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Abstract:  All  male  hybrid  tilapia weighing 14.51±0.03g (mean ±SE) were reared in hapas earthen ponds for
6 months. The control group was fed to satiation twice a day throughout the experiment. The other three groups
were deprived of feed for 1, 2 and 3 days per week, respectively for 4 months and then fed to the satiation
during the next 2 months as the control group during the full feeding period. At the end of the experiment, fish
deprived for 1 or 2 days had body weights nearly the same compared to the control group. There were
significant differences in feed intake (FI), feed conversion ratio (FCR), protein utilization efficiency (PUE),
between the control group and the other treatment groups for the favor of the control group. In carcass analysis
the moisture, ash and protein contents were increased in fish deprived for 3 days compared to the control
meanwhile ether extract (EE) and energy were decreased. It can be concluded that juvenile hybrid tilapia reared
in fresh water showed good growth performance with reducing feeding costs in moderate feed restriction
deprivation regime (skip 1,2 days of feeding). However, in case of higher feed restriction regime (3 days) they
failed to get good growth performance and to compensate growth retardation due to feed restriction.
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INTRODUCTION such as cicheidis [4], cyprinids [5, 6, 7], gadoids [8],

The success of culturing fish depends on maximizing Salmoinids [12]. Compensatory growth in fish is regulated
cost effective manner in the production process. It is by  many  environmental factors such as water
known that inappropriate feeding practices in aquaculture temperature [13, 14], Water quality [13], social aggression
may lead to over feeding which results in feed wastes in [15]  and deiatry protein and energy contents [9] during
pond water and consequently higher production costs re-alimentation period.
and contamination of aquatic environment, meanwhile The  fishes have different response for compensatory
insufficient feeding lead to poor growth and high fish growth either complete or partial [8]. Complete
mortalities which make losses in the aquaculture business compensatory  has been observed in relatively few
[1]. An important approach to reducing feed costs in studies [3, 6, 13, 16, 17, 18]. However, partial
commercial aquaculture is to develop proper feed compensatory was observed in Mozambique tilapia
management and husbandry strategies [2]. One potential Oreochromis mossambicus reared in freshwater [19],
way of reducing feed cost is to take advantage of the hybrid tilapia O.mossambicus X O. nilotocus reader in sea
phenomenon of compensatory growth (CG). water [20] and hybrid tilapia (O. m X O. n) reared in
Compensatory growth in fish is a phase of fast growth, freshwater   [21], Gilthead sea bream [22].demonstrated
which occurs after the refeeding of fish following a period compensatory growth attributed to improvement in feed
of feed deprivation or after abnormal conditions such as intake but not for feed efficiency.
low temperature [3]. Compensatory growth is usually The period of feed deprivation that elicits
accompanied by hyberphagia (an increase in appetite). compensatory  growth  varies  among fish species.
This phenomenon has been found in various fish species, Jobling  et  al.  [8] reported that feed deprivation of  less

inctalurids [9], latids [10], pleuronectids [11] and
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than 3 weeks in Atlantic cod Gadusmorhua was of  one m  volume for 15 days. Thereafter, fish were
insufficient to induce any marked compensatory growth. alloted   randomly into 4 groups each one represented in
However a complete compensatory growth in the gibel 2 replicate and stocked at a rate of 24 fish/hapa at the
carp Carassius auratus gibelio and stickleback beginning of the experiment. All experimental fish were
Gasterosteus aculeatus could only be elicited after feed healthy and free of disease and parasites at arrival and
deprivation for more than 2 weeks [6,7]. Tian and Qin [18] during the whole experimental period. 
found that a single phase of food deprivation provoked
compensatory growth in barramundi Lates calcarifer that Growth and Feed Utilization Parameters: At the
had been completely deprived of food for 1 week and beginning   of   the  feeding  trail,  30  fish  were sampled
displayed marked compensation of growth after re-feeding and stored at -20ºC for the analysis of whole body
and caught up with the similar body weight of fish that composition as a initial (zero time). At the end of the
had been continuously fed. However, fish starved for experiment  period  (24  weeks),  samples  of  20  fish  per
more than one week only displayed partial compensatory hapa were withdrawn for analysis of whole body
growth. The target of the present work was to study the composition  at  the  end  of  the  experiment.  calculating
effect of reducing the cost of feeding via certain feeding the   growth   parameters   including,   average   weight
regimes on the growth performance of hybrid tilapia gain (AWG),  average  daily  gain  (ADG),  specific
(Oreochromis niloticus x Oreochromis aureus). growth  rate  (SGR),  feed  conversion  ratio  (FCR),

MATERIALS AND METHODS value    (PPV),    fat   productive   value   (FPV)   and

The present experiment was carried out at a private equations:
farm at Ismailya Governorate Egypt, during the period
from first of may 2007 until the end of October 2007. The AWG (g/fish) =[Average final weight (g)-Average
whole experimental period lasted 6 months. initial weight (g)].

Experimental Units: A total number of 8 plastic Hapas period(d)].
were placed in earthren ponds each one measuring SGR (%day)= (Ln final weight (g)- Ln initial weight
2x3x1m  the source of water was El-Salam canal. (g)) experiment period (d)] x 100.3

Experimental Diets: The study included four treatments. (g).
The control group was fed to satiation (S ), the other three PUE= Live weight gain (g)/protein intake (g).1

groups were deprived of feed for 1(S ),2(S ) and 3(S ) days PPV (%)= [Final fish body protein (g)-initial fish body2 3 4

per week, respectively for 4 months and then fed to protein (g)/crude protein intake (g)] x 100.
satiation during the next 2 months in the refeeding period, FPV (%)= [Final fish body fat (g)-initial fish body fat
all the experimental diets were in the form of pelleted (g)/fat intake (g)] x100.
manufactured feed for tilapia (from El Morshedy factory), EU (%)= (Retained energy Kcal/energy intake, Kcal)
containing 24.23 Crude protein, 12.33% crude fat, 6.12% x100.
ash and 4754.18 K. cal. GE/kg diet The experimental diets
were fed at a rate of 3% of the fish biomass. The amount Economical Efficiency
of feed was divided into two portions and distributed 2
times daily at 9.00 am and 2 p.m. the amount of feed was
adjusted every two weeks according to the new total fish
weight.

Experimental Fish: A total number of mono sex Nile fish samples were analyzed for their proximate
tilapia (Oreochromis niloticus) juveniles of an initial composition in triplicate following the methods of
average body weight 14.51±0.03 g were purchased from a A.O.A.C. [23]. The gross energy (GE) content of the
private hatchery at Kafr El-Sheikh governorate. Fish were tested diets and the fish samples were calculated using
transported at the early morning in plastic bags filled with kilocalories value of 5.65/g for protein, 9.45/g for lipid and
water and oxygen. After arrival to the experimental station 4.0 g  for carbohydrate, fiber was not included in the
fish were adapted to the new conditions in fiber glass tank calculation [24].

3

protein  utilization  efficiency  (PUE),  protein  productive

energy utilization(EU) according to the following

ADG (g/fish/day) = [AVWG (g)/experimental

FCR = Feed intake, dry weight (g)/live weight gain

Samples and Analytical Procedure: Experimental diet and

1
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Statistical Analysis: All data were analyzed by using In SGR there were no difference be between S  and
one-way analysis of variance (ANOVA). [25] Multiple S , S  but S  had lowest SGR consequently the same trend
Range test was used to compare between treatment was observed in RGR. The average daily gain (ADG) a)
means.   Differences   were  considered  significant at were nearly the same in S (1.27)S2 (1.26) and S  (1.26)but
0.05 probability level. All statistical analysis were the worst daily gain (P<0.05) was detected in S  (1.20).
performed using the SAS program [26]. Feed utilization parameters illustrated in Table 2 indicated

RESULTS AND DISCUSSION same, but S  (528.17) and S (525.47) had little intake than

At the start of the experiment, there were no significant differences were found between the treatments
significant differences in weight between fish assigned to in FCR except in treatment S (2.46) was the worst one, the
the different feeding regimes (P > 0.05). Water quality was same trend was observed in PUE. Concerning PPV, FPV
maintained at quite acceptable levels throughout the and Eu, treatments S  and S were superior significantly
experiment. Mortality rates were less than 3% and no (P<0.05) than the control one S . and treatment S was the
diseases or clinical infections were noticed temperature worst one. 
about (270.0 C). The previous results in this study are in agreement

At the end of the whole experimental period with those obtained by Ali et al. [27]. They explained that
(deprivation then full feeding regimes), averages of final the compensatory growth may be an internal adjustment
weights for S , S ,S  and S were 243.09, 242.01, 240.42 and mechanism for animal to adapt to often dramatically varied1 2 3 4

230.629,respectively (Table 1). Analysis of variance of environment. The animal that withstand a period of
results indicate that S  group and almost S group were nutrition restriction could retain to a normal growth. In2 3

able to compensate the growth retardation during the feed contrast, the results of Wang et al. [4] and Christensesn
deprivation period and came to almost the same final and Mclean [19] revealed that hybrid tilapia reared in sea
weights on the control group, while the group under sever water and Mozambique tilapia had a partial compensatory
deprivation (S ) failed to compensate the growth growth.3

retardation with significant lower final weights. Catch up growth in fish is regulated by many
In general results of Table 1 revealed that feed environmental factors such as water temperature [13, 14],

deprivation period significantly (P< 0.05) and the decrease water quality [13], social aggression [15] and dietary
was more pronounced at higher deprivation days. Results protein and energy.
of the same table reveal that moderate feed deprivation Contents [9] during re-alimentation. In the present
the growth (1.2 days/week) enable tilapia to compensate experiment, water temperature nearly at the same range of
the growth retardation almost successfully. good  growth  of  tilapia this  may  be the good reason for

1

2 3 4

1, 3

4

that feed intake in S  (53/04) and S  (531.04) nearly the1 4

2 3

both groups cited above. On the other hand, no

4

2 3

1 4

Table 1: Growth performance values of juvenile hybrid tilapia fed the experimental diet

Finial wt. at the end Finial Wt. at .

Initial Wt of feed deprivation. the end of exp. Gain SGR RGR ADG

S 14.53±0.05 177.23 ±1.02 243.09 ±0.62 228.56 ±0.62 1.57 ±0.01 1573 ±7.84 1.27 ±0.021
a a a a a a

S 14.54±0.05 173.84 ±0.77 242.01 ±0.73 227.47 ±0.71 1.56 ±0.01 1564 ±5.74 1.26 ±0.012
b ab ab a a ab

S 14.45±0.04 172.72 ±1.26 240.42 ±0.61 225.97 ±0.61 1.56 ±0.02 1565 ±6.44 1.26 ±0.013
bc b b a a a

S 14.52±0.03 167.46 ±1.23 230.62 ±0.63 216.10 ±0.63 1.56 ±0.01 1488 ±5.63 1.20 ±0.014
c C C b b C

a,b, c…: Means within column with different superscripts are significantly different (P<0.05)

Where: S1 Fed to satiation, S  deprived for 1 day, S  deprived for 2 days, S deprived for 3 days2 3 4

Table 2: Feed utilization values of juvenile hybrid tilapia fed the experimental diet

FI FCR PUE PPV FPV EU

S 531.04 ±2.64 2.32 ±0.01 1.78 ±0.01 27.05 ±0.26 21.01 ±0.19 12.94 ±0.121
a a a b b b

S 528.17 ±3.15 2.32 ±0.01 1.78 ±0.01 27.27 ±0.62 20.85 ±0.46 12.96 ±0.292
b a a a a a

S 525.47 ±2.70 2.33 ±0.01 1.78 ±0.01 27.56 ±0.013 20.54 ±0.19 12.97 ±0.053
c a a ab ab b

S 531.04 ±2.64 2.46 ±0.01 1.68 ±0.01 25.59 ±0.25 18.61 ±0.16 11.93 ±0.114
a b b C C C

a,b, c…: Means within column with different superscripts are significantly different (P<0.05)
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Table 3: Chemical composition of whole body of Nile tilapia fed the experimental diet

DM CP EE Ash Energy (K. cal/kg)

At the start 22.08 57.40 21.71 19.51 5294

At the end S 24.73 ±0.05 60.95 ±0.2 24.04 ±0.3 12.97 ±0.01 5716 ±3.271
a c a d a

S 24.78 ±0.01 61.26 ±0.22 23.80 ±0.08 13.89 ±0.06 5710 ±19.492
a bc a c ab

S 24.85 ±0.07 61.79 ±0.35 23.44 ±0.12 14.09 ±0.02 5706 ±8.123
a ab b b b

S 24.22 ±0.01 62.25 ±0.14 23.06 ±0.08 14.43 ±0.08 5696 ±15.034
a a c a c

a,b, c…:Means within column with different superscripts are significantly different (P<0.05)

Table 4: Cost benefit analysis of feeding regime

Total feed Total fish weight Total income/ Revenues Economic

Treatments costs/treat (L.E) gain/treat g/Fish treat wt gain L.E efficiency (%)

S 25.49 10.97 98.74 73.24 287.331

S 25.35 10.92 98.27 72.92 287.652

S 25.22 10.85 97.62 72.40 287.073

S 25.49 10.38 93.35 67.86 266.224

fish to recover the weight and can catch up the growth Results of Table 4 show the cost benefit analysis of
weight with control one. feeding regime included feed cost treat (L.E), gain/treat

Hyperphagia has been demonstrated in many fish (g), total income/treat wt gain, revenues L.E and
species following food deprivation [6, 28]. In the present economical efficiency. Results revealed that the highest
experiment fish deprived for 1 or 2 days consumed the feed cost/treat was recorded by S  and S  (25.49 L.E)
dropped feed faster than that of the control fish at the followed in a decreasing order in S  (25.35) and S  (25.22).
start of the refeeding period. But we noticed that fish in S In gain g/treat S  showed higher gain 10.97g, then S4

eat more than the other groups in short time and failed to (10.92g), S  (10.85g) finally S  (10.38g) the same trend was
assimilate this food to good growth. Which focus and the observed in total income and revenues which reflected on
importance of the duration and frequency of feeding economical efficiency which decreasing by increasing
during re-alimentation may be very important for the restriction.
regulation of catch up growth and other performance In the cost benefit analysis of feeding regime the
parameters in hybrid tilapia. results suggest to reducing feeding costs via deprived

As presented in Table 3 averages and percentages of food slightly at one or two days which have the same
DM as well as CP, EE, ash and gross energy contents in growth and good performance with reducing costs. But
whole body dry matter at the experimental start were 22.08 severe deprivation had worst results. 
for (DM), 57.40, 21.71, 19.51 percent and 5294 k cal/kg, The previous results in this study are in agreement
respectively. At experimental termination DM% ranged with Jobling et al. [8] who suggested that the composition
between 24.22 and 24.85% with insignificant differences of accretion may differ between animals displaying
among treatment groups. compensatory growth and normal body growth and that

On the other hand S  group recorded (P<0.05) the animals with preferential accretion of lean body mass4

highest CP content in their bodies (62.2%) followed in a would be expected to display better feed efficiency than
significant decreasing order by S  and S  respectively, those depositing greater amounts of body fat. The2 1

however differences in this treat among S  and S  were argument was supported by finding in gibel carp,4 3

insignificant. At EE and energy content parameter S Carassius auratus gibelio, which showed improved feed1

group recorded (p<0.05) the highest EE and Energy efficiency and preferential protein growth during
content 24.04, 5716 respectively with slight decrease in S compensatory growth [29]. In hybrid tilapia examined by2

and S  and significant decrease in group S4. Finally ash Wang et al. [4], the composition of gain between tilapia3

content S4 group recorded (P<0.05) the highest ash showing compensatory and normal growth may be one
contents (14.43%) followed in a significant decreasing reason that compensatory growth in tilapia was not
order by S , S  and S  respectively. These results are in accompanied by improved feed efficiency. 3 2 1

agreement with the results of Jobling [23] who found So in the present experiment, the moderate feeding
slight variation in carcass analysis in fish subjected to regime show good results at the same with control group
cycled restricted feeding regimes. on   the   performance  in  hybrid  tilapia  which  reflected

1 4

2 3

1 2

3 4
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economically in the commercial scale. But sever feeding 12. Johansen, S. J.S., M. Eko, B. Stagnes and M. Jobling,
regime give worst effect. 
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