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ABSTRACT

A feeding trial was conducted to determine the effects of feeding rate and feeding frequency on growth and feed
utilization efficiency of the camouflage grouper E. polyphekadion fingerlings fed commercial feed. Survival
between treatments were not significantly different from each other. Final average body weight (ABW) and weight
gain of grouper fed the commercial diet at either 2, 3 or 4 % body weight (bw) were superior to that of fish fed at
1% bw. Average feed intake (AFI) for individual grouper were highest in those fed at 3% and 4% bw and were
significantly higher than in grouper fed at 1% and 2% bw. Specific growth rate (SGR) in grouper fed commercial
diet at 2, 3 and 4% bw were significantly higher than in those fed at 1% bw. Efficiency of feed conversion (FCE)
were higher in fish fed at 1 and 2% bw than in those fed at 3% and 4% bw. In contrast to feeding rate, feeding
frequency did not significantly affect all the growth and efficiency indices. The feeding ration, using the quadratic
model, which provided the maximum FCE was estimated to be 1.2 % bw.
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INTRODUCTION

In aquaculture, the importance of efficiency ofligéition of formulated feeds could not be overengited. It
affects the economic returns of a culture facilityd reduces environmental pollution [15, 16, 2Good feed
management is the result of good feed conversianhnil the result of adequate knowledge about etiergeeds
of the fish, adequate distribution of feed and gfesdling techniques. In order to optimize productia fish farmer
has to feed the fish at a level that ensures goodth and minimal waste. Estimates of daily feedquirements
based on theoretical considerations can servecasteol of aquaculture systems but they shoulddrelined with
visual observations of feeding activity to ‘fineatl feed ration [1].
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If feeding frequency is decreased, the rate at hwiféed is supplied must be increased. This mayénite feed
waste, because the fish may not be able to captutee pellets before they pass out of the culsygtem. Thus,
attempts should be made to adjust rates of feeplystp the feeding rate of the species, and thatdur of meals
(i.e. feeding frequency) should be adjusted acaogrdo the time required for all feeding individuats become
satiated. However, there is, a lack of knowledgeua feeding rates at given feeding frequencidsbfin culture.

Groupers are cultured in Asia where the grow-oltucel are in cages. Feeding ration given on &terdays was
found to be optimum at 5% resulting in the bestghieiand relatively good survival rate and bestlfefficiency
with time [8]. Feeding rate and frequency are kndaraffect fish growth and FCR. Optimal growth, doeed
conversion and high survival rate were observezhiration feeding of young grouper with one feedingry 2 days
[7]. Serrano and Apines [18] observe that theydednsumption rate dEpinephelus coioides range from 2.57% to
4.20%. As the culture of groupers becomes moen8ive, strategies for supplementary feeding shbeldssessed
for maximum economic returns. Feeding rate andifgefifequency are important considerations as ttaeyaffect
growth, survival and fillet composition as well aster quality. Feeding at the optimum rate and Uesgry can
result in tremendous savings in feed costs.

Since the grouper culture industry continues tcaexl there is a need to know what feeding rateflauiency are
optimal for better production and economic retuiorsthe camouflage grouper. The study aims tordatee the
effects of feeding rate and feeding frequency oowgin and feed utilization efficiency dE. polyphekadion
fingerlings fed commercial feed under control rurgnivater conditions.

MATERIALS AND METHODS

Experimental Fish: Healthy swim-up fingerlings of the Camouflage grougpinephel us polyphekadion (2.1+0.14
g) were obtained from the Fish Farming Center efMhinistry of Agriculture, Saudi Arabia. Camouflageouper
fingerlings were reared in 55 L circular bucketicompletely flow-through culture system with sciffnt aeration.
Average body weight (ABW) was measured at the begg of the experiment and every 7 days. Surviedé,r
average feed intake, Specific Growth Rate (SGR)fand conversion efficiency (FCE) were estimatéthr SGR
and FCE, the following formulae were used:

SGR = [(nw2 —Inwl)/(t2 —t1)] X 100
Feed conversion efficiency (FCE) = [(dry weighttd x (wet wt. gain, g)-1]

Experimental Design and Feeding TreatmentsGrouper fingerlings were divided randomly into & 8 factorial
experiment with two independent variables: feedatg (i.e. % bw) and feeding frequency (i.e. nuntdfdimes of
feeding in a day) at 4 levels (i.e. 1%, 2%, 3% 4#@) and 3 levels (i.e. once daily, 1x; twice daRy; and four
times daily, 4x) respectively. Each treatment wairéded into 3 replicates and arranged randomljofaing the
procedure described by APHA (1971) with 25 fish licgte’. Camouflage grouper fingerlings were fed a
commercial obtained from a locally feed manufact&BASCO. The label of the diets revealed thatoihtained
48% crude protein, 10% crude fat, 1.5% crude fibh&®% moisture, 15% ash and 14.5% digestible caudiraiy (i.e.
nitrogen-free extract). Fingerlings were fed daityl100 for 1x treatment; at 0900 and1330 for 2attnent; and at
0900, 1100, 1330, and 1700 for 4x treatment. Eeedihg trial lasted for 8 weeks.

Water parameters: Salinity, temperature, pH and dissolved oxygen (R@)e monitored daily at 0600 (YSI model
57, YSI Co., Ohio, USA). Total ammonia-nitrogen (YAwas monitored weekly.

Statistical Analysis: Comparison between treatment means of parameteesamalyzed using two-way analysis of
variance (TWO-WAY ANOVA) followed by Tukey test ithere are significant differences, for the meanséight
gain (WG), average feed intake fiSBAFI), specific growth rate (SGR), food conversiefiiciency (FCE) [29].
Statistical analyses for survival rates were penfsd on data after square root transformation. at® tested for
homogeneity of variance and normality of data prioANOVA. Results were considered significant % Evel of
significance (P <0.05).

In estimating maximum FCE, data were analyzed tilndg quadratic regression equation used in fiskegttmate
protein and amino acids [2, 6, 22]. In this methagolynomial equation to the third power was fitieto the data
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and the first derivative of the equation (i.e. admatic equation) was used to fit the response dlatained from
feeding a dietary series:

R=a+ bl + cl?

whereR is the measured responsés the independent variable (i.e. feeding ratedta b, andc are constants that
are calculated to provide the best fit of the data.

The value ofl that produces the maximum respohgg in the first derivative of the equation was cadtatl as
follows:

L = -0.5 (bl/c)

All statistical analyses were done with the StaidtPackage for the Social Sciences (SPSS) Verkiosoftware
(Chicago, lllinois, USA).

RESULTS

Survival between treatments were not significadifferent from each other (Table 1). Final ABWgrbuper fed
the commercial diet were not significantly diffetrex either 2, 3 or 4 % body weight (bw) and wdtes@aperior to
those grouper fed at 1% bw. Subsequently, this al&s the trend in weight gain since the initial \WBwvere all

similar. AFI for individual grouper were significtly higher in those fed at 3% and 4% bw than iouger fed at 1
and 2% bw. SGR were significantly similar in greufed commercial diet at 2, 3 and 4% bw and sicguitly

higher than in those fed at 1% bw. However, FClHesmwere higher in fish fed at 1 and 2% bw thathose fed at
3 and 4% bw.

Table.1. Growth performance indices of groupekE. polyphekadion fingerlings fed with different feeding rates and fequencies. Mean
values with different superscript letters in the sane column were significantly different £<0.05).

. Feeding Feeding '\(I)?' Survival (%) Initial Final ABW Inte@é?fi:ﬁzgﬂ) Specific Food Cpnversion
ate (% bw)  Frequency fish ABW (g) (9) ) Growth Rate Efficiency
1 1x 25 94.7+2 .47 2.11 3.92+0.66 1.54%0.00 0.4420.1 1.09+0.43
2x 25 90.8+1.15 2.11 3.84+0.33 1.71+0.07 0.43+0.06  1.00%0.15
4x 25 95.5+2.75 2.11 3.72+0.16 1.60+0.16 0.41+0.09  0.95+0.27
Mear 93.7+2.4¢ 3.92+0.1¢ 1.62+0.0™ 0.43+0.0” 1.01+0.0°
2 1x 25 93.7+4.6. 2.11 4.30+0.3! 3.56+0.3! 0.51+0.0! 0.60+0.1:
2x 25 94.2+9.10 2.11 5.47+0.13 3.99+0.13 0.69+0.05  0.84+0.11
4x 25 92.7+0.87 2.11 5.07+0.19 3.90+0.19 0.63+0.04  0.76%0.05
Mean 93.5+0.76 4.95+0.16 3.82+0.23 0.61+0.09 0.73+0.1%
3 1x 25 95.8+4.62 2.11 3.80+0.39 6.56+0.39 0.4320.0 0.26+0.02
2x 25 93.0+4.21 2.11 5.03+0.68 8.03+0.68 0.63+0.04  0.36x0.04
4x 25 98.0+8.11 2.11 4.85+0.40 7.81+0.40 0.60+0.05  0.35+0.03
Mean 95.6+2.51 4.56+0.11 7.47+0.86 0.55+0.1F 0.32+0.06°
4 1x 25 94.3+0.7¢ 2.11 5.34+0.0: 7.47+0.61 0.67+0.0: 0.4340.0¢
2x 25 98.0+0.87 2.11 5.51+0.40 7.81+0.40 0.69+0.02  0.43%0.04
4x 25 92.7+2.7" 2.11 5.05+0.0° 3.90+0.1¢ 0.63+0.0° 0.74+0.1:
Mear 95.0+2.78 5.30+0.2¢ 6.39+2.17%F 0.67+0.07 0.54+0.1P

Two-way ANOVA showed that feeding frequency did affect any of the dependent variables measuredtars]
no interactive effect was detected in the two irdefent variables (i.e. with feeding rate). Whea tata were
rerun using one-way ANOVA (Table 2), it revealedrsiicant differencesK<0.05) in the means of weight gain,
average feed intake, feed conversion efficiencysgetific growth rate when the feeding rate wasedar

From the polynomial model in Figure 1, the estiddteding ration that provided the maximum FCE Wwa&s% bw
and this corresponded to an SGR of 0.50.
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Table 2. One-way analyses of variance (ANOVA) of égling rate vs. growth and efficiency parameters.

Index Source of variation Degrees of freedom Susgofire  Mean square F Significance
WG  Between groups 3 3.600 1.200 5.569 0.023*
Residual 8 1.724 0.215
Total 11 5.323
AFI Between groups 3 62.205 20.735 15.393 0.001*
Residual 8 10.776 1.347
Total 11 72.98:
FCE Between grouf 3 0.77: 0.25¢ 18.84: <0.0071’
Residual 8 0.109 0.0137
Total 11 0.883
SGR  Between groups 3 0.0948 0.0316 5.789 0.021*
Residual 8 0.0437 0.0055
Total 11 0.139
OSGR ® FCE
1.2
FCE y = 0.1602)3 - 1.0851x% + 1.9124x
'\\ R? = 0.9899
b
w 0.8
(@] 1
[T
- N\ 9P
Q
o
O
v 0.4 N
e
SGRy = 0.0342x3- 0.2663x2 + 0.6832x
R?=0.9186
0

Figure 1. Specific growth rate and feed conversioefficiency of E. polyphekadion fingerlings fed at different feeding rates over areight-

The range of dietary energy ingested between mante ration, when no growth occurs, and maximuionrra
when maximum growth occurs, is the 'scope for ghoyitl]. Within the scope for growth, the highke tration the
higher the growth rate. The relationship betweenttto has been described by Ivlev [13] and termeditn ‘the
growth coefficient of the first order (K. The same relationship between food ration graivth rate in terms of
SGR was demonstrated in the present study sterting 1% up to 4% bw. When the SGR curve in Figlingas
fitted to a linear curve, R had a value of 0.83t gtwown). The same linear relationship betweemwtrefficiency
and ration have been observed by Paloheimo andieDidk].

Feeding rate (% body wt.)

week experimental period.

DISCUSSION
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relationship between growth and ration (e.g. Hui$a®j). Brett [4] attributes this conclusion tcetscatter of the
points of growth:ration and to a not well definedwth rate at maximum feeding level.

Brett [4] described the relation between growtle ratt sockeye salmon fingerlings and food ratiorr @t of bw
day"); the increase in food ration above the 'optireakl' does increase growth rate, although at arefieiency.

He further stated that as long as the cost of taggimal gain in fish weight, i.e. that weight addear the gain on
lower feeding rate, is higher than that of margiieglding ration, added to achieve the extra gash, farmers will
consider it economically worthwhile. Maximum ecorioah ration will be attained when the two balandéus, in

the present study, the estimated feeding ratioh phavided the maximum efficiency was 1.2 % bw ahib
corresponded to an SGR of 0.50; the highest medR 8iitained was 0.67 which was the result of feedhey
camouflage grouper at 4% bw. This was considerdiWyer than that observed in the European sea bass
Dicentrarchus labrax L. where the optimum feeding rate for sea baggefiings (3 g) reared in sea water and fresh
water is found to be 3.0% and 3.5% bw daespectively [10].

Feeding rate is also a strategy in minimizing \@iain size within a group of fish. If a lower ammt is fed,
aggressive fish will consume most of the feed,ghglincreasing size variation within a group ohfi¥he idea is to
feed enough at a feeding to satiate aggressivedlgiwing less aggressive fish the opportunityeéd. Given that
groupers are opportunistic feeder, it was reasentiblexpect that feeding frequency might influegeewth and
efficiency in the present study; this was not obséiin the present study.

Many studies have shown that multiple feeding tesala more efficient utilization of the feed thasingle feeding
[11] but many studies also show that feeding fregyeloes not influence efficiency of feed convansior growth.
This was the findings of Biswae al. [3] in mrigal, Cirrhinus mrigala, and rohul.abeo rohita; Websteret al. [20]
and Jarboe and Grant [14] in channel catfistalurus punctatus, Wanget al. [19] in hybrid sunfish; Carlos [5] in
bighead carpAristicthys nobilis); Dadaet al. [9] in Heterobranchus bidorsalis. In the present study, we also did
not find any significant effect of varying feedifiggquency on all the parameters measured when werped a
two-way ANOVA (not shown).

In conclusion, feeding frequency did not signifitgraffect any of the growth and feed efficiencyrgraeters
measured under the conditions of the experimefiLis;Tno interaction between these two factors weseitored.
ABW, WG and SGR of grouper fed at 2, 3 or 4 % bwensuperior to those fed at 1% bw. FCE was higher i
grouper fed at 1 and 2% bw than in those fed ataB% 4% bw. The feeding rate which resulted in tlaimum
efficiency was estimated to be 1.2 % bw. It isstnecommended that growth and FCE of Europeanasadould
be improved by feeding them at about 1.2% bw'degardless of feeding frequency.
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