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SUMMARY

The present study was carried out on monosex
Nile tilapia Oreochromis niloticus for one year
in Fish Rescarch Station belonging to National
Institute of Occanography and Fisheries. The aim
of work was to gain basic information about the

+

ascorbic acid ( AA ) and / or 2000 mg /kg diet

o— tocopherol acetate (o— TOH ).

cffect of supplementation of 400-mg/ kg diet

The data showed that the highest average growlh
performance and protein utilization parameters
were occurred when fish fed diet supplemented
with ( AA ) and (oo — TOH ) together. Also,
supplementation with ( AA ) and (0—TOH ) had
no adverse effect on the fish. The data cleared
that the highest concentrations of ( AA ) and
(a~TOH ) were found in whole body, blood, liver
and anterior kidney of fish fed diet supplement-
cd with ( AA ) and (a-TOH ) together. The
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highest values of hﬁembglobin, %; haematocrit,
%; erythrocite count (106 / mm3) and lowest
values of leucocyte count (-103 / mm3 ) were
occurred when fish fed diet supplemented with
(AA) and (a— TOH ) together. Also, the high-
est total serum protein ( TSP ) and their fractions
( TSA ) and ( TSG) values were found when fish
fed diet supplemented with ( AA ) and (o — TOH)
together. ' |

The present study suggested that the raise of vita-
min C and vitamin E requirements to 400 mg /kg
diet and 2000 mg/kg diet respectively, are
adequate for high and rapid growth as well as ﬁo
adverse effect on monosex Nile tilapia O. niloti-

Clls

INTRODUCTION

In nutrition research, good survival combined

with continuous growth will often point to the



ability of a diet to meat the requirements of the
species cultured. However, only these criteria do
not guarantee an optimal physiological condition
of the fish. High level: of Ascorbic Acid ( AA)
and (a-Tocopherol (-TOH ) on the other hand
are reported to enhance tolerance to environmen-
tal stressors, e.g. aldrin toxicity (Agrawal et al.,
1978); Captuz stress, salinity and temperature
(Thomas, 1784) ; intermittent hypoxic  stress
(Ishibas'a et al., 1992) and to increase immunor-
esistsnce, e.g. in channel catfish ( Li and Lovell,
'¥85 ); and Salmonids (Hardie et al., 1991; Na-
varre and Halver, 1989 ). Ascorbic acid is an es-
sential micronutrient in aqua-feeds since fish and
crustaceans are not capable of vitamine C biosyn-
thesis ( Chatterjee , 1973). Several functions
( Skeletal development, growth, resistance to toxi-
cants and stress, immuno activity ) are affected in
aquaculiure species by dietary ascorbate deficien-
cy and result in increased fish mbrtality (Da-
browski, 1992). Ikeda and Sato (1964) found that
carp were able to synthesize vitamin C but not in
quantities sufficient to provid for rapid growth.
Jauncey and Ross (1982); De Silva and Anderson
(1995) recommended 100 mg/kg diet vitamin C
(AA) as-requirement of Nile tilapia Oreochromis
niloticus. At present some controversies exist as
to whether all teleost fish are in fact unable to
ascorbic acid (Reviewed in Dabrowski et al.,
1994 ). The recommended amounts of vitamin C
are adequate for normal growth ‘and tissue devel-
opment, but not in quantities sufficient to provide

for rapid growth. Requirements for vitamin E

28

and other cellular antioxidants have been shown
to be dependent on the endogenous and exoge-
nous generation of free radicals ( Freeman and
Crapo, 1984; Di-Giulio et al., 1989 ) and the con-
centrations of oxidizable lipids in cellular mem-
branes ( Watanabe et al., 1977; Cowey et al.,
1983). Jauncey and Ross (1982) recommended
vitamin E ( «-TOH ) requirement of Nile tilapia
Oreochromis niloticus to be 200 mg./kg. diet.
Roem and Oines (1990) reported 25 mg./kg. diet

of vitamin E requirement of blue tilapia

Oreochnomis aureus. NRC (1993) reported S0
mg./kg. diet of vitamine E requirement of Nile ti-
lapia Oreochromis niloticus. De Silva and Ander-
son (1995) recommended 30 mg/kg for Nile tila-
pia Oreochromis niloticus. Diets with vitamin E
above the recommended levels may prove benefi-
cial in protecting channel catfish lipid membranes
against oxidative damage when exposed to condi-
tions that increase the demand for cellular antioxi-
dants during the biotransformation of many con-
taminants for instrance ( Reviewed in Di Giulio
et al., 1989 ). Poston and Livingston (1969) found
that 5000 mg./kg. diet of vitamin E (a-TOH )
caused reduced growth . In contrast, the highest
dietary of (a— TOH ), 2500 mg./kg. diet had no
adverse effect on the fish. ( Lovell, et al.; 1984).

The purpose of the present study was to gain ba-
sic information about the effect of supplementa-
tion of 400 mg/kg Diet (AA) and or 2000 mg./kg.

diet ( a-TOH ) of monosex Oreochromis niloti-
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cus on:

1. The average growth performance of fish.

. Frotein utilization.

3. Gross deficiency sign.

4. Concentration of ( AA ) and (a«-TOH ) in
whole fish body, blood, liver and anterior kid-
ney.

5. Some haematological parameters .

6. Total serum protein ( TSP ), Total serum albu-
min ( TSA ) and Total serum globulin ( TSG ).

MATERIALS AND METHODS

Experimental fish :

Nile tilapia O. niloticus reared in this study was
collected from the common populations of this
species which cultured and propagated at the ex-

perimental concreet ponds (40 m3 for ecach pond ).

The experimental fish were apparently healthy, -

negative for any parasites and had an avcrage
weight 31.12 gm. = 0.61 at collection time. The
collected fishes were taken randomly and trans-
ferred with special carc after weight and random-
ly distributed into the experimental ponds. How-
ever, the first 14 days of the experimental period
was considered as the adaptation period followed
directly from 1 October 1997 to 30 November
1998 .

Experimental design :

Eight concreet fish ponds which were used in this
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study represented four nutritional trcatments.
Each of the four experimental diets was fed to du-
plicate groups of fish. The first group fed diet
supplemented with 400 mg./kg. (AA) and 2000
mg./kg. (a-TOH) together, the second group fed
diet supplemented 400 mg/kg ( AA ) Only, the
third group fed diet supplemented with 2000 mg./
kg. ( a- TOH ) only and the fourth group fed diet
without supplementation of ( AA) or (o TOH )
(as a control group ). The total area of each con-
creet pond were 40 m3. The depth of water was
kept at about 1 m level throughout the period of
study. Water inlet to experimental ponds was re-
ceived by pumbing from a branch of the Nile ( El-
Monufy canal ) and the outlet of the water was
constructed to empty the ponds using the gravity.
Each pond was filled with water and stocked by
80 fish ( 2 fish /m2)
(1988 ) and Green ( 1992 ). Individual fish body

weight and length were recorded at the beginning

according to Viola et al.

of experimental period to the nearest gram and
centimeter fraction, respectively. The live fish
weights and lengths were recorded individually
every three weeks throughout the experimental
period , which reached about one year. The exper-
imental feeds were offered to fish as 1% of the
live body weight per day through autumn and
winter seasons, while, fish fed 3 % through sum-
mer and spring seasons. Feeds were offered twice

daily
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3. Preparation and Analysis of Experimental
Fish diet:

All experimental diets as in table (1) contained
41%, wheat bran; 39%, soybean meal; 7%, fish
meal; 7% meat meal; 4% cotton seed oil and
0.76% vitamin premix free of (AA) or (a-TOH)
and 1% premix. However, the diets were differed
in their content of (AA) or (a-TOH) as men-
tioned before. With the exception of (AA) or (a-
TOH) supplementation, the four diets had the
same nutritive values as shown in table (2),
whereas the experimental diets were formulated
according to the nutritional requirments of
O.niloticus (NRC, 1993). The diet mixture was
processed into California Pellet Meal (CPM) ma-

chine pekkets processed through a mincer 2-mm.
diameter.

Analysis of Body Composition :

At the end of the experiment, fish in each treat-
ment were netted, counted and weighed. Body
composition analysis was performed using stan-
dard AOAC (1980) methods. Crude protein was
determined as nitrogen content in the fish body as
well as carcass energy content were estimated ac-

cording to NRC (1993).

Determination of ( AA ) and (« TOH ) in
Whole body, Blood, Liver and Anterior Kidney

of experimental fish :

Table (1) : The Composition Of Experimental Diets .

Diet Dict Diet Diet
Ingredicnts Supplemented Supplemented | Supplemented | Unsupplementeed
with with with with
(AA)+ (a-TOH) (AA) (a-TOH) (AA) or (a-TOH)
Wheatbran , ......cooveeeeene. % 41 41 4] 41
Soy bean meal.,......occocevenee. % 39 39 39 39
Fishmeal,..........oeovevrinnnnnnnns % 7 7 7 7
Meat meal,.......ooovvvveiiiinnnns % 7 7 7 7
Cotton seed meal,................ % 4 4 4 4
Ascorbic acid,.....ccoccceennenen. % 0.04 0.04 - -
a-Tocopherol acetate,....... % 8,2/(() 0:)6 8%8 : ;)()
Vit. premix (Free of Vit.C,E)% 1'0(; 100 100
Mineral Premix **................ % : : .

* Vitamin premix (Each Kg. Contained):

Thiamine ( B1), 60 mg. : Riboflavin (B2), 60 mg.; Phridoxine (Bg), 20 mg. ; Biotin, 10 mg.; Folic acid, 10 mg.;
Para aminobenzoic acid, 2500 mg.; Choline, 2000 mg.; Niacin (Nicotinic acid, B3), 150 mg.; Cyanocobalamin
(B12), 0.05 mg.; Retinol Palmitate (A), 2000 1U; Menadione (K), 40 mg.

**  Mincral Premix ( Each Kg. Contained) :

Calcium orthophosphate, 727.7775 gm.; Magnesium sulphate, 127.5 gm.; Naterium chloride, 60 gm.; Potassium
chloride, 50 gm.; Iron sulphate, 25 gm.; Zink sulphate, 5.5 gm.; Manganese sulphate, 2.5375 gm.; Copper sul-
phate, 0.7850 gm.; Cabalt sulphate, 0.4775 gm.; Calcium iodate, 0.2950 gm.; Chromic chloride, 0.1275 gin.

- (AA) Ascorbic Acid
- (a TOH) Alpha Tocophcrol Acctate.
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Table (2) :Thc Nutritive Value Of Experimental Diets

Diet Diet Diet
Nutritive Value Supp\l:ir‘r;]enled Suppl:ir&emed Supplji,:,hemed C%I:Lrlol
(AA)+ (a-TOH) (AA) (a-TOH)
Ptotein,......ccccoevveevnnneenne % 30.00 30.00 30.00 30.00
Lipid ..o % 6.74 6.74 6.74 6.74
Nitrogren free extract...% 39.17 39.17 39.17 39.17
Metabolizable energy (kcal/kg) 3375.00 3375.00 3375.00 3375.00
Protein/energy ratio (P/E ratio) 88.89 88.89 88.89 88.89
Chemical Score of EAA.% 74.46 74.46 74.46 74.46
Index of A Ao % 62.51 62.51 62.51 62.51
{Ascorbic acid (mg/kg) 400.00 400.00 . .
a-Tocopherol acetate (mg/kg.) 2000.00 - 2000.00 -
Vitamin premix free of Vit.C 7600.00 9600.00 8000.00 10000.00
(mg/kg)
Mineral premix (mg/kg.) 10000.00 10000.00 10000.00 | 10000.00

EAA = Essential Amino Acids.

a) Sampling Procedures :

Fish samples were taken at the start and at the end
of experimental period. The fish were fasted 24
hr. prior to sampling, and anaesthetized in water
with the addition of saturated benzcaine ethanol
solution. Four pooled samples per treatment
(three fish per sample) were taken for analyses of
(AA) and (a-TOH) in whole body and three dif-
ferent organs (blood, Liver and anterior kidney)
were measured in the other two samples. These
tissues were embedded in paraplast, sectioned,

stained with hematoxylin and eosin (Humason,

Vet.Med.dJ.,Giza.Vol.49,No.1(2001)

1972) and examined for microscopic the lesions.
Special stains were used when necessary to char-

acterize lesions.

b) Analytical Methods :

The whole fish body, blood, liver and anterior
kidney tissues of each sample were analyzed for
(AA) according to methods of Polk et al., (1960)
and Wedemeyer (1969) , while, the whole body
fish, blood , liver and anterior kidney tissues of
each sample were analysed for ( a- tocopherol by

HPLC by the method of Lie et al., (1994).
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Haematological Examination :

At the end of the experimental, blood was collect-
ed from the caudal artery from 10 fish per treat-
ment for measurement of Haemoglobin, Haema-
tocrit, Erythrocyte count, total Leucocyte count,
Sodium and Potassium. Haemoglobin content
was measured using Sahli haemometer. Haema-
tocrit was determined by the microcentrifugation
method of Larson and Snieszko (1961). Erythro-
cite count was determined according to method of

Hendrick (1952). Total leucocyte count deter-
mined according to the method of Hesser (1960).

Determination of Total serum protein (TSP)
and Total serum albumin (TSA) and Total ser-
um globulin (TSG) :

Serum was separated by centrifugation of uncoag-
ulated (3000 r.p.m. for 10 min at 4RC ). (TSP)
and (TSA) and (TSG) were determind according
- to the method described by Reinhold (1953).

Statistical Analyses :

Statistical analyses was made by factorial design
(3 x 2) according to the procedure reported by
Steel and Torrie (1980). Duncans test was applied
between. treatments whenever, possible to test

mean differences (Duncan, 1971).

RESULTS AND DISCUSSION

The Average Growth Performance :

The average growth performance of all male tila-
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pia was shown in table (3). At one year, there are
significant differences ( P < 0.05) were found in
final body weight, specific growth rate (SGR),
among fish fed the various diets. The fish fed diet
deficient in (AA) or (a-TOH) (Control group) had
lower body weight than fish received other treat-
ments. This may be due to the loss of appetite as
reported for vitamin C or E deficiency. While the
fish fed diet supplemented by (AA) and (a-TOH)
together had higher body weight than fish re-
ceived other treatments .The data also cleared that
the fish fed diet supplemented by (AA) were larg-
er than those fed diet supplemented by (a-TOH),
Wise et al (1993) found that

ences in growth rate observed among diclary

there is no differ-

treatments group (0,60 and 2500 - tocopherol
acetate ). Hamre and Lie (1995) indicated that
the fish  were growing normaly, but that there
may have been differences in growth betwecn
(a~TOH) supplemented and  unsupplemented
fish. Merchie er al. (1996) showed that the (SGR)

and calculated biomass of the control treatment

were significantly lower than in the ascorbicacid’

supplemented group. lkeda and Sato (1964)
found that carp were able to synthesize vitamin C,
but not in quantities sufficient to provide rapid
growth. Lovell (1973) also revealed that the
channel catfish probably synthesize limited quan-
tities of the vitamin C which will prevent mani-
festation of clinical deficiency symptoms when
they are not subjected to the stress of fast growth.
It was apparent that the absence of supplemented

vitamin C from the practical type diet used in this

Vet.Med.J.,Giza.Vol.49,No.1(2001)
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Table (3): The Average Growth Performance Of Monosex Nile Tilapia Fed Diet Supplemented
With ( Aa ) And/ Or (a - TOH) Reared For One Year

Treatments
Supplemented | Supplemented | Supplemented Without
ITEMS of of of Supplemented
(AAM @-TOH) (AN (a-TOH) of SEx
(AA) or («-TOH)
30.75 0.61
Initial body weight (gm.) 32.90 30.69 30.14 . h
é b c 162.62 10.27
Final body weight (gm.) 210.041° 195.76 180.16 J )
: b ¢ 131.87 9.84
Gain in weight (gm.) 177.51% 165.07 150.02 ’
¢ 4 c 0.46 0.01
Specific growth rate* (% /day) 0.519 0.51 0.49 ) g
b C 262.00 10.87
Feed consumption (gm.) 213.012° 247.61 255.03 5 y
b C 2.00 0.17
Feed converwsion ratio ** 1.202 1.50 1.70

* Specitic growth rate ( % / day ) = 100 (L n final weight L n initial weight) / days.
**  Feed Conversion ( gm./gm. ) = dry feed intake (gm.)/ Wet weight- gain (gm.).
SE (, Standard crror. Calculated from residual mean square in the analysis of variance.

a,b, and c. etc. means in same raw with different superscripts are different ( P < 0.05 ).

study was responsible for the poor growth and
spinal deformitics in the fish. Soliman e al.
(1994) found that the fingerling of O. niloticus
fed diet devoid of ascorbic acid exhibited signifi-
cantly poor growth and higher conditition factor.
They added that the growth of fish was improved
with increasing dietary ascorbic acid level up to
1250 mg /kg dry diet, of which is equivalent to a
net reqdircmenl (after processing and storage ) of
420 mg/kg diet It is worthly to note that the level
of optimum vitamin C or vitamin E recommended
were 100 and 200 mg/kg diet, respectively for O.
niloticus Jauncey and Ross (1982). Roem and

Oines (1990) reported that vitamin E- requirement

Vet.Med.J.,Giza.Vol.49,No.1{2001)

of blue tilapia O. aureus was 25 mg/kg Diet.
NRC (1993) rccommended level of vitamin E-50
mg/kg diet for O. niloticus. De Silva and Ander-
son (1995) recommended 30 mg./kg. diet of vita-
min E for Nile tilapia O. niloticus. While, this
amount of vitamin C or vitamin E is adequate for
normal growth and tissue development, but not in
quantities sufficient to provide for rapid growth.
[n contrast, the highest dietary level of ( tocophe-
rol, 2500 mg/kg Had no adverse effect on the fish.
( Lovell et al., 1984 ). Also, Poston and Living-
ston (1969) found that 5000 mg/kg reduced
growth rate in brook trout. The possible reason

that explained the high average weights in fish fed
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diet supplemented with (AA) and ( a- TOH ) to-
gether in the present study is that (AA) has been
found to spare metabolism of (a— TOH) and pro-
posed that ( a— TOH ) serves as the primary anti-
oxidant and that (AA) reductively regenerates (

tocopherol.

Protein Utilization :

Table, 4 summarized the protein utilization and
energy utilization, the data cleared that the protein
efficiency ratio ( PER ), protein productive value
(PPV), Net protein utilization (NPU) and energy
utilization (EU) values were higher in fish fed diet

supplemented with (AA) and ( a-TOH ) together.

The values of (PER), (PPV), (NPU) and (EU)
were higher of fish fed diet supplemented with
(AA) than fish fed diet supplemented with (-
TOH ). Anadu et al., (1990) revealed that the best
growth, feed conversion (FC) and (PER) were ob-
tained with feed containing ascorbic acid than
those fed on the control diet. Soliman et al.
(1994) showed that the, food conversion, protein
efficiency ratios and protein utilization of O. ni-
loticus were improved with increasing dietéfy as-
corbic acid level up to 1250 mg/kg dry diet,
which is equivalent to a net requirement ( after
processing and storage ) of 420 mg/kg. diet. Mer-
chie et al. (1996) showed that the feed efficiency

Table (4): Protein Utilization And Energy Retention Of Monosex Nile Tilapia Fed Diet Supple-

mented With (AA) And/OR (.- TOH ).

Treatments
Supplementation| Supplementation|Supplementation Without

ITEMS of oOf Of Supplementation

AA) Of SE=
AA)+ (a-TOH ( «-TOH

(AR ( ) ( ) (AA) or (a-TOH)
Protein efficiency ratio* 2.78% 2.22° 1.96°¢ 1.679 0.24
Protein productive value** % | 39.64 29.840 26.66"¢ 19.504 4.18
Net protein utilization®** 8.97% 8.433b 7.910¢ 6.344 0.57

a

Energy retention*** % 21.16 16.37° 14.70%¢ 10.429 222

* Protein Efficiency Ratio = Dry feed intake (gm.)/Wet weight gain (gm.).
**  Protein Productive Value (%) = 100 {Carcass protein gain (gm.)/Dry protein intake

(gm.) }

*** Net Protein Utilization = Final body protein (1) (gm.) - Final body protein (2) / pro-
tein intake (gm.)
{(1): Protein diet group; (2) : None protein diet group }.

**x* * Encrgy utilization ( retention ) % = 100 {Carcass gross encrgy gain (kcal.) / Gross
energy feed intake (kcal.)
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of the control treatment were significantly lower
than in the ascorbic acid supplemented groups.
The same trend was observed by Roem and Oines
(1990) concerning vitamin E requirement of the
O. aureus. In the present study, it is worthly to
mention that the values of (PER), (PPV), (NPU)
and (EU) of fish fed diet supplemented with vita-
min C and E together were higher than finding by
Anadu et al., (1990) or Roem and Oines (1990).

Gross Deficiency Signs :

Alter the summer season, the control fish had be-
come anorexic and some appeared light in color.
By the end of winter season, more fish on the con-
trol diet had the light skin pigmentation, and some
were visibly thinner across the back, which indi-
cated myopathy. At the end of the experiment
(one-year) most of the control fish had varying
degrees of skall lightness and over 90% of the
fish showed visible indication of myophathy. The
control fish, also were easily excitable and
showed signs of fainting and loss of swimming
coordination as reported for ( tocopherol defi-
cient (Lovell et al. 1984). None of these signs
were found in fish fed diet supplemented with
(AA) (a- TOH ) together. Gross appearance of
eyes and gills of all fish were normal. Internal ex-
amination did not reveal accumulation of fluids
(ascites ) in any fish or discoloration of visceral
organs, as have been reported in other fish fed a-
tocopherol deficient diets. The data reported here-

in showed that the vitamin C deficiency is sus-

Vet.Med.dJ.,Giza.Vol.49,No.1(2001)

pected as being resposible for the deformity as de-
veloped spinal curvatures because nonc of the
above symptoms have beep observed in tilapia
fed diet supplemented with vitamin C. Deformi-
ties were identified visually in fish fed vitamin C
deficient diet. Most common was scoliosis, a lat-
eral curvature of vertebral column, usually at ap-
proximately the mid-length of the fish. Many fish
showed lordosis with or without scoliosis. Soli-
man et al. (1994) showed that O. niloticus fed as-
corbic acid free diet exhibited deficiency signs in-
cluding erratic and convulsive swimming,
anorexia, lethargy, caudal fin erosion, skin hae-
morrhages and mortality. According to the nutri-
tional and pathological parameters investigated,
the recommended dietary inclusion level is 1250
mg /kg dry diet, which is equivalent to a net re-
quirement ( after processing and storagc ) of 420
mg /kg diet. With respect of vitamin E deliciency
in diets caused lordasis as reported by Watanabe
et al. (1970).Tengerdy (1990 ) reported that the
supplemental levels of vitamin E in the diets of
farm animals have been shown to enhance humo-
ral and cellular immune responses and increase
disease resistance. For this reason , increasing die-
tary levels of vitamin E to 2000 mg /kg may be an
easy and effective means of increasing immune
function and increasing disease rcsistance in mon-
osex O. niloticus . Surface swimming or tetany,
which have been observed in practical tilapia cul-
tures where vitamin C deficiency was suspect

( Lovell, 1973) were not found.
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Gross examination of internal organs for all ex-
perimental group revealed no hemorrhagic areas
that could be attributed to diet. Thus the data of
gross deficiency signs cleared that the level of (
tocopherol (2000 mg /kg) and ascorbic acid (400
mg/kg) supplemented together in the diet allowed
for normal growth and prevention of muscular
myopathy and anemia in O. niloticus and prevent
incipient signs of muscle and liver pathology . De
Silva and Anderson (1995) showed that ascorbic
acid is required in the diet of some species of fish,
the first recognized function of ascorbic acid is its
role in hydroxylating the proline to hydroxypro-

line for use in cartilage synthesis.

Concentration of (AA) and (a-TOH) in whole

body, blood, Liver and anterior kidney of ex-

perimental fish :

a) Ascorbic Acid :

Table; 5 showed the mean (AA) levels in whole
body, blood, liver and anterior kidney of six fish
from each treatment. All values were significant-
ly higher ( P < 0.05 ) for fish fed diet supplement-
ed with (AA) and (a- TOH ) together followed by
those fed diet supplemented with (AA) only. Lo-
vell (1973) and Merchie, (1996) found the same
trend when compared between fish fed supple-
mental (AA) and others fed unsupplemental
(AA). Blood concentration of (AA) in tilapia of
control group have ranged 20 ( 1.00 mg. /kg.
While, the blood concentration of Bascorbic acid
in tilapia fed diet supplemented with vitamin C
and E together was 57 ( 2.10 mg /kg Dabrowski
et al. (1994) cited that the concentration of (AA)

Table (5): Concentration ( mg/ kg )of ascorbic acid in whole body , blood , liver and anterior kidney of
monosex Nile tilapia O. niloticus fed diets supplemented with (AA) and / or (a-TOH ).

Treatments
ITEMS Supplemented | Supplemented | Supplemented Without
of Of Of Supplemented
(AA)+ (o-TOH) (AA) («-TOH) Of
(AA) or (0-TOH)

Whole body, Vit.C.Content (mg.) 120+ 18.0 92+11.0 0.76 = 0.30 0.61 + 0.40
Ratio of Vit.C in whole body/feed. 1.40 + 0.01 0.92 £ 0.03 0.81 £ 0.02 0.78 = 0.02
Blood, Vit. C. content.....(mg.) 57+2.10 49 = 1.70 23 = (.80 20 £1.00
Ratio of Vit.C in blood/feed 0.67 £ 0.01 0.497 + 0.03 31.8+3.71 26.32 + 2.21
Liver, Vit.C. content....(mg.) 88 £2.70 83+3.10 26+ 1.10 22+ 0.7
Ratio of Vit.Cin liver/ feed 1.03 £ 0.03 0.83 £ 0.01 0.35 £ 0.01 0.28 £ 0.02
Anterior kidney Vit.C content (mg.) 166 = 4.00 160£3.2 73 + 1.30 69 % 1.30
Ratio of Vit.C in interior kidney/feed 1.93 £ 0.02 1.61 £0.03 986578 90.79 £ 6.11
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in blood plasma of the fish fed 500 ppm was 34.8
(g/ml. Indicating that (AA) level in blood of fish
srobably vary with diectary levels as has been
found to occur with salmonids ( Halver, et al
1969), channel catfish (Lovell, 1973; 1975) and
sea bass (Merchie, 1996) who reported that the
liver, anterior kidney and blood analysis all re-
flected the differences in content of (AA) in the
diet. Also, the liver concentration of (AA) in tila-
pia fed diet supplemented with vitamin C and E
together was 88 ( 2.7 mg. /kg. higher than the un-
supplemented fish (22 = 0.7 mg/kg.) Dabrowski
et al., (1994) found that rainbow trout fed diets
supplemented with 40 ppm ascorbic acid had a
liver concentration 38.59 ppm (AA). Dabrowski
et al ( 1994) reported that the concentration of
(AA) in the liver of common carp and rainbow
trout was significantly different after they had
been fed a diet supplemented with 500 ppm (AA)
for 5-6 weeks. While, Dabrowski et al., (1994)
found that channel catfish fed diets supplemented
with 132 ppm of ascorbic acid had either no de-
tectable or only no amounts of (AA) in the liver
and kidney. Soliman et al., (1994) found that the
tissue ascorbate concentrations of O. niloticus
were depressed in fish fed the ascorbic acid free
diet While, they found that the tissue ascorbate
concentrations, especially for liver, were highly
correlated with dietary ascorbic acid level. The
anterior kidney concentration of (AA) in tilapia
fed diet supplemented with (AA) and (a-~ TOH)
logether was 166 +4.00 mg /kg and higher than
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those fed (AA) and («u-TOH) deficient diet (69
( 1.30 mg. /kg.) as reported by Lovell (1973).
Concerning, supplementation of (AA) only in-
creased whole body levels 121 fold compared by
fish fed diet supplemented with (a~TOH ) only,
151 fold of those fed unsupplemented diet. While,
the supplementation of (AA) and (a— TOH ) to-
gether increased the whole body level of (AA) to
1.3 fold compared by those fish supplemented
with (AA) only. The ratios of (AA) in whole body
/ feed of the (AA) supplemented fish were 0.92
+0.03 of those found for the supplemented fish
with (a—- TOH) only 0.81 = 0.07 and of the un-
supplemented fish 0.78 = 0.02. While, this ratio
was 1.4 =0 0.01 when fish supplemented by (AA)
and (a- TOH ) together.

b) a- Tocopherol :

Table, 6 shows mean (a- TOH) levels in whole
body, blood, liver and anterior kindey of six fish
from each treatment. All values were significantly
(P <0.05) higher for the fish fed supplemental
(a-TOH) and (AA) together. Also, the concentra-
tions of (a~ TOH ) in blood, liver and anterior
kidney were higher of fish suplemented with (a-
TOH ) only than those fed diet supplemented with
(AA) only or those unsupplemented (control
group ) . Hamre and Lie (1995) found that the (a-
TOH ) concentration increased in blood, liver and

anterior kidney of fish fed diet supplemented with
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300 mg /kg DL-a- toco pherol acetate. Cowey et
al. (1981, 1983) were successful in utilizing the
(AA) stimulated lipid peroxidation assay in liver
microsomes as a sensitive index of vitamin E stat-
us in rainbow trout. Therefore , this assay was
perfected for monosex Q. niloticus and was per-
formed on tissue samples of fish that had been fed
their respective diets for one year. Supplementa-
tion of (a— TOH ) only increased the whole body
(a- TOH ) concentration 7.8 fold compared by
fish fed diet supplemented with (AA) only, 7 fold
of those fed unsupplemented diet {frec of supple-
mental (o -TOH) and (AA) }. While, the supple-
mentation of (a- TOH ) and (AA) together in-
creased the whole body level of (a— TOH ) to
0.05 fold compared by those fish fed supplement-
ed with (a~ TOH) only. Hamre and Lie (1995)

reported that the supplementation of vitamin E in-
creased the whole body (o~ TOH ) concentration
5-7 fold affecting all analysed organs. The liver
(o~ TOH) concentration increased approximately
10.6 fold when compared between fish supple-
mented with (a-TOH ) only and those supple-
mented with (AA) only , 0.12 fold when com-
pared between fish supplemented with (AA) and
(oo TOH ) together and those supplemented with
(a— TOH) only. While, Hamre and Lie (1995)
found the liver (a~TOH) concentration increased
approximately 10 fold in case of fish supplement-
ed with 300 mg/kg. Apparently, the liver is capa-
ble of storng excess (- TOH ) . In the fish sup-
plemented with (a— TOH ) only, the ratio of
whole body / feed were 1.17 = 0.03 of those
found for the supplemented fish with (AA) only

Table (6): Concentration (mg/ kg) of a- Tocopherol in Whole body, Blood, liver and Anterior kidney of
monosex Nile tilapia O. niloticus fed diets supplemented with (AA) and / or (a - tTOH) .

Supplemented | Supplemented | Supplemented Without
ITEMS of of of Supplemented
(AA)+ (o-TOH) (AA) (a-TOH) of
(AA) or (a-TOH)

Whole body, (a-TOH) Content (mg.) 630 91.0 68 £ 2.30 600+ 11.0 752 2.10
Ratio of («~TOH) in whole body/ feed. | 1.41 = 0.02 34.52+£2.25 1.17+0.03 | 3589+3.17
Blood, (a-TOH) content....(mg.) 561 = 24.0 61 = 08.00 528 + 18.0 59.00 = 0.7
Ratio of (a-TOH) in blood / feed 1.31 £0.03 30.96 = 3.55 1.03 £ 0.02 28.23 +2.57
Liver, (a=TOH) content....(mg.) 9990 + 109 840 = 26.00 8881+ 118 811 £29.00
Ratio of (a-TOH) in liver / feed 2246+ 1.09 | 44721 £23.7 1641 1.7 388.04 + 29.23
Anterior kidney (a-TOH) content (ing.)] 947 £ 31.0 101 + 18.00 882 + 25.0 105 + 13.00
Ratio of (a-TOH in interior kidney/feed| 2.21 2 0.11 51.27+8.34 1.72 = 0.01 50.24 = 691
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34.52 +2.25 and of the unsupplemented fish 35.89
+ 3.17. While, this ratio was 1.47 (0.02 when fish
supplemented with (a~ TOH) and (AA) together.
Alsu, Hamre and Lie (1995) found in the fish sup-
plemented with DL ( tocopherol acetate, the ra-
tio of [~ TOH ] tissue : [a=TOH ] feed was gen-
crally lower than in the unsupplemented fish.
Hamre and Lie (1995) also found that in Atlantic
salmon Juveniles, the ratio of (a~ TOH ) concen-
tration in whole body / feed was unchanged at
dietary DL ( tocopheryl acetate levels between
30 and 300 mg /kg Concentration dependent rates
of absorption or turnover of (a- TOH ) are there-
fore unlikely to have caused the different relative
body concentrations. In mammals, a hepatic to-
copherol binding protein discriminates between
different stercoisomers of (a- TOH ), binding
the D-form with a higher affinity. Conse-
quently, D and DL a-tocopherol have different
biological activities ( Kayden and Traber, 1993).
A similar discrimination mechanism is probably
present in fish, although this remains to be shown.
The relative incorporation of (a-TOH ) in the
fish body in supplemented and unsupplemented
fish was similar to the relative activities of D- and
DL- (a-TOH in mammals. All organs in the
present study showed a reduction of the tissue /
feed ratio of (u— TOH ) upon supplementation
.Thus , («~TOH ) appears to be retained in the
tissues according to a distribution key , indepen-

dent of supplementation and body level.

Vet.Med.J.,Giza.Vol.49,No.1(2001)

Haematological Changes :

The effect of (AA) and / or ( a~ TOH ) supple-
mentation on some haematological parameters
were shown in table (7). The most prominents
feature was a significant ( P < 0.05) increase in
Haemoglobin (%) from 48.47% {Without sup-
plementation of (AA) (a- TOH )}to 5891 %
{with supplementation of (AA) and (a- TOH) to-
gether}. In contrest, insignificant differences
were found between fish supplemented with (AA)
(52.35 %) and those supplemented with («-TOH)
only (51.88 %). It means that the supplementa-
tion of (AA) and (a— TOH ) together increased
Haemoglobin content to (58.91 %) and was sig-
nificantly higher ( P < 0.05 ) than unsupplennent-
ed fish. While, Wilson et al. (1984) showed no
differences were observed in haemoglobin con-
centration among fish fed the, 0,20, 20, 40 and 60
mg /kg DI (a-TOH levels for 20 weeks. While,
the present data agreed with finding of Soliman et
al., (1994) who found that the hacmoglobin level
was depressed in Nile tilapia O. niloticus fed the
ascorbic acid free diet. Haematocrit values were
lower ( P < 0.05) for fish fed the control diet. So-
liman et al., (1994) showed that the haematocrit
level was depressed in Nile tilapia O. niloticus
fed the ascorbic acid free diet. Klar et al (1986)
showed that the increase in haematocrit of anemic
fish that were placed on a control diet indicated
that recovery from the disease by individual fish
was possible. No individual haematocrits wcre

near the extremely low range ( 0--5 %) observed
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Table (7): Changes in some haematological parameters of monosex O. niloticus fed diets supplemented

with (AA) /or (0— - TOH) .

Treatments .
Supplemented | Supplemented | Supplemented Without
ITEMS of of of Supplemented SE
(AA)+ (- TOH)|  (AA) (a-TOH) Of =
(AA) or (a-TOH)
Haemoglobin, % 58.912 52.35° 51.88° 48.47° 2.09
b
Haematocrit, % 38.64" 31.91 38.72° 25.38° 2.51
Erythrocite count (million/mm3) 1.982 1 1.32b 1.380 0.88° 0.45
Total Leucocyte count (103/mm3) 11.60° 13.08° 13.10° 15.66" 1.30

SE = , Stand error. Calculated from residual mean square in the analysis of variance.
a, b, ... ctc. means in same raw with different superscripts are different ( P < 0.05 ).

in the anemic fish as reported by Klar et al
(1986). Haematocrits were not differed ( P < 0.05
) among groups fed (AA) and (o~ TOH ) together
or those supplemented with ( a— TOH ) only. Lo-
vell et al. (1984) found the haematocrit values
were not difered among catfish fed 25, 75, 250
and 2500 mg. /kg. They also, found the lower val-
ue were observed among fish fed the control diet.
Poston and Livingston (1969) found that 5000 mg
/kg caused reducing in haematocrit values in
brook trout. The present study suggests that the
level of (a-TOH ) (2000 mg. /kg.) and the level of
(AA) ‘ ( 400 mg. /kg.) together allowed for nor-

mal growth and erythrocyte production.
Total serum protein, Total serum albumin and

Total serum globulin :

As shown in table (8), the values of Total serum
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protein (TSP), Total serum albumin (TSA) and
Total serum globulin (TSG) values were signifi-
cantly affected ( P < 0.05 ) by supplementation of
(AA) and / or (a— TOH ). The suppulementation
of (AA) and (a~-TOH ) together showed higher
values of ( TSP ), ( TSA ) and ( TSG ) and fol-
lowed by those fed diet supplemented with (AA)
‘only, supplemented with (a— TOH ) only and un-
supplemented fish. The values of (TSP ), (TSA)
and (T'SG) which obtained by those supplemented
with (AA) and (a-TOH) together were higher
than the values found by Blazer and Wolk (1984)
who reported these values reflects the higher level
of immunoglobulin. This data may explain the
possible reason, that the (AA) and (a~TOH )
would quickly reflect changes in the catabolic an-
abolic relationship. Helmy et al. (1974) reported

that, the increases in serum protein would result
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Table (8): Total serum protein, Albumin, Globulin and Albumin / globulin ratio of monsex Nile tita-
pia O. niloticus fed dicts supplemented with (AA) and/or (a- TOH)

Treatments -
Supplemented | Supplemented | Supplemented Without
ITEMS of Of Of Supplemented S
(AA)+ (-TOH)|  (AA) (a-TOH) of Ex
(AA) or (a-TOH)
Total serum protein (g./dl). 3.87% 3.18° 2.80P° 2.114 0.37
b

Total serum albumin (g.dl). 2.82° 2.00 1.49° 1.01° 0.39
[otal serum globulin (g.dl). 1.33* 1.23 1.19¢ 1.03° 0.06
Albumin / Globulin ratio. 2.117 1.63h 1.23¢ 0.97d 0.25

SE =, standard error. Calculated from residual mean square in the analysis of variance.
a, b, ... ctc. means in same raw with different superscripts are different (P < 0.05).

when anabolic processes exceeded catabolic ones,
and reserve proteins are being produced in greater
quantity to meat increased metabolic require-
ments of the fish . They added that , an increase
catabolic rate would explain the decreases in ser-
Thus, the fish fed (AA) or

(a— TOH ) deficient diet can cuse reduced growth

um  protein level.
rate, myopathy, anemia and possibly other pathol-

ogies as found by ( Merchie, et al. 1996 ).

CONCLUSION :

It was apparent that the absence of vitamin C or
E from the practical - type diet used in this study
was responsible for the poor growth and spinal
deformities in the fish. The present study sug-
gested that 400 mg/kg (AA) and 2000 mg /kg
(a-TOH) together were adequate for high growth

Vet.Med.J.,Giza.Vol.49,No.1(2001)

rate of monsex O. niloticus, while many authers
recommended 100 mg. /kg. (AA) and 25 200 mg.
/kg. (a- TOH) for normal growth and tissue de-
velopment, but not in quantities sufficient to pro-

vide rapid growth.
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