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An exper iment  was  conducted  wi th  one  day-old  Whi te  Leghorn  male  ch icks  to
study the effects of different levels of dietary Zn on the concentration of Zn. Fe
and  Cu in  d i f fe ren t  o rgans . Regress ion  ana lys i s  revea led  pos i t ive  cor re la t ion
between dietary Zn concentration and Zn concentration in the liver and pancreas
until 50 days of age and in the testes and kidneys until  40 days. T h e r e  w a s
negative correlation between dietary Zn concentration and tissue Zn at duration
of feeding in the testes with all dietary Zn leve!s and in the pancreas with the
two higher levels of Zn. Zn  concent ra t ion  in  the  hear t ,  b ra in ,  b reas t  musc le
and leg muscle was not influenced by addition of Zn to the diet. The antagonistic
effect of Zn with Fe contents was observed at 40. 50 and 85 days of age in the
liver. The same effect was detected at 50 and 85 days in the testes and kidneys.
In the spleen and heart, accompanying the increase in the dietary Zn, decreases
in Fe concentration were evident at 30 and 50 days. No significant changes were
found in Fe concentration in the brain and muscles throughout the experimental
period. The lack of a loss of Fe concentration in these organs suggests that a
critical level of Zn was not attained to affect Fe concentration. The Cu concen-
tration in the liver, kidneys, heart and brain was not affected by addition of Zn
to the diet and by duration of feeding.

INTRODUCTION

Adaptation to environmental alteration and the capacity of self regulation
are fundamental characteristics of living systems which result in the mainte-
nance of a dynamic steady state called homeostasis. A basic requirement in
maintaining homeostasis is the ability to alter the rate of metabolic reactions
which underlie the various physiological processes. Zn homeostasis has been
established in rats and ruminants. (Stake et al., 1973, 1975; Ansari  et al.,
1976). Information relating to regulation may be obtained by investigating
the role of different levels of Zn in the maintenance of homeostasis (Miller
et al., 1970; Stake et al., 1975). In ruminants, Zn homeostasis is effective with
low dietary Zn but less effective with the high Zn level.

The interactions of Zn with other dietary constituents are important es-
pecially in the study of Zn. It appears that no particular symptom may be
specifically attributed to Zn alone, but some changes are observed as a result
of several other nutrients. Smith and Larson (1946) indicated that the micro-
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cytic anemia caused by feeding a relatively high concentration of Zn in rats
was actually the result of impaired utilization of Fe for hemoglobin formation
and this condition was corrected by addition of Cu to the diet. Later, Settle-
mire and Matrone (1967) suggested that Zn affected Fe metabolism by; a) im-
pairing the incorporation of Fe into or release from ferritin, which would in-
fluence Fe absorption and storage, and b) shortening the life span of eryth-
rocytes, which would cause a faster turnover of Fe. Van Campen  and Scalfe
(1967) postulated that Zn alters Cu metabolism by impairing its absorption as
mediated primarily via the direct effect of Zn either in or on the intestine,
when rats received Zn either intraduodenally or intraperitoneally.

Excess dietary Zn has been documented to produce an antagonism to Fe,
Cu and Ca in rats (Cox and Harris, 1960). But this effect is not completely un-
derstood in the fowl.

The present study was therefore undertaken to investigate the effects of
dietary Zn levels on the concentration of Zn, Fe and Cu in different organs.

MATERIALS AND METHODS

The experiment was conducted with one day-old White Leghorn cockerels
randomIy  divided into 4 groups, one contro1  and three experimental groups, of
30 chicks each. The control group was fed the basal diet described previously
(Eltohamy et al., 1979) containing 32 ppm Zn, 85 ppm Fe and 5 ppm Cu. Three
groups were given the experimental diets which 50, 250 and 1000 ppm Zn (as
Zn ammonium sulphate) were added to the basal diet respectively. The ex-
perimental period was 85 days. The diet and distilled water were offered a d
libitum.  Five chicks from each group were killed at 10, 20, 30, 40, 50 and 85 days
of age. The liver, testes, pancreas, kidneys, heart, spleen, brain, breast mus-
cle and leg muscle were removed rapidly, and the individual organs from
each chick were stored separately at -20°C until required for analysis.

The tissues were wet-digested with a 3 : 1 (v/v) mixture of nitric and
perchloric acids and then assayed by atomic absorption spectrophotometry for
Zn, Fe and Cu determination. Zn, Fe and Cu content were calculated as Zn,
Fe and Cu concentration (ppm) on fresh weight basis. The results were an-
alysed statistically by analysis of variance and linear regression correlation
(Snedecor, 1956). The standard error of the mean was given.

RESULTS

Data showing the effects of different levels of dietary Zn on the concen-
tration of Zn, Fe and Cu in selected organs are presented in Tables 1, 2 and
3. At 10 days of age, the concentration of Zn in the liver, pancreas, testes,
kidneys and spleen of cockerels fed 1000 ppm dietary Zn was significantly higher
than those fed the basal control diet. There was a significant increase in
the concentration of Zn in the liver and spleen of cockerels fed 250 ppm dietary
Zn compared with those from the control group. But the apparent increase
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Table 1. Effect of dietary Zn levels on Zn concentration of selected
organs.
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Tissue

Liver

Pancrea!

Testes

Kidneys

Spleen

3

i

ia
tc

(I

Zn
dded
II the
diet
ppm)

0

2;:
1000

0

2::
1000

5:
250

1000

0

22:
1000

5:
250

1000

5:Heart 2 5 0
, 1000

i

i
0

Brain 22:
1000

0
B r e a s t
muscle ~ 2;:

, 1000
__L

0
Leg 50
muscle i 250

, 1000
i

Tissue Zn concentration at the experimental period

10 days 20 days
(ppm) (ppm)

30 days
(ppm)

40 days
(ppm)

50 days
(ppm)

85 days
(ppm)

24.Ort  2.2* 22.lt 1.9*  21.1-t12.1*  21.6t 4 . 2 ”  20.7t  1.3* 27.3i 4 . 5 ”
30.lf  3.9 27.4t 7.51’ 27.2i 1.0” 26.8f 1.82’ 24.4-t 4.6” 32.22 4.3
37. o+ 7.11’ 29.65 2. 5 29.Ok 2.4” 24.5f 2.3 22.42 3.42’ 28. li 9.9
64. 2i28. 4’) 36. Oi 10. 91’ 51.8+ 3. 4” 44.71-24.21’ 28.1k 4.33’ 36.4i- 5.3

2a.at  9.4 33.1-c 4.9 24.7rt 8.5 19.2t- 1.3 15.9, 2.6 24.9t 5.4
47. If 9. 2 44.9f 9.2 39. lk 5. 5 34.8i 3.82’ 23.6t  6.92’ 40. 6k 0.81’
53.22  6.1 50.2f 2.0 47.6i 3.0*’ 29.8i 3.g2’ 25.4t  2.8 15.3i 1.0”

110.7f34.1” 79.9+ 7.9 78.6i 2.72’ 49.9i12. 02’ 43.4k11.4” 21.8+ 4. 5

83.3k29.9 77.1526.6 77.3k47.6 35.8f 7.4 24.2+ 7.6 13.4i 1.6
144.7i27.4 141.3i11.71’ 93.1k60.6 32.3F 5.7 33.5i 9.4 13.6+ 0.5
210.4k79.0 159.8-t78.0*’ 8 7 .  l i 3 7 . 2 35.lkl2.5 38.3Ik17.1 6.5i- 0.2l’
306. 6235.3” 231. 5+69. 91’ 100.8k47.4 45. li18. 53) 42. 6?25.9l’ 6. 2k 0. 62’

27. 9F- 8. 6 18.4f 1.3 19.4f 3.4 1a.7t 5.7 17. li 2.4 19.4? 1.2
26.4+ 6.5 19.62 2.3 21.2k 1.22’ 22.9i- 0.51’ 20.3i 1.8
29.1rh  6.5 20.6i 2.0 22.7i 1.5” 22. 6i 2. 5 19. li- 1.5

;;.y; 8.;

34.4+ 2.82’ 25.3& 1.7 28.4? 4.8 28.7+ 4.6 21.7* 2.4 23:5f 1:l

28.5rt 4.5 35.9rt 9.3 25. II 3.9 24.7k 3.9 20.4t 0.9 22.72 0.7
25.5+ 4.5 36.2f 6.2 25. 9i 2. 2 29.6& 4.3 25.2+ 2.32’ 22.5f 0.7
42.82 18. 1” 42.0112. 5 28.85 2.9 30.5f 0.1 21.92 1.5 22.4t 0.7
46. 9+ 12. g2’ 48. 7f 15. 0 28.6f 3.4 32. 6f 6. 0 22.5t 0.9 20. 7t 0.8

_~_
40.8k10.9 25. 8f 3. 5 24. 5f 2.2 24. 2t 1. 7 24.1Ifr 1.8 25.9f 0.8
37.25 13.2 26.22  3.4 24.5f 1.5 25.6t 1.2 24.8+- 0.9 25.0, 3.8
34.3f 5.3 27.2? 2.5 26.4+ 1. 8 24. 2t 5. 8 23.8t 2.3 25. Ot- 1. 5
36.32 8.8 26.41 4.1 27. 3i 1. 5 24. If 0.9 24. 2+ 2. 0 24.4+ 1.1

11. I& 1.4- 11. 7+ 0. 6 11.3f 0.5 12.6f 2.0 a.a_t 1.4 10. 1t 1. 2
11.9+ 1.3 14.5*  1.7 11.5+ 0.8 12.Of 2.0 10.3+- 0.6 10.4f 0.6
12. a+ 3.0 13.2f 0.4 11.3* 1. 1 13.9i 2.8 9.8k 0.7 12.0+ 1.2
13.Ot 1.6 13.2t 2.7 12.9+ 0.6 12.3zk 0.8 10.5i 0.7 11. 6+ 2. 6

11.7+ 3.4 7.6& 0.9 6. 2 t 0. 7 4.6t 0.2 4 . 8 , 0.5 4.8i 0.2
11.4i 0.8 7.8+ 0.9 5.7i 0.4 4.92 0. 6 5. 5+- 0.9 5.8k 0.9
16.0+ 4.2 7.8f 0.9 6.lt 0.3 5.3ir 0.6 5.8& 2.1 5.3+ 0.6
18.5i 3.5 8.41 0.7 5.9f 0.6 5.4t 1.2 4.8t 0.4 5.6+ 1.6

21.31- 3.2 18.0-t 1.8 14.8?c 1.1 13.12 0.6 13.65 2.0 14. 21- 3.5
24.Oi 6.8 18. 6i 2.8 15.1+ 2.8 13. 7+- 1. 6 21.7i- 4.5 10.9i- 0.8
24.8t 9.7 19.4+ 2.4 16.8ir 2.5 14. a-+ 2.9 12.82 2.9 9.9t 1.4
25. 4t 3. 5 20. 4f 3. 5 16.4+ 1. 1 14.7 , 1.4 11.1+ 1.8 15.9ir 3.1

* Mean value&standard error. 1) Significantly different (p<O.Ol)  from control
group by analysis of variance. 2) Significantly different (p-:0.05) from control
group by analysis of variance.

in the concentration of Zn in the other organs, when 250 and 50 ppm dietary
Zn was fed, was not statistically significant. Though Zn concentration was
reduced in the heart with the dietary Zn levels, the reduction was not stati-
stically significant.

The data indicated that increasing levels of dietary Zn were associated
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Tissue

Liver

Pancrea

Testes

Kidneys

Spleen

Heart

Brain

Breast
muscle

Leg
muscle

Table 2. Effect of dietary Zn levels on Fe concentration of selected
organs.

Zn
ddec
3 the
diet
ppm:

5:
250

1000

5:
250

1000

5:
250

1000

5:
250

1000

5:
250

1000

5:
250

1000

0

2::
1000

0

2::
1000

Tissue Fe concentration at the experimental period

10 days 20 days 30 days 40 days 50 days 85 days
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

56.2flO. 5* 43.2+ 8.1* 5 0 .  i 11.9* 66.2*17.0*  97.3f25.7* 171.8,23.3*
73.21 6.1 43.ot 6.4 61.4i-  13.7 60. Of 10.1 90.3&11. 12’ 163.Ot-33.1
60.3i19.4 43.2k 4.2 74.5k16.5 53.7i20.2 67. l+- 2.81’ 152. lzk21.6
79.91-19.2 52.4k 7.6 74.8t10.6 46.4210.8 49. 2, 4.21’ 147.2 539. a

14. li 1. 6 14.3i 1.7 12.31 1.8 10.4f 2,l 11.7k 2.1 10.1* 1.1
16. lk 3. 2 13.3t 1.9 11. 6k 1. 7 10.7-c 0.9 13.Ort 0.6 9.5F 2.0
17.3+- 3.5 13.6t 1.2 10.3* 2.1 11.5+ 3.3 11.9f 1.9 8.6? 1.1
30.3zk13.91’ 12.ot 2.8 10.9+- 1.7 10.6k 1.3 10.3+ 1. 1 9. I+ 0. 8

114.9i45.3 15. 7_t 6. 3 14.Of 0.5- 14. lk 4. 1 11.5+ 1.9 6.9t 0.5
125.9k58.4 34.7111.7 20.0+ 0.4 19. 1+ 4. 3 9.8rt 1.4 4.2t 1.0
123.8i42.8 38.6+ 5.9 22.4+- 0.8 19. Of 2. 7 8.4t 0.62’ 4.7i 0.8
120.3i40.6 43.7f 9.9 23.4i- 1.3 19.Of 5.8 7.7F 0.87’ 5.7+ 0.4

28.5i 5.0 39.8t 5.3 48.Oi 8.4 41. If 8. 9 47. If 5. 1 73.2t10.5
23.3F 7.4 34.9& 7.8 47.3i 3.7 46.25 5.3 56.3+ 8.9 79.7? 7.7
21. 3f 8. 4 36. Ok 3. 7 42.7i 5.9 46.9+ 6.0 53.Of 5.1 70.7* 8.0
40.4F 5.0 32.3+ 4.2 45.Oi 6.2 45.3-tl1.3 42.01 3.9 67.0t13.8

52. 8i 8.4 66.1111.9 88.5i11.6 71.7i 8.7 114.6k10.7 144.3f20.5
71.9-t 6. 6 69.5i- 5.1 67.9-t 14.7 88.li15.1 109.3t12.7 146.7k22.5
80.1k18.2 67.9+ 9.9 67.9kll. 1 68.3t 9.7 103.6f23.6 114.8k12.9

101.3~20.92’ 71. 2tll. 6 72.41k12.  6 72.3k15.1 102.4k24.1 150.3t15.8

32. lzk 3. 1 34.9t 3.1 37.7* 2.1 31.4i 2.4 45.8zk 6.6 39.1zk 2.3
35. Of 2. 2 34.9t 3.0 33.0+- 4.6 35.3+ 2.5 41. 5i- 6. 8 39. 3zk 4. 1
36.2k 5.2 34. 2* 2. 7 38.2t 4. 0 31.8t 3. 6 3 7 . 9 , 3.0 38.3+ 4.2
38.8+ 6.8 34.5t 2.7 31.2+ 2.9 32. l+ 3.2 34.9_t 2.02’ 38.5+ 2.8

11.32 0.9 13.0, 0.9 10.4t 2.3 10.4* 1.0 13.3* 0.1 14. 1 f 0. 7
11.3-t- 1.8 13.0+ 0.8 11.2~~ 1. 5 lO.Ot 0. 6 15.8k 0.1 13.8+ 0.5
11.6+- 1.4 13. Ort 0.8 14.0+ 1.2 10.9f 0.9 14.O& 1.9 14.1+ 1.2
14. 2+ 1. 6 11. 7+ 1.8 13. 6+ 1.5 14.92 0.6 14.9~ 0.6 13.8rt 0.8

9.7F 3.9 6.02 0.9 5.7* 1.1 4.9+ 0.3 5.9i 0.5 3.8F 0.7
11.21 2. 6 5.2i 0.4 5. lk 1.0 4.2_t 0.1 5.2+ 0.3 4.6-f 0.9
12.3+- 2.8 5 . 4 , 0.5 4.7+ 1.0 5.ot 0.3 6.5t 0.4 3.9+- 0.9
15. O+ 6. 7 6.Oh 0.8 4.7-+ 0.5 4.6t 0.2 5.8+ 0.9 3.95 0.9

12. 2* 2. 1 12.5+ 1.2 9.9f 0.8 7.85 0.8 8.5+ 0.3 9. If 0.9
12. 6t- 4. 3 11.5t 1.2 9.2i 0.8 13.6, 1.7 8 . 5 , 0.2 7 . 9 , 0.7
12. 6i 2.1 10.8? 1.4 9.4t 1.5 8.7f 0.5 7.7f 0.2 6.4f 0.5
17.3i 3.5 12.3* 1.0 10.7F 0. 5 9.8f 1.6 8.9+ 0.6 8.8+ 1.7

* Mean valueistandard error. I) Significantly different (p<O.Ol) from control
group by analysis of variance. *) Significantly different (p<O. 05) from control
grout by analysis of variance.

with increases in the concentration of Zn in the liver, pancreas, testes, kid-
neys and spleen at 10, 20, 30, 40 and 50 days of age (Table 1). At 85 days of
age, no significant differences in the concentration of Zn in the liver were
found between groups. In the pancreas, Zn concentration was declined with
the levels of 1000 and 250 ppm dietary Zn at the same age. The reduction of
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Table 3. Effect of dietary Zn levels on Cu concentration in liver, kidneys,
heart and brain.

Tissue Cu concentration at the experimental period
Tissue Ito the! diet 10 days 20 days 30 days 40 days 50 days 85 days

I(Ppm) (ppm) (ppm) (PPrn) (ppm) (pPm) (ppm)
_~~_.

! 0’

I,$ !

4.3&O. 5* 3. GI!z  1.3, 3. 7-tl. o* 3.9+0. 2* 3.3*0.  2* 4.3*1.5*
Liver 5.0f0.9 4.1kO.l 9. ;;;. ; 4 .2 t0 .8 3. 4+0.  5 2.3to.  1

4. 8F0. 5 3.9*0.  5 4. lkO.4 3.4&O.  3 4.2+-o. 4
4.710.9 4. OfQ. 4 5: 620. 9 4.4io.  3 3.8iO. 4 4.7&O.  4

~~ .____  .__~  ~~_~~

j O $zfi pp:i yE:b pg:; pz;p  pg:;Kidneys ,
/

z$
1000 Traces 2.4rto:  5 2:4iO.4 2: SiO: 1 2: 6+-O. 4 3: 2fO:  6

~_~_______-
~

Heart 5:
3.3kO.3 3.250.1 3.5io. 1 3. 1+-o.  1 2. 8&O.  4 3.3io. 3
4. Oil. 0 3.1&O. 1 3.620.2 3.4kO.2 2.7to.  1 2.8k0.8

250 3. 5&O. 6 3.liO. 2 3.5-1-o. 1 3.3io. 1 3.1to.  2 3. 2tO. 8
1 1000 3.7k1.5 3.2&O.  1 3.9&O.  2 3.4FO.  3 3.3to.  2 3 .2 t0 .2
I
I 1.8t-0.9 2.2-to.  4 1.9*0.2 1. 5kO.4 1.8+0. 2

Brain 5: 2. Of 0. 2 2: ;. ;I;. oio: ; 2. o+o. 3 1.8kO.3 1.7+-o. 1 1.710.1

~,z / 1.6iO.  2. o*o. 2 4 2. oto. 3 4 2. 2.020.3  oto. 4 3.3to.  1. 7to.  4 3 1.8k0.2  1.9to.  2 1.4kO.4  1.9&O.  3
_____.._

* Mean valueistandard error. All variances showed no significancy from the
control values by statistical analysis.

Zn concentration was significant only with the level of 250 p p m  Zn.  In con-
trast, the concentration of Zn in the pancreas with 50 ppm dietary Zn was
increased significantly by 62% over those of the basal control group. The
concentration of Zn in the testes confirmed the same trend, but the magni-
tude was larger than in the pancreas. It is noteworthy that the testes con-
tained the highest concentration of Zn among all organs tested at 10 days of
life and contained the lowest concentration at 85 days. In the kidneys, Zn
concentration was the same for the three groups receiving dietary Zn at 85
days. The three groups did not differ significantly from the control group.
Zn concentration in the heart was not influenced by the dietary Zn levels at
20, 30, 40, 50 and 85 days of age. The levels of Zn in the heart of cockerels
receiving dietary Zn was essentially the same as for cockerels fed the basal
diet. No significant changes were noted in the concentration of Zn in the other
tissues by increasing dietary Zn levels.

As the Ievels  of diefary Zn were increased, a corresponding increase in
Fe concentration in the liver was observed at 10 days of age but the differ-
ences between groups were insignificant. The dietary Zn levels appeared to
be antagonistic to Fe concentration in the liver. The antagonistic effect was
observed at 40, 50 and 85 days of age but the data were statistically significant
only at 50 days.

In the pancreas, there
the increase in the dietary
increase in the dietary Zn,

,

was an increase in the concentration of Fe with
Zn levels at 10 days of age. Accompanying the
smaller decreases were evident at 20, 30, 40, 50
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and 85 days.
A slight increase in the Fe concentration was found in the testes by in-

creasing the levels of dietary Zn at 10, 20, 30 and 40 days, while at 50 and 85
days, Fe concentration decreased as the levels of dietary Zn was increased.
The decrease in Fe concentration was statistically significant with the levels
of 1000 and 250 ppm dietary Zn at 50 days.

At 10 days of age, variations between groups occurred in the Fe concen-
t.ration in the kidneys. The cockerels fed 1000 ppm dietary Zn contained more
Fe concentration in the kidneys than the cockerels fed the control diet, whereas
the levels of 50 and 250 ppm Zn resulted in reduction in the Fe concentration
as compared with the control group. These changes were not statistically
significant. The antagonistic effect of dietary Zn in the kidneys was occurred
from 20 days of age. At 50 and 85 days, the antagonistic effect was observed
only with the level of 1000 ppm Zn, while the levels of 250 and 50 ppm Zn
at 50 days and the level of 50 ppm Zn at 85 days caused an increase over
those of the control group, though statistical significance was not attained.

In the spleen and heart, there were an increase in Fe concentration with
the increase in the dietary Zn levels at 10 days of age, but the only signifi-
cant elevation was noted with the level of 1000 ppm Zn. A trend of lower
concentration of Fe was observed in these organs as the levels of dietary Zn
was increased at 30 and 50 days, but Fe concentration in the heart was sig-
nificantly decreased with the levels of 1000 ppm Zn at 50 days of life.

None of the dietary treatments of Zn had any significant effect on Fe
concentration of the brain, breast muscle and leg muscle during all the experi-
mental periods.

The Cu concentrations of the liver, kidneys, heart and brain were not
affected by the addition of Zn to the diet and by duration of feeding. Where-
as, the Cu concentration of the testes, pancreas, spleen, breast muscle and
leg muscle was traces and there were undetectable changes with dietary Zn
levels,

In order to prove more sufficiently the relationship between concentration
of Zn or Fe in tissues and dietary Zn, regression analyses on the Zn or Fe
values in tissues versus the dietary Zn level and age were carried out. The
present finding, where statistical significant relationships or trend were ex-
isted, are given in Tables 4, 5 and 6.

Analysis revealed highly significant (p<O. 01) positive linear regression of
dietary Zn level on Zn concentration in the liver at 10, 30 and 40 days of age
and significant (p<O. 05) at 20 and 50 days. But, it should be noted that the
Zn concentration in the liver for the group receiving 50 ppm dietary Zn was
higher than the corresponding values for the group receiving 250 ppm dietary
Zn at 40 and 50 days (Table l),

The linear regressions of dietary Zn level on Zn concentration in the
pancreas were highly significant (p<O. 01) at 10, 20, 30 and 50 days of age and
significant (p<O. 05) at 40 days. With the two higher levels of dietary Zn,
there was a significant (p<O. 01) negative linear regression of Zn concentra-
tion in the pancreas and duration of feeding (Table 5).
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'Table 4. Correlation coefhcients  between dietary Zn concentration and
Zn concentration in selected organs,

Period
(days)

Correlation coefficients

Liver  Pancreas  Tes tes  Kidneys  Spleen Hear t Brain Breas t Leg
muscle muscle

10 0.9941' 0.9861' 0.9372' 0.963” 0.83’5 -0. 422 0.768 0.9113’ 0.717
70 I 0 4723) 0 9701) o_ s,, 3) 0.993.~~ 0. 968” 0.2’21 0.745 0.359 0.9333’
36 0.  _.l_-  988"

.._ _ . .
0.971" 0. ~. 783 0. 725 0. 8873’ 0. 9541’ 0. 113 0.644

40 0. 963” 0.8813’ 0. 9147’ 0.763 0. ‘149 0.293 0.787 0. 701
50 0. 8793’ 0.973” 0.802 0.769 - 0 . 1 2 7 - 0 . 1 1 7 0. 641 -0. ill - 0 . 5 8 7
85 0.813 0.381 0.764 0. 436 --(I. 995” -0.8’24 0.614 0.34G 0.608

I), 21,s) Significant at 0.01, 0.02 and 0.05 level, respectively.

Table 5. Correlation coefficients between dietary Zn concentration and
tissue Zn concentration during the experimental period.

Zn added
t o  t h e Correlation coefficients

diet Liver  Pancreas  Tes tes  Kidneys  Spleen  Hear t Brain Breas t Leg
@pm> _/ muscle muscle

5: -0.539 -0.301 -0.446 -0.402 -0.9051’ -0.8781’ -0.439 -0.177 -0.642 -0.539 -0.506 -0.  574 -0.45G  -0.645 -0.138 -0.632 -0.688 -0.677
250 - 0 . 5 4 3 -0.9451’ -0.8721’ - 0 . 3 7 1 -U.845*’ -0. G57 -0.313 -0. 658 - 0 . 7 3 6

1000 - 0 . 5 9 6 - 0 . 9 4 1 ” -0.8452’ - 0.686 -0.8442’ -0. 667 -0. 689 -0. 688 - 0. G38
__._~~  ~~~.  _~~~~

I), 2) Significant at 0.01 and 0.02 level, respectively.

Table 6. Correlation coefficients between dietarv Zn concentration and
Fe concentration in

Period ~~~  ~~~~~  ~~~_~
(days) Liver  Pancreas

~__
;: 0.718 0.  987”

3.9741’  -0.9143’
30 0 . 7 1 3  - 0 . 4 9 0
40 - 0.909.n  -0.305

E I
-0.9243’ -0.861
- 0 . 8 3 0  - 0 . 4 4 5

selected organs.

Correlation coefficients
_

T e s t e s  K i d n e y s  S p l e e n  H e a r t Brain Breas t L e g  -_
muscle muscle

-0.232 0.841 q.9123) 0.8833' 0.992l' 0. 9572' 0.9821'
0.704 -0.795 -0.788 -0.504 0.9681 0.394 0.271
0.698 -0.463 -0.269 -0.649 0.675 -0.658 0.839
0.456 -0.254 -0.350 -0.312 0.990" -0.282 -0. 9203)

-0,788 -0.723 -0.677 -0.856 0.243 0.135 0.475
0.515 -0.779 -0.246 -0.614 -0.349 -0.263 0.185

_ _ _ _ ____~_

1)),2),3) Significant at 0.01, 0.02 and 0.05 level, respectively.

Zn concentration in the testes showed positive linear relationship (p<O.  02)
with the level of dietary Zn at 10 and 40 days of age and significant (p<O.  05)
at 20 days. It showed negative relationship between the duration of feeding
and all dietary Zn levels(Table 5). Zn concentration in the kidneys increased
with increasing dietary Zn levels. The response was highly significant (p<
0.01) at 10, 20 and 30 days and significant (p<O.  05) at 40 days of age. A pos-
itive linear regression between dietary Zn level and Zn concentration in the
spleen was found to be highly significant (p<O.  01) at 20 days.

Significant (p<O. 01) linear increase in Fe concentration of the liver at 20
days and in the pancreas at 10 days occurred due to increasing Zn in the diet
(Table 6). Significant (p<O.  05) linear decrease in Fe concentration in the liv-
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er occurred at 40 and 50 days of age when the level of Zn in the diet in-
creased. The same trend occurred at 85 days but was not significant. In the
pancreas, the only significant (p<O. 05) negative relationship between the lev-
eis of dietary Zn and the concentration of Fe was noted at 20 days of age.

DISCUSSION

In the present study, the apparent linearity of the relationship between Zn
concentration in the liver, pancreas, testes and kidneys and the levels of diet-
ary Zn supplementation indicated that additional Zn would have accumulated
with increasing the levels of Zn in the diet. Whereas, the lack of significant
linearity in all tissues at 85 days of life suggested that after long term feeding,
the homeostatic mechanism can prevent the tissue content from remaining at
the initially increased level. Stake et al. (1975) have concluded, however,
that no homeostatic adaptation was detected in the liver, pancreas and kid-
neys of calves during 21 days period by 600 ppm dietary Zn. The same diet
did not materially affect the Zn content of the liver and kidneys in rats sug-
gesting that the homeostatic mechanism of Zn are much more effective in rats
(Ansari  et al., 1976). From the result of the present study it is evident that
fowl is similar to rats rather than to calves in their response to dietary Zn
Supplementation.

There are several factors which may have contributed to the contradictory
results in the literature. One of these factors to be considered is age of ani-
mals. In this context the finding of Miller and Cragle (1965) that Zn absorp-
tion decreases as cattle get mature and the accumulation of Zn is probably
related to absorption. In the present study, examination of the relationship
between dietary Zn and tissue Zn at the duration of feeding suggested that
the pancreas and testes showed negative correlation. This indicated that
there was no tendency for the cockerel to store Zn in the pancreas with the
two highest levels and in the testes with all dietary Zn levels. These find-
ings are in agreement with the study of Kincaid et al. (1976),  who reported Zn
homeostatic control mechanism protected the tissue, for at least limited peri-
ods of time, against increased Zn in tissues from dietary Zn up to 1200 ppm
in the chick. In contrast, Zn concentration was unaffected in certain other
tissues especially heart, brain and muscle indicating complete homeostasis
(Stake et al., 1975).

The concentration of Fe in the liver, testes, kidneys, spleen and heart
also tended to be influenced by Zn intake. In the fact, Fe concentration in
these organs tended to be lowest when the dietary Zn was highest, suggest-
ing noteworthy relationship between Zn and Fe. The decrease in Fe con-
centration in the present study with high dietary Zn may seem at variance
with the result of Ott et al. (1966) who found an increase in Fe of the liver
of cattle fed high levels of dietary Zn for 10 weeks periods. In rats, Cox and
Harris (1960) reported a high inverse correlation between Fe concentration in
the liver and kidneys and dietary Zn levels of rat fed high Zn diet. This re-
lationship was detected after 7 days, whereas in the present study the antag-
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onistic effect was detected from the 40th day of age. The effect on fowl
would appear to be rather similar to that in rat than that in cattle but fowl
appear to be somewhat more resistant to the antagonistic effect. From the
result of this study, it is evident that the 50 ppm Zn added to the diet induc-
ed an increase in Zn concentration in the liver, kidneys, pancreas and spleen,
but could not induce any reduction in Fe concentration. This result is in
agreement with the proposal that Zn level in these organs must attain a critical
level before interfering with the Fe absorption. In view of this proposal,
the Zn level in the liver, spleen and heart with high Zn intake did not attain
a critical level to affect Fe content until 40 to 50 days in the present study.

Cox and Harris (1960) have reported that rats fed high levels of dietary
Zn exhibited an early loss of the liver Fe, and after a relatively long period
of time also exhibited a reduction in liver Cu. The data suggested that the
reduction of liver Cu was a result of reduced liver Fe rather than an effect
of liver Zn. In contrast, in the present study, the results showed that Cu
concentration in the liver and heart was not changed in the fowl by any diet-
ary treatment throughout the experimental period. In support of the pres-
ent finding Johnson et al. (1962) reported in the fowl that the concentration
of Cu in the liver was not affected by several graded level of dietary Zn, up
to 4000 ppm Zn. Another possible explanation to account is that the level of
Fe was not reduced to the critical level to affect Cu metabolism (Cox and
Harris, 1962).
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