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Influence of Phytate and Low Dietary Calcium on Calcium,
Phosphate and Zinc Metabolism by Growing Rats
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Department of Food and Nutrition, College of Human Ecology, Yomsei University, Seoul Kovea
Department of Internal Medicine,™ College of Medicine, Yonsei Universily, Seoul Korea

ABSTRACT

A factorial experiment was conducted to determinc the influence of phytate(0 or 10g/kg
diet) and caleium(Ca)(3 or 10g/kg diet) intakes on Ca. P and Zn metabolism by growing
female rats. Food intakc and body weight were similar for the all groups, however. phytate
ingestion for six weeks depressed femur growth. The low Ca plus phytate group showed the
lowest Ca content of total femur and this was related to a significant decrease of Ca retention.
Phytatc inmtake depressed zinc(Zn) absorption in the first metabolic collection. This inhibitory
clfect of phytatc on Zn absorption was improved in the low Ca plus phytate group after several
weeks. Impared Zn absorption however remained in the high Ca plus phytate gronp which
was reflected in the lowest Zn content of femur. phytate intake with high Ca also depressed
phosphorous(P) absorption and serumn and urinary P. These adverse effects of phytate on
Zn and P absorption when the dietary Ca was high could explain reduced femur weight despite
the highest concentration of femur Calmg/g ash) in this gruop. Results suggest that phytate
can adversely affect not only Ca metabolism but Zn and P utilizatioon. Thus. for the normal
bone growth when phytate intake is high. the ingesion of Ca, P. Zn and other minerals should
be enhanced,

KEY WORDS : calcium - phytatc * phosphorus * zinc.
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4807 F 652 ddAclse FFRYT 4
ol9] FTAMEL Table 104} B A 7o) 4=
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carrier2 %] Ca 3g/kg diet, 10g/kg
dier®} phytateO 1.0% 2 e 7] 93iA F7l=E gt
A Ca ol ¢ Ho 44& 93 Ca 2782
Sg/kg diet'Ve] 60%8 FTFAHUL 3L Ca Hojl

¥ 7% 288 FFch Phyate: $g
e $AE A B 04 A 2% 8 AR e
270 vz phviac® B7H8H) GAYG £ Ao]
F%9 125 phvate2 733t} Phviate(Sigma
Chemical Com., 81.4% phvtate) & 28.158% phos-
a8l 9len 2 phytate groupEof Al
4] phosphorus & =&E3 F=g)

Aeolg st 42 A Ca, P, Zn9] kg 4
2% A, Holo] 27 o] 4¥ S A HEH
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Table 1. Composidon of experimental diets
Diet
Parameter 1.0% Ca 03% Ca 1.0% phytate 1.0% phwate
1.0% Ca 0.5% Ca
Ingredient
Dextrose 117.92 135.40g/Kg 118.25 151.47
CaHPO4 2H,0 12.87 12.87 5.56 5.56
KH,PO, 6.50 6.50 - -
K;COs 3.10 3.10 - -
CaCOg 17 .48 - 17.48 4.26
K,50, - - 499 4.29
Phytate - -~ 12.29 12.29
Constant 842.13 842.13 342.13 842,13
components'
Total 1000 1000 1000 1000
Chemical analysis
Calcium 10 3 10 3
Phsphorus 4.2 4.1 4.1 4.9
Zinc? 30 30 50 30
(Ca) : [phvtate] - - 0.06 0.2
! Constant componcnts consisted of (g/kg diet) © casein, 150 : dl-methionine, 3 : cellulose, 50 3 comn oil,

50 : corn starch, 541.6 © vitamin mixture, 50 3 mineral mixture ;

following(mg/kg diet) : thiamin - 103

biotin, 0.2 ; niacin, 10 ;

HCI,

ribollavin, 6 ;

7.58. The vitamnin mixwure contained of (he
pvridoxine HCl, 6; caldum pantothenate, 16 3

folic acid, 1 ; vitarmnin B-12, 0.05 3 menadionc, 0.5 cholecalciferol, 0.025 5 retnvl

palmitate, 2.196 ; d-alpha wcopherol acetate, 10 3 choline chloride, 1500 ;3 ascorbic acid, 50 ; sucrose, 478535.

The mineral mixture contained of the following(mg/kg diet) : NaCl, 2348.1

7H,0, 105.6 ; MnCl; -
0.5 KQCFQO7, 57
2ug/kg diet

41,0, 198.1 ; CuSOy +

(NH.})(,MO7024 - 4H,0, 0.38.

o) we] ohizh Holg FHYES Aol
A5G 5 QA ST 4 AF 190958 5
Q7 27T AT 5UL Hawe T
Atk A8 670l ShAF ¥ HYAA g, o)
H%, A%e Fasdt

w714 282 sdsted Aol 41, e 22

21 30% HAEFAZ wer ashA] 7]
F Mgt 8%

CERE

trichloroacetc acidZ  #] 2]

o wRAL AAT F AgHgor suwe
AYEestel AT HHBL g AR

ethanol-ether 80 0 2 x|WkS =Z3} 3 375°Fo] A

o} 12417 A2AA ash weightS ST F oH
og FNAAT Hol, 27, U, 24, HET

5H,0, 25.6 : ferric dtrate, 190.1 3

 MgSO4 - TH,0, 4655.6 ;
KL, 0.3 ;

ZnSO;, -
Na,5e0y - 5HQO,

2172 Ca® ZngEE AAS(atomic absorption spe-
crophotometer, Buck 200A)E AM2-38le 3%
3 pE AL 198 Ag8ed 245 g Ca, P
Zn8] &4 £ (apparent absorption, %) A& %z
e s sfdg ke Z]'e gz e %
1008 Fate FHlga BfZF(rewenton) & 47
ol A oz Adow wldd el g e
ZTozH PP 9= FA7)74= conlamina-
tiong U7 9181 4A1ZHEQE 10% 48R el st
k- A}.ag].cﬂ =N

Tl A R AR s A s facorial ox-
o] &3ta] 2o] Ca Z 7, phv-
tates) 7, Ca®} phyviated] 4% zg9 47E

o

penmental analvsisE
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Ca¥} Phytate

T ate, a=0.05 FF 4] least significant differe-
nce(LSD)ol] o} 2 APFF FIF ALY F4<
AT,

& z}

W Aol HFL 4F AZA Y] Fo A=
4257 ¥R 8F F9 FAE A Ca F
#3} phytaie B7HE oA ohh ot FAHe R
fo4Le §1%rH(Table 2).

A A 199 EE 547 e F AW A balance
study®] ZT}& Table 30 A A5Gt Cae) &&=
3 Ca #EoA A Ca 75 Boh Fo4UA 2
%oh W Ca®) Bl Aonf 209l Cal}
phytate®] <ko] F-g whi= Ao B eyt A
ol Ca9] &7t il Cadg HolstAl 37t
NA F5EE TAAFAT A CaF oA phytated
Ve Hrbelx] ke 2R} tiwy Ca sl Eke
of 3u Z7IAIH OB Ca F482 0%71F A
A& A Cazt phytaeF7hg ol BojA]E= phy-
tate?] CaF ol o Wa] 8o 1 Carof M=
AeHA B A gkt

2 Ca wdZe o] Ca, phyateds} Ca¥t
phviate 43 48-o) FgFL T Aoz gyt
(Table 8). A Ca ¥olFol|A I Ca 4HojZRr}
2 Caol ZAHIAW i Ca HolT oA phy-
ateE FH7HE A9 J7hekA g 2F R Ay
Ca "jd&o] F7189 2.0 (p<0.001), A CaZl

At phyme #7170 9E FA S Ca B

FFL 1l Ca 750 A Ca & Bt} ggted
phytatc% 7t Ca BHEE FoslA Z4&AFHG
W5 balance studyo] 4] P HE e nE 72
A Hl=d@or] vl P ujdE Aoy Eo
JE Cad phytate o] JEL 1= FAog e
Wk (Table 3). ti¥W) P 84 Aol Cao] &
7Vt A Z& phyaes #7142 76] 718t
Atk P F5EL A Ca TEINA T Ca FEE
ENL™ phytaed] H7}2 P FFE&E %‘_}tf\lii
A¥Y P ejde 4le] Cad} phytate 12|31 Cai
phytate2] &5 280 o FFg A= o
YEIG T AR P ejde o] CaZrbAlel A
599em T Caofl phytates H7[3 FoA 713
#3lon phytateE H7beF A Cadeld 714 =
Stk P MSE A Ca PO T Ca TEHT
Betor phytate 7l P B2 TAAAHCD.
AW balance smudyd| A Zn Y Fe nE
S A Hl&dtF o R Zn 8l 2o ph-
yiate H7tol] ols)a] =7}519dTH(Table 3). Zn &
&2 4 o] phytate F7}ol| 28te] FA43tG o™
Y Zn B2 FLE Aole] Ca FE9 phytate
holl d&-& LA FAth Zn BFFL phyae 37}
TEANA HAV8A] ¢ke FEF vlmete] TAd)
Ho0 phytatcE H7}gH A Ca o] phytates 3
7Hek 3 Ca?Btd Zn REFe] thh Aoy &
o FAE Holx| kgt
AR A2 36 ¥ H 5Y7 A& 7] T balance
studye] Z3}E Table 40] AXA&tE ). ohdd]l Ca
i d g2 AW A balance smdy$} vlzlzlR 2 4o

f=r= g

Lﬂ:;

Table 2. Influence of phvtate and caldum on dietary intake and growth of raw!?

Diet
1.0% phytat 1.0% phytate
Measures 1.0% Ca 03% Ca phymte Py
1.0% Ca 0.3% Ca

Average food intakes 12.2£ 0.2 122+ 0.2 1251 0.2 12.1£ 0.2

(g/d)
Bodv weight(g)

Initial 76.0+ 4.8 76.0+ 6.3 76.1x 6.7 76.4% 8.7

Final 195.5£6.8 198.1+ 8.4 188.61 6.9 1979+ 4.8

Walues are maenst SE(n=8)

%Effects of Phvtate, Ca and Phytarc+Ca are not signilicant
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W Casl Z7h= il Ca%e E7MNRLH Ca
T &S T2 FAGY 3 Ca Pl A phytate 7}
T Cait phymed F7H5A e b wlmsho]
N Ca wiEFRE 7% L3 A Card ¥
se] A Cash phytate A7} 2614 40% F74A1 71T,
Phytate A7}e] G7= 3 Ca FiHE F48L
e gadRed $ARLE fo4e 9AT A
Ca oAM= frofstA ZaA At

A=) Ca vid<ke WA balance study$} o}
F7AAZ I Ca ZEANA @ d7Fe] Bskow phy-
tate A7l I Ca oA LW Ca%ke 714
ZAen A CaTiXE 194 9T HAFH
otth Ca B2 1 Ca 250l A Ca 5 K}
®Woten Phytate H7Hs Ca EAHE #2344
ATk

P AFFL ZE LFEA dKsl9on Pe
%2 AWA balance smdyt vhI7EA =2 A o]
Cao] B2 A%, T3 phytate H7HAo F713He
Ao 2 VEIRTHTable 4). AW P uidaFe A
HA balance studyst vlZ7}A 2 phytateE & 7}-5}
A @ TEANME Aol Ca 717} &Y P
W4 FE AaAH e phyate FH7HA e A Ca
Toll A & Pajd@e] S7HE U 2 Ca} ph-
ytate H7HEo M - 8kA PAEAT

In AFH L FHA balance smdydl A & 2L
FENA v R e AUA balance studyghe
2] Y ujd o] A Ca¥t phytate H 7} ol A
7} FJtH(Table 4). &¥W 4= 2FE
Aolol %% Aol7t YNeH Zn HEFS A
Ca¥} phytate F7latellA 743 =94k

YA Cad BE 1F A v==std 1} (Table 5).
d% Pt phyates H7181A] ¥ FE57 8| w e
TCa¥ phytateE H7H5H FollA Tame] ol
& Zn= 31 Cav} phytate 7] A% phytae S
HArEA g2 2 Ca ¢ ©xde {o5A 7
Aol Utk

NEF ash FAE phvtaeE: H715 F50A
WA e 2SR fel8 2480] At
(Fig. 1). ¥ F ash 1g F -5 3= Cas] 42
A Ca®} phytate F7}TolH th& Al TE3 Wl

Significance Levels
Ca Pi‘?ﬁe

Phytate

1.0% phytate
03% Ca

1.0% phytate
1.0% Ca

Ca

Diet
035%

Ca

Table 5. Influence of phytate and calcium on calcium, phosphorous, zinc of serum, femur and kidney'?
1.0%

Measures
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NS
NS
NS

<001
NS
NS

<0.05
NS
NS
NS

NS
NS
NS
NS
NS
NS
<0.05
<0.001
<0.001
NS

NS
NS
NS
NS
NS
NS
<0.001
NS
NS
<0.05

1.4
4.42

497 + 8.3
116.7 £ 1.5%
3353 = 3.0b
1247 £ 2.0°
177 £ 0.5
509.4 + 14.00
108 £
289 £ 378
0.13+ 0.0t

100.5 =

6.8

396 + 4.1b
112.5 = 2.8b
8502 + 548
1298 + 3.8
185 + 1.0
297.6 +12.8¢
0.16% 0.01b
142 + 2.1b
0.14+ 0.01°

102.2 £

7.92
2.47
2,22

52

115.7 + 2.6
118.5 £ 1.6
184 + 06
3921 +21.6%
243 + 1.82
0.17+ 0.052

1025 +
52.9 +
3458 *
127 &

6.7
+10.12
+ 3.9

4.47
+ 46
T 11
+ 04"

t2p.22
0.18 £ 0.02*

+
*

8)

108.0

57.7

120.0

121.7

19.3

397.3
0.203%f 0.02"
15.4

344.6
Walues in the same row with different superscripts are significanty different{p<(0.05) from each other.

If any leter combination matches, the difference bemween means is not significant.

Walues are meanst SE{n

Ca{mg/}
P(mg/1}
Zn{ug/l)
Ca{mg/g ash)
P(mg/g ash)
P{mg/whole ash)
Zn{mg/g ash)
Kidney

Ca(mgfg drv st)
P{mg/g dry wt)
Zo{mg/g diy wt)

Fernur

Serum



Ca¥} Phytate

Femur weight(mg)

180 ~
a
160 +
140
120
10% 0.3 % 1.0%Phytate 1.0%Phytate
Ca Ca 10%Ca 03%Ca
Fig. 1. Effect of phytate and dietary calcium on femur
toral weight.

Values are meanst SE(n=28)

Different superscripts represent a difference(p<C
0.05) between means.

Effects of phytate, Ca and phytate+ Ca are p<Z0.
01, not significant(NS), and NS respectively.

gt FAHCE FHUA 28k ThH(Table 5).
HEZ A B0l e Cak A 2 A FET}
Bl ate] A Ca®} phyrate F7p Tolld Ao
iCa¥ phytateE H7}§ #% phymtes #7)}354 %)
@& TEF Haste dEE A Cay ko] &
o3HA ZAaE e AATHFg 2).

HWEF ash 1g 7 22|30 ¥ E AA ] T§-50]
e Pe] e ] TE Alojol FoJ§ Afe]rt gl
ATHTable 5). tHEF ash 1g 2 (Table 5) 22z
HA o) £ & Zne)(Fig. 3) %S phytate H7}o|
gate] FelstA ZAsHon T Cadt phytate
A7kl A 7hg A

A7 1g 2 =] & Cagl % 2lo|u) Caol
S7HE A% Fason phyate H71e] Aee
thi ZAdHe fog 2AE BolA e gatrt

(Table 5). P} k& &loju Cao] B AL ZFv}

Femur total Ca(mg)
60 —

35

50

45

40 e
1.0% 0.3% 1.0 % Phytate 1.0% Phytate
Ca Ca 10%Ca 03%Ca

Fig. 2. Effect of phytate and dietary calcium on femur
total calcium level.
Values are meanst SE(n=3§)
Diffexrent superscripts represent a difference(p<
0.05) between means.
Effects of phytate, Ca and phytate + Ca are p<(0,
001, not significant(NS), and NS respectively.

3o phyrated] b= A% FA gsiok
A 1gF 29 e Zng] & phytae H7lo
st FA2stAov] Ao\ Ca sEFHE BAY}
A

il &t

A Cas} phyae B7F FollA HEF ash 1g%
aE] HEE AA Caddol AY AL FHogm
Bt B 79 e 4o Ca gako] A2 7o
phytate 3 H = CaB & I3l8le] g B2 Cag S

&

A = goe A 4F3d ek A Cad phy-
ate F7HLAN FFEH Ca F4HY olf: A
CaZ 8N 1 Ca TEHR v|2Y A Fog

=]
-y
Eort e YAFeE AW BYAY Ca F

T30l Zas9ld A7, 283 A Ca 4fo]ef phy-



Femur total Zn(mg)

70 -
A
| 2
|
60 N
50 ¢
40+
30
\
20
10% 03% 1.0% Phytate 1.0% Phytate
Ca Ca 10%Ca 03%Ca
Fig. 3. Effect of phytate and dietary calcium on femur

total zinc level.

Values are means® SE(n=38)

Different superscripts represent a difference(p<
0.05) berween means.

Effects of phytate, Ca and phytate+ Ca are p<Z0.
001, p<C0.05 and p<(0.05, respectivelv.

tate®] 717} ¥ Ca Ml FS A Ca T3 H|
3te] AWA balance smdyol A= ¢F 3uj, &
balance studyell M= ¢ 40% Z7PAHEEG A
FAY ok 823202 Ca FHELE o
Aol m2H Ao] phytate 437} 80mg =
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