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SUMMARY

A total number of two hundred seventy Nile fish, Oreochromis niloticus
were used to study the effect of zine and vitamin A on growth
performance, blood constituents and immuno competence, The fish were
randomly divided into three treatment groups of 90 fish cach. Thesc
groups received vitamin A al a concentration of 0, 4000 and 6000 [Urkg
DM diet. Lach group of the three main groups was divided into threc
subgroups (30 fish) and reccived zinc at a concentration of 0, 30 and 40
mg/kg DM diet. Body weight and length were recorded biweckly allover
the experimental period (16 weeks). Blood samples from each fish were
collected to determine cach of hemoglobin (Hb), packed cell volume
(PCV%), serum glucose, triglycerides, total cholesterol, total protein,
albumin, globulin, AST, ALT, alkaline phosphatase, tritodothyronin
(T3), thyroxin (T4), high density lipoprotein (HDL), low density
lipoprotein (LDL) and immuno compentence (¢ . f and ¥ - globulin).
All fish were scarified and visceral organs were weighed. Dorsal
muscles were analyzed for dry matter (DM), crude protein (CP). crude
fat (CF) and ash percentages. Dietary vitamin A or zine improved body
gain and length increment, Spleen somatic index (SSI) was significantly
affected by dietary zine with vitamin A (4000 TU). Muscle protein
percentage was found to be higher in fish received 30 mg 7n and 4000
U vitamin A.Dietary vinc and vitamin A improved hemoglobin, PCV%,
serum proteins, glucose and thyriod hormones concentrations. However,
no significant differences in serum triglycerides were observed among
all the groups.Dictary Zn (30 mg) alone decreased scrum AST level,
while the combination of zinc (30 mg) and vitamin A (6000 )
significantly increased (P<0.05) both serum AST and ALT levels, Zinc
had no significant effeet on serum cholesterol, however, zine and
vitamin A (6000 [U) reduced its concentration, Also, dictary zine and
vitamin A resulted in a significant increase (P< 0.03) in the serum TIDL
and decrease (P+0.05) in the 1DL level, Morcover, serum «, B and
¥ — globulin concentrations were significantly increased with Zn and
vitamin A supplementation. In addition, the fish groups either fed 30 mg
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Zn alone or 30 mg Zn with 4000 TU vitamin A / kg diet responded early
for spawning after two weeks of treatment.

Key Words:Zinc, vitamin A, growth,blood constituents, immuno
competence and O.niloticus.

INTRODUCTION

Zinc is obviously involved in metaloenzymes, ie. carbonic
anhydrase, alkaline phosphatase, various dehydrogenases, pancreatic
carboxypeptidases A and B, pyridoxal phosphokinase and DNA
polymerases (Larvor 1983). For this reason, in Zn-deficient animals
including fish the corresponding enzymatic activities are generally
decrcased (Kirchgessner et al., 1976), resulted in reducing growth in
rainbow trout (Ogino and Yang, 1978), common carp (Ogino and Yang,
1979) and channel catfish (Gatlin and Wilson, 1983), high incidence of
cataracts in rainbow (rout (Ketola, 1979), and high mortality in
Oreochromis niloticus (Eid and Ghonim 1994).

In fact, zinc participates in DNA synthesis through two zine-
dependent enzymes, terminal deoxynucleotidyl transferase and DNA
polymerases. Accordingly decreased protein synthesis certainly explains
the decrcasc growth rate observed in zince deficiency and more
specifically the decrease in collagen synthesis which results in slower
wound healing (Wacker, 1976).

In addition, zinc is competed with plasma albumin (Larvor,
1983) and might have a protective function toward the insulin molecule
(Kirchgessner et al., 1976). Also, zinc is necessary to maintain normal
concentrations of vitamin A in plasma and may be required for
mobilization of vitamin A from the liver (Harper ct al., 1979 and Berzin,
1988). Also. zinc activated immunity protection (Gross et. al. 1979 and
Bires et. al. 1993). In this respect, vitamin A is an cssential nutrient for
all animal species including fish (Iaigi He et. al., 1992). Moreover,
Hilton (1983) and Takeuchi et. al. (1998) showed that vitamin A
improved growth of the fish. Also, Thompson et. al. (1995) and David
et. al. (2001) in their experiments on fish stated that dietary vitamin A
supplementation had immunostimulatory agents which stimulates
immunoglobulin synthesis particularly vy — globulin. Due to the lack in
the literature explaining the effect of combination of vitamin A and zinc
in the diet on fish performance, this study was run to investigate the
interaction among the combination of different dictary zinc and vitamin
A levels and to determine their possible effects on growth performance,
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blood constituents and immuno competence of Nile tilapia, Oreochromis
nifoticus under Upper Egypt conditions.

MATERIAL and METHODS

Fish and experimental design:

Two hundred scventy fish, Oreochromis niloticus were collected
from the ponds of fish farm belongs to Faculty of Agriculture, Assiut
University and transferred Lo the fish laboratory. All the fish appeared to
be clinically normal and in a good health status. Average body weight
and body length were 17.191 1.25 g and 9.88 + 0.60 cm, respectively.
They were reared in aquaria 180 x 60 x 70 cm. with water flow of 6 L
per hour. Water temperature during the experiment was recorded three
times daily, its average was 26.04 + 171 °C. The water zinc
concentration was 9.00+2.29 ppb, measured by GBC model 300 atomic
absorption spectrophotometer. Afier two weeks adaptation period. the
fish were randomly divided into three experimental groups of 90 fish
cach. These groups received vitamin A at concentrations of 0, 0.54¢g
(4000 1) or 0.81g (6000 TU) per Kg DM diet. Each group of the threc
main groups was divided into three subgroups, each of 30 fish and
received zine at concentrations of 0, 30 or 40 mg'keg DM diet,
respectively. The treated groups were distributed as follows:

I'reatment Tl T2 3 T4 s T$ 7 T8 9
Zn {myg/kg DM dict) 00 30 40 0.0 30 40 (1] 30 40

Vitamin A ([Uskg DM diet) 0.0 0.0 U] 4000 4060 4000 G6OUO 6000 GUOO

The fish were fed twice daily at a rate of 3% of wet body weight: the
amounts of feed were readjusted biweekly according weight of the fish
in each treatment. The basal dict was formulated according to Rid and El-
Gamal (1996). The levels of zinc and vitamin A used in the present
¢xperiment were according National Research Council (NRC, 1983) and
Eid and Gohenim (1994), respectively.

Zinc sulphate was used as a source of zinc while vitamin A was
purchased as powder from Sigma Inc. Rations were prepared by mixing
the ingredients with zinc sulphate and/or vitamin A as powder. After that
the rations were pelleted by using suitable level of molasses and water.
Growth performance:

Body weight and length of O. niloticus were recorded biweekly
along the experimental period (16 weeks). Then body weight eain, body
length increment and feed conversion were calculated.
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Blood samples and analyses:

Individual blood samples were collected at the end of the
experiment by severing the caudal peduncle. Adcquate amounts of
whole blood in small plastic vials containing heparine as anticoagulent
were used for determination of hemoglobin (Hb) by using suitable Kits
(Diamond Diagnostics, Egypt). and the hematocrit (PCV%) was
determined after Stoskopf (1993). Serum was separated by centrifugtion
at 3000 r.p.m. for 15 min. for the rest of the blood samples and then kept
in glass vials at - 20 °C until biochemical analyses. Serum glucose
(mg/dl). triglycerides concentrations (mg/dl) and total cholesterol
(mg/dl) were determined colorimetrically using commercial test kits
supplied by Biocon (Germany). Serum total protein (g/dl), albumin
(g/dl), asparlic amino transferase (AST, IU), alanine amino transferase
(ALT, TU) and alkalinc phosphatase concentrations were mcasured
using kits supplied by Diamond, Diagnostics, Egypt. Serum globulin
(g/dl) was calculated by difference between serum total protein and
albumin concentrations. Serum triiodothyronine (13) and thyroxine (Ty)
were analyzed using Kits supplied by Chino (California, USA). Serum
high-density lipoprotein (HDL) and low-density lipoprotein (L.DL)
levels were determined using test kits (Biocentric, France). Serum zinc
concentrations were determined according to Zilva (1973). Serum  [3-
cartone and vitamin A concentrations were estimated according to Carr
and Prica (1926). Serum protein fractions (o , B and y- globulin ) as
immune indices were separated by electrophoretic technique. The serum
proteins were electrophorised according to the procedure mentioned in
the Helena Laboratories Publications (1984). In such a procedure, Titan
111 ccllulose acetate plates, Llectra HR buffer and Ponccau S stain were
used. The electrophoretic protein patterns were scanned and graphed by
Auto Scanner Flur-Vis to reveal the densitometric tracinge then serum
protein fractions (v, B and y- globulin )were identified.

All fish were scarified and soon eviscerated. The liver, spleen
and gonads were weighed at once. The liver, spleen and gonads somatic
indices were calculated as percentages of body weights.

Dorsal muscle samples from individual fish were taken to
determine the percentages of dry matter, crude protein, fat and ash
according to AOAC (1984). Also, zine concentration of whole body in
experimental fish was detected after digestion in nitric acid and
measured using GBC model 300 atomic absorption spectrophotometer
according to APHA (1985).
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Statistical analysis:

The data were analyzed using the GLM procedures of SAS
(1987). Treatment cffects were also examined by onc-way ANOVA
(Steel and Torrie, 1980).

RESULTS and DISCUSSION

1. Effect of dictary zine and vitamin A on growth performance of
O.niloticus:

Fish fed diets containing Zn (30 and 40 mgikg DM diet) had
bigher (P<0.05) body gain (g/fish) and length increment (mm) (T> and
Ts vs. Ty, Table 1). Dietary vitamin A improved body gain and length
increment (T and T; vs. Ty, Table 1). The highest value of body gain
was recorded with the group fed on diet supplemented with 40 mg zine
and 6000 IU vitamin A (Table 1). Similary, Fid and Ghonim (1994)
studied the effect of dictary Zn (0 to 100 mg/kg diet) on fingerling of
Oreocihromis niloticus for 70 days and found that levels of supplemental
zine above 30 mg/kg improved growth. These results were supported by
those of Tan and Kangsen (2001) on Haliotis discus hannai. Takeuchi et
al. (1998) found that growth of fish was improved by feeding vitamin A
compounds. The obtained results on vitamin A are coincided with those
of Hilton (1983) who showed that vitamin A had a positive effect on
growth of rainbow trout.

In addition, zinc deficiency reduced growth in rainbow trout
(Ogino and Yang, 1978), common carp (Ogino and Yang, 1979) and
channel catfish (Gatlin and Wilson, 1983). Feed conversion (g feed / g
gain) was improved (P<0.05) by either zinc supplementation (T, and Th
vs. Ty, Table 1) or zinc with vitamin A at a level of 4000 IU.

Dietary vitamin A at a Ievel of 6000 TU, recorded the most
improvement among treatments particularly with zine (Tg and Ty vs. T}
to T3, Table 1). Similarly, Hoza (1991) found that feed and nutrient
utilization were improved with all levels of Zn supplementation (10, 20
and 30 ppm) in tilapia. On the other hand, Gatlin et al, (1989) found that
feed cificiency values of catfish fed 20, 100 or 200 mg Zn/kg diet were
not affected by these zinc levels. Also, Gatlin and Wilson (1984) stated
that feed udlization in catfish did not affect by 150 mg Znikg diet.
However, Eid and Ghonim (1994) reported that 30 mg Znikg dry diet is
the minimum zinc requirement for normal feed efficiency of Nile tilapia
fingerlings, However, Thodesen et al. (2001) found that changes of
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growth in different fish species due to zinc supplementation might be
related o genelic variation in zine absorption,

Hepatopsomatic (1S1), male gonadosomatic (mGSJ) and female
gonadosomatic (fGSI) indices were not significantly (P > 0.03) affected
by cither zine or vitamin A alone or even when combined together
{Table 1). Similar results were obtained by Edwards and Brown (1966)
who found no significant difference in I1 S 1 of rainbow trout exposed to
0.6-2.0 mg zinc / L for four months. Spleen somatic index (SSI) was
significantly affected by zinc and vitamin A (4000 1U supplementation,
Table 1). The reduction of spleen weight indicated that the experimental
trcatments did not exert any stress on the [ish.

2- Effect of dictary zinc and vitamin A oun body composition of
O.niloticus:

Muscle composition of O. niloticus indicated no significant (P =
0.05) differences among freatments in both dry matter and ash
percentages (Table 2). While, crude protein percentage tended to be
higher, particularly in muscles of fish in groups (T3, 30 mg zinc /kg diet)
and 14 (vitamin A 4000 TU). such incrcase was in account of a decrease
in fat percentages in muscles of both groups (Table 2). In fact, high
growth rate and/or protein synthesis in zine-treated fish may be due to
participation of zinc in DNA synthesis through two zinc-dependent
cnzymes, terminal deoxynucieotidyl transferase and DNA polymerases
(Larvor, 1983). Decreased protein synthesis certainly explains the
growth retardation observed in zince deficiency (Wacker, 1976). In
addition, Zn"? ions might have a protective function toward the insulin
molecule. Insulin and proinsulin aggregate soluble polymers by binding
zinc atoms (crystalline insulin contatins 0.5% Zn). For this reason, zinc-
depleted rats have a lower tolerance to intraperitoneal glucose than pair-
fed animals (Kirchgessner et al. 1976). Insulin treatment increascd body
weight of rainbow trout (Ablett ¢t al., 1981), eel (Huang et al. 1999) and
tilapia (Al-Salahy and Ilussein, 1995; Chen et al., 2000 and Silverstein,
¢t al. 2000). Furthermore, insulin may cnhance the incorporation of
amino acids into protein in the absence of growth hormone, but growth
hormone has no such anabolic effect in absence of insulin (Krahl, 1961;
Al-Salahy, 1990 and Huang, et al. 1999),

The significant (P < 0.05) decrease of muscle crude fat in fish
groups treated cither with zinc or a combination of zinc and vitamin A
(Table 2) may be due to the decrease of serum T. cholesterol {Table 3)
recorded in these groups.
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The significant intcraction between dietary zine and vitamin A
may be related to the necessity of zine to maintain normal concentrations
of vitamin A in serum (Table 3). These results are coincided with the
findings of Harper et al., (1979) and Berzin {1988) and to the anabolic
clfects, cell differentation and bone growth as reported by Moore (1957).
Furthermore, zine concentrations in whole body were significantly (P=
0.05) influenced by dictary zinc level (Table 2). Similar results were
found by Hardy and Shearer (1985) :Wekell and Shearer (1986} and
Maage and Julshamn (1993). Eid and Ghonim (1994) stated that whole
body zine concentration was significantly corrclated with dietary zinc
levels.

3. Effect of dietary zinc and vitamin A on some blood constifuents in
O. niloticus:

Dietary zinc, particularly high level, significantly increased
(P<0.05) hemoglobin and PCV%. Similar improvement was noticed
with vitamin A supplementation. The most beneficial cffect was
recorded at a level of 30 mg Zn with 6000 U vitamin A (Table 3).
However, Eid and Ghonim (1994) found strong ncgative correlation
between dietary zine and whole-body iron. This may be due to the
opposite absorption of these clements to each other (Settlemire and
Marlron, 1967 and Davis, 1980). Contrary, Maage and Julshamn (1993)
showed that there were no significant differences in iron levels for
Salmo salar fed dietary zinc at 0,10,20,40 and 80 mg'kg for 8 weeks.
Also, Gatlin et al. (1989) found that PCV% and hemoglobin decreased
with the increase of dictary zinc level (20. 100 and 200 mg/kg dict). In
this respect, Santos, et al. (2000) reported that the high dose of zinc led
to reduction in oxygen consumption and food ingestion. However, the
improvement of Hb and PCV% with dietary zinc in the present study
may be due to the implication of the used levels within the normal
requirement (Gatlin, et al. 1989:Hoza, 1991 and Eid and Ghonim, 1994).

Dietary zinc (Tz and Ts) or vitamin A (1 and Ty) significantly
increased (P<0.05) serum protein and albumin concentrations. Fish
received both vitamin A and zine (Ts, T, Ts and Ts) had higher values
of total protein compared with control group (T; Table 3). This result
may be related 1o that zinc dependent enzymes stimulale protein
synthesis (Wacker, 1976). Similarly dietary zinc increased serum
proteins in different animals as recorded by Bires et al. (1993); Daghash
and Mousa (1999); Fldeeb and Afifi (2000) and Shetacwi (2000} in
dairy cows. buffalo calves and rabbits, respectively Also, 1l-Masry and
Habeeb (1989) and Hegazy and Adachi (2000) refered this effcet to the
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clevation of anabolic hormone secretion c.g. insulin-like growth factor
which increase amino acids uptake and protein synthesis, Otherwisc, this
efTect of zinc may be due to decrease in the catabolic hormones such as
glucocorticoids and catechalamine (Alvarez and Johnson, 1973).

Serum triglycerides showed no significant differcnces among
treatments (Table 3). Serum glucose concentration was significantly
higher in treated fish (T; to To) than in control (T}). However, no
significant differences among treated groups (T> to Ts) were observed
(Table 3).

Zinc and vitamin A had significant cffect on serum alkaline
phosphatase (APase) concentration, particularly at the level of 30 mg
zine and 6000 TU vitamin A (Table 3). These results are coincided with
the findings of Lan et al. (1995), who stated that (APasc) significantly
increased at 100 pg Zn /| in Chrysophrys major. Also, Tan and Kangsen
(2001) showed that the increase of dictary zinc led to significant
(P<0.01) increase in (APase) of Haliotisdiscus hannai.

Dietary zinc and vitamin A (6000 IU) reduced total cholesterol
concentration (Table 3), however, zinc alone had no significant effect.
Similarly, Shetaewi (2000) found that cholesterol in serum was not
affected by zinc supplementation in rabbits. This decrease in I
cholesterol is related to the change of muscle crude fat in the treated
groups either with zine alone or its combination with vitamin A (table
2). Daghash and Mousa (1999) found an increase in scrum cholesterol
and triglycerides in buffalo calves treated with zinc. Similarly, Eldecb
and Afifi (2000) found an increase in serum cholesterol in rabbits fed
cither 100 or 200 mg zn/kg diet.

Zinc supplementation (30 mg) decreased significantly (P=0.05)
serum AST level, while its supplementation with 6000 IU vitamin A
increase significantly (P<0.05) scrum AST and ALT (15, Table 3). The
exact biochemical mechanism is not known, [However, both enzymes,
AST and ALT, arc very importani in glucose synthesis from
noncarbohydrate metabolitie sources (Harper et al., 1979). Tt is clear that
high AST and ALT may increase protein catabolism to synthesize
glucose, High glucose level (85.11 mg/dl) of Ty may support this view
(Table 3).

Thyroid hormones (Ts and Ts) secretion were improved
significantly (P<0.05) in response to dietary vitamin A and zinc
supplementations (Table 3). The mechanism of thyroid hormone
stimulation is not known. However, this explain, at least partly, the
higher growth rate of fish received Zn and vitamin A (Tlable 1). Since
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the chief cffect of T5 and Ty are stimulation of protein, fat and
carbohydrate metabolism and growth and development of the body
(Kutsky. 1981). These results arc coincided with the findings of Lder
and Kirchgessner (1996) who reported hypothyrodism in rats deficient in
zine e reduction in Ty and Ty levels. Also, Miyamoto ¢t al. {(1991)
showed that zinc is involved in T3 binding to its nuclear receptor.
Moreover, thyroid hormones (T3 and T4) increased the rate of
cholesterol catabolism by the liver ( Kaneko, 1989).

The dietary zinc and vitamin A combination significantly
increased (P<0.03) high-density lipoprotein (IIDL), while decreased
(P=0.05) low-density lipoprotein (L.DL) (Fig.1). These effects might be
attributed to decline in serum total cholesterol (Table 3). Similar results
were found by Yousef ct al., (1996). In this respect, Choubert et al.
(1991) found the distribution of lipoprotein fractions in immature
rainbow trout were 28.3% LDL, 61.0% HDL and 10.6%. VHDL,

Table (3) showed that serum zinc concentration significantly
increased (P=0.05) in Zn-treated groups in comparison to control. These
results are in agreement with the findings of Gatlin and Wilson (1983)
and Eid and Ghonim (1994). Serum p-carotone and vitamin A are
positively corrlated with dietary Vitamin A levels (Table 3). Similarly,
Thompson et al. (1995) found that rainbow trout fed vitamin A at a level
of 18 mg/kg dry diet for four months increased serum vitamin A
concentration (3240 vs. 4 yg/dl). However, Borel ot al. (1998)
concluded that plasma B carotenc was dramatically influenced by
triglyceride chain — length.

4- Effect of dietary zine and / or vitamin A on immuno competence:

Results in Table 4 and figure 2 show that both dictary zinc and
zinc with vitamin A significantly increased (P= 0.01) serum globulin and
its fractions (o , B and y-globulin). Such improvement in serum globulins
and its fractions (. B and y-globulins) confirm the results reported by
Thompson et. al. (1995). Similary David et al. (2001) said that dietary
vitamin A had immunostimulatory agents in the fish. In addition, Bircs
et al. (1993) and Kegley and Spear (1994) found that dietary vitamin A
and zinc increased (P<0.03) v — globulin in the fish. Also, Thompson, et
al. (1995) stated that vitamin A supplementation stimulates
immunoglobulin synthesis in the fish.

5- Effect of dietary zinc and / or vitamin A on spawning:

The fish groups treated with 30 mg Zn/kg dict (T ) and 30 mg
Zn #4000 IU vitamin A (Ts) responded to spawning after two weeks of
the treatments and fertilized eggs together with larvac could be obtained
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from their buccal cavity. This may be due to the importance of vitamin
A for cgg maturation. Ando and Hatano (1986) reported that carotenoids
are associated with the cgg volk protein “lipovitellin™ in salmon. These
findings are in harmony with the findings of Siviseva, (1982) who
showed that during sexual maturation of trout, 18% of the total body
carotenoids may be present in their eggs. In addition, Czeczuga (1975)
found that dictary carotenoids arc important in spermatogenesis in
rainbow trout.

However, the rale of zine in biological systems in fish is mainly
limited (Watanabe et al., 1997).

Conclusion:

It could be concluded that, combination of dictary zinc and
vitamin A may improve growth performance, body composition and
blood constituents of (7. niloticus. Also, zine with vitamin A may
modulate blood constituents and some aspects of immune responsc.
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Table (1}: Effcet of dietary zinc and/or vitamin A on growth and relative body weights of O niloricis.

Tremtment i 2 3 4 5 6 > B
Zinc (meikg DM diet) | 0.0 30 0 o0 T 00 30 a0
Vitamin A 0.0 0o 0.0 | 4000 | 4000 | 40000 | 40000 5000 5000
| (mg/ke DM diet) | !
hody gain 2350 290% 2960 2.63° 3010
ggfishy 076 =081 =07
Lenglh increment 3.33% 56" 3320
{mm) =130 +1.30
Feed conversion 2.66° 2.54°
- 067 £0.67
Hepatosomatic index 2.00° 2.00°
| (HSD 0,15 20,15
Maic gonadosomatic 067" Q.67
index (imGSIy =0.17 =0.29
Female onadosomatic 4,18 2.79*
index (fGSIy =113 =0.60
Spleen somatic 0.24%% 0,19%
index (SSI) £0.02 +0.02

Means within rows differ (P= 0,03} when superscript differ.

Table (2) : Bffect of dictary zine and/or vitamin A on bad:

¢ composition of O adoricus. (on DM basis}
Treaiment ! 1 2 3" -+ 3 i é 7 & El
Zine [} 30 W, 00 36 W G0 30| é
{mg/kg DM dict) I o H
Vitamin A 0.0 0.0 0.0 000 2000 4000 [ aU00 16000
{medky DM diety !
Dry mater | 2586 2475 2484 2467 2523 T 3557 2088
(%) =038 +038 <038 w038 038 2 D38 =038
Crude protein 69.88" 7020 113¢' 7163 677 5764"  61268°  6T.50°  68.56™
%) =108 108 =108 =08 =108 =1.08 £108 £108 =108
Crude fat 997 9.04° 9.71° 6.8° 9.77 G.92% 9748 090" 973
(%) . 2072 072 =052 =092 @72 =0.72 +0.72 072 0T
| Ash | 2049  2071* 1889  2156'  z2s6' 2243 23040 ey 2Tt
%) | zvap =340 =040 =040 =040 +0.40 L0.40 04D =040
 Zinc mg/Kg Tlomme o0t o272 ST st sans' o sLITR T 7094
L =506 =506 =306 =506 2505 £5.06 =5.06 =306 4508

Means wilhin rows differ (P= 0.03) when superseript difter.
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Table (3) :Influnence of dietary zin and vitamin A supplementation on some bload constituents in O. niloticus.

| Treatment 1 2. 3 4 5 | 7 3 | @
Zine 0.0 30 a0 0.0 30 N | 00 0 | a0
(mgkg 1M diet) = i o
Vitamin A 00 00 o0 4000 4000 4000 6000 G000 6000
(mg'kg DM diet)
Hemoglobin 5360 s960c 619 5620 6200 62870  6.350
(g/dly 034 4031 +03¢ 2034 1038 034 =0.34
Hematoeril 360°  38MC 3past 4200 ALoo™ 4rst 410 a1s0M
| (PCY) (%) i i316 #3106  £106 2306 #16  2316 3306 #3106
Total protein | so7° 723 233 769 737 691" 6.94° 633"
{g/di 66 +0.66 075 10.71 #0.66 +0.66 0,75 +0.71
Albumin 2 189" 184" 198 1.60™ 1.42° 153"
(gl +0.10 +0.11 1012 +0.12 41t 0,11 012 +0.12
Glucose | $9.32°  63ag™  6BA9M 6557 65.03"  TIRET 6867 660"
(mg/dl) 1634 673 4177 #6.3 <602 1611 i6.73 46.73
Triglycerides 199.4° 23020 21947 22763 26105 23981 2019210 24727
(mefdl) 28217 #3217 =3 217 #3207 #3207 43217 52307
Alkaline | 37.94'  30.43" 3965 3078°  4000°  40.02° 402"
phosphatase(U)f1) | 4268 %299 1282 4268 2268 4299 =2.99
Ts (ngiml) 1866°  1.962° 47 3257 243" 366™ 2056 3sot™
140650 0650 +0.650 10650  0.650 0650 20650  +0.650
Ty (ng/ral) o062 17t 2420 21347 1928% 2756 4699 403"
. 0195 20195 +0.195 10095 #0195 +0.195 L0195 #0.195
£y ratio 12780 1162 2518'  2004° 2573 1674' 0810 0960
s 1060 0G0 4060 060 D60 4060  £0.60 +0.60
T. chalesterol 180.6°  1852' 20721 1750 1672%  1720" 1604t 142980
mg/dl) 11634 #1634 1634 L1638 41634 =634 11634 £1634
AST (L) 3400°  3975% 26000 3750° 3RS0 3400 3850° 36250
B I T X B2 =291 =291 4291 £2.91
ALT(UIL) 22000 2500 24.00°  26.50° 23 2500 2000° 2100
) =244 #2014 214 1204 #204 =214 1214 32,14
Scrum zint 648 56245 T 44647 674° 512 666 1264*
(ug/dl) 12879 2879 42879 22879 42879 42879 #2879 #2879
Beeartone | 12299 10920° 23218 10000 16552 1264 142407 15161°
{ug %) 1620 5620 45620 5620 5620 L3620 #5620  +56.20
Viamin A | 73116 1897 17186 18736 35TV 181665 174067 17570°  18421°
(ug %) 1242 41242 #1242 1242 41242 21242 11242 11242 #1242

Means within rows differ ("< 0.05) when superseript differ.
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Fig. (1): Effect of dietery zinc andir vitarren A on serum high density Tpopratein e 1o
density lipoprotein of O. nilcticus.
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Fig. (2): Effect of dietary zinc and/or vitamen A on serum globulin and immiune compor
Onniloticus.
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