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ABSTRACT

This study was performed to investigate the effects of dietary protein and calcium levels on
iron and zinc balance in eight healthy Korean young women. The 20-day metabolic study
consisted of a 2-day adaptation period followed by three 6-day experimental periods. Three
experimental diets were the low protein-low calcium(LProLCa ; protein 44g, Ca 422mg), the
high protein-low calaum(HProl.Ca ; ‘protein 85g, Ca 365mg) and the high protein-high calcium
(HProHCa : protein 84g, Ca 727mg). Apparent absorption and balance of iron and zinc were
significantly higher when subjects were fed high protein-low calcium diet than low protein-low
calcium diet. The elevation of dietary calcium significantly depressed the apparent absorption of
iron and zinc. The levels of serum iron and zinc were likely to be increased with a high protein
diet, but the differences were not significant. There was a strong correlation(r=0.99) between
the iron intake and serum iron concentration. Serum zinc concentration was not correlated
with hair zinc. Study results revealed that the levels of dietary protein and calcium influence
iron and zinc balance in Koreans. This study suggests that dietary recommendations for trace
minerals, such as iron and zinc, should be carefully examined. In addition, there is a need to
evaluate the bioavailability of milk or beverage products enriched with calcium and iron. (Korean
J Community Nutrition 3(2) : 218~227, 1998)
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HE ol ofde Aol 42 3~4g, 1.5~2.5¢ =
A% TAEY 0 98 FE AL vjF Fr|Aojxg &
Ae Ay fRo) WA GYiolct Bro AgLS
AAAHQ FUEAY Wk opjzZi(WHO 1988) 42
Yt ME 19959 % SR G YRAHE AEA]F- 1997)
ZAxjo] oEhd ofA % 174 o)ake] o4 e] H%- 34.3%,
a3 gAY 63.8%7F AR & )3t FHrE=Hl
e Hehle B2 1Y NEE Hole F I3
FE JFHE o2 FA4 & AR FAIL

AEL PR G2A & FoAM Fr&0] 7t
% vrol A% AU A% ol AT ¥ 10~20
% Axte] Aol A} A273re) Aol A FFET(Fo-
rth & Rummel 1973). 29} BHL A4F FollA 4
e 43 dE 2 = 5oF widE F Aoz HF

o 49 Aol FE FEL v AEHo2 A}
253, ARG ASol= olF 2T vjdEHBER A
W HE B 7 B %S T AL R FF
HE AP 9o|t}(Bowering & Sanchez 1976 :
van Campen 1974 : Refsum & Schreiner 1984).
HE F5o 9FL FE AANEZE A F Fd £
AE BE 4 2 He(RE, vjgA)st FEY A
olg8d FHL F F Ur o7 HojAE, 21
iAle] AR BH A 5& & & Ak (Hallgerg 1981
: Morris 1983). ©]2ig Q21E F £ d7¢] ¥dsa
Q) thl A} Zro] T G i = B A7t
o]FolgA dutHos gL HY FFE F
ARtk AARATHCook & Monsen 1976 ; Layrisse
% 1969 : Monsen & Cook 1979). Z&jv}t A@o =
ZhA = Alete A3} (Abernathy 5 1965 : Layrisse &
1968 ; Martinez-Torres & Layrisse 1970 : Reddy &
Cook 1997)7F E31H 3 glo o]o] thgt FTL: o} =
43817 @& Aejoict.

2% A Ao Axgd EA3s AEFLAT
ojw giAQR] s LAAE FRAT HF
Bo| £71A50] EFAAdN 58HE I8 3
AHo2 F5H7) qid 23U EAste ZEoly
ofad 59 ko] xom o F4vt A F U
(Whiting 1994 : Fairweather-Tait 1995 : Shackel-
ford 1994), 123k Hallberg 5(1992)2 4¥& §

24 - AAY - FAL - Hal - 219

3z AR Fo AsEgo] @A dofie=
Aol opd & uria AAste] AR Fot #¥E 2
&9 9 disiME oA o B2 I o 4
Aot

Ao A ofde] dPFo] HuHE R 1] Lfd
Yo ol olde] AP U3 AGAA, AA7
BA 4%, 9RAg 343, 2 d9A9 F4
A3 B Ad, v AREF, A8A 3} o] YehgTt
I g (Aggett & Comerford 1995). o2 ol9bg
< PHT AYFAE JepIET obzt A W
2009%F oA H& Hhe TAHAYROE A= A
oz 4y I 71%s @ F8Ae] FEHL Ut
AR vpA7IRZ ol AAlo]&ELS 2ole 74
R (@A Hii, HEd, FriE)d 9%E we
t}, o]& E3] ¢ A (Blendis 5 1981 : Colin %5 1982
: Snedecker & Greger 1983), Z¢(Forbes & 1984
: Snedeker 5 1982 ; Spencer ¥ 1979)2} %3] of
e Be Bio] FEH {4t o2 ATES
olqle] W Fo| oo YA Zhg T TE F¥L
9 A3 &2 g 2 F AT AAEL de
Aolth. a2y o|AI7IA ) e vl 53] FEA
oA g} Zhgo) A o] 98] vetEth HY BE 9
FA 259 YHYHE 1Bt e ns
olE9 AT FE AH AHsF ve fE AAd 1
2 HEs7)e A} a8 8 Yl E ofF
ol o] AL MY = Aol AFE Fejoir o] gt
Nz Q37 A7HE Az AZe. '

a3BER B A7 E 2 489 A= 28
A7) 9] sl 71719] 3L A4S ez 3ty
chll Ay 2] £ AAY AYIFE 60g. 700
mgith #& 55 (40g @2, 400mg ZE)olA o]
th 23 ¥& £F(80g @¥E, 800mg T)oE ¢
2 2 2 A3E F7 AAE 9 o]E F 8%lo] A
e BR 9 ofd FHel vl JFE Yotr A §
At

A O R gH

CAE AW N UENYA
8H el ART A A4S PN IAE st B
2z AF 5T Wglel e HED ofd WA A
& AN F 2043 ¥ T A 282
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H7Izte 2 3t o2 6UY Al 7|2 B gL
Zn g@ld g $Eo] O AFFY dYAelg
24z} FF3at.

A 71zbol= AR DE4 0] (Low Protein-Low
Calcium Diet : LProLCa), 4 7|7kl aaA
Z+¢4o](High Protein-Low Calcium Diet : HPro~
LCa)st AR 7]7roll = gt 3wz o] (High Pro-
tein-High Calcium Diet : HProHCa)2 o] 8)&} &)
F3rt.

A AA 713HES BAEE 298 Aty BE
AYNGAEE 374 HE2olE BF Ao
Z} AolE J7HA| Agoz o|Foizx 3Uzte) vy F7)
g Z=E stk 2t Ao] 713te] wiA|9t 3Y <] o
4 2& 535t E4of A3 T 7} 20) 7]2bo] B
v ¥ gae H3 st

B Agodas gAY Aol QlE A 899
A hzpel QE FHERNLT o5 F ol 244
Q0] AZE 50.3kg, AE161.0cmoIUTH 2 T
Az vl A v, vHES sta op3 AA} Ao
AZE 255 43 717 F BH 472 FA2
sl on Ay Ae 2T B9 g Ay
&1 AudREA e 78 HA3) o|HIEE A}
AASE AN F AYE A et

2. NEA0|

AP gatzo] 4T ol vy Ao 3
fr 7o) B2A ANE 7MY 7|8 Ao 3 A
OJATHT AL - Hallu] 1988). 7| AL AT RA
Fo} $2e JYAFH(1995)9] $29 AET2AH
e 2R 5712 7|2 A ETEE 71E0R s
F2Qo) HEATL 72 Hdsigon 4SBT F
A meiste TASAT. A4E PAE 29 A AEY
AR FHE 7|F0Z ST AF AF L zale
B EE o] 2AASE AHgsiglon zeEe] Bad 7]
T2 7R € 4 s g2 188 Sgay a2
& A8EGE AR Ao oleAASE o ¥ g
7otk AR RE AFE oleAASTE 7
A FFNAL AYASL AedH LS 7|24
o Rugo e AYd #ur} HEE sy,

7t Aol AR BuE B T AR oo
332 Table 13} 2tk Az olo)A Ty
AN o) Z o] Yol wakM E34 ghulo] 17go]

A 39go 2 Eoita FEA @Y u&2 39%l
A 48%= wolpow 1o udFAole FEAY &Y
o] 54go]w H] &L 63%E THHUL

3. B4 9Y

Y 712 Ul EulE Aol AFddAE
o g oW, &g & 2ol £ B4 AHE
BT

1) ANgE 28

Aol Z+ A 713 Tl AFHT Aoly 1UES
2L G st &8, 245 F 48, dF 2o
g%, 9l dg, A 92 ofd 49 AN
ol 7+ HEro] Axde] T8 ddgg AT ¥
44 et AL ot B BF 1
ach i A5y ZF Agrizke] 3k 3Uzte i
£ FHEIHEY Aol RS Y3} 7} Ho] 7|7 4
& o} AJA}L Mol marker® 4§44 (Food color,
sky blue)& E-&3t%c}t. 3 € 3U9] uiwie S
7183t Est YRS WF BEste EM A8
stth Agao)e] Tt 32zt vfd 24471 & ¥
stk FH8 =& ES £9E 7|1 E5tn A
HC1 €< 0.5ml7} & Q= 100ml o] Egdgdl
Hel dol WE B3

SR BAA) AM8E ZE 71T AFH F 05N
HNO; &0l 2477t F31Th7} o] A AFZE 39 o)A
5o} ARR-3I T},

2) NE 24

Aole] JRBL 80T QBN P £2T 7}
A AZAF AL A F7]Fe] Fol F7) BERAN F
¥ %2 Ballistic bomb calorimeter(CBB 330-030 F)
2, dNAL microkjeldahld (Bauer 5 1974)0 &
ZAs4rt. Aole] e 74381 (FElF 5 1983)
o2 F3A 7] & HCIE Yol 83X ¥ 10% LaCls
£402 FMAA(Osborne & Voogt 1978) Atomic
Absorption(AA) Spectrophotometer(Yanaco, Ash-
Jarrel Model) 2 422 TnmolX Z43te] 7aigct. 4
olo] EL T ¥A Y Hlxg Wgoz AEE &
¥ % % Inductively Coupled Plasma(ICP) emiss-
im spectrometry& o|-88ta] At ICP 7|52
Inductively Coupled Plasma Quantorecorder(Sh-
imadzu, ICPQ 1000)& AHE3IYTH 40]9] oL A]
BE ¥z - 93} 3371 £ Osis 5(1972)9) W0



9] Aske] AA spectrophotometer2 213.8nmolA &
BEE FAstn 1 §FE AN

o] HE 9 olde Ao| Ag9} 2 PHoR
NBE THIEt 22 2794 42 ICPQSH AAE 9]
&3l 1 e Fao

ko] AE-L Zettner & Mansbach(1965)0] AM&-3
HH o 9)31e], ol Fuwa 5(1964)9] el weh
AAZ Z43H

3o AR-L A4 pHYIA ferrous iron®] ferroz-
ined} ¥HE-3te] LAMEA S P AL o83}
(Sigma)& A8t 560nmel spectrophotomet-
erZ FYEE SAsA Taion, g XY
Z ¥ 2 (unsaturated iron binding capacity UIBC)
£ 9o ud Wy o2 BAEtd o2 HE FHPE
353 (total iron binding capacity, TIBC) 2@ ¥3}
S(saturation %)E AE&Hct ¥ o4& Ma-
suda & Oromi(1980) <] Wil wet ICPQE &
At §3-g AastEat.

Tare] ofed @ AEA o7} B AF A iF
BB 23 7i7ke $88 Ze Erten $(1978)9]
W g Myt AAR EA st T

3) BN EY
€ d7e BE 4F e 4 APHodR ¥7

W14 - AR - FAS - Aol - 221

A, BEAUAE T8t 2+ 2ol Aol djgt {4
< ANOVA F-test ¥ Students t-test® HF3HA
o} dg2ole] UHFY, W HY, FFF T 2 9
9] B AL Pearson's moment product correlat-
ion coefficients(r)$} A EAIE AHE-3HH 29 SAS
£ o] 43l B3

aE Ay % g

A% 712 e EUE AAA HEE =7AY BR
£ 38k ARE BAEA goton AHdgRE
o] AF& Ag Wggle] Ar|e F3) dAH

1. ¥4

¥E BEE FUAE APAolE BN 4%, oY
A, 2%, AR 2 ol (Table 1) Aatxel= 4 =
o7} o} A e S Fv FEE ofAt
ool W} F5HFT W] FHE BE A5 AN
YA dojal TR E ARSI

2. 389 By

e gzl g AF o] dEH & Fo HE 9
A3l F+%(apparent absorption) ¥ ¥E Y
(iron balance)®ll #]x]¥= Q&L Table 29} 2t}

Hg B3l wjdE R e 7 JE B 2

Table 1. Comparison of nutrient contents of the experimental diets by calculation” and by analysis

Diet Calorie(kcal) Protein(g) Ca(mg) Fe(mg) Zn(mg)
Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated® Analyzed
LProLCa 1903.9? 1962.9 4449 44.02 43798 422.11 10.87 10.98 6.95 6.84
+24.7 +50.5 +2.94 +3.38 +23.86 +87.12 +4.64 +4.61 +2.66 *£2.91
HProLCa 1945.3 2179.4 81.13 84.92 41328 365.24 16.08 14.24 10.95 9.87
+89.8 +108.4 +4.22 +1.16 +289 168.67 +2.70 +1.83 +2.41 +1.73
HProHCa 1952.2 2020.8 82.96 85.58 759.47 726.78 14.48 13.18 11.60 9.11
+27.8 +122.1 +2.87 +1.05 +60.29 +58.05 +4.45 +2.89 +2.59 +1.69

1) by food composition table

2) mean +5SD(mean of 3 menus of each experimental diet period)
3) Zn content was calculated by “Food values of Portions commonly used” (1980}

LProl.Ca : Low Protein-Low Calcium

HProLCa : High Protein-Low Calcium

HProHCa © High Protein-High Calcium

Table 2. Effect of dietary protein and calcium on iron excretion and balance (mg/day)
Diet Intake Fecal excretion Urinary excretion Apparent absorption Balance
LProlCa 10.98+2.66" 8.17+0.56 0.08+0.02 2.81+0.56 2.71£0.56
HProlL.Ca 14.24+1.06 8.54+0.69 0.061+0.01 5.69+0.697* 5.63+069""
HProHCa 13.18£1.67 11.55+091* 0.06£0.01 1.64+£0.91** 0.58+0.91*

Apparent absorption=Fe intake-fecal Fe Excretion
LProLCa : Low Protein-Low Calcium

HProHCa : High Protein-High Calcium

1) mean =+ SE(mg/day)

*significantly different from HProl.Ca diet, p<0.05

Balance=Fe intake — (fecal +urinary excretion)
HProLCa : High Protein-Low Calcium

**significantly different from LProL.Ca diet, p<0.01
**significantly different from HProlLCa diet, p<0.01
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Aol sl 2 74%. 60%. 88% R0 nE HjAdE
= % A 71708 B8 AA aldZe] 1% o3t
o g EAEE FE Y ¢go] atinzg o]y o
o2 ojdf H]3] 40% AT F7HEAET ol¢k g2
W3R 53] AR dFHAPo] A e F I (1
WA Zer2o] ot e gl o])ol|A] Aol & B F
7te Zge] 4ol 7108 Hp<0.05). A7IAM w2
Bl A== ARG o] & zolglo] YAFA AL e
2 Hol AL ot F5E HE FoA == wjd
He A2y ¢ ol 2%YE AF F AT
AR F53 ¥ JFPL& adixAEolE 43
A o HdAALF2 ol H|F] FfHoz FtE}
HEd(p<0.01) ol=lgh ¥t il Xolo] g &
#=2 B £ Ja(Fig. 1), EF 43F0] 7 9 $71
3 pelnZgAolE nrlA g o)) vl AE
o] 7% ¢ o] BF {93 22 (p<0.01) 73}
HeHFig. 2). o3 A ¥ oz whiA (53
TEA gA)o] AR FFE FUMTIThE oY B
TE(Cook & Monsen 1976 : Layrisse ¥ 1984)3}
A= B APME §F S (oF, 71EF ¥
& A TgAold o 6.67gQl © vk} g
AgrAlolol A= 22.37g 0 38 AXE F718lda o]
o wtet @Ee F5 2 HYo| UMY RS AEE &+
ATt B AE o] TN g oz Qi Ad
WrZhgaolo] uls] g ZgAo] wel HFo
FFo] v B A 4= Y& A2 Az
k. & B AgoA HFBAA FHA Fol7t A
A= FokAT AFAsle Aol BA HY FHe A

s Bolx|7] d&o]tt(van Campen 1974). 13
U AHF olrl n2g FFEE AdE 28 AT
WA 2] o], nAAZEA o] T uTEFA o] 7]
v 242+ 25.6+5.1%, 40.014.8%, 12.4£6.9%=% &
hAQ) 5% ¥k o}t FFEE DB YALEA o
o F7Heng Tl FFo] AR o IS
HAte A€ 4 5 ARG

2 AY Age)A B 4 qlRol g 47 FF0l =
oldg o ALY FF A AL oM LEE B
72 &7E (Barton € 1983 : Monsen & Cook 1976
: Snedeker & 1982)7} &3ttt olE ET BE ¥
ofugl Q9] AF & AME HE FF7t IY
&g 5 gltkn A F o) B e e AH
F4(1,100~1,400mg)> A& 3 Aelolj A T} G
S7HA o™ AT 9 4= & A7 (Sned-
eker 5 1982)9A AM-H F7F $5(800~1,500mg)
of S aZ Qo o3t Fee AX] Fg o2 A
Zrgic). weEpr] Ao A A7 B TS Al
e AY & uguggdold o uuhuALE
o] 71ztRch AR Y FFHo| A48 AL TEY I
gol2}ar = 4= gtk

ol2]g A= e BRI ERE Y3t Ut} Hu-
lten 5-(1995) 21749] A7% 32 G4& o=
3 AN FF A Fo| FA3AY HolFe Hyl
A Zg o] SIS AR F A A
gty BEslgen, Gleerup 5(1995)% SAES
A AR BRY Fov Abo|slE gag
3 ste] AR PA nBEgAelE HFHA ¥E e

8
- [J LProLCa
2] HProLCa

-
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Balance(mg/day)
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~2 T T
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Fig. 1. Effect of dietary protein on iron and zinc balance
(mean=+SE). **p<0.01

Fig. 2. Effect of dietary calcium on iron and zinc balance
(mean+SE). *p<0.05 **p<0.01



BRI Aok 2 HI24) 1489 UL e
g A7 ME(Reddy & Cook 1997) 1¥ Zrge] 4
#7} 280~1,281mgo 2 H3HE | ¥Y FE Q] F5o
£ oY 9% uAA XYk 47 2AE A
o AE ¥ U 2ES FF L 2 7% B
AT o gssina e

3. 2%y AR

Ao AR g4l (iron status)s FE Fol
G X3 AR FFES AU HE FEH
o} #o] U}, o]F W] fgte A& A FA
Yol glout B AFexe el 2 AF HF FF
o] AF HHPEal olie} AU FE P I%
£ NX=R RE o] A5 gAY A8 2 HEE
#5382 23319 HTable 3). XY AR FF2 A
A Agaold M ki ATEgAolZ ojYE ¥ &
By 3o F712 AF Frkke A%E UYelrie
Hout Az Aol7t AN YL ol T 1
vl A g2 oot TEhH NG ozt Ao ¥
G2 At

ZARAYTHS & 7106 Ay dAPYe ¥
F AR T Azt Qs mawHeld b transf-
errin®] ¥3%7} F743F A2 2 YERETE Transfer-
ring ¥3} Ax= 22 AYA4Y 1189 FL& A E(Bai-
nton & Finch 1964)2 AMEH A%t ¥R A8 F
AEY QA7 8- 9 T niduld ¥Eo] 9l
o= 21 (Statland & Winkel 1977 : Wiltink &
1973)8 n&s) 28 dHe] A R FAFHY A
3E Aojof 9% Aolzkn BAEIE A} Th

Ao A = 7 7|7 MY BEY FFF R
Py G2 o) AHRA (r=042)F HEIHLH

Table 3. Parameters of iron status in experimental period

Diet Serum iron TIBC Transferrin
Saturation
(pg/dl) (ug/dl) (%)
Pre- 107.7+41.6" 311.0£101.0 36.8+17.0
experimental

LProlCa 54.2+33.1 266.4+58.2 22.8+16.6
HProl.Ca 89.2+38.8 277.3%95.2 33.5+13.7
HProHCa 82.2+31.1 24741846 3594168

TIBC : Total Iron Binding Capacity
LProLCa : Low Protein Low Calcium
HProLCa : High Protein Low Calcium
HProHCa : High Protein High Calcium
1) mean+SD

@7l - AAY - FAE - A3 - 223

AHE 259 43 Yo AR FTNE 5L 49
AFBA(r=0.99)71 U= AoE Hol Yo ARLS
Aol AF FUTEHET H2o] AHT HEY] FE
BldEte AR/ goa AAgd. 53 ASUAds
Aolo} vlwa] RW AYPAe] 4H 7| Ao AP
HoollA B Y g R It APHe] AH
o] AR & AR Hol AYgFAEe] AHRA
9 AP o|7} Aol nct tha W ko) HES T
e Ao FHHG

]9} zto] A o] AR} transferrin®) ¥31x=7} A
2ol HjE) mawA o] 7|7t Fol) FIts o
Holu AR AHF A7t ey eolad ik B
& AL n2EhA o) RS dud] o3 Aol
NE DAL vt 23 FEAAFHFe] T
Sz Zgaol ol ez o)z WA BE,
F3¥2%5Y % transferrin T3 To] 3Hol7t glo
22 2% 5 QA 839 A 4 2ERELSHA
Fe UX A R o2 B

4. %9 §Yy

7+ AY 712 B g w2 i ol G |
g3 J3-L Table 49 71&314T). olde F=2
g B3 vjdEos (HHAF 75.5~103.6%), =
2 HjdE s %8 0.5mg ol3tR v 4.6~6.0%
k. okl AF o] vlxd nvWATgHolst 1
ol zhga]ole] B9-E vlastd nhg2elAld of
Ho 2 wjdEE ofde iAol 20% ol R
(p<0.05). ©Ho] Wl Qe iz oje}
AR T o] JTeA ofd AHFS AolE n
glalo] A3 Pl oiF RS v 2 (Table 4) &H
BY aguizel o ol w2 wjiMEE o}
e Z42HAH(p<0.05). =2 sjdHE o] F2
BE 04~0.6mg/U(Simko T 1995)% diF-&9 4
HAAAL 25 A w4l E3st. B 48 29
=2 AEE ofde] ok duld e E FH3A
o) o]¥ Meiner 5(1977)9) BHush= dxsht 1
ool g ALPL o) =T wjAEE oldFol {9
Aoz ZyMgnta &= o3 Buk o Colin §
1982 : Greger & Snedeker 1980). o}dd9 &F53 ¥
PYT g o] 7ZtelA Az o]
717kl wie) frelH o ¥k (p<0.01), LEHAZ
ol A nlngAo| 2 ool wat T
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Table 4. Effect of dietary protein and calcium on zinc excretion and balance (mg/day)
Diet Intake (exii:Lzﬁzlt::n %) (el)J((r:irr:tlirgn/?ﬁgiteio‘;o) Apparent absorption Balance
LProLCa 684x291" 13'30.2;—:8:?)5 ?:zigzgf -0.25+0.65 ~0.70+0.62
HProLCa 9.87+1.73 ( ;54553;,5) O(ﬁi 8% 2.4240.25¢ 2.00+0.23*
HProHCa 9.11+1.69 ( 3593 i%ﬁ’)‘ (i;f.}’igﬁf 0024070  -0.42+0.71*

Apparent absorption=2Zn intake-fecal Zn excretion
LProlCa : Low Protein-Low Calcium

HProHCa : High Protein-High Calcium

1) mean £ SE(mg/day)

'significantly different from LProLCa, p<0.05
*significantly different from HProLCa, p<0.05

g H3YPo] A 22 (p<0.05). F agHols
olde] F4% ¥ FHE 2AF(Fig. 1) 240
© B3| 03 % Fig. 2).

ngH o] Fetof olde] F4 E HH)L Fol £
AY Asp= o2 OE F5 A9 2 oA 43e 43
E(Greger 1989 : Greger & Snedeker 1980)3 x|
stz Qlch 2 Hunt 5(1995)2 #77] o4& diat
02 §F AL WAL W old ¥ B A T
& 77149 P Yolrgh=n), gl FFE
S5 AHE 2AFUE W o}dY] ¥+ % HA{UHF
7 Ak BEEAT. T do] olde] F4E FRA
715 A& HojguFo o] g ofdo] Q@7 =0} Ty
A9 4ol we} ol "Wa o] F71H7) ffEd £
&}tH(Sandstead & 1981). old9] ¥ 2 HHd) o
g 2o|giial o] g3 thulA o] ¢flo] ofz} 2o]
A o oln) Al A (Snedeker & Greger 1983).
Aoyl A o 24 T 2 A 59
(Solomons 1982)3} 2olof] E&HE o}de] Hel(So-
lomons & 1979)9] wetM e getzict mata B A3
AME olF HH] gRle] BF ZFAL G3g 1)
7E Zlolgt Azgc

£ drdA e ZEe 4HE S me ofd
o] wjMdo] feojHoz Folg oy tE M 1E(Price
% 1970 : Spencer & 1979)3= LA|E}R] = RO
2 Ho} ool F4ot ol thghk AojZge] Fadl
st QUAE gdez o B d¢rt g8sita
AzZreict. b H A4S HES Fo1E e A5t
)3 2 BTS2 (Fairweather-Tait 1995 ; San-
dstrom 1995 : Shackelford 5 1994) o|&2| A3z
£S5 Y Ho g 9 IFF APA asjopdtin 7

Balance=2n intake-(fecal +urinary excretion)
HProlLCa : High Protein-Low Calcium

%significantly different from LProLCa, p <0.01

Table 5. Concentration of serum zinc in experimental pe-

riod
Diet Serum zinc(ug/dl)
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LProLCa : Low Protein-Low Calcium
HProLCa : High Protein-Low Calcium
HProHCa : High Protein-High Calcium
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