo o) 2mgo)dY o positive bala-
nced EATHE B9} vladty, o] 717k Fet
T2 AT F3) BEHo YeElhd Ao
Hoqdh, w3 9 A S 1d A% 1kg? 0.7597
0909 MFAAAY 712F L= positive bala-
nceE WEREH, o9t e ABRZ uwFo] 2
o, $eviete] duka AALFeo M 1Y Tl 9
HEFo] 2m3=dd FBPe FAGe A
o=z Alg ¥,

72| balance®t AW tiH F o] FajufAd o)
BHAAE AHE A7 72 balancet HHE9)
T AR &9 FRBATT der(p0.05),

TetA S Feuid ko]l Hojd4E pala-
ncex> negativeol] 7H7h9 WS & S AUTh
2 <

A7 RS QAo sl 1Y £ dFL
AZF 1kgTF 40kcal, TN EL AF 1kgF 0459
(I 2AA o)), 0.60g(IIEHA20]), 0.759( I A
Aol), 090g(VGAI2o]) 2 471A] &2 =
A Molg 74zt 5UY 2094 AHFHAz
Tele] A, wAdgd dAE: #E3 dne
o o

1. I, 00, 1o VA Aol el gdf3e
Z+z}y 0.86mg, 0.70mg, 1.86mg¥} 2.34mgo] 1T},

2. S¥Fe gapeudage [, m, I=
VetA Holdz 717t 5 242 0.12+ 0.03mg,
0.16+ 0.02mg, 0.35%+ 0.08mg 7} 0.11+ 0.02mge = &
WA dAF 2 FoHA Hate g

3. HF Hy veldEe W, I8
VA Hold3 717t ¥ #Zb 1.23+0.16mg,
1.28+ 0.25mg9, 0.99+ 0.01mg¥} 1.85+ 0.19mgO. 2 4
GAE dlAd JH g g2 F4FH ol
PRy TeAg VA Aoz 7)1t ot
Wz g FeudFeE F9HA 2o)vt
A}, (p0.05)

4. Hyt 42 balancet I, W, I3 N A

3 HocAd 7 4AYH L dudel B 7 talel B @ 387

Aol 43 7|7t Tt 242 — 048+ 0.14mg, —0.74+
0.26mg, 052+ 0.12mg¥} 0.38+ 0.20mg 2 2 4THA
ol AFHFe wE {9l sle e
[ SA S VA o] HAAIY Ht 8] bala-
ncedl= F4A Ao)7t AN 27 (p0.05), T
WE FMAEH &9 JFAAZ Jepd T
(p<0.05)
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