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=ABSTRACT =

This study was performed to investigate the effect of different levels of protein and iron
in the diet upon Fe, Cu and Zn metabolism in rats during four weeks of growing period.

Forty-five male weanling rats of Sprague-Dawley strain weighing 68.5 +1.1g were divided
into 9 groups and each group was given with one of the 9 different kinds of diets for four
weeks. The three dietary protein levels used were 5, 20 and 40 % and Fe levels 0, 35, and
350 ppms,

The results obtained were summarized as following ;

1) Food intake and body weight gain in 20 %(SP) and 40 % (HP) dietary protein groups
tended to be significantly higher than 5 %(LP) protein groups. Protein efficiency ratio (PER)
was higher in LP groups than in HP and SP groups. With dietary Fe levels, there were
no significant differences among groups in food intake, body weight gain,and PER.

2) In LP groups, the Fe concentrations in liver, kidney, and hind limb muscle were higher
than inSP and HP groups. Regarding with dietary protein levels, the liver Cu concentrations
in LP groups were slightly higher, but the liver Zn concentrations were lower in LP groups.
The Fe concentrations in liver and kidney tended to decrease with decrease in dietary Fe
levels, but Cu and Zn concentrations showed no consistent tendency with dietary Fe levels.

3) The Fe, Cu and Zn concentrations in serum were not different from dietary treatments
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except that the serum Fe concentrations increased slightly in LP groups.

4) The Fe and Cu concentrations in urine tended to be higher in HP groups. Fecal Cu

and Zn concentrations showed no significant differences in dietary protein or Fe levels,

but the Fe concentrations tended to increase with increase in dietary Fe levels.
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Table 1. Experimental design

Dietary levels
Group * Protein(%) Fe (ppm)
LP - LFe 5 0
LP — SFe 5 35
LP - HFe 5 350
SP - LFe 20 0
SP -~ SFe 20 35
SP - HFe 20 350
HP — LFe 40 0
HP - SFe 40 35
HP — HFe 40 350
*x LP: 5% protein, LFe: Oppm Fe
SP :20% protein, SFe : 35ppm Fe
HP : 40 % protein, HFe : 350 ppm Fe
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Table 2. Compositions of diets
( /kg diet)

Diets 59% 209% 409%
Casein Casein Casein
diet diet diet

Ingredients

‘Corn- starch 870g 720g 520g
Casein 50g 200g 400g
Cotton seed oil 45cc  45cc  45cc
Salt mixture @ 40g 40g 40g
Vitamin A. D mixture ® lec  1lece lcc
Fat soluble vitamins ® 2cc  2cc  2cc
Water soluble vitamins @ + + +
Vitamin By, G lee lcc lcc

@ Salt mixture .
(g /kg Salt mixture)

Calcium carbonate 300.0
Dipotassium phosphate 322.5
Magnessium sulfate.- 7H,0 102.0
Monocalcium phosphate - 2H,0 75.0
Sodium chloride 167.5
Ferric citrate.- 6H,0 *
Potassium iodide i 0.8
Zinc chloride ‘ 1.56
Copper sulfate - 5H,0 0.59
Manganous sulfate - H,O 5

* LFe group : Og
SFe group : 5.53g
HFe group : 55.30g

® Vitamin A.D mixture
(mg /cc corn oil)

0.1 (850 L. U)
0.01( 85 L U)

Vitamin A
Vitamin D

® Fat soluble vitamin mixture

Alpha tocopherol acetate (Vit. E) 5g
Menadion (Vit. k) 200 mg
Corn oil ) 200 cc

@ Water soluble vitamin mixture

(mg /kg diet)
Choline chloride 200
Thiamine hydrochloride 10

Riboflavin ' 20
Nicotinic acid 120
Pyridoxine 10
Calcium pantothenate 100 ;
Biotin 0.05
Folic acid 4
Inositol 500
Para~amino benzoic acid 100

® Vitamin By, solution

5mg vitamin B;,/500 cc distilled water
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Table 3. Food consumptions™

Fe, Cu 3 Zn wjzlell wlxji= 43

(g /week)
Group Periods 1 week 2 week 3 week 4 week 5 week
LP — LFe 11.3 +0.4NS**| 10.8+ 0.7b&**| 11.54+0.6bcd | 12.3 +0.7bed | 11.5 +0.0bc
LP -~ SFe 10.7 +0.2 9.6 +0.5¢ 9.6 4+ 0.8d 9.7+1.3d 9.9+0.0c
LP - HFe 11.0 +0.9 10.8 + 1.1be 10.5+0.6cd 11.6 +-1.5¢cd 11.0+1.1¢c
SP - LFe 14.4 +0.7 15.5 4+ 0.3ad 17.2 + 0.,7ab 17.2 + 0.5abcd| 16.1 +0.4ab
SP - SFe 14.7 + 0.5 18.6 + 0.5a 19.9 +0.7a 20.6 + 0.9a 18.5 +0.6a
SP — HFe | 14.6-+0.7 17.5+ 0.7a 19.3 + 0.4a 19.5 + 1.1abe | 17.7 +0.6a
HP —~ LFe |13.2+0.4 16.9 + 0.6a 17.1 4 0.8abc | 18.0 +0.4abc | 16.3 +0.5ab
HP -~ SFe 14.3 +0.4 19.4 + 0.4a 19.7 +0.1a 20.2 +-0.4a 18.4 +0.4a
HP — HFe 14,0 0.4 16.2 + 0.9ab 18.6 +0.8a 19.9+1.0ab 17.2 4+0.6a
% Mean + S.E.
++ Not significant at « = 0.05 level by Scheffes test.
#xx  Values within a column not followed by the same letter are significantly different at
a = 0.05 level by Scheffe’s test.
Table 4. Body weight gains *
. (g /week)
Group Periods 1 week 2 week 3 week 4 week Total weight gains
LP - LFe 4.9 +1.6b* + 2.8b | 10.0 +2.6¢ 11.8 -+ 2.1b 30.5 + 8.6b
LP - SFe 45+3.9b 6+ 4.5b 6.24+3.9c¢c 11.5+ 6.6b 25.8 +-14.2b
LP - HFe 4.2+5.4b 1.8+ 1.7b 6.8+ 3.5¢c 12.5 4+ 8.2b 25.2 +11.8b
SP - LFe 37.4+3.6a 50.9 + 4.5a 24.0+6.2b 34.2 + 6.4ab 146.5 +19.9a
SP -~ SFe 47.5+ 1.6a 61.4+ 4.3a 35.4 +2.3ab 48.4 + 6.3a 192.7 +11.5a
SP _- HFe [43.9-+8.4a 43.3+ 5.9a | 46.7+8.0a 42.8+ 9.5a 176.7 -+ 26 .6a
HP - LFe 40.5+5.3a 39.1+ 5.3a 34.2 +3.7ab 36.9 + 4.1ab 150.7 +10.9a
HP — SFe [48.9+5.1a 51.8+ 7.5a | 44.6 +5.7a 45.2+ 4.0a | 190.6 +19.6a
HP - HFe |55.2-+5.4a 43.8+11.9a | 46.6 +-6.0a 33.8 -+ 14.0ab | 179.4 +23.7a

* Mean + S.E.

x+ Values within a column not followed by the same letter are significantly different at

a = 0.05 level by Scheffe’s test.
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Table 5. Protein efficiency ratios™®

Groups Periods 1 week 2 week 3 week 4 week

LP — LFe | 1.246 -0.389 N.S|0.943 -+ 0.467 N.S|2.465 -+ 0,428 N.S| 2.742 + 0.354abc
LP - SFe | 1.203--0.000 [0.982 +1.262 |1.689 +1.001 |3.228 +0.073a
LP — HFe | 0.993 +0.455 |0.440 +0.450  |1.798 +0.842 |2.919 +0.193a
SP — LFe | 1.856-+0.160 |2.352+0.176  [0.999 +0.267 |1.421 +0.218abc
SP — SFe | 2.316 +0.175 |2.363 +0.117 |1.274+0.521 | 1.676 -+ 0.110abc
SP — HFe | 2.138 +0.221  |1.765+0.147 |1.727 +0.234 | 1.558 + 0.197abc
HP — LFe | 1.095+0.132 |0.826 +0.065 |0.717 +0.068 | 0.732 + 0.068 bc
HP - SFe | 1.221--0.090 |0.955 +0.139  |0.811 +0.095 |0.461 +0.728¢
HP — HFe | 1.412+0.170  |0.953 +0.155  |0.892 +0.067 | 0.611 +0.252bc

*+ Mean 4+ S.E.

*%
*kk

at

Table 6. Liver Fe, Cu and Zn concentrations™

Not significant at « =0.05 level by Scheffe’s test.
Values within a column not followed by the same letter are significantly dlffetent
a =0,05 level by Scheffe’s test.

(ppm)
Fe concentrations Cu concentrations Zn concentrations
_ Protein
Fle i evels| LP SP HP LP SP HP LP SP HP
evels
*k Hkk *%
LFe 103.150 b 91.944b 85.780b |[13.600N.S| 13.213 12,165 19.545ab | 28.088a 25,675 ab
+4.745 —+ 6.633 =+ 3.080 + 1.227 + 1.985 -+ 2.607 [ + 0.889 =+ 0.935 -+ 1.659
SFe 131.020ab {102.595b 95,075b 9.505 5.710 4,685 18.900ab | 27.015ab | 25.610ab
+ 7.492 -+ 5.480 =+ 5.132 4+ 1.257 +0.336 4+ 0.368 | +2.093 + 1.388 -+ 0,713
HFe 160.650a (124.963ab |130.031ab | 8.006 4,894 3.663 16.406 b 26.794ab | 23.181ab
+6.815 | +6288 | +3.445 | 40815 | -+0336| +0.169] +0407 | +1114 | -+0.936

* Mean +S.E.
*%

at a =0.05 level by Scheffe’s test.
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Table 7. Kidney Fe, Cu and Zn concentrations”™

(ppm)
Fe concentrations Cu concentrations Zn concentrations
Protein
W LP sp HP LP SP HP LP SP HP
levels
*+ | 22,400 21.570 *k 8.800 11.140 *x | 24975 23.040
LFe BT | "L oms | 12616 | 7 +1.008| 41365 | 22 + 1080 | 40779
32.650 34.730 9.240 10.560 23.180 23.660
SFe 38.35 + 1282 | + 1475 | 92 S 0323| 40568 | 270 0469 | -+ 0.823
38.525 46.425 8.750 10.125 22.500 23.250
HFe 40.95 + 483 | 3031 | &7 40753 | + 0928 | 256 0779 | T+ 1604
* Mean 4+S.E.
#+ Fe, Cu and Zn concentrations of LP groups were analyzed with pooled samples.
Table 8. Hind limb muscle Fe, Cu and Zn concentrations®
(ppm)
Fe concentrations Cu concentrations Zn concentrations
Protein
Fe evels LP SP HP LP SpP HP Lp sp HP
levels
*x | 2,713 5.535 *x | 2.188 2.580 * | 10,425 11.050
LFe 9.725 1£0510 | + 1148 | 190 0198 | ogeo | 11357 | 3 0uie | 40722
6.385 5.835 1.960 1.730 11.210 11.150
SFe 9.875 + 1581 | + 1171 | 255 10060 | -+ 0207 | 150 10532 | 4 0594
8.213 8.500 1.488 0.825 11.550 11.200
HFe ) 847 1" 00 | woars | MO0 | 0183 | toass | B | T Toan | T 1156
* Mean + S.E,
++ Fe, Cu and Zn concentrations of LP groups were analyzed with pooled samples.
Table 9. Serum Fe, Cu and Zn concentrations ™
(ppm)
Fe concentrations Cu concentrations Zn concentrations
Protein
Nels LP sp Hp LP SP HP LpP sp HP
levels
*k * *x
LF. 29.676 N.S| 16.778 11.608 1.898N.§ 1.660 1.510 3.914N.S 4,068 3.360
e +4298 | +1760 | -+0421| +0052| +008 | +0063| +0167 | -+ 0.356| -+ 0.122
SF 29.588 22,102 25.002 2.340 1.738 1.400 4,590 4,132 3.520
e +1.85 | +2165| -+2566| -+0336| +0047 | +0175| +0540 | =+ 0.133| -+ 0.39
34.190 19.113 21,655 1.805 0.610 1.525 4510 3.503 4.000
HFe +3.101 | 40758 | +3.994| +0.056| -+0076 | 40057 +0572 | -+0.416| -+ 0109

* Mean 4 S.E.
** Not significant among 9 groups at

a =0,05 level by Scheffe’s test.
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Table 10. Urinary Fe, Cu and Zn concentrations®

{ppm)
Fe concentrations Cu concentrations Zn concentration
Protein
Fe “levels| Lp SP HP LP SP HP LP sp HP
levels ]
LFe |0608NS*(0645 | 1013 | 0013ab” 011lab | 0174ab | L046N.ST| 169  |1.393
+0098 [ +008 | +019 | +0006 | -+0018| +0009| +0136 | +0124| -+ 0.163
SFe 0.800 0.926 1.524 0.008b 0.151ab 0.289a 0.535 1.022 1672
+0247 | 40104 | +0248| 40004 | 40029 | —+0.034| -+0017 | +0105| -+ 0195
HFe 0.599 2.073 1,991 0.009b 0.139ab 0.206a 0.963 1.070 0.988
+0.226 | +0.6 +0144 | 40004 | +0020| +0034| +0113 | +0100| + 0.087
« Mean + S.E.
*+ Not significant among 9 groups at « = 0.05 level by Scheffe’s test.
*++ Values not followed by the same letter are significantly different among 9 groups
at a =0.05 level by Scheffe’s test.
Table 11. Fecal Fe, Cu and Zn concentrations *
{ppm)
Fe concentrations Cu concentrations Zn concentrations
Protein
Fe levels LP SpP HP LP SP HP LP SpP HP
levels
LFe 163.75 261.25 318.75 162.35 155.70 195.15 841.5 662.5 769.0
SFe 636.25 908.75 633.75 136.65 234,75 182.95 715.5 805.5 764.5
HFe 3687.50 | 4088.75 3416.25 175.70 161.70 169.80 819.5 694.5 751.5

+ Fe, Cu and Zn concentrations were analyzed with pooled samples in all the groups.
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