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A 70-day rearing trial was done to determine the optimal frequency of feeding on growth performance
(GP), feed conversion rate (FCR), cannibalism, survival rate (SR), body chemical composition and eco-
nomic efficiency of the Asian sea bass. This study tested four different treatments of feeding frequencies
(FF), once (T1), twice (T2), three times (T3), and four times (T4) per day. An average initial weight of Asian
sea bass fry was 0.2 g (SD = ±0.12) were stocked 10 individuals per m3 (9.14 m � 1.82 m � 1.22 m,
L � W � H; water depth 0.61 m) with two replicates per treatment (4 � 2 = 8). Fry were fed a mixture
of larval commercial feed and shrimp with a pellet diet containing (46% CP). Initially, the feeding rate of
8% biomass per day was further adjusted according to fish biomass on a weekly basis. Results showed
that, the FF significantly affected (p < 0.05) on growth indictors and survival rate (SR). Specifically fry
fed three times a day (T3) had the best FBW, FL, SGR, ADWG and FCR followed by T4 and T2 while fry
fed one time a day was the lowest in these parameters. Also, VSI, HSI and CF (k) significantly differed
among the treatments. The fish whole body content of protein, moisture and ash did not significantly
(p < 0.05) be affected by feeding frequency, but lipid content differed and both T3, T4 were the highest.
It could be concluded that, increasing FF up to three times a day had a positive effect on weight gain, sur-
vival rate and feed utilization of Lates calcarifer. The second degree polynomial regression indicates that
fed three times a day is optimum for best growth performance and survival for Asian sea bass.
� 2021 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

One billion people globally consume fish, which is one of the
major sources of high-quality protein. (Ahmad et al., 2020;
Khalid et al., 2020). Asian sea bass is considered a vital euryhaline
fish with high profit and nutritional value (Singh, 2000; Hassan
et al., 2021a). This species has a high customer preference due to
its taste and flesh quality. Because of its high market price and high
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demand, Asian sea bass is well known for aquaculture. (Singh,
2000).

Asian Sea bass are carnivorous and fast-growing marine fish (up
to 2000 g in one year (Thirunavukkarasu et al., 2004). Moreover, it
tolerates broad ecological conditions and a wide range of salinities
from 0 ‰ to 56 ‰, so it can be reared in fresh, brackish and saline
water (Venkatachalam et al., 2018; Sorphea et al., 2019). Consider-
ing the increased demand for animal protein as a result of rapidly
anthropogenic activity and also the crisis of food as a result of
increasing global warming, deteriorating land and marine resource
(Mavraganis et al., 2020), the trend of fish production recom-
mended that fish captured from the wild remain stagnant and ini-
tiatives must be focused at aquaculture with a view to introduce
new alternatives to wild fish production. A aquacultureis an alter-
native to increasing productivity (Anil et al., 2010; Sangeeta et al.,
2018; Daet, 2019; Hassan et al., 2021b). Thus, the feeding strate-
gies or feeding regimes is considered one of the most important
solutions to decrease the feed cost through avoiding low or over-
feeding that lead to a reduction in growth, conversion efficiency
and accumulation of wastes causing impairment of water quality.

Fish feeding in several periods is one of the feeding strategies
that affect growth and FCR, survival, flesh composition and the
quality of water in aquaculture practices (Lee and Pham, 2010;
Aydın et al., 2011). Accurate FF reduces aggressive social behavior
and less size variation between the individuals (Holm et al., 1990).
Also, it reduces fish competition for feed and boosts the digestion
system efficiency of fish (Abdel-Aziz et al., 2016). Some studies
confirmed that, the convenient FF leads to an increase in fish
growth rate and improvement of feed utilization, for example, in
Oreochromis nilotucs (Ferdous et al., 2014; Daudpota et al., 2016),
Catfish Clarias gariepinus, (Jamabo et al., 2015), Goldfish Carassius
auratus (Priestley et al., 2006), L. calcarifer (Ganzon-Naret, 2013)
and Siganus rivulatus (Abdel-Aziz et al., 2016).

On the other side, some opinions suggested that, FF had no
effect on growth carving and feed conversion of fish (Zhou et al.,
2003; Aydın et al., 2011). The effect of FF on the performance of
growth or feed efficiency parameters relied on a variety of factors,
including the environmental condition, fish age or size, amount of
dietary carbohydrate and protein, stocking density, feed quality,
feeding time, the intervals between the meals, feeding behaviors,
gut length, gastric evacuation time and stomach capacity
(Asuwaju et al., 2014; Suharyanto et al., 2015; Abdel-Aziz et al.,
2016; Aderolu et al., 2017; Guo et al., 2018; Okomoda et al., 2019).

Despite having many studies related to the appraisal of the best
FF of many species, the positive impact of feeding frequency still
needs clarification and little information about the feeding fre-
quency of L. calacrifer is available in Pakistan. Therefore, this study
aimed to assess the effects of FF on the weight gain, conversion
effectiveness of feed, body composition, economic efficiency and
survival of Asian seabass reared in the Sindh Hawke Bay hatchery.
Table 1
Experimental design with treatments including frequencies and time of feeding.

Treatments Frequency Time of feeding

T 1 Once 06:00 am
T 2 Twice 06:00am and 9:00 pm
T 3 Thrice 6:00 am, 11:00am and 9:00 pm
T 4 Fourfold 6:00 am, 11:00 am, 2:00 pm and 9:00 pm
2. Materials and methods

2.1. Experimental fish and culture system

This trial was conducted in the Sindh hatchery Hawkes Bay
town (24�8602.0800N, 66�8407.4800E) during the period from 2019
to 2020. Asian Sea bass fry were with an average initial body
weight of 0.2 ± 0.11 g and average body length of 2.2 ± 0.03 cm.
These fry were imported from Thailand and were acclimatized
for 2 weeks in the rearing tank before the start of the study. The
fish culture system consisted of 4 � 2 = 8 concrete tanks (9.14 m
� 1.82 m � 1.22 m, L � W � H; depth 0.61 m, water volume
10 m3) with two replicates of each treatment. A total number of
800 individuals were uniformly allocated at a stocking rate of 10
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fish/m3. The water exchange rate was approximately 20% of water
volume daily. Aeration system was provided using air blower and
submerged air diffusers. The experimental period continued for
70 days. This study includes four treatments (4 � 2 = 8) of FF (i)
one time T1, (ii) two times T2, (iii) three times T3 and (iv) four
times T4 per day (Table 1). The physicochemical parameters were
managed daily, salinity, temperature, ammonia, pH, nitrite, nitrate,
alkalinity and dissolved oxygen.

2.2. Experimental diets and feeding

Dietary ingredients have been obtained from Karachi’s local
market. The experimental diet contained fish meal as the main
source of dietary protein; the ingredients were grinding and mixed
into water and fish oil to a dough. The palletizer machine was used
to process the dough and formulated into three sizes of pellets
with the same protein ration to suit the different stages (particle
size 500mm, larvae, pelleted feed 1 mm, and 2 mm).

The diet was prepared to contain 46% crude protein as shown in
Table 2. Feed was used, kept in a freezer under dry conditions.
Dried feed samples were evaluated for proximate dry matter, crude
fat, crude protein, crude fibre, and moisture content. Fry were fed a
mixture of larval commercial feed and shrimp with a pellet diet
containing (46% CP in Table 3). Initially, feeding rate was 8% of bio-
mass per day on a weekly basis, it was changed based on fish bio-
mass. The volume of feed was modified every week based on
biomass and survival rate. The wastes and uneaten feed were col-
lected by siphoning two times after the feeding operating.

2.3. Growth, feed utilization and survival indices

The growth indices were calculated according to the following
formula (Szkudlarek and Zakes, 2007; Hassan et al., 2020).

WG ¼ FBW� IBW

ADL ¼ FBL; cm� IBL; cm;

SGR ¼ ln FBW� In IBW=t½ � � 100

ADWG g=day ¼ FW gð Þ � IW gð Þdays:

FCR ¼ feed intake=WG ðgÞ

VSI ð%Þ ¼ ðweight of viscera=body weightÞ � 100

HSI ð%Þ ¼ ðliver weight=body weightÞ � 100

ðKÞ ¼ ðFBW=FBL3Þ � 100;

SR ð%Þ ¼ ðNo: of fish harvested=Number of fish at the startÞ
� 100 Cannibalism ð%Þ ¼ 100� ðLS�M� LC=LSÞ

where, LS stocked at the beginning of sea bass LC is the number of
sea bass collected at the end of the study and M is natural mortality



Table 2
Formulation and biochemical composition of diets.

Ingredients g/100 g

Fish meal 45.0
Shrimp meal 10.5
Soybean meal 20.0
Bread flour 4.4
Squid meal 4.4
Cod liver oil 5.4
Rice bran 3.0
Vitamin premix 4.0
Mineral premix 2.0
Fish protein Hydrolysate 1.3
Total 100

Biochemical composition on basis dry matter (%)

Moisture 10.8
Crude protein 46
Crude lipid 8.5
Crude fiber 9.1
Ash 9.3
NFE* 27.1
Gross energy (KJg�1) 20.58
P/E ratio (Mg CP kj�1)** 22.35

*, NFE was calculated by difference.
**, protein energy ratio (g/kg Crude protein/Gross energy).
Crude protein percentage of feed ingredients: Fish, shrimp, and squid meal (70.2%),
Bread flour (4.4%) and rice bran (3.0%).
Vitamins premix has the following constitution (g Kg�1 premix): fats soluble vita-
mins;menadione sodium bisuphite (vit. K3), 0.03; retinol (vit. A) 1.2; a-tocopherol
cetate (vit.E) 4.5; cholecalciferol (vit D3) 7.8; water soluble vitamins;thiamine (vit.
B1) 1.2; ascorbic acid (vit. C) 14; choline chloride 4.6; inositol (vit.B8) 39.4 folic acid
(0.5); pyridoxine (vit.B6) 1.3; nicotinic acid (vit.B3) 4.2; cyanocobalamine (vit.B 12)
0.005 biotin 0.3; pentothenic acid (vit.B5) 1.34; riboflavin (vit.B2) 1.1.
Minerals; The following ingredients were found in the mineral mixture: (g /100 g
mixture): phosphorus 3.2; calcium 1.4; zinc 1.03; magnesium 2.3; copper 1.05;
iodine 2.1; phospholipids 3.2; manganese 2.04; sodium 1.02; iron 1.1.
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2.4. Indicates of economic efficiency

Feed cost, $ (FC), production, Kg/m3 (prod.), value add (VA) $,
production price, $ (PP), Economic conversion rate (ECR), incident
cost (IC) and Profit index (PI).

Whereas: production, kg/m3 number of fish/m3 � mean of final
weight, VA = production price – feed cost, ECR = feed cost � FCR,
IC = feed cost/production (Kg) and PI = production price/feed cost
2.5. Water quality management

On the daily basis physicochemical parameters such as DO, pH,
salinity, and temperature were measured using a handheld refrac-
tometer, a Celsius glass thermometer, a mobile digital DO-meter
(Model: HI9146), and a digital pH metre, while ammonia, alkalin-
ity, nitrite, and nitrate were measured using chemical methods in
according to APHA (1995).
Table 3
Physicochemical parameters (Mean ± SD) of each treatment during the experimental peri

Water parameter Treatments

T1 (FF1) T2 (FF2

pH 7.40 ± 1.24 7.82 ± 1
Temperature (�C) 29.40 ± 2.24 29.63 ±
Salinity (ppt) 18.0 ± 17.9 18.0 ± 1
D.O (mg/l) 8.16 ± 2.20 7.95 ± 1
Nitrite (mg/l) 0.013 ± 0.004 0.013 ±
Ammonia (mg/l) 0.012 ± 0.004 0.012 ±
Alkalinity (mg/l) 142.1 ± 4.56 146.4 ±
Nitrate (mg/l) 1.80 ± 0.363 1.80 ± 0
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2.6. Chemical analysis of diet and whole fish body

Chemical analysis of diet and fish samples was done according
to the methods of (AOAC, 2000) and gross energy of diet was cal-
culated by using factors 23.62, 39.5 and 17.56 KJ/g for protein
(CP), carbohydrates and lipid compatibly were used (NRC, 1993).

2.7. Statistical analysis

It was clarified that, the data were normally distributed by nor-
mality test and it were analyzed by analysis of variance (ANOVA)
using (SPSS, 2007). Duncan-Waller was used to compare the vari-
ations among individual means at significant level (p � 0.05).

3. Results

3.1. Physiochemical parameters

Water quality indices among the treatments are shown in
Table 3.

3.2. Growth and feed utilization

The GP parameters significantly (p < 0.05) differed among the
groups (Table, 4). Asian sea bass fry in T3 achieved the highest
WG, ADL, ADG and SGR followed by T4 and T2 while T1 had the
lowest in WG, ADL, ADG and SGR. Also Fig. 1, SGR carving reached
the maximum point at feeding three times a day and showed that
determination coefficient (r2) = 1. Survival rate (SR,%) was showed
in Table 4, and there was insignificantly difference among the
treatments,

However SR of fry fed three and two times daily was 100% then
SR of T4 was 96% and the worst SR 92% was obtained with T1. Feed
conversion ratio FCR was significantly exaggerated between T3 and
the other treatments, sea bass fry fed three times a day (T3)
showed a significant improvement in FCR that reached subse-
quently T4 and T2, while T1 had the worst FCR.

Cannibalism and body indices were recorded in Table 4. Canni-
balism reduced with increasing of FF from one to three times daily.
During the experimental period it was observed that increasing in
feeding frequency led to reduce the aggressive behavior, mortality
and cannibalism of fry. Condition factor was lower with T3 and T4
than T1 and T2 respectively. On the contrary HSI and VSI of the sea
bass fry fed three and four times a day was higher than those fed
one and two times daily.

3.3. Composition of the body

The results of whole body composition at the experiment end
were showed in Table 5, and cleared that, FF, did not significantly
affect body content of Ash, moisture and protein. But, body content
od.

) T3 (FF3) T4 (FF4)

.28 8.18 ± 2.29 8.19 ± 2.26
2.10 29.78 ± 2.31 29.76 ± 2.34
8.0 18.25 ± 17.41 18.0 ± 17.25
.07 8.03 ± 2.26 7.03 ± 2.24
0.005 0.013 ± 0.007 0.012 ± 0.006
0.005 0.042 ± 0.002 0.041 ± 0.003
4.07 151.6 ± 4.03 152.6 ± 3.02
.30 1.84 ± 0.46 1.81 ± 0.66



Fig. 1. The optimum feeding frequency of Lates calcarifer based on SGR% as determined by the phenomenal regression.

Table 4
Growth response and morphological indices of Asian seabass at different feeding frequencies for a 70-day trial.

Biotechnical parameters Feeding frequency

T1 (FF1) T2 (FF2) T3 (FF3) T4 (FF4)

Initial body weight (g) 0.2 ± 0.11a 0.2 ± 0.01a 0.2 ± 0.12a 0.2 ± 0.11a

Final body weight (g) 52.2 ± 0.2c 56.3 ± 0.21b 58.3 ± 0.31a 57.2 ± 0.22b

Initial body length (cm) (Li, cm) 2.1 ± 0.10a 2.2 ± 0.12a 2.2 ± 0.15a 2.4 ± 0.22a

Final body length (Lf, cm) 16.0 ± 0.1a 16.5 ± 0.2a 17.0 ± 0.1a 16.8 ± 0.1a

Weight gain (g) 52.0 ± 0.9b 56.10 ± 0.20b 58.10 ± 21a 57.0 ± 0.11b

Length gain (LG, cm) 13.9 ± 0.9b 14.3 ± 0.10a 14.8 ± 0.14a 14.4 ± 0.21a

Specific growth rate (%/day) 3.44 ± 0.03b 3.49 ± 0.01a 3.51 ± 0.02a 3.50 ± 0.02a

Average daily weight gain (g/day) 0.74 ± 0.0b 0.80 ± 0.0b 0.83 ± 0.0a 0.81 ± 0.0b

Feed conversion ratio (g) 2.60 ± 0.04a 2.10 ± 0.04a 1.80 ± 0.02b 1.95 ± 0.04a

Hepatosomatic index (%) 1.3 ± 0.14a 1.2 ± 0.34a 1.4 ± 0.06b 1.4 ± 0.01b

Viscerosomatic index (%) 3.5 ± 0.21b 4.5 ± 0.11a 4.8 ± 0.31a 4.6 ± 0.21a

Condition factor (k) 1.12 ± 0.02a 1.05 ± 0.04a 0.95 ± 0.06b 0.99 ± 0.04b

Cannibalism (%) 8.0 ± 0.0a 0.0 ± 0.0c 0.0 ± 0.0c 4.0 ± 0.0b

Survival (%) 92.0 ± 0.0b 100 ± 0.0a 100 ± 0.0a 96.0 ± 0.0b

Values are the mean ± SD of triplicate groups in the same row with different superscripts are significantly different (P > 0.05).
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of lipid significantly differed at level 0.05 between T3 and the other
treatments, whereas lipid content was 11.88%, 11.70%, 10.90 and
10.20% for T3, T4, T2 and T1 respectively.

3.4. Economic efficiency

Effect of FF on the economic efficiency was presented in Table 6,
there were significant differences among treatments in all indi-
cates of economic efficiency on basis the production /m3. Fish of
T3 had the highest production (0.560 kg/m3), VA (3.24 $) and PI
(4.85) also it had the best ECR (1.51), IC (1.44) and the lowest feed
cost (0.84 $), while T1 had the lowest production (0.480 kg/m3), VA
(2.28 $), PI (3.11) and had the worst ECR (2.80), IC (2.25) and the
highest feed cost (1.08 $). Fish of T2 and T4 did not significantly
vary in VA, feed cost, IC and PI but they were better in these indi-
cates than T1.
Table 5
Whole body chemical composition (% wet weight) at the end of Asian sea bass Lates calca

Items Feeding frequency (number of meals d�1)

T1 (FF1) T2 (FF2)

Moisture 74.20 ± 0.08a 72.60 ± 1.2
Protein 20.01 ± 0.12a 21.05 ± 1.1
Lipid 10.20 ± 1.50b 10.90 ± 1.4
Ash 4.60 ± 0.01a 4.52 ± 0.80

The values represent the mean SD of triplicate treatments in the same row with distinc
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4. Discussion

Table 3 shows the mean values for water quality indicators,
which show no significant fluctuation and fall within the suitable
range for Asian sea bass growth and health. These results were
consistent with the result of Priestley et al. (2006).

Results of this study ascertained that FF positively affected
growth parameters and FCR of Asian sea bass fry, this complies
with several studies evaluated the influence of FF on growth indi-
cators of various fish species. According to Türker and Yildirim
(2011), increasing FF increased the SGR and FCR of trout fish, while
Barakat et al. (2011) found that increasing FF from three times/day
led to increase SGR and achieved the best FCR of Siganus rivulatus,
Haruna et al. (2014) mentioned that the highest SGR and the best
FCR of Clarias gariepinus achieved with increasing of FF, Choudhury
et al. (2002) decided SGR and FCR of Labeo rohita were the best
rifer.

T3 (FF3) T4 (FF4)

0a 71.40 ± 0.31a 71.35 ± 1.04a

2a 21.88 ± 1.20a 21.40 ± 1.40a

0b 11.88 ± 1.80a 11.70 ± 1.67b

a 4.11 ± 0.60a 4.10 ± 0.80a

t superscripts, and they vary significantly (P > 0.05).



Table 6
Evaluating the economic efficiency per m3.

Items Feeding frequency (number of meals d�1) PES*

T1 (FF1) T2 (FF2) T3 (FF3) T4 (FF4)

Production, kg/m3 0.480d 0.560b 0.580a 0.549c 0.014
Production price, $ 3.600b 3.950b 4.080a 3.840b 0.089
Feed cost, $ 1.080a 0.940b 0.840c 0.890b 0.039
value Add (VA), $ 2.280c 3.020b 3.240a 2.950b 0.130
Economic conversion ratio (ECR) 2.800a 1.970b 1.510c 1.740bc 0.190
Incident cost (IC) 2.250a 1.660b 1.440c 1.620b 0.120
Profit index (PI) 3.110b 4.200a 4.850a 4.300a 0.250

The values are the mean of triplicate groups in the same row with distinct superscripts are statistically different (P > 0.05).
*, PSE is pooled standard error.
$ is dollar of United States of America.
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with increasing of FF. Moreover, Pouomogne and Ombredane
(2001) noticed SGR and FCR of tilapia were improved and associ-
ated with increasing of FF. This positive effect was attributed to
many reasons, firstly fish size or age, as aforementioned, the posi-
tive effect of feeding frequency depended on many of factors
including fish age. Smaller fish require more FF than larger fish,
although the amount of frequencies required varied by fish type.
The starting weight of Asian sea bass fry in this study was 0.2 g
hence the growth rate and FCR were mostly affected by FF. In addi-
tion, Ribeiro et al. (2012) observed that, there is an adverse corre-
lation between fish age and feeding frequency. In the same trend
FF has a significant effect on growth rate according to Kurtkaya
and Bilguven (2015), and this effect is linear with young fish but
nonlinear with adult fish.

Secondly, the optimum FF may provide the maximum feed uti-
lization, whereas over feeding leads to leaching of nutrient and
inadequate feeding leading to decrease the growth as a result of
the starvation. Overfeeding leads to reduce in FCR and SGR in con-
sequence of the wastes accumulation that deteriorates the water
quality as it has been reported by Abid and Ahmed (2009). Further-
more, excess feeding results in overload on the fish stomach and
digestion system causing reducing in feed efficiency. Increasing
of feeding frequency reduces the aggressive behavior in particular
carnivores’ fish such sea bass and reduces the size variation among
the individuals (Holm et al., 1990; Abdel-Aziz et al., 2021).

The FF boosts the feed utilization of fish and prevents the fast
satiety of diets that contain high levels of carbohydrate. As the
same, Xie et al. (2011) found that, the activity of trypsin in fish
intestine increased with FF; accordingly the digestion process of
fish is more efficient. Moreover, feeding frequency regulates the
flow of feed through the digestive tract; hence the efficient diges-
tion is well. Consequently the excretion nitrogen is reduced and
water quality does not quickly deteriorate.

To sum up, many of works evaluated the effect of FF on FBW,
FCR and they agreed with the current study results. For example,
Salama and Al-Harbi (2007) referred to FBW and FCR of Asian
sea bass clarifying that they were the best with fish fed three times
daily. Ganzon-Naret (2013) said that SGR and FCR of Asian sea bass
were improved with increasing of FF up to six times a day. Abdel-
Aziz et al. (2016) observed that Rabbitfish fry fed up to four times
per day had the best SGR and FCR. Nekoubin et al. (2013) found
that the best FBW of zebra fish fry was obtained with fry fed five
or four times a day and the best FCR was achieved with four times/
day. In a similar manner, other studies were done to determine the
most appropriate FF for different species, these studies ascertained
that the feeding three times/day had the best growth indices and
FCR such as Oreochromis nilotucs (Kurtkaya and Bilguven, 2015;
Thongprajukaew et al., 2017) Clarias gariepinus (Aderolu et al.,
2010; Ajani et al., 2011; Okomoda et al., 2019) Tor putitora
(Basade and Mohan, 2009) Acanthopagrus berda (Rahim et al.,
7364
2017) Morone suxatilis X M. chrysops (Liu and Liao, 1999) and Tak-
ifugu rubripes (Kikuchi et al., 2006). Conversely Lanna et al. (2016)
exhibited that, frequency of feeding did not affect WG and FCR of
Nile tilapia. Aydın et al. (2011) mentioned that feeding frequency
did not influence SGR and FCR of black sea trout. Sampath (1984)
cleared that, FF had no effect on SGR of Chann striatus. Zhou et al.
(2003) confirmed no effect of FF on juvenile gible carp. In addition
to our results, has been suggested that, the high feeding frequen-
cies enhanced the aggression behavior, mortality and cannibalism
in some big fish of sea bass of a sharp expectancy for nutrition.
Likewise, Marimuthu et al. (2010) consider that FF is a stress factor
that consumes part of diet energy thus the fish growth rate
decreases. Regarding the survival rate, the statistical analysis did
not show significant differences among the treatments in the sur-
vival rate. This result was in agreement with Daudpota et al.
(2016), Abdel-Aziz et al. (2016) and Kurtkaya and Bilguven
(2015) who manifested that, SR of Nile tilapia and rabbitfish were
insignificant with the differences of FF. Also, Güroy et al. (2006) did
not find significant differences among the treatments in SR of Euro-
pean sea bass. In whichever cases the present results of SR were in
little agreement with Lanna et al. (2016) and Ganzon-Naret (2013).
They noticed that SR of Nile tilapia and Barramundi is affected by
FF and increased by the increasing of frequency. In general the
rearing treatments usually do not have an effect on SR.

HSI, VSI and (k) play a vital role in the evaluation of nutritional
status of fish (Ng et al., 2000; Rahim et al., 2017), this study clari-
fied that, HSI and VSI were not significantly impacted by the fre-
quency of feeding. These findings were consistent with the
observations of (Zakes et al., 2006; Iqbal et al., 2015; Abdel-Aziz
et al., 2016).

In view of cannibalism, it could be affirmed that, neither one
nor four times are the optimum feeding frequency for Asian sea
bass fry but three or two times daily had the lowest value of can-
nibalism. Folkvord and Ottera (1993) reported that overfeeding
adversely affected the water quality whereas low feeding results
in hunger, intra-specific aggression and an increased rate of canni-
balism. As the same, Okomoda et al. (2019) suggested that the
increasing of feeing frequency of L. calcarifer from 1 to 3 meals
reduced the aggression, cannibalism and mortality rate. In consid-
eration of the influence of FF on the whole body chemical compo-
sition, the protein and ash were insignificantly influenced by the
frequency of feeding. But body content of lipid significantly
increased with increasing of feeding frequency. These results were
in agreement with Daudpota et al. (2016) and Zhao et al. (2016)
they observed that, lipid content of Nile tilapia, gibel carp body
were significantly increased by increasing feed frequency, while
the body content of ash and protein content were not affected

Liu and Liao (1999); Thongprajukaew et al. (2017) and Rahim
et al. (2017) clear up similar results that, the lipid content of Nile
tilapia, sea bream, hybrid striped bass increased by rising FF up
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to three times daily and the protein content was similar to the
treatments. The increase of lipid content in body fish with increas-
ing feeding frequency may be attributed to feed rationing or com-
plete dissatisfaction of fish, then it encourages reaching the
maximum benefit of ingredients diet in particular carbohydrate
that store in a fat form. However, the current results of the
researcher’s study conflicted with Abdel-Aziz et al. (2016) and
Türker and Yildirim (2011). They reported that body content of
protein and ash in rabbitfish and trout increased by enhancing FF
while lipid content was on the opposite side

Results in table 6 reflect the obtained results in table 4 and con-
firm that increasing FF positively and significantly affected the
growth, FCR, feed cost then the economic efficiency in general.
The same trend in Table 4 was notes in table 6 whereas fish of
T3 achieved the highest economic efficiency/m3 followed by T4
and T2 while T1 was the lowest economic efficiency. In spite of
T2 did not differ with T4 but production of T2 was higher, and feed
cost and ECR of T4 were better than T2, this attributed to survival
rate of T2 was higher than T4. Similar results were obtained by
Aderolu et al. (2010) reported that Economic parameters varies sig-
nificantly with FF in both fingerlings and juveniles African catfish,
the only exception is between the three and four times feeding
level. In the same context the highest fish production of monosex
tilapia Oreochromis niloticus was obtained under three times FF
and the production was found to be decreased significantly with
the decrease in FF (Ahsan et al., 2009).

5. Conclusion

The current study emphasized that the FF three times a day had
a positive and significant effect on growth, feed utilization and
morphological indices (FBW, WG, SGR, ADWG, FCR, SR, cannibal-
ism rate. . .etc.) of Asian sea bass. According to the second degree
polynomial regression indicates that fed three times a day is opti-
mum for best growth and survival. The optimum feeding frequency
improves the economic efficiency, reduces the operating costs and
water degradation in any culture operation. The current study’s
results have great implications as a major step toward developing
an Lates calcarifer seed rearing practice that will directly promote
nursery operators, As a result, this could be developed in future
research.
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