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One of the essential factors to be addressed in the development of aquaculture is the feeding regime. This
study was investigated to assess the effects of feeding rate on growth performance, feed utilization,
chemical body composition survival rate, cannibalism and morphological indices of Asian Seabass,
Lates calcarifer. Intended for the trial, one hundred forty sea bass individuals with an average weight 5.
47 ± 0.11 g were randomly distributed in 4 concrete tanks (914 cm � 183 cm 122 cm) each;
length � width � depth) and volume 18,399 L, for total 68 days. The fishes were fed with a pelleted diet
containing 46% crude protein for different feeding groups designated as (T1, T2, T3 and T4). The feed was
supplied with a rate of (T1) 3%, (T2) 4%, (T3) 6%, and (T4) 9% of fish biomass per day and feeding frequency
were maintained three times per day to all the groups. At the end of the trial water physicochemical
parameters was in acceptable range for Asian sea bass growth. The average daily weight gain (g), weight
gain (g) and specific growth rate (%) was significantly higher (p < 0.05) in T3 and T4 as compared to T1 and
T2 group. The poorest feed conversion ratio was recorded in T1 group with 3% biomass per day. The can-
nibalism rate was significantly (p < 0.05) higher in T1 (3%) compared to T3 and T4 treatment. The mor-
phological indices, condition factors (CF), viscerosomatic index and hepatosomatic index (HSI) was
significantly higher in T4 group as compared to other treatments. The protein, moisture and ash contents
of the whole biomass of the Asian sea bass were not significantly influenced by feeding rate. The fat levels
in the fish bodies increased significantly (p < 0.05) with increasing feeding ratio. The phenomenal regres-
sion indicates that 6.5% feeding rate per day is optimum for best growth performance, survival and min-
imum cannibalism rate for Asian sea bass in captivity. The outcome of the finding will help in promotion
for not only the coastal aquaculture in Pakistan abut also elsewhere.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Asian sea bass, Lates calcarifer is considered a most probable
applicant species appropriate for aquaculture. Also, Asian sea bass
is a comparatively hardy fish which embraces a broad variety of
salinity from freshwater to complete saline water with 0–
56‰ salinity and has wide physiological tolerances. It has been
cultured in marine ecosystems, ocean nursery, brackish estuaries
and fresh waters either as monoculture or in polyculture
(Sorphea et al., 2019; Ganzon-Naret, 2013). L. calcarifer is widely
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Table 1
Biochemical analysis and nutritional composition of the pelleted feed used as food for
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distributed in the Western Pacific region, Arabian Sea, Taiwan,
China, and Thailand (Venkatachalam et al., 2018; Narat, 2013;
Anil, et al., 2010). This fish is extremely carnivorous an opportunis-
tic predator with cannibalistic character and protandrous her-
maphrodites (Boonyaratpalin, 1997).

Currently, aquaculture actually plays a crucial role in the culture
of marine species for food and nutritional reliability. It is the fastest
increase in the food production industry to reduce wild stock over-
exploitation and keep the ecosystem from declining (Daet, 2019:
Sangeeta et al., 2018). In sustainable aquaculture practice, theman-
agement of fish nutrition is necessary to minimize costs and maxi-
mize growth performance for example, an optimal feed rate, the
quantity of nutrition ingested by fish per day, is needed to handle
fish nutrition for the best possible growth performance and fish
health (Ahmad et al., 2018). The feed and feeding is considered
the main factor in production cost of aquaculture, it represent from
50 to 60% of the total production cost in aquaculture investments
(El-Sayed, 1999). So, the feeding control and determination of the
optimum feeding rate is essential to success the culture of marine
and fresh water fish. Knowledge about feeding levels is important
to achieve the best growth and feed efficiency and preventing water
quality deterioration as a result of the overfeeding then the opti-
mum feeding level contributes in tremendous savings of the feed
cost (Davies et al., 2006). There are many factors influence the opti-
mal feeding level such as fish size, species, age, feed quality rearing
condition (Goddard, 1995). Numerous studies have been evaluated
the effect of feeding rate on growth performance of fish species
such as yellow fin sea bream Acanthopagrus arabicus (Ahmad
et al., 2018), Rabbitfish Siganus rivulatus (Mohammed et al., 2017),
snapper Lutjanus johnii (Abbas et al., 2015), grouper Epinephelus
polyphekadion (Al Zahrani et al., 2013), black sea turbot Psetta max-
ima (Aydin et al., 2011) and rainbow trout Oncorhynchus mykiss
(Bureau et al., 2006).

Therefore the present study was planned to determine the opti-
mum feeding rate of L. calcarifer on the growth output body com-
position, feed consumption, survival rate and cannibalism in a
controlled environment, taking into account the limited informa-
tion available on the optimum feeding rate for Asian Sea bass cul-
tured under closed system in Pakistan.
the Lates calcarifer Seabass during the experiments.

Ingredients (%) g 100 g-1 diet (dry)

Fish meal 45.00
Shrimp meal 6.50
Soybean meal 24.00
Octopus,Squid meal 4.40
Bread flour 5.00
Rice bran 3.40
Cod liver oil 5.40
Vitamin and mineral premix1 5.00
Fish protein Hydrolysate 1.30
Total 100

Biochemical composition1, 2, 3 and 4 (%)
Moisture 10.8 ± 0.4
Crude protein3 44.8 ± 0.5
Crude fiber 9.1 ± 0.5
Crude lipid 10.5 ± 0.06
Ash 9.3 ± 0.5
NFE 4 26.3 ± 0.8
Energy (kJg-1) 20.93 ± 0.6

1 Vitamin and mineral composition contained the following ingredients (g 100 g-
1 diet): Hexuronic acid (vit C), 16.2; thiamin HCl (vit B6)), 1.2; inositol, 38.2; cal-
cium, 1.05; zinc, 1.1;choline chloride, 4.0; retinol (vit A), 1.2; phosphorus, 2.9;
magnesium, 3.0; copper, 1.1; pyridoxine (vit B6), 1.2; a-tocopherol acetate (vit E),
4.8; phospholipids, 3.7; folic acid, 0.6;riboflavin (vit B2), 1.3; cholecalciferol
2. Material and methods

2.1. Design of feeding trial

The trial was conducted at the Sindh hatchery seed production
unit Hawkes Bay (24 � 8602.0800 N, 66 � 8407.4800E) during October
2019 to January 2020. The Asian sea bass seeds were imported
from Thailand commercial seed hatchery. A total of one hunred
and forty fish individuals with initial body weight 5.47 ± 0.11 g
selected and randomly distributed in four concrete tanks; the
dimensions of each tank were (914 cm � 183 cm 122 cm) each;
length � width � depth) and volume 18,399 L. All the groups’ fish
were acclimatized for 2 weeks before the start of the trial. Four
feeding rates were tested in this trial [T1, 3%, T2, 4%, T3, 6% and
T4, 9%, of body weight per day (BW/d-1)]. The total experimental
duration was 68 days and the feed was supplied three times a
day. Water was exchanged at a rate of 30 % the water volume
per two days for maintaining the best water quality. After two -
hours of feeding, the uneaten feed was removed from the water
(dry and weight).
(vit D3), 6.4; menadione sodium bisulfate (vit K3), 0.04; cyanocobalamin (vit B12),
0.008 manganese, 1.0; iodine, 1.5; sodium, 2.0; iron, 1.1; biotin, 0.65; nicotinic acid,
3.4;

2 Dry matter basis (%): mean ± SE, number of determination = 5
3 Measured as nitrogen � 6.25.
4 Nitrogen-free extract = 100 – (% protein + % fat + % ash + % fiber).
2.2. Experimental feed preparation

The experimental feed was formulated to contain 46% protein
and 20.9 KJ/g gross energy All ingredients were ground to small
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particles and mixed by hand. The ingredients (g/100) and a proxi-
mate analysis of feed were shown in Table 1.

2.3. Samples collection and Biochemical analysis

The biochemical analysis of feed and fish carcass samples were
conducted according to (AOAC, 2000). At the end of study four
fishes were taken from each tank and then dissected to weigh
the liver and viscera then determination of hepato and visceroso-
matic index (HSI, VSI).

The methods of (AOAC, 2000) have been used to evaluate crude
lipid (CL), moisture and crude protein (CP). Moisture was measured
at 105�Celsius for 24 h using an oven (Labostar-LG122 Tabia Espec,
Osaka, Japan). Chloroform/methanol (2:1v/v) extraction procedure
was predicted for crude lipid (Folch, et al. 1957). Crude protein was
analyzed using an automatically processed Kjeldahl (Buchi430/)
using a Kjeltec method (N � 6.25) using, automatic Kjeldahl sys-
tem (Buchi 430/323) model1265, Moline IL, USA) and Ash content
was determined by ashing at 550� C in muffle furnace for three
hours. and Gross energy (GE) was estimated for formulated diets
the factors 23.62, 39.5 and 17.56 KJ/g for CP, EE and carbohydrates
respectively were used (NRC, 1993).

2.4. Calculation indices

Growth parameters and morphological indices as final body
weight (FBW, g) final body length (FBL, cm) length gain (LG, cm)
weight gain (WG, g) and average daily weight gain, (ADWG,
g/day), specific growth rate (SGR %/ day), condition factor (CF, g/
cm3), hepatosomatic index (HSI) and viscerosomatic index (VSI).
Feed conversion ratio (FCR), protein efficiency ratio (PER) survival
rate (SR, %) and Cannibalism (C, %).

Where calculated as follow:
LG, cm = Final body length -Initial body length (IBL)
WG, g = Final body weight -initial body weight
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ADWG, g/day = {(Final body weight (g)-Initial body weight)/
time (days)}

SGR, %/ day = (ln (final body weight) - ln (initial body weight)
x100)/time (days)

CF, g/cm3= (Body weight(g) /Body length3 (cm)) � 100
HSI, % = liver weight/body weight � 100
VSI, % = weight of viscera and associated fat tissue/body

weight � 100
FCR = Feed given (g)/Weight gain (g)
PER = wet weight gain/ protein intake
SR (%) = (No. of fish survived/ No. of fish released) � 100
Cannibalism (%) = 100 � LS-M�LC/LS
Where,LS stocked at the beginning of seabass LC is the number

of seabass collected at the end of the study and M is natural mor-
tality (Hassan et al., 2020; Szkudlarek and Zakes, 2007).

2.5. Water quality management

Water temperature (�C), salinity (‰), dissolved oxygen (ppm)
and pH were recorded every day and they were measured by (Cel-
sius glass thermometer), and Handheld Refractometer, mobile dig-
ital DO-meter (Model: HI9146) and digital pH mete) , while
ammonia (mg/l), alkalinity (mg/l), nitrate (mg/l), and nitrite (mg/
l) were determined every two weeks with chemical methods
according to (APHA, 1995).

2.6. Statistical analysis

The experimental results were analyzed by One way analysis of
variance (ANOVA) the differences among the treatments were
determined by Duncan Waller at significant level (P � 0.05) tech-
nique was used to test the determine biological and chemical
indices of fish, between treatment means for the diverse feeding
rate. The data were statistically examined by software SPSS version
20.

3. Results

3.1. Physicochemical parameters

The results of hydrological parameters are presented in (Table 2)
the means (±standard error) of all the parameters did not signifi-
cantly different among the treatments. The means ranged between
(29.50–29.740 C�), (30.07–31.12‰), (6.62–8.03 ppm), (7.18–8.84),
(0.01–0.09), (139.6–148.4) and (1.34–2.81) for temperature, salin-
ity, DO, pH, ammonia, alkalinity, and nitrate respectively.

3.2. Growth performance

The results obtained from the feeding trial are set out in the
Table 3 and indicated that, growth performance of Asian sea bass
fingerlings significantly varied with difference of feeding rates.
Table 2
Hydrological parameters recorded at different treatment groups during experimental perio

Hydrological parameters Treatments Groups

T1 (3%) T2

Temperature (�C) 29.50 ± 4.25 29
Salinity (ppt) 30.07 ± 4.17 31
D.O (mg/l) 6.62 + 1.20 7.2
pH 8.40 ± 0.24 8.8
Ammonia (mg/l) 0.01 ± 0.00 0.0
Alkalinity (mg/l) 142.1 ± 5.56 14
Nitrite (mg/l) 0.01 ± 0.00 0.0
Nitrate (mg/l) 1.34 ± 0.37 1.7
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There was a significant positive correlation between increased of
feeding rate from 3% to 6% of biomass and the growth indicators.
But the growth curve decreased with increased feeding rate above
6% of body weight. Data of Table 3 appeared that, 6% of biomass as
feeding rate (T3) had the highest FBW (84.78, g), FBL (18.86, cm),
LG (13.11, cm), WG (79.68, g), SGR (4.13, %d-1), ADWG (1.17, g/d)
followed by feeding rates 9% of body weight (T4) and 4% of body
weight (T2) while this parameters was the least at feeding rate
3% of body weight where:- LG, WG, SGR, ADWG were 11.65 cm,
62.91 g, 3.78 %d-1, 0.92 g/d respectively.

3.3. Feed utilization parameters

There was a significant difference among the treatment at level
0.05 in FCR and PER.

Asian sea bass fed at 6% of biomass recorded the best FCR (0.96)
and the highest PER (1.70, g). FCR and PER were insignificant
between T2 and T4 but T2 was better in FCR (1.23) than T4 that
had FCR (1.36). The fish fed at 3% of their biomass were the worst
in FCR (2.04) and PER (1.36).

3.4. Morphological indices

The means of CF, HSI and VSI significantly increased with an
increasing the feeding rate. Whereas, the highest CF value was
2.95 g/cm3 and it achieved with T4 while CF of the other treat-
ments did not significantly differ. No significant changes were
found among T2, T3 and T4 in HSI and these treatments were sig-
nificantly higher than T1. There was a significant positive correla-
tion between values of VSI and increasing of feeding rats, the
highest VSI recorded with T4 (5.20%), T3 (4.98%), T2 (4.30%) and
the least VSI value was 4.11% with T1.

3.5. Cannibalism and survival

It is noted that (T1) fish fed 3% body weight had the highest can-
nibalism in comparison with the other treatments, where there
was an adverse correlation between cannibalism and a high feed-
ing rate. Survival rate was improved with increased the feeding
rate up to 6% of biomass than it decreased with increasing feeding
rate to 9% of body weight. Table 3 showed significant differences in
survival rate among the treatments, T3 and T2 had the best sur-
vival rate followed up T4 that had 97.14% and T1 that recorded
94.28%.

3.6. Proximate composition of fish carcass

The carcass proximate composition was calculated on basis wet
weight and presented in Table 4 carcass content of moisture and
protein did not significantly affected by feeding rates. Conversely,
carcass content of lipid and Ash were significantly differed among
the treatments. There was a positive correlation between the car-
d.

(4%) T3 (6%) T 4 (9%)

.62 ± 4.10 29.60 ± 4.31 29.74 ± 3.31

.12 ± 3.27 30.25 ± 3.41 30.25 ± 4.41
1 ± 0.08 7.02 ± 2.24 8.03 ± 1.25
4 ± 0.28 7.20 ± 1.29 7.18 ± 0.29
4 ± 0.00 0.08 ± 0.12 0.09 ± 0.11
8.4 ± 5.07 139.6 ± 5.03 140.6 ± 5.03
1 ± 0.00 0.01 ± 0.00 0.01 ± 0.00
8 ± 0.10 1.80 ± 0.34 2.81 ± 0.36



Table 3
Growth performance and morphological indices of Lates calcarifer at different feeding rates for 68 day trial.

S.No. Biotechnical parameters Feeding rate groups (% BW d-1)

T1, 3% T2, 4% T3, 6% T4, 9%

1 IBW (g) 5.20 ± 0.022 5.10 ± 0.04 5.10 ± 0.01 5.40 ± 0.02
2 FBW (g) 68.11 ± 0.42b 79.86 ± 2.11b 84.78 ± 1.66a 81.88 ± 1.80b

3 IBL (Li,cm) 5.20 ± 0.88b 5.11 ± 0.44b 6.21 ± 0.99 a 5.4 ± 0.82b

4 FBL (Lf, cm) 16.85 ± 0.98c 17.88 ± 0.39b 18.86 ± 1.98 a 18.25 ± 1.85a

5 LG (cm) 11.65 ± 0.10b 11.77 ± 0.11a 13.11 ± 0.01a 12.49 ± 0.47a

6 WG (g) 62.91 ± 0.20b 74.76 ± 2.07a 79.68 ± 1.65a 76.48 ± 1.78a

7 SGR (%/day) 3.78 ± 0.1b 4.04 ± 0.2b 4.13 ± 0.3a 3.99 ± 0.1a

8 ADWG (g/day) 0.92 ± 0.04c 1.09 ± 0.02b 1.17 ± 0.06a 1.12 ± 0.07b

9 FCR (g) 2.04 ± 0.6a 1.23 ± 0.4b 0.96 ± 0.02c 1.36 ± 0.8b

10 PER 1.36 ± 0.2c 1.62 ± 0.3b 1.70 ± 0.3a 1.66 ± 0.1b

11 CF 1.52 ± 0.2b 1.53 ± 0.1b 1.56 ± 0.1b 2.95 ± 0.2a

12 HSI 1.4 ± 0.1b 1.5 ± 0.2a 1.5 ± 0.2a 1.5 ± 0.1a

13 VSI 4.11 ± 0.36c 4.30 ± 0.41c 4.98 ± 0.52b 5.20 ± 46a

14 Cannibalism (%) 5.72 ± 0.00b 0 ± 0.00a 0 ± 0.00a 0 ± 0.00a

15 SR (%) 94.28 ± 0.00c 100 ± 0.00a 100 ± 0.00a 97.14 ± 0.00b

The mean ± SD of treatments (n = 35) in the same row with a number of different super-scripts differs significantly between them (P > 0.05).

Table 4
A proximate composition of final carcass composition (% wet weight) of experimental sea bass (Lates calcarifer) at different feeding levels for 68 day trial.

Ingredients (%) Feeding groups (% BW d-1)

T1, (3%) T2, (4%) T3, (6%) T4, (9%)

Moisture 70.4 ± 0.08 69.7 ± 2.1 70.3 ± 0.31 69.9 ± 0.03
Protein 18.01 ± 0.12 18.02 ± 1.12 18.18 ± 1.20 18.04 ± 1.4
Lipid 9.30 ± 1.6c 9.32 ± 1.60c 9.88 ± 1.8b 12.9 ± 1.77a

Ash 5.58 ± 0.01b 5.12 ± 0.8a 5.10 ± 0.6a 5.13 ± 0.8a

Values (mean ± SD, n = 3 and each tank consists of 35 fish per group in the same row with different superscripts are significantly different (P > 0.05).

H. Ul Hassan, Q. Mohammad Ali, N. Ahmad et al. Saudi Journal of Biological Sciences 28 (2021) 1324–1330
cass content of lipid and increasing of feeding rate, where lipid car-
cass of T4 was 12.9% followed by T3 (9.88%) and no significant
between T2 and T3. In relation to Ash content, there was insignif-
icant among T4, T3 and T2 in Ash content but Ash content of T1
was 5.58% and significantly higher than the other treatments.
4. Discussion

Water quality plays a crucial role as they have direct influence
on the general health status of the cultured fishes (Al Zahrani, et al.,
2013). The disproportionate feed increases the feeding wastage in
closed aquaculture system causing degradation the water quality
through its decomposition, production of ammonia and depletion
of oxygen. (Puvanendran et al., 2003). Consequently, Poor water
quality conditions reduced feed consumption, increased FCR value
and reducing the survival rate (Santos et al., 2010; Björnsson and
Ólafsdóttir, 2006).

physicochemical parameters:-like temperature, salinity, DO,
pH, ammonia, alkalinity, and nitrate did insignificantly variance
by the testing of feeding rates and this parameters remained
within the range acceptable for Asian sea bass culture as showed
in (Table 2). Whereas, it is known that Asian sea bass has an extre-
mely wide thermal tolerance range (15–40� C) also, Asian sea bass
had the best growth when were reared at 22–35C� temperature.
(Anil, et al., 2010; Tucker et al., 2002). Moreover, the optimum
ammonia level for Asian sea bass is from 0.001 to 0.05. The increas-
ing of ammonia level from 0.200 to 0.500 (mg/L) fish lead to
increase the mortality rate (Venkatachalam et al., 2018). In general,
the results of water quality in this study is compatible to grew
Asian sea bass according to (Sangeeta et al., 2018).

The fish aquaculture industry is continuously growing in world-
wide and fish feed is considered as one of the greatest challenge in
aquaculture that is very impressive on production costs (Ahmad
et al., 2018; Silva et al., 2007). Because the feed is 50% of the cost
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of intensive fish farming (Tacon and Metian, 2008), therefore, feed-
ing rate is an important variable in fish development, it has a big
role to reduce the feeding wastage and preservation of water qual-
ity hence reducing the water exchange and regulation the eaten
feed. The following has discussed the effects of the feeding rates
variation on water quality, growth parameters, feed efficiency,
morphological indices, survival and cannibalism rates and also
the composition of fish carcass.

The results of the present study manifest that, the best growth
performance was recorded in fingerlings of sea bass (Lates calcar-
ifer) fed at 6.0%BWd-1 with feedings of three times daily after a
68 day trial. A 6.0% BW d-1 feeding rate showed significantly higher
SGR, WG and the best FCR and PER. But increasing the feeding level
till 9% BW d-1 resulted in reducing the growth performances.

A classical of precise growth rate (SGR) plotted against the ris-
ing of feeding levels by second order line regression of sea bass
growth (y = -0.0292x2 + 0.3798x – 2.9339; R2 = 0.9266) showed
a reduced growth rate at high and low feeding ration. According
to polynomial regression the optimum feeding rate is 6.5% BW/
day estimated in the present study for the best growth perfor-
mance (SGR) in L.calcarifer (Fig. 1). These results were in agree-
ment with Singh et al., (2003) who reported that, the
enhancement of feeding level result in increasing the growth rate
of fish up to a maximum rate then the growth curve decrease. Ng
et al. (2000) and Adebayo et al. (2000) they observed that, with
increasing the feeding rate the growth rate enhancement at a
higher rate than decreased at lower rate. In the same trend
Wang et al. (1998) said that; feed consumption and growth curve
increase with increasing the feeding level up to a given limit.
Similar results were recorded with Deyab and Hussein (2015)
who found the best feeding rate of Nile tilapia was 5%BW/day
also Trushenski et al. (2012) noted that a maximum growth of
juvenile Atlantic spadefish achieved between 5 and 7% BW/day
with feeding frequency tree times daily.



Fig. 1. The optimum feeding rate 6.5% BW d-1 of fingerling based on percent SGR as determined by the phenomenal regression.
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The optimal feeding rate differ due to many factors for example
fish species, whereas juvenile yellow fin sea bream (Acanthopagrus
arabicus) (7% BW/d; Ahmad et al., 2018), Clarias gariepinus (8% BW/
d, Marimuthu et al., 2011), tambaqui, Colossoma macropomum (10%
BW/d; Silva et al., 2007), European seabass Dicentrarchus labrax(7%
BW/d; Ng et al., 2000) and Clarias fuscus (6% BW/d; Anderson and
Fast,1991). Age of fish species is one of the factor that effect on
the optimum feeding rate, it can be noted that the small fish need
a higher feeding rate than the larger fish in the same species. Def-
initely, Kalogeropoulos et al. (1992) found that, 4% BW/day was the
best feeding rate of gilthead sea bream with an average initial
weight 3 g while 6% BW/day was the best feeding rate of the same
species with an average initial weight 1 g. Also, the feed quality is
considered one of the impressive factors on the optimal feeding
level, whereas the varying of ingredients in standard diet had a
great effect on the feeding rate, it can be cleared that, fish meal
replacing with plant protein from fish diets causes changing the
feeding rate, also fish oil replacing with plant oil from fish diet
influenced on the optimum feeding rate of Siganus rivulatus fry,
whereas fry fed dietary fish oil had a maximum SGR at 9% BW/
day as feeding rate while those fed dietary linseed oil had a maxi-
mum SGR at 7% BW/day as it has been found by (Mohammed et al.,
2017). the feeding frequencies per day that has an important role
in regulating the operating’s digestion and absorption and it has
a direct impact on the optimum feeding rate, Asian sea bass gained
higher SGR and growth efficiency when fed three times daily than
fed two or once time a day at the same feeding rate (Biswas et al.,
2010). The rearing conditions has significantly effect on the opti-
mum feeding rate, in the same trend, recorded finding revealed
that the optimum feeding rate of Juvenile Korean Rockfish was
changed with the different of water temperature (Mizanur et al.,
2014) moreover the photoperiod or the culture in outdoor allows
to bloom the phytoplankton in the rearing ponds consequently
the optimum feeding rate is lower than the culture indoor.

In regard to feed utilization parameters, the best FCR and PER
was achieved with fish fed at 6% daily, consequently it can be said
that the feed utilization parameters and the growth indicates
agreed to T3 has the optimum feeding rate. Absolutely, an increas-
ing the feeding rate at level higher than the optimum level result in
a reduced of FCR, it could be observed that T3 had the best FCR fol-
lowed by T2 and not T4, in

addition to, feed efficiency linearly reduced with an improper
feeding level or overfeeding that cause an overload of fish digestion
system accordingly, FCR negatively affect. this was confirmed by
Mohammed et al. (2017) cleared that, 5% BW/day as the feeding
rate had the best FCR followed by 7% BW/ day while the feeding
rate 9% BW/day had the worst FCR.
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Several works agrees with our finding and exhibited that the
feeding rate significantly effect on growth characters of fish such
as (Mohammed et al., 2017; El- Saied et al., 2015;Du et al., 2006).
The improvement of Asian sea bass as result of increasing of feed-
ing rate up to the optimum rate attribute to the boosting of feeding
level encourage to increase the availability of resources of amino
acids, fatty acids, vitamins and minerals, hence there is surplus
resources of absorbed compound that will be stored as glycogen
or lipid in liver or muscles. Furthermore, an increase of feeding
level allow to increasing the opportunity to eat causing less aggres-
sive and less of the lost energy as a result of crowding and compe-
tition through the feeding operation, this opinion was supported
by Ashley-dejo et al. (2014) who explained that, dominant individ-
uals are less aggressive under the optimum amount of feed
whereas feed is distributed to locations occupied by subordinates.

Morphological indices as CF, HSI, and VSI are used to determi-
nate the natural and physiological status, this indicates can provide
evidence on development, health, reserves of energy and the
potential of fish to survive ecological stress. In a bad, uncomfort-
able and critical environmental condition, fish typically liver loss
more energy and is a smaller size. The statistical analysis of mor-
phological indicates confirmed that this indicates were signifi-
cantly increased with increasing the feeding rate. This
observation was in agreements with (Iqbal et al., 2015;
Mizanur et al., 2014; Zakęś et al., 2006) on the contrary
(Mohammed et al., 2017) found that, HSI did not differ among
the treatments by the changed of feeding level, in the same trend
(Du et al., 2006) ascertain that HSI did not effect with increasing
feeding rate.

In view of survival rate and cannibalism, the increasing feeding
level up to 9% of BW/day adversely affected the survival rate but 6%
BW/day and 4% BW/day had the best survival rate this may be due
to the negative effects of overfeed that cause overload on the diges-
tion system consequently a deterioration of fish health, hence
increasing the mortality. On the other hand, low feeding rate con-
tributes to reduce the growth and survival rate as a result of
increasing the hunger, consequently increasing of the aggression
and predation rate as it was appeared in T1. The results of survival
rate in this study did not agree with Mohammed et al. (2017) and
Deyab and Hussein (2015) they noted that survival rate of siganus
rivulatus was insignificantly differed with the different of feeding
rates.

In the present study cannibalism decreases with an increase in
the feeding rate from group T2, T3 and T4 was no recorded canni-
balism. Although, the survival rate was not different significantly
but the highest survival was recorded in T2 and T3 group, similar
findings was noted by (Sangeeta et al., 2018).
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In the present research, the carcass composition (Table 4) was
influenced by differences in the feeding rate. The moisture content
was observed to be unchanged by the dietary level variability.
Observance in terms of the impact of the feeding level of the entire
body development, protein was not greatly influenced by the rate
of feeding increased. However, lipid levels were significantly
increased by increasing ration levels. Similar results were recorded
by (Mohammed et al., 2017; Lee et al., 2016; Deyab and Hussein,
2015) they illustrated that, the whole fish body content of protein
did not affected with increasing of feeding levels and body content
of lipid significantly increased with increasing feeding levels.
Moreover (Du et al., 2006) noted that, spadefish fed a higher level
of feed had a high level of lipid ion their bodies and protein and Ash
content were not affected. Conversely, Begum and Vijayaraghavan
(2001) suggested that, fish content of protein increased to a high
feeding level while fish content of lipid inversely related to the
feeding level.

5. Conclusion

Under the prevailing environmental condition of Pakistan the
results might suggest that, the optimum feeding rate for sea bass
(Lates calcarifer) fingerlings with an average initial weight 5.47 g
in a closed aquaculture system is 6% of biomass per day. But
according to the polynomial regression the optimum feeding level
for L. calcarifer is estimated as 6.5% per day for better growth per-
formance. This rate for this species achieved a significant in-
crease in growth rate, feed conversion ratio
survival and prevention of cannibalism. Feeding regime
has the most important to regular the feed offered, preserve the
water quality and reduce the production cost of Asian sea bass
farming.
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