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EFFECT OF DIETARY PROTEIN AND ENERGY ON GROWTH OF
JUVENILE HUMPBACK GROUPER (Cromileptes altivelis)
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ABSTRACT

The effect of varying protein and energy contents of diet on the growth and nutrient retention of
juvenile humpback grouper was examined using a 3 x 3 factorial design with three replicates. Ten
fish of average body weight (+ SD) of 4.7 + 0.5 g were stocked into each of 27 polycarbonate tanks
(30 L) with a flow-through system. Nine experimental diets were prepared containing three dry
matter (DM) protein levels of 44%, 50% and 56% and three DM lipid levels of 6%, 9% and 12%.
Calculated DM energy content of the diets ranged from 4.32 to 4.95 kcal/g diet; the protein and
energy ratio ranged from 94.9 to 124.9 mg/kcal. Chloroform-methanol extracted fish meal and
squid liver meal were main protein sources, with small amounts of additional casein and mysid
shrimp meal. Experimental diets were prepared as freeze-dried pellets. Fish were fed twice daily
to satiation for 84 days. Final weight, percent weight gain (WG), survival, feed efficiency (FE),
protein efficiency ratio (PER), as well as protein and lipid retention data were analyzed using two-
way ANOVA. There was a significant interaction between the protein and lipid content of the diet
only in final weight and WG, where fish performance improved with increasing protein content with
the 9% lipid diet but not for either the 6% or 12% lipid diet. Total length, FE and lipid retention
increased with increasing dietary protein content while lipid retention also increased with in-
creasing dietary lipid. PER and protein retention were unaffected by the diet. These results indi-
cated that a diet containing 56% DM protein, 9% DM lipid, 4.77 kcal/g diet, and protein: energy ratio

of 118 mg/kcal was the best for growth of juvenile humpback grouper.
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INTRODUCTION

Humpback grouper (Cromileptes altivelis) has a
high market value, especially in Asian countries such
as Hong Kong, Singapore and Taiwan. Grouper fish,
predominantly Epinephelus spp. has been cultured
throughout Asia for many years with commercial pro-
duction based on captured wild seed being on-grown
using trash fish as feed. Recently, hatchery technol-
ogy for seed production of humpback grouper has been
successfully developed (Sugama et al., 2001) and has
stimulated interest in grow-out of this species. How-
ever, at present there is no formulated grow-out feed
available commercially for humpback grouper and in-
formation on its nutritional requirement is very lim-
ited.

Some experiments on nutrient requirement forthis
species have been conducted to gain basic informa-
tion for developing a formulated feed. Giri et al. (1999)
reported that humpback grouper juveniles required
54.2% protein and 9%-10% lipid in the diet for good
growth. Dietary protein requirement for some others
species of grouper has been reported to vary from
47.8% to 60.0%, e.g. Epinephelus salmoides, 50%
(Teng et al., 1978); E. striatus, more than 55% (Ellis
et al., 1996); E. akaara, 49.5% (Chen et al., 1995);
and E. malabaricus, 47.8% (Chen and Tsai, 1994).
This information shows that groupers require a rela-

tively high concentration of dietary protein for normal
growth. This high dietary protein requirement, using a
high level of fish meal as the protein source, becomes
a new problem in feed formulation. Replacing fish meal
with soybean meal has not given good results for
growth of juvenile humpback grouper. Inclusion up to
10% soybean meal in the diet resulted in good growth
of fish, but inclusion of 20 % or more soybean meal
significantly retarded growth of fish (Marzugqi et al.,
unpublished data).

Fish use dietary protein for growth and, importantly,
also as a primary source of energy. In order to mini-
mize the utilization of protein for energy, the diet should
contain enough sources of energy other than protein.
Thus, feed formulation should be based on the en-
ergy requirement of the fish and an optimum protein
to energy ratio in order to optimize the utilization of
protein for growth. The objective of the present study
was to see if growth and chemical composition of ju-
venile humpback grouper are affected by the protein:
energy ratio of the diet.

MATERIAL AND METHODS
Experimental Diets

Nine experimental diets varying factorially in dry
matter (DM) protein (44%, 50%, and 56%) and DM
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lipid (6%, 9%, and 12%) were prepared. Diets were
formulated using chloroform-methanol extracted fish
meal and squid liver meal as major protein sources,
with additional protein supplied by mysid shrimp meal
and casein (Table 1). Dextrin was used to adjust the
gross energy content of the diets. The protein: en-
ergy ratio of the diets ranged from 94.9 to 124.9 (mg/
kcal) and decreased with increasing lipid concentra-
tion, regardless of the dietary protein content. Diets
were prepared using an Hiraga meat chopper and cold
extruded through a die with a hole diameter of 2.2
mm. Pellets were freeze-dried and were kept in a re-
frigerator (4°C) before and during feeding experiment.

Feeding Trial

Juvenile humpback grouper were produced in the
hatchery at the Gondol Research Institute for Mari-
culture. These juveniles readily accepted the experi-

mental diets as they had been offered dry food since
day 17 old larvae and reared after metamorphosis
entirely on fry food. A total of 270 selected juveniles
with mean SD of 4.7 + 0.5 g body weight were ran-
domly and equally assigned as three replicate blocks
to 27 rounded polycarbonate tanks, each of 30 L vol-
ume. Each tank was supplied with flow-through
sea water and an individual airstone to maintain good
water quality throughout the 12-week experiment. Fish
were fed twice daily to satiation.

Body weight, total length and survival were recorded
every week. At the end of the experiment, a represen-
tative sample of fish from each tank were dried and
the chemical composition of the fish were determined.
Crude protein, lipid, and ash contents of diets and
fish were analyzed following the standard methods of
AOAC (1990). Energy content of the diet was calcu-
lated based on caloric coefficients of 5.64, 9.44 and

Table1.  Composition of the experimental diet (% dry matter)
Diet No.
Ingredient
1 2 3 4 5 6 7 8 9

Casein 1.40 1.40 1.40 7.67 7.67 767 1397 1397 1397
Fish meal’ 45.00 45.00 4500 48.00 48.00 48.00 50.00 50.00 50.00
Squid liver meal’ 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Mysid shrimp meal 10.00 10.00 10.00 7.50 7.50 7.50 5.00 5.00 5.00
Dextrin 16.68 16.68 16.68 11.47 11.47 11.47 5.91 5.91 991
Mineral mix? 1.70 1.70 1.70 1.70 1.70 1.70 1.70 1.70 1.70
Vitamin mix® 1.30 1.30 1.30 1.30 1:30 1.30 1.30 1.30 1.30
Squid oil 412 712 10.12 414 7.14  10.14 418 7.06 9.93
Astaxanthin 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19
CMC 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Cellulose 7.61 4.61 1.61 6.03 3.03 0.03 9.75 2.87 0.00
Proximate composition (% dry mt.)

Protein (%) 443 448 443 50.0 50.1 50.8 56.2 56.3 55.4
Lipid (%) 7.3 8.8 12.6 6.8 9.5 12.3 6.0 9.9 12.4
Fiber (%) 9.5 8.5 7.8 9.1 7.3 4.7 7.8 6.5 5.4
Ash (%) 11.4 113 11.5 11.5 11.5 11.4 11.4 11.2 10.9
NFE (%) 27.5 26.6 23.8 22.6 216 20.8 18.6 16.1 15.9
Energy (kcal/g) * 43 4.5 4.7 44 46 4.9 45 4.8 5.0
Protein/energy 1026  100.7 949 1139 108.7 104.1 1249 118.0 1120
ratio (mg/kcal)

E/P (kcal/kg) 97.5 99.3 1053 87.8 92.0 96.1 80.1 84.8 89.3

1

' Fish meal and squid liver meal were chloroform-methanol extracted
° Mineral (mg/100 g diet): KH2PO4 412, Ca-Lactate 282, NaH2PO

CuS04 2, CoS04. 7H20 0.05 MgS04 240, KJ 0.15

® Vitamin (mg/100 g diet): thiamin 5, riboflavin 5, Ca-
inositol 200, p-aminobenzoic acid 5, cyanocobalami

menadion 4, calciferol 1.9, vitamin E 20.

Based on the energy value of protein = 5.64, lipid = 9.44, and carbohydrate = 4.11 kcal/g.

4 618, FeCl2. 4H20 166, ZnSO4 9.99, MnSO4 6.3,

pantothenate 10, niacin 20, pyridoxine-HCI 4, biotin 5, folic acid 1.5,
n 0.01, choline-HCI 900, vitamin C 120, vitamin A-palmitate 15,



4.11 kcal/g for protein, lipid, and carbohydrate, respec-
tively (Jobling, 1983). Final weight, percent weight gain
(WG), survival, feed efficiency (FE), protein efficiency
ratio (PER) as well as protein and lipid retention data
were analyzed using two-way ANOVA. If there was
no interaction between main effects of dietary protein
and lipid, means were compared using one-way
ANOVA and differences between treatments were
considered significant at P<0.05 (Steel and Torrie,
1980).

RESULTS

Proximate analysis of experimental diets showed
that the protein and lipid contents of the diets closely
agreed with expected values (Table 1). Energy con-
tent of the diets ranged from 4.32 to 4.95 kcal/gram
and the protein: energy ratio ranged frorn 894.9to 124.9
mag/kcal.

There was a significant interaction between the
protein and lipid content of the diet for final weight
and WG, wherein fish performance improved with in-
creasing protein content for the 9% lipid diet, but not
for either the 6% or 12% lipid diet (Tabie 2). The mean
survival on each treatment exceeded 93% over the
experimental period of 84 days and was unaffected
by the protein or lipid content of the diet (Table 3).
Total length, FE and lipid retention increased with in-
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creasing dietary protein content, while lipid retention
also increased with increasing dietary lipid. PER and
protein retention were unaffected by the diet (Table
3).

DISCUSSION

Results of the study showed that increasing the
DM concentration of protein in the diet from 44% to
56% increased the growth of fish. The best growth
was gain with the diet containing 56% DM protein
and 8% DM lipid. This dietary protein concentration
closely agrees with that reported by Giri et al. (1999)
who found growth of juvenile humpback grouper was
maximal at 54.2% protein. For other species of grou-
per, the dietary protein requirement has variously been
reported to lie between 47.8% and 60%. This wide
variation could be influenced by species, the nature
of the feed ingredients used and differences in the
supply of other nutrients in the experimental diets fed
to the fish. Rachmansyah et al. (2000) reported that
growth of juvenile humpback grouper fed diets con-
taining from 48% to 54% protein was not significantly
different and concluded that the dietary protein require-
ment was 48%. In their experiment they used larger
fish of 13.5g to 15.1g initial weight compared with 4.7g
fish used in the present study or 5.5¢ fish as used in
our earlier study (Giri et al., 1999).

Table 2.  Final weight and body weight gain of fish fed experimental
diets for 84 days’
Diet Dietary factor Final weight Body weight gain
no. Protein  Lipid (9) (%)
1 44 6 25.68 + 1.35%° 440.5 + 23.6°°
2 44 9 24.13 + 1.45° 4117 + 24.9°
3 44 12 25.22 + 0.75%° 436.9 + 11.0°°
4 50 6 26.95 + 0.74°° 474 .4 + 47 .3
5 50 8 25.33 + 0.97%° 4432 + 13.5%°
6 50 12 26.47 + 1.47° 460.1 + 36.7°
7 56 6 27.82+1.43° 477.0 + 32.5>
8 56 9 28.92 + 1.60° 527.8 + 28.7°
S 56 12 26.94 + 0.59°° 469.9 + 10.7°
ANOVA
Protein 0.00002 0
Lipid NS3 NS
Protein vs Lipid 0.0046 0.0085

' |nitial weight = 47 + 0.5 g. Initial length = 6.9 £ 0.3 cm. Values in the column
followed by the same latter are not significantly different (P>0.05).

2 Probability of significance

3 Non-significant (P>0.05)
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Table3.  Survival, total length, feed efficiency, protein efficiency ratio, protein and lipid retention of
fish fed experimentai diets for 84 days' 7
Dietary Dietary Survival Total length FE2 PER® Protein Lipid )
factor level (%) {cm) retention® retention
Protein 44 98.9°2 12.04 + 0.09° 064 +0.03%° 166 +0.07* 33.22+196° 4046+ 8.46°°
50 95 62 12.37 + 0.10® 0.70 + 0.03°® 1.60 +0.05*% 31.13 £0.05% 38.24 + 3.62°
56 1002 12.56 + 0.17° 0.83 +0.01° 166 +0.03* 3155+ 1.57% 47 67 + 7.96°
Lipid 6 96.7x 12.41 + 0.24x 0.71 +0.01x 161 +0.03x 31.25+0.34x 3562 + 4.81x
9 98.9x 1232 +0.37x 072 +0.12x 162 +0.05x 31.22 + 1.37x 42.10 + 4.54xy
12 98.9x 1224 + 0.19x 075+ 0.11x 169 + 0.05x 33.44 + 1.85x 48.64 + 7.10y

' Initial weight = 4.7 + 0.5 g. Initial length = 6. + 0.3 cr. Values in the column followed by the same latter are

not significantly different (P>0.05).
? Feed efficiency (FE) = Weight gain (g)/ Feed intake (g)

3 Protein efficiency ratio (PER) = Body weight gain (g)/ Protein intake (g) A
¢ Protein (lipid) retention = 100 x (Final protein (lipid) content — Initial protein (lipid) content)/ Protein (lipid) intake

Since satisfying the energy needs will have the
highest priority in the animal, a diet that is inadequate
in energy will result in a reduced rate of growth. More-
over, the extent to which dietary protein wili be used
to supply amino acids for body protein synthesis or
catabolised to supply energy is likely to be determined
by the dietary balance of these two constituents.
Thus, the balance of protein to energy in the diet is
likely to be an important determinant of its growth
potential. The optimum dietary protein: energy ratio
(mg protein: kcal) has been reported to be 111 for red
tilapia (Santiago and Laron, 1991), 110 for Nile tilapia
(El-Sayed and Teshima, 1992), 125 for hybrid striped
bass (Nematipour et al., 1992) and 128 for juvenile
Asian sea bass (Catacutan and Coloso, 1995). Al-
though the interaction between dietary protein and lipid
was significant for final weight and WG in the present
experiment, there was no evidence of any protein-spar-
ing by lipid. At a dietary lipid level of 9%, increasing
the level of dietary protein significantly increased WG
of fish. However, at the dietary lipid level of 6 or 12%,
increasing the amount of dietary protein from 44% to
56% had no effect on WG. Similarly in the humpback
grouper study of Rachmansyah et al. (2000), no clear
protein-lipid sparing effect was observed. These re-
sults differ to the finding with malabar grouper (E.
malabaricus) by Shiau and L.an (1996) who found that
the dietary protein content could be reduced from
50.2% to 44% without affecting the growth rate of the
fish if the dietary energy content was maintained be-
tween 3400 and 3750 kcal/kg. We are unaware of
any other published study on the protein-energy spar-
ing effect of grouper. The dietary protein requirement
of dentex (Dentex dentex) could be reduced from 49%
to 44% by increasing the concentration of dietary lipid
from 12% to 17% (Tibaldi et al., 1996). Similarly with

gilthead sea bream, Vergara et al. (1996) concluded
that the protein content of the diet could be decreased
from 58% to 46% by increasing the lipid content from
9% to 15%.

FE also improved with increasing dietary protein.
This result agrees with that reported by Shiau and
Lan (1996) for malabar grouper. In the present study,
increasing the amount of lipid in the diet from 6% to
12% tended to improve FE when the fish were fed the
low (44%) protein diets, but no such effect was seen
with the higher (50% and 56%) protein diets. The best
FE (0.84) was observed for fish fed the diet contain-
ing 56% protein and 9% lipid. With gilthead bream
fed diets containing 15% lipid, FE was significantly
improved when the protein content of the diet was
increased from 47% to 51% (Santinha et al., 1999).
Einen and Roem (1997) reported that the optimal di-
etary protein: energy ratio decreased with increasing
fish size, from around 79.5 mg/kcal for Atlantic salmon
(Salmo salar) weighing between 1 and 2.5 kg to about
69.1 mg/kcal for fish weighing between 2.5 and 5 kg.

Regardless of the dietary protein content, increas-
ing the amount of lipid in the diet led to increased
retention of lipid in the fish in the present study. This
was most clearly seen for fish fed the diet, containing
44% and 54% protein. Increasing the amount of di-
etary protein aiso significantly increased lipid reten-
tion. These data indicate that even at low dietary pro-
tein, lipid is not used maximally for energy, and with
no evidence of any protein-sparing effect of lipid.

CONCLUSION

The results of the present study indicate that a
diet containing 56% protein and 9% lipid, and with a



protein: energy ratio of 118 mg/kcal is optimal for ju-
venile humpback grouper.
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