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Abstract: A growth trail and metabolic response were conducted to interactive effects for previous feed, low water
temperature and nutrient restriction on male Nile tilapia. After the end experimental diets, male Nile tilapia returned
to their original nine experimental diets fish oil replacement and alternative flaxseed oil and beef tallow in two
replicates in to outdoor cements ponds (30 fish/pond) periodical sampling was conducted after 30, 60 and 90 days
under lower temperature(.from 16.5 £ 1.8 © C (November to December ; 12.4 + 0.7°C (December to January) to
13.6 £ 1.1 °C (January to February respectively . After 90 days with nutrient restriction, a significant (P<0.05)
reduction was observed in weight gain, thermal growth coefficient protein deposition, lipid deposition, energy
deposition, total lipid in liver and hepatosomatic index between treatment, while between periodical sampling, no
change we seen after 30 days in weight reduction %, protein, lipid and energy deposition. However, with total lipid
in liver a significant reduction (P<0.05) was seen after 30 days. No significant reductions (P>0.05) in hematological
parameters between periodical sampling. Fish treatment inter periodical sampling, the significant reduction (P<0.05)
was observed in weight reduction, total lipid in liver and energy deposition. Fish previous fed 25 % fish oil and 75%
beef tallow or fish previous fed 50% fish oil + 50% beef tallow its indicating that mixed fish oil with beef tallow in
dietary male Nile tilapia, may was the cause in improve survival rate during lower water temperature with nutrient
restriction appeared little reduction in weight gain (%) and higher reduction in total lipid in liver.
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1. Introduction:

As a tropical fish species, they are well adapted to
worm waters, but mass mortalities of cultured tilapia
have often been reported due to sever cold current in
winter (Hsiew et al. , 2007).

Changes in environmental conditions challenge an
organism to maintain homeostasis (Fiesset al. ,2007).

Winter temperature in the main culture areas are
usually favorable yield cold spells do occur and cause
considerable mortalities (Viola et al. ,1988) and the
lethal temperature for tilapia hybrid (Oreochromis
aureusxQ. niloticus) is about 9°C for spells of 6-8
hours . In several studies it has been demonstrated that
an increase in the content of poly unsaturated fatty
acids (PUFA) in membrane phospholipids raised the
membrane fluidity and lowered the phase transition
temperature (Bell et al. ,1986) .

It was postulated that these changes may increase
viability of fish at temperatures near zera (Farkas,
1979; Brenner, 1984). Hsich et al. (2007) with grass
carb, and with common carb (Truemanet al. ,2000) .

Evidented when fish adapting to cold stress is the
increased level of unsaturated fatty acids to maintain
homeoviscousfluidity . Though, Rios et al (2002)
reported that the adaptive reductions in metabolic rate
that are induced by starvation during overwintering
may involve changes in respiratory frequency, which is

closely related to the maintenance metabolism of an
fish. Can ef al.(1996) showed that the gastrointestinal
tract and associated organs can account for
approximately 40% of the resting metabolic rate of an
animal.

Though, exposure to low temperatures usually
leads to a reduction in the proportion of saturated fatty
acids and a corresponding increase in unsaturated fatty
acids (Hsieh ef al., 2007). Martins et al.(2009) showed
that vegetable oils are characterized by a high C18 —
fatty acid content , where as terrestrial animals fats are
particularly rich in saturates fatty acids. Tocher (2003)
found that fatty acids play vital roles in many
physiological functions, from energy supply, to
membrane integrity to eicosanoid production.

Qianger al.(2013) reported that the healthy
cultivation of tilapia depends on nutritional status and
environmental conditions, and they suggested that
temperature is a well — known principal environmental
cue. Sun et al.(1995) found that tilapias stop feeding
when temperature goes below 15° C and are unable to
reproduce below 20° C.

The aim of the present study was to investigate
the effect of feeding and subsequent under low water
temperature nutrient restriction exposure of male Nile
tilapia in an attempt for increase survival rate under
cold shock. Three different periods were conducted to
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assess; effect of previous feed, low water temperature
and fasting on growth performance, chemical body
composition , Hepatosomatic index, total lipid in liver
and some hematological parameters (hematocrit value ,
hemoglobin concentration and red blood cells count.)

2. Materials and methods

Experimental conditions

This experiment was conducted at El-kanater El-
Khayria .Research station of the National Institute of
Oceanography and Fisheries, Egypt.

Experimental design :

The remaining male Nile tilapia (Oreochromis
niloticus) from previous experiment diet by EI-
Hammady et al. (in press) , Fish oil replacement and
alternative flaxseed oil and beef tallow in male Nile
tilapia (Oreochromis niloticus)diets.

After the end previous experiment , fish were
returned to their original experimental ponds into a
cement ponds consisting of 18 (10m3 /unit) Fish with
an initial weight ranged from 180.25 to 201.03g
according to previous studs by El- Hammady et et
al.(in press) with treatments which were: Fish oil (Fo);
Flaxseed oil (Fxo) ; beef tallow (BT) ; blends of 50%
fish oil + 50% flaxseed oil (Mix.1); 50% fish oil + 50%
beef tallow (Mix.2); 50% flaxseed oil + 50% beef
tallow (Mix.3),25%Fish o0il+37.5 % flaxseed oil +
37.5% beef tallow (Mix.4) ; 25 % fish oil + 75%
flaxseed oil (Mix.5) ; 25% fish oil + 75% beef
tallow(Mix.6) . All fish groups were subjected to
fasting forgo days from November 2012to February
2013( 90days)

Periodical sampling was conducted after 30, 60
and 90 days to follow the growth performance;
chemical body composition ,hepatosomatic index ;
some hematological Parameters , and survival fish were
recorded.

Analytical methods:

The test diets and fish fillets were analyzed for
chemical composition following AOAC (1996)
methods : dry matter by weight loss after 24 h in an
oven at 105 °C for 16 h; crude protein (% % 6.25)
determined using the Kjeldahl method , dietary lipids
extracted was measured by ether extraction using
Soxhlet method using Petroleum ether (40-60 °C
boiling point) , however total lipid in fish fillets and
livers sample were measured according to Folch ef al.
(1957) ,gross energy MJ kg-1 was calculated 1g crude
protein = 23.6 K.J 1g crude lipid = 39.5 kj. ,1g nitrogen
free extract = 17.2 kj according to Thanuthong et al.
(2011).

Blood sampling:

At the end of the feeding trial , and blood was
collected from the caudal vein used as an anticoagulant
for hematology (hemoglobin, haematocrit and redblood
cells counting). Haematocrit values (Ht) were

immediately determined after sampling by placing
fresh blood in glass capillary tubes and centrifuging for
15 min in a microhematocrit centrifuge Hemoglobin
(Hb) level was determined colorimetrically by
measuring the formation of cyanomethaemoglobin
according to van Kampen and Zilstra (1961).
Calculations:

Specific growth rate of weight (SGR , % day ™)

= (L We—L,W;) X 100/t

Where ,W; and W; are final and initial mean
weight g.

Hepatosomatic index (HSI) =
weight) / (body weight)

Survival = final fish number — initial fish number

100 X (liver

Statistical analysis:

Data are presented as the mean +sd two- way
analysis of variance ( ANOVA) and Duncan's multiple
testes were also conducted to determine the
significance of differences among the time-course
measurement for fish previous fed the same diet, and
differences among the fish previous fed diets.
Differences were regarded as significant when P<0.05.
SPSS(spss 11.0) statistical software was used.

3.Results
In this study , fasting with lower water
temperature in significant reductions in body

weight(Fig .1) , specific growth rate and hepatosomatic
index(Fig.3a) in the tilapia. 90 days of fasting also
caused significant reductions in total lipid in liver
(Fig.3b)and haematology parameters (Hct, Hb and
RBC) (Figd.a.b.c). After 30 days of fasting caused
significant reductions (p<0.05) hepato-somatic index
and total lipid in liver and also, body deposition (Fig.2
a,b,c) while hematology parameters were unchanged
significant (P> 0.05). However, after 60 days noted an
decrease significantly (P<0.05) in HSL , total lipid in
liver , lipid body in fillet and hematological parameters
(Hct, Hb, RBC). HSI, and total lipid in the difference
in growth reduction liver became little apparent during
period 60 to 90 days fast .Survival number was ranged
between 26 (Mix. 6 and Mix.2) to 22 (Mix. 2 and BT.)
fish from 30 fish / treat.

At the end of the 90 days fasting, there were
significant differences (P<0.05) observed for thermal
growth coefficient (Table .1). Fish pervious fed Mix 1
and Mix 4 recorded negative increased in TGC (-0.266;
- 0.256) , while fish in treat BT and Mix 6 recorded
negative decreased in TGC (-0.181; -0.197) .

After 90 days fasting with lowest in water
temperature may be decrease growth (Table . 2 )from —
16.51 (Mix. 1) to — 12.73% (Mix. 6); protein deposition
—63.01% (Fxo.) to — 50.09% (Mix 1), lipid deposition
from -44.89% (Fo) to — 32.70% (BT), energy
deposition from — 81.55% (Fxo) to- 69.60% (Mix. 5),
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heptosomatic index — 51.02% (Mix. 1) to — 39.08%
(BT); total lipid in liver ranged from -58.06% (BT) to —
48.06% (Mix. 5) ; haematocrit value from — 7.91%
(BT) to — 4.21% (Mix. 4) hemoglobin concentrate from

-8.96% (BT) to — 6.30% (Mix. 5) ; and red blood cells
count ranged from — 5.18% (Mix. 5) to — 4.26% (Mix.
4) respectively.

Table 1:Growth performance of male Nile tilapia (Oreochromis niloticus )after being fed diets during fluctuation water

temperature
FO FXO BT Mix.1 Mix.2 Mix.3 Mix.4 Mix.5 Mix.6
. . 19276 1 109414 | 17124+ | 19722 | 186.04x | 1999 | 201,03+ | 19074+ | 180-23
Initial body weight(g) | * 3.78 3.66 = 3.57 = 4.11 2.84 =
334 : : 3.49 : 2.47 : : 3.56
Final body (weight(@) | 16414 | 161505 | 150.72% | 164665 | 16193+ | 16406 | 169.30x | 16297 | 157.30
y (weight(g 2.70 3.05 3.12 2.77 2.99 2.02 3.24 231 3.00+
Weight gain() 2862+ | 2791+ | 2252+ 22'56i i“'“l |5 | 26905 | 3173% | 27774 | 2295+
gt gainte L17a [ 125ab | Lldc |5 0 |L 7128 [ L12a [ 105b | L13c
Weight reduction vy | 14855 | 1474% | 12985 | 1651% | 1296+ | 14.09¢ | 1578 14'056 1273 +
CET RN T o61a | 082+ | 053b | 095a |-0.64b | 0.76b | 088a | (o |056b
Specific growth rate 'i% 107291 fd 107179 i% 104127 0.025a | -0.154b ;%169 0.191a | 01752 | -0.151b
(%/day ) L S e £0200 | 0015 |9 0 [£0027 [£0019 | 0013
Survival number /
Rl 24 24 22 24 26 22 24 25 26
Thermal growth | 0236 | 0233 | 0.181 | 0266 | -0202 | 0222 | -0256 | 0231 | -0.197
coefficient 003 | +004 |£002 |+003 |+004 |=£003 | 1004 |+£003 |=004

Values with different superscripts in each row significantly differ ( P< 0.05)different letters (a,b, and C) indicates that
differences between the diets were significantly (P < 0.05) for tilapia .

Table.2. Percentage change in some metabolic response of male Nile tilapia during nutrient restriction and lower water
temperature (mean + Sd.)

Hemoglob Red
Weight Protein Lipid Energy Heoatosom | Total lipid | Hematocr in blood
gain deposition | deposition | deposition atic index in liver it value con_centrat cells
ion
FO 14.85£1.2 | 55.18+2.5 | 44.89+2.0 | 73.60+2.6 | 44.57+1.85 | 55.40+2.4 | 5.3440.96 | 8.63+1.41 | 4.57+0.8
2a 1b 6a 9b b 7ab b a 9a
FX 14.74£1.1 | 63.01£2.3 | 42.06+1.7 | 81.55+2.8 | 47.69+2.16 | 48.39+2.1 | 6.65+1.14 | 7.00£1.25 | 4.86+0.7
(6] 6a 6a Sa 3a a 9¢c a ab 4a
BT 12.98+£1.0 | 51.63£1.8 | 32.70+2.1 | 73.83+£3.0 | 39.08+2.55 | 58.06+2.8 | 7.91+1.24 | 8.96+1.68 | 4.62+0.9
9b 2c 2c 5b b Sa a a 2a
mix. | 16.51£1.2 | 50.09£2.0 | 39.62+1.6 | 71.30+£2.7 | 51.02+1.87 | 48.97+2.9 | 5.48+0.78 | 7.58+1.49 | 4.77+1.0
1 Sa 5c 7b 4bc a Ic b a 4a
mix. | 12.96£1.1 | 56.96+1.7 | 40.23+£2.1 | 73.07+£2.6 | 42.62+2.63 | 57.48+2.7 | 6.13+£0.88 | 8.39+2.05 | 4.81£1.1
2 7b 6b Sab 5b b Sa ab a 3a
mix. | 14.09£1.2 | 53.32+1.5 | 39.29+1.8 | 71.50+2.8 | 47.56+2.19 | 51.29+42.8 | 5.73+1.04 | 7.34+1.65 | 4.38+0.9
3 8ab 3bc 3b 4b a 1bc b a 2a
mix. | 15.78+1.1 | 52.4542.0 | 43.93+2.0 | 72.92+3.1 | 45.42+2.07 | 54.68+2.6 | 4.21+0.75 | 8.42+1.97 | 4.26+0.7
4 la 8c Sa 4b ab 1b b a Sa
mix. | 14.56£1.1 | 55.83+1.7 | 37.38+1.6 | 69.60+£2.5 | 47.51+£2.19 | 48.06+2.4 | 6.44+0.89 | 6.30+1.65 | 5.18+0.8
5 7a 6b 5b 6¢ a 6¢ a b 9a
mix. | 12.73+£1.0 | 56.33+£2.1 | 39.56+1.8 | 71.41+2.8 | 43.00+2.85 | 57.16+2.1 6.7840.9a 6.47+1.83 | 4.64+0.8
6 8b 4b 4b 2b b 7a ) ) b 8a

Value with different superscripts in each column significantly differ (P<0.05) different letters (a,b and c ) indicate that
different between the diets were significant (P<0.05)
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Fig.1Changes in weight gain percentage (%) of Male Nile tilapia previous fed diets containing different
sources of lipids at various times under lower temperature and nutrient restriction .
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Fig.2 (a) Changes in protein deposition (g) of Male Nile tilapia previous fed diets containing different sources
of lipids at various times under lower temperature and nutrient restriction .
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Fig.2 (b) Changes in Lipid deposition (g) of Male Nile tilapia previous fed diets containing different sources of
lipids at various times under lower temperature and nutrient restriction .
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Fig.2 (c) Changes in energy deposition (kj/g) of Male Nile tilapia previous fed diets containing different
sources of lipidsat various times under lower temperature and nutrient restriction .

= QDAY
®| 30pAY
"' sopaY

90 DAY

3.5

25

MIX.6 MIX.5 MIX.4 MIX.3 MIX.2 MIX.1

15

0.5

Hepatasomatic index (%

Fig.3 (a) Changes in hepatasomatic index (%) of Male Nile tilapia previous fed diets
sources of lipids at various times under lower temperature and nutrient restriction .
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Fig.3 (b) Changes in total lipid in liver (mg/g) of Male Nile tilapia previous fed diets
sources of lipids at various times under lower temperature and nutrient restriction .
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Fig.4 (a) Changes in Hematocrit value % of Male Nile tilapia previous fed diets containing different sources
of lipids at various times under lower temperature and nutrient restriction .
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Fig.4 (b) Changes in Hemoglobin concentration (g/dl)of Male Nile tilapia previous fed diets containing
different sources of lipids at various times under lower temperature and nutrient restriction
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Fig.4 (c) Changes in red blood cells count (x10)6 mm3 of Male Nile tilapia previous fed diets containing
different sources of lipids at various times under lower temperature and nutrient restriction.

4.Discusition
Fish, like poikilotherms, are capable of
withstanding relatively long periods of food

deprivation, during which body reserves are utilized for
maintenance of routing body functions (De Silva et al.,
1997).

The ability of fish to adapt to environmental stress
may depend on fish nutritional status (Salteet al.,1988).

When subjected to starvation conditions, animals
employ various behavioral , physiological and
biochemical responses to reduce maintenance
metabolism, which can prolong the period during
which the energy reserves can cover metabolic needs
(Wang et al.,2006). Some poikilothermic animals such
as snakes and fish can endure long periods of extreme

1058



Life Science Journal 2014;11(12s)

http://www.lifesciencesite.com

starvation during hibernation or overwintering (Hur et
al.,2006, McCue,2010).

The same authors showed that starvation in
known to effect fatty acid composition of body tissues
in particular in the liver, muscle and viscera fat
deposited.

Though, in consideration that the experimental
diets were isonitrogenous and iso- lipidic in the
experiment one (El- Hammady er al,in press) the
initial weight in the experimental two (Table. 2) were
differences attributable to differences source lipid in
diets.In fish, reduced or negative growth is commonly
observed under conditions of stress and cortisol is
known to inhibit somatic growth by stimulating energy
consumption gluconeogenesis and  lipogenesis in
several aspects of teleost's (Schrech, 1981; Wendelaar
— Bonga, 1997). During the period of experiment, the
water temperature ranged from 16.5 + 1.8 ° C
(November to December ; 12.4 + 0.7°C (December to
January) to 13.6 £ 1.1 °C (January to February)
respectively .The effect of fasting during decrease
water temperature on growth are shown in table (1).
These results revealed that decrease temperature may
have been cause to restricted feeding or starvation for
fish in all treatments

The growth ratio relationship and energy
allocation are affected by many factors , such as feed
type or composition (Yang et al.,2003), and water
temperature (Sogard and Spencer, 2004) . As with
starvation, central

component of stress adaptation seems to be the
reallocation of metabolic energy from growth and
reproduction toward activates that restore homeostasis
, such as respiration , locomotion and hydromineral
balance (Uchida et al.,2003).

Though , Zhang et al ., (2008)and Liu et
al.(2011) showed that fasting leads to a loss of body
weight , and accelerated oxidation to produce energy.

Results presented in table (1) are in agreement
with obtained with Uchida ef a/.(2003) who found that
fasting for 2 weeks resulted in significant reductions in
body weight , specific growth rate in both male and
female tilapia (Oreochromis mossambicus). Zeng et al.
(2012) reported when facing the food deprivation,
exhibited a great reduction in body weight for southern
catfish.

Though, Tian et al . (2013) examined changed in
the growth of Nile tilapia which were starved for 28
days in a controlled indoor environment and supplied
with water temperature range 28+ 2° C . They observed
during the fasting phase, body weight decrease from
62.59 to 49.42 g (20.93% from initial respectively).
However, in the present study the percentage decrease
was between 12.73 % (Fish previous fed) (Mix.6,
25%fishoil +75% beef tallow) .

Mix.1, (50% fish oil +50%
flaxseedoil).respectively (Table.1) these variance in the
% decrease between present study and results by Tian
et al. (2013) may be attribute to different feed diets
previous fasting phase , water temperature during
starved , and long period of fasting phase (90 days) in
the present study.

Satoh et al. (1984) showed that in a 30- day
starvation study with tilapia ( Oreochromis niloticus)
of 40 g at a constant temperature of 15°C , found a
reduction of 7% weight . Though, viola et al. (1988)
found during the cold season, growth dropped to very
low rates for tilapia (Oreochromis niloticus).

Percentage hepatosomatic index (HSI) showed
significant differences increased initially and then
decreased over the 90 day experimental period (table.
2) decreasing (%) ranged between 51.02 % , with fish
previous fed Mix .1 to 39- 08% with fish previous fed
BT. In the end period (90 days) under lowest water
temperature with starvation whiled the total lipid in
liver (as percentage decreasing / initial total lipid in
liver) ranged 58.06 % with fish previous fed BT (100%
beef tallow) , to 48.06% with fish previous fed Mix. 5
(25% fish oil + 75% flaxseed oil), Tabl.2.

In this connection , results obtained by Tian et al.
(2013) suggested that HSI decreased from 2.02 to 0.88
(60%) after fasting Nile tilapia for 28 days, and fat
content in liver significantly decreased (P<0.05) from 7
days of fasting onwards. The same authors, indicated
that the liver is the critical organ under fasting . In this
connection .Furne et al. (2008) showed that protein is
used as the energy source in the initial stages of fasting
, but for Atlantic cod (Gadus morhua), lipids are the
major energy source. In this trends, Zeng et al. (2012)
reported that the liver was a site containing energy
substance (e.g. , lipid droplets and glycogen) and HSI
exhibited reduction when facing the food deprivation.

These reduction in total lipid of liver may be to
due low temperature according to by Qiang er al
(2014) found that hepatic gluconeogenesis and
lipogenesis in Oreochromis niloticus were increased by
low temperature (22° C). while 28> C is close to
optimum temperature for growth of GI1Fl (strain)
tilapia juveniles (Qiang et al.,2012) , 22 o C and 34~ C
were clearly below and above optimum range
respectively (Qiang et al,201 .Though, Liu et al
(2011) showed lipids are the predominant source of
energy for fish and fatty acids stored in the form
triacylglycerol are the main source of energy with
absence of a dietary substrate . Teoh et al. (2011)
reported that most of dietary LNA was oxidized to
produce energy and its B-oxidation was greater than
that of LA. However, Jezierska et al. (1982) found that
preferential utilization of monoenes during food
deprivation may be energetically advantageous because
long chain PUFA are produced at considerable cost to
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the fish and that it may be to the organism's advantage
to delay the utilization of these substrates.

Starvation or restricted feeding generally leads to
a reduction of the percentage lipid content and an
increase in the water content of fish tissues
(Weatherley and Gill. , 1987)..

Though, Tian et al . (2013) found that the
percentage of crude fat decreased significantly (P<
0.05) after 14 days fast of Nile tilapia.

Percentage body lipid of fillet decrease in fish
previous fed Mix.6 (14.18%) were significantly lower
(P< 0.05) than those fish previous fed Mix .5(18.34%)
(25% fish oil + 75% flaxseed oil).

Stickney and Andrew (1971) showed feeding
saturated and monounsaturated lipids (beef tallow)
produced high levels of oleic acid and low levels of
carcass PUFA and increased liver levels of the
palmitoleic and oleic series w7 and w9 and decreased
levels of w3 and wb6 series of fatty acids . Though, the
same authors found that fish feeding highly unsaturated
w3 fatty acids (Menhaden oil) resulted in high carcass
levels of these acids and high liver levels of 20: 5 w3 ,
22: 5 w3 and 22: 6 w3 were obtained . Similarly , Viola
et al.(1988) found that body fat for tilapia fed fish oil
were 10.7% , then decreased to 9.5% towards the end
of October and dropped to 4.9 in mid-February .

Lall (2000) suggested that manipulation has been
used as a tool to alleviate the damage of ammonia on
fish because environmental stress may increase the
requirement of essential fatty acids in fish such as
rainbow trout (Oncorhynchus mykiss).

(Calabretti et al.,2003) and European seabass
(Dicentrarchus labrax) (Person — le Ruyet et al.,2004).

Hsieh et al.(2007) found that dietary lipids a
strong effect on the hepatic fatty acid composition of
fish (hybrid tilapia) under cold shock. Though, the
same authors, show that exposure to low temperatures
leads to a reduction in the proportion of SFAs and a
corresponding increase in UFAs (unsaturated fatty
acids).

Murata and Wada (1995) suggested that fatty acid
composition in membrane lipids is mainly regulated by
the actions of SCD (Stearoyl - CoA) desaturase, EC
1.14 - 99.5, one of the acyl CoA desaturases
representing the first regulatory step in the formation of
long — chain unsaturated fatty acids (Enoch et
al.,1976). However, Polley ef al.(2003) found that diets
with elevated proportions of SFAs was increased SCD
activity .

Though , Hsieh et al.(2007) observed that the
tilapia fed coconut oil (higher proportions of saturated
fatty acids) as source lipid in diets , caused higher SCD
gene expression.

The changes in haematological parameters (Hct,
Hb, RBC) from the beginning until the end of the
fasting period are shown in Fig.(4 a,b,c).

The haematocrit value (Hct), hemoglobin
concentration (Hb) and red blood cells count (RBC)
were further reduced until the end of the fasting period
, while a percentage decreasing 7.91 % (BT) 4.21%
(Mix. 4) for Het, (PL 0.05) ; 8.96% (BT) until 6.30%
(Mix. 5) for Hb (PL 0.05) 5.18% (Mix. 5) until 4.26 %
(Mix. 4) for RBC (P> 0.05), respectively (Table.2).

The reduction was more pronounced for
haematocrit value than red blood cells (Table.2) might
be attributed to decrease in water temperature. In this
connection ,Bowden et al(2007) showed that low
temperature may reduce RBC products . Though
,Guijarra et al.(2003) found that RBC count and Hb
concentration of were mainly affected by water
temperature and increased as water temperature
increases , and hence showed that RBC count and Hb
concentration in summer were higher than in winter.
Meanwhile, dissolved oxygen would be more sufficient
in low temperature water; the blood may become more
viscous , and hence require less RBC to transport
oxygen (Morgan et al.,2008). In this connection, Qiang
et al.(2013) found that RBC count and Hb
concentration in blood were decreased significantly
when water temperature was above 30° C , they also
reported that high water temperature may pose
physiological stress in tilapia, thereby causing cellular
injury in kidney and liver as well as reducing the lever
of erythropoietin, thus leading to a decrease in RBC
count (Abdel — Tawwab et al,2010). Slater and
Schreck (1998) suggested that , acute temperature
differences such as winter — summer temperature
dynamics may inhibit immunological indices.

However, Lermen et al. (2004) showed that when
water temperature ranged over 15 — 31 o C, temperature
had no influence on RBC count and haematocrit in
silver catfish (Rhamdia quelen).

The results from the present study (table.2)
showed reduced percentage change in haematocrit
value and RBC count (4.21%)in fish fed Mix.4 (25%
fish oil + 37.5% flaxseed oil +37.5% beef tallow) to 90
days last fasting , than other treatments.

These results may be related to increased lipid
deposition and energy deposition during feeding
period. Satoh et al. (1989) reported that 2% linseed oil
is recommended for nutritional requirement in channel
catfish, while 4% linseed oil is necessary when fish are
under environmental stress (Calabretti et al.,2003).

Kelley and Daudu (1993) showed that
polyunsaturated fatty acids (PUFAs) are important in
cell membrane function and eicosanoids synthesis,
regulate prostaglandin and keep more adhesive sites on
cell membranes for antibodies to modulate
immunological recognition and response (Obach et
al,,1993). Though, stress response (decrease water
temperature or high concentration of ammonia ) in
aquatic organisms can lead to increase energy demand
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(Iwama, 1998) and fish may need to supplement more
energy substrates from feed (Paust er al,2011).
Similar, Fish exposed to stressors tend to show high
glucose mobilization in the glycolysis pathways, and
then lipid and proteins can be utilized as an energy
source (Mommsen ef al.,1999)

Present study has suggested that RBC count
(Table no) in the end fasting phase were lower
percentage change than other haematocrit value and
haemoglobin concentration. The hematology reaction
to stress has been considered a strategy to enhance
oxygen carrying capacity of blood cells for body
energy consumption  Barcellos et al.,2004 and
Trenzado et al.,2006;). Calder (2001) reported that
linolenic acid is an important constituent of blood
energy consumption (Barcellos et al., 2004 and
Trenzado et al,2006;). Calder (2001) reported that
linolenic acid is an important constituent of blood cell
membrane, which is capable of maintaining the
integrity of structure and functions of cell membrane,
accelerating proliferation of lymphocyte. Though, Li et
al.(2013) found that fish exposed to high stress
(ammonia raise) requirement of linseed oil (rich of
PUFA) for maintaining the structure and function of
blood cells (Foss et al.,2009.)
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