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ABSTRACT

In order to investigate the effect of dietary zinc and phytic acid levels on enzyme
activity and lipid metabolism in rats, male Sprague-Dawley rats, weighing approximately
60-74g, were fed different diets which contained 0, 0.35 or 1.05% phytic acid each at 3
levels of zinc (0, 30 and 1500ppm zinc) for 28 days. Body weight gain, food consumption,
and food efficiency ratio were lower in the rats fed a zinc deficient diet (Oppm zinc) than
those consuming 30 or 1500ppm dietary zinc. The activities of GOT, GPT and alkaline
phosphatase were lower in the rats consuming 30ppm zinc than those fed 0 or 1500ppm
zinc diet. The activity of GOT was increased in rats consuming 0.35% phytic acid,
whereas that of alkaline phosphatase was decreased in the rats fed phytic acid-containing
diet. The concentration of phospholipid in serum was higher in rats fed 0.35% dietary
phytic acid, whereas that of liver phospholipid was higher in zinc deficient groups, and
increased by addition of dietary phytic acid. The concentration of triglyceride in serum
from rats fed 30ppm zinc was lower than those fed 0 or 1500ppm zinc. On the other
hand, liver triglyceride was higher in both the rats fed 30ppm zinc and 0.35% phytic
acid. The concentration of serum total cholesterol was lower in the rats fed 30ppm zinc
diet, and it was increased by addition of dietary phytic acid. But liver total cholesterol
was higher in 30ppm zinc group. HDL-cholesterol in serum was the highest in both rats
consuming 30ppm zinc and 0.35% dietary phytic acid, and the ratio of HDL-cholesterol
to total cholesterol was higher in rats consuming 30ppm zinc diet. In conclusion, we
suggest that coronary heart disease or liver disease can be prevented with phytic acid in
rats which are fed the high zinc diet.
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Table 1. Compasition of basal diet

Ingredient Composition(%)
Casein 200
DL-Methionine 0.3
Comstarch 15.0
Sucrose 50.0
Cellulose” 50
Corn oil 5.0
AIN mineral mixture” 35
AIN vitamin mixture” 1.0
Choline bitartrate 02

* Ethyl cellulose: Junsei chemical Co., Ltd., Japan.
** Zinc free mineral mixture, sucrose was added at
1.6g/kg in place of ZnO.

Calcium phosphate, dibasic 500.0, Sodium chloride
monohydrate ~ 220.0,
Potassium sulfate 52.0, Magnhesium oxide 24.0,
Manganous catbonate 3.5, Ferric citrate 6.0, Cupric
carbonate 0.3, Potassium jodate 0.01, Sodium
selenite 0.01, Chromium potassium sulfate 0.55,

740, Potassiom citrate,

Sucrose, finely powdered to make 1000.0g

**% Vitamin mixture(/kg), Thiamin. HCl 600mg, Riboflavin
600mg, Pyridoxine. HCl 700mg, Nicotinic acid 3g,
D-calcium pantothenate 1.6g, Folic acid 200mg,
D-Biotin 20mg, Cyanocobalamin Img, Vitamin A
400,000 LU, dl-a-Tocopheryl acetate 5,000 LU,
Cholecalciferol(vitamin D) 2.5mg, Menaquinone
5.0mg, Sucrose, finely powdered to make 1000.0g
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Table 2. Weight gain, rate of weight gain, food consumption, food efficiency ratio for rats fed diets containing
0, 30 and 1500ppm zinc at three different levels of phytic acid for 28days"2

Dietary nitial Weight Rate of Food Food
composition weight(g) gain(g) weight gain consumption efficiency ratio
(g/day) (g/day)

0 ppm Zn

0.00% Phytic acid 65.75+ 9.22 68.75+31.28 2.54+1.16 8.70+0.33 0.29+0.01

0.35% Phytic acid 67.14+10.15 62.57+12.06 2.324045 8.26+0.28 0.29+0.01

1.05% Phytic acid 69.29+ 8.50 76.29+16.63 2.8310.62 9.09+0.15 0.31+0.02
30 ppm Zn

0.00% Phytic acid 65.00+ 9.23 144.14%30.30 5.34x1.12 13.0910.53 0.40+0.01

0.35% Phytic acid 65.14+ 7.57 146.29+22.30 5.42£0.83 13.79+0.01 0.40+0.01

1.05% Phytic acid 65.86+ 8.87 157.14+13.85 5.82+0.51 14.210.52 0.48+0.01
1500 ppm Zn

0.00% Phytic acid 68.82+ 9.06 135.53+25.28 5.02+0.93 12.82+0.63 0.39+0.01

0.35% Phytic acid 64.17+ 8.07 134.834+24.30 5.00+0.90 12.54+0.69 0.40+0.01

1.05% Phytic acid 67.00+ 7.92 141.67+24.26 5.25+0.90 13.30+0.55 0.40+0.02
0 ppm Zn’ 67.32+ 9.41 69.18+22.81°  2.56+0.85 8.68+0.49" 0.30£0.01°
30 ppm Zn 65.33+ 8.62 149.19+23.84°  5.53+0.88° 13.70£0.51° 0.42+0.06"
1500 ppm Zn 68.82+ 9.06 135.53+25.28"  5.02+0.93° 12.8210.63° 0.39+0.01°
0.00% Phytic acid* 68.20+ 9.79 110.20+45.38 4.08+1.69 11.47+2.02 0.35+0.06
0.35% Phytic acid 65.55+ 8.78 113.55£42.69 421+1.58 11.53+2.40 0.36+0.02
1.05% Phytic acid 67.40+ 8.59 124.20+40.19 4.60+1.49 12.20+2.26 0.39+0.08

Analysis of variance(P-values)

Zinc effect 0.01 0.01 0.01 0.01
Phytic acid effect NS’ NS NS NS
Zinc x phytic acid NS NS NS NS

1 Values are means+SD(n=6).
2 Means within columns not sharing a common superscript letter are significantly different(p<0.01) by Scheffe * contrasts.
3 Zinc groups 0, 30 and 1500ppm represent rats fed those different zinc contents for all levels of phytic acid intake.

4 Phytic acid groups 0, 0.35 and 1.05% represent rats fed diets having those different phytic acid contents for all levels
of zinc intake.

5 NS means not significant.
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Table 3. The activities of glutamic oxaloacetic transaminase (GOT), glutamic pyruvic transaminase (GPT) and
alkaline phosphatase in serum from rats which were fed diets containing 0, 30 and 1500 ppm zinc at
three different levels of phytic acid for 28 days"2

Dietary Alkaline
composition coT GPT phosphatase
TU/ml IU/ml mU/ml

0 ppm Zn

0.00% Phytic acid 84.52¢ 9.25° 25.95+5.12 268.89+15.69

0.35% Phytic acid 101.37+ 7.23*% 25.76+3.72 247.66 9.86

1.05% Phytic acid 95.92+ 9.29" 28.71+3.75 2422343975
30 ppm Zn

0.00% Phytic acid 81.94+ 6.15° 19.1442.71 241.06421.49

0.35% Phytic acid 97.23+11.50" 20.59+3.37 232.32422.30

1.05% Phytic acid 88.54+10.70"° 18.333.03 216.67+12.23
1500 ppm Zn

0.00% Phytic acid 112.98+12.77% 25.40+3.98 275.75+25.68

0.35% Phytic acid 109.30+10.85" 22.50+2.73 275.55+19.90

1.05% Phytic acid 83.85+ 6.13° 20.32+3.51 204.30+ 877
0 ppm Zn® 93.93:11.16% 26.85+4.41° 253.46+26.97"
30 ppm Zn 89.24211.56° 19.3543.20° 229.90+21.67°
1500 ppm Zn 100.91+16.67" 22734407 251.78+38.94°
0.00% Phytic acid* 91.42+16.40° 23.27+5.09 261.21425.87°
0.35% Phytic acid 101.96+11.21° 22.97+3.98 251.62+24.96°
1.05% Phytic acid 89.39+10.23° 22.5615.73 220.75+28.63

Analysis of variance(P-values)

Zinc effect 0.01 0.01 0.01
Phytic acid effect 0.01 NS 0.01
Zinc x phytic acid 0.01 NS’ NS

1 Values are meanszSD (n=6).

2 Means within columns not sharing a common superscript letter of with prime are different at P<0.05 and without
prime at P<0.01 by Scheffe’ contrasts.

3 Zinc groups 0, 30 and 1500 ppm tepresent rats fed those different zinc contents for all levels of phytic acid intake.

4 Phytic acid groups 0, 0.35 and 1.05% represent rats fed diets having those different phytic acid contents for all levels
of zinc intake.

5 NS means not significant.
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Aot ¢ Aoz ARDTh

0

flo ro
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Zn¥} phytic acid FF& 2T Aoz ALSE
Fe €3 F AEFET Table 48} 2t}

82 % phospholipid®] FE+ 4)°]5 Zn &8
o W& gL x| gFgto} phytic acid TF
of esire FFE WATHP<0.01). 1L Znd}
phytic acid 45 2-§a7E= QATH

Phytic acid 28 & B9 ¥4 % phospholipid
&5 035% phytic acidFo] 0 2 1.05% phytic
acidZol wisl f-23kAl F7FEIR2.Pi(p<0.01), 0
I} 1.05% phytic acid? Ztolle HlS=stJch

Kashiwabara 5(1983)¢] <]3}¥ zZn ZA¥2ol&
9% #o 83 % phospholipid BE= 2T
o) Hla] x}ol7} glithn Biste] B Age] o]
F Zn gl i Wsiole Rk Adelth

¥4 3 miglyceride =& 210} 59 Zn FF
of osf PFe WO 1LHp<0.01), phytic acid ¥
ol 2% FFS YL, ZnF} phytic acid 43
g 57E 5 ATHp<0.01).

Zn $F¥YE BW 30ppm ZnFo] Zn FHET
2 1500ppm Znie]  BIEA A=W
(p<0.01), Zn AFT3 1500ppm ZnF el A
ol7} f19lth. Zn#} phytic acid HEFEEIH=
phytic acid H7}&o] £&4F Zn ZPTAME
A Z triglyceride =7} 7 A3 1500ppm
ZnToll e ZAHAT

Park §(1986)2 o3 F oA Zn AH2 | &
F9% 1 Zn AYTo] A F wiglyceride FE
7} A3 Z71Ectn Ruste] 2 A9 7n
AgFe] 30ppm Znwtol HiE] FUHE A¥H H
4319ttt o)} =] Kashiwabara $(1983)2 Zn
ARFo) 83 F wiglyceride ¥ E7} AT 7+
2F AT B1dty e, Hooper 5(1980)2 7
78 dxlolAl 1Y 440mgel(Zn H3) Zng 5F
2+ F4% A 4 F tiglyceride FE71 Zn
gzl vis)] WErt Aok Budte E 4
AAA g AolAch Koo F(1977) o
o) Zno) APEH triglycerided] F471 FAE
Aok RaEded, o]RL Zn AYPOE U
A Z A Ay g o] &4 wet
Al dwiFo] RE3to] tiglyceride®] &4 HA
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% chylomicron §/jo] & =z] ¢7] W&ol 3
Aok 2 £ ARME Zn B2ETAIN 83
& triglyceride & %7} 30ppm Znell ®I3) F7}E
o] Koo $(1977)8] R1e}= AukElgion), o)A
< phytic acid H7}ell g Js a0z ¢l
AN 8% % tiglyceride Fxo] AL u]x Ao
2 Azte.

34 % total cholesterol T+ 2]o] F9]
R phytic acid ol ojs) ztzh FFL wgiok
(p<0.01). 228} Zn 3} phytic acid FEZ 2L E =}
% QA H A tHp<0.01).

Zn FHE B Zn H¥Fo] 30 E 1500ppm
Zngo W3] #AAS] F7FEAI(p<0.01), 307}
1500ppm Zng ZolE Hl@ FEE HHo
Phytic acid 4% 2+ phytic acide] F7}o] =
S4E ZUlHo] 1.05% phytic acidTollA 713
0} phytic acid HE7}E <13t total cholesterole]
ZHae YERA] gkt

Park 5(1986)2 ¥ = total cholesterol %%
7t Zn ARPTH 2 F el 2Folr} gloka 3y
o, B A3eME 30ppm ZnTo) Zn AHT
vl 233 A=A Hooper 5(1980)2 1Y
440mg Zn(Zn#})& HAFA A 55 Fo4A]
) A3t A = total cholesterol BE& WZT
o wa) zfolrt Ak At

¥ % HDL-cholestero} ¥ 5= 2Jo] & Zn ¥
phytic acid el oJsjr Zzt Qg w9k
(p<0.01). 28} Zn#} phytic acid A& - E T =
UMt Zn =FEE BH 30ppm ZnTo] Zn &
AU 9 1500ppm Zngo] HIF|A FriERoH
(p<001), Zn ZAHT7 1500ppm ZnT o= W
ztol7b glUth Phytic acid FFHEE 035%
phytic acid¢] 0 2 1.05% phytic acidiZol] B]3)
Z 7512 #(p<0.01), 07} 1.05% phytic acidF 7+
ol Blxd FEE X o Zn¥ phytic acid AZE
ZEEHE QIS Wdle B 4 S

Hooper 5(1980)2 491 EalolAl 1Y 440mg
o] Zn(Zn #EHE 57 FANZ AH A F
HDL-cholesterol 557} thZF(80mg)e] 25% o)
Feg ZAHUTGL FHTE o)A B AP
1500ppm Znw*o] ¥3 = HDL-cholesterol 5% 7}

&

30ppm Znol| vlE] HAEHUY AH{ AAEA
o}, Miller $(1975)& ¥ A % HDL-cholesterol %
=7 Zas 92220 ZXRE cholesterolo]
257 839 cholesterol FE7F ZF7hE o 473
A9 WS A} AT Ak el 2
AP A= 83 % HDL-cholesterol 3=}
7zt gl total cholesterol FE7} £71E X
T ¥ Zn AHTY AoAM ol Y
o] Lperstcy

HDL-cholesterol/total cholesterol ratio= 2lo] =
Zn ol 9siMe FFE WO (p<0.01),
phytic acid 43 Z8EIAT AT Zn FEFEZ
HW Zn ZAYFo] A= HDL-cholesterol/total
cholesterol ratio”} 7} $9kal(p<0.01), 30ppm Zn
ZollA 7t E=ReH(E<001), ol FE total
cholesterol F%=o] 235 A0}

olate] Aol B A F triglyceride &
2o 7Zn 1FEQ] 1500ppmT-oA] phytic acid<]
9oz zn AW FEoE VAR,
total cholesterol®] #&-& Zn FAT<] 30ppm &=
FoE FAUNSE ¢ & AU

Zn% phytic acid 528 2el% HolZ A& T
A 2t 3 NHFET Table 59 gt

7t % phospholipid FE=& 2j°o] % Zn #
phytic acid o] 23] Zz FFE WLgton
(p<0.01), Zn3} phytic acid FZ & FI T A5
ATHp<0.01).

Zn £EEE 28 3+ F phospholipid®] FE&
Zn o] B 45 FUlete AYOE Zn AY
A A 7 E R THP<0.01).

Phytic acid 45 %= phytic acid F71Fo] B
242 Z7b5o]| 1.05% phytic acidZolAd 7+
F A THp<0.01).

Zn3} phytic acid A3 2HE-G3= 2 Zn F£F
oA phytic acid 7] B&4F phospholipid
8 vxE F7iske ¥l Oppm Zn &
A 2 ZAF7L oS FAASAS

7+ & triglyceride ¥ 2ol 59 Zn ¥
phytic acid FaFoll ola] 47 AFE Wgton
(p<0.01), Zn3} phytic acid AT A-F AT AT
ATHpP<0.01).
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Table 4. The contents of phospholipid, triglyceride, total cholesterol (T-ch) and high-density lipoprotein-
cholesterol (HDL-ch) and the ratio of high-density lipoprotein-cholesterol/total cholesteral
(HDL-ch/T-ch) in serum of rats which were fed diets containing 0, 30 and 1500 ppm zinc at three

different levels of phytic acid for 28 days"?

w::;rtyion P:‘i‘l’fi’:" Triglyceride T-ch HDL-ch }er’;li‘ffh
mg/dl mg/dl mg/dl mg/dl

0 ppm Zn

0.00% Phytic acid 96.33+10.19  55.51% 6.55° 97.44+15.36" 22.01% 2.10 0.23+0.05

0.35% Phytic acid 114.8741500 5506+ 4.16°  117.3316.11% 2405+ 3.05 0.21+0.06

1.05% Phytic acid 98.60+12.90 6574+ 858"  101.44% 8.19°"  24.90+ 1.67 0.24+0.02
30 ppm Zn

0.00%Phytic acid 95.68+ 9.36 53.13+ 776 56.02+ 7.93% 2245+ 2.30 0.400.06

0.35% Phytic acid 9597+ 9.15 4616+ 3.67  69.28+ 8.80° 28.50+ 2.72 0.41:0.04

1.05% Phytic acid 97.40+14.36 5445+ 874  75.03£10.287 25.68+ 3.13 0.35+0.07
1500 ppm Zn

0.00% Phytic acid 10266+ 7.18  67.15+ 5.80° 5992+ 696" 2067+ 2.97 0.350.07

0.35% Phytic acid 11668+ 9.99  63.88:1347""  62.52+ 7.88°%  21.67+ 2.63 0.35+0.04

1.05% Phytic acid 9265¢13.50  53.53: 241" 89.93+15.04”  20.89+ 2.82 0.2420.09
0 ppm Zn® 102.69+15.02  58.60+ 824  104.81+1594° 23.63+ 6.06° 0.230.04°
30 ppm Zn 96.35£11.24  51.25+ 7.92° 66.78+12.05° 25.54+ 3.71° 0.39+0.06"
1500 ppm Zn 1040841472 61.19+1047° 71.43+17.43° 21.10+ 2.84° 0.31+0.08°
0.00% Phytic acid* 97.87+ 9.66° 5795+ 8.93 7321+22.41° 21.79+ 2.50° 0.32+0.09
0.35% Phytic acid 109.17414.98°  55.03+11.11 83.0427.01° 24.74% 4.00° 0.32+0.10
1.05% Phytic acid 96.34:13.82°  52.9125.23 89.47+15.75 23.88+ 6.55" 0.28+0.08

Analysis of variance-(P-values)

Zinc effect NS’ 0.01 0.01 0.01 0.01
Phytic acid effect 0.01 NS 0.01 0.01 NS
Zinc x phytic acid NS 0.01 0.01 NS NS

1 Values are means+SD (n=6).

2 Means within columms not sharing a common superscript letier of with prime are different at P<0.05 and without

prime at P<0.01 by Scheffe’ contrasts.
3 Zinc groups 0, 30 and 1500 ppm represent rats fed those different zinc contents for all levels of phytic acid intake.
4 Phytic acid groups 0, 0.35 and 1.05% represent rats fed diets having those different phytic acid contents for all levels

of zinc intake.

5 NS means not significant.
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Table 5. Phospholipid, triglyceride and total cholesterol contents in the liver of rats fed diets containing 0, 30
and 1500 ppm zinc at three different levels of phytic acid for 28 days'?

Dietary Phospho Total
composition lipid Triglyceride cholesterol
mg/g mg/g mg/g
0 ppm Zn
0.00% Phytic acid 19.20+ 1.94"* 7.69+1.31% 1.5740.16
0.35% Phytic acid 2021+ 1.14% 13.13+1.98"" 1.550.18
1.05% Phytic acid 21.40+ 1.46" 10.91+1.36” 1.53+0.19
30 ppm Zn
0.00% Phytic acid 17.81+1.457 13.94+1.41" 1.99+0.18
0.35% Phytic acid 17.56+1.43% 11.25+1.32°¢ 1.64+0.10
1.05% Phytic acid 20.93+1,18" 12.66+0.88" 2.20+0.21
1500 ppm Zn
0.00% Phytic acid 15.48+0.54° 8.86+1.43°¢ 1.53+0.10
0.35% Phytic acid 19.97+0.89% 13.94+0.96° 1.76+0.19
1.05% Phytic acid 17.63+1.02" 10.05£1.25° 1.74+0.09
0 ppm Zn® 20.33+1.78° 10.59+2.69° 1.63+0.01°
30 ppm Zn 18.7642.09° 12.61£1.68" 1.94£0.29°
1500 ppm Zn 17.69+2.12° 10.90+2.47° 1.67+0.19°
0.00% Phytic acid4 17.5042.07° 10.16+3.06° 1.78+0.14
0.35% Phytic acid 19.25+1.64° 12.77+1.87° 1.65+0.16
1.05% Phytic acid 20,1942.07* 11.13+1.61° 1.80+0.35
Analysis of variance(P-values)
Zinc effect 0.01 0.01 0.01
Phytic acid effect 0.01 0.01 NS’
Zinc x phytic acid 0.01 0.01 NS

1 Values are means+SD (n=6).

2 Means within columns not sharing a common superscript letter of with prime are different at P<0,05 and without

prime at P<0.01 by Scheffe’ contrasts.

3 Zinc groups 0, 30 and 1500 ppm represent rats fed those different zinc conmtents for all levels of phytic acid intake.
4 Phytic acid groups 0, 0.35 and 1.05% represent rats fed diets having those different phytic acid contents for all levels

of zinc intake,
5 NS means not significant.
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Zn #F¥2 X 30ppm Znio] Zn AHPF
R 1500ppm ZnTel HI3) F7 =2 (p<0.01),
Zn AT 1500ppm Zn el AR

Phytic acid $~F¥ 2 K 0.35% phytic acidF
°] 0 @ 1.05% phytic acidiol] vI3] Z7}ERo
o, 03} 1.05% phytic acidZ7toll= B4 B 5
B}t Znd} phytic acid 4352883 Zn 2
HT3 Zn FFFF(1500ppmyo) A= 0.35% phytic
acidg 718 u), 7+ 5 triglyceride 327} &%
o5, Zn B3TEoppmAXE 7HE 23kt

7t 2 total cholesterol %+ Ao] £9] Zn &
Foll os] FFES wRATHp<0.01), phytic acid
ol o3 9L IR, Zn#} phytic acid 4
ZAGENRT YAk

Zn 4282 ¥¥ 7+ £ towl cholesterol T
7} 30ppm ZntAl A Zn AHF 2 1500ppm ZnT
o vla] #A3] F71ERAoM(p<00l), Zn AHT
3} 1500ppm ZnF 7t @ zpolrt Qi

Hwang 5(1984)°l 2] 7+ 2 total cholesterol
FES Aol F Zn Fo] ¥& H(0ppm)= F7}
HAL, ¥& #WE0ppmE FAHAG 3
& 499 Zn 29T 8 oIy Zn
FFT(1500ppm) A e 2 Bt

o]’}e] 7t % phospholipid ¥ %<9} triglyceride

= phytic acide] H7bel A58 aAZE 1
FT9 Zn?Q) 1500ppm 4:3ofA] 1.05% phytic
acid®] H7t2 ZAHISE ¢ 4 AR

off

V. A&

Zn2] YA o]&-&ol v]z]= phytic acide] F3¢
& @olR7] #18td Zn $F0, 30 2 1500ppm)
ol wa} phytic acid®] d718H0, 035 2 1.05%)<
283 Aolg AF 60~74g2) Sprague-DawleyE
TR 8 FE 28U A8l FAE, Yol
ZF 8484 a8ln 83 ¢ 2 5 NAHES
A5t dolx Axte oy 2o

L A, o7 ¢ AojagL 30 ¢
1500ppm Znztoll B3} Zn AWM ZAEHY
i1, 303} 1500ppm Znid oA E HAR ARE
e

2. ¥4 & GOTY 42 1500ppm Zni3}
0.35% phytic acidZelA 718 Z7}E13, Znh
phytic acid A3 &-453% AQAFHGoH, GPTY
842 30ppm ZnTol| A 713 ZAF Aok Alkaline
phosphatase ] 432 30ppm Zn?#} 1.05% phytic
acidt ol A 71 Z4EH AT

3. % % phospholipid®] FE+ 0.35% phytic
acidzto| A 7+ Z71Elen, triglyceride®] 5
EE 30ppm ZnzolA 7 4, total
cholesterol F %+ Zn¥} phytic acid 52883
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T4 F71=%1ct. HDL-cholesterol®] FEv
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7}=]9) 1, HDL-cholesteroljtotal cholesterol ratio
£ 30ppm ZnFAA 7HF A WERSTH
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GOT, GPT ¥ alkaline phosphatase®] 8413} total
cholesterol®] FE v £/} ¥ Zn 5%
22 1500ppmTol 4] 1.05% phytic acide] H71=2
alkaline phosphatase?] &4-& F3131A #A2HU
21} cholsterol® EolRSS& ¢ & UYL BH
% HDL-cholesterol®] F%+1.05% phytic acide]
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ol AQ FH) Wt 1559 Zn FoIA] phytic
acid®] Frle AR HHF] o
o 719g = g Aoz FZHT
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