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Introduction
Grouper farming, especially in South-
east Asia, is still heavily dependent on 
feeding with trash fi sh. The demand 
for trash fi sh is increasing steadily 
despite decreasing prey fi sh stocks in 
the world’s oceans and competing use 
for human consumption (Tacon et al., 
2006). In order to sustain the rapidly 
expanding marine fi sh farming industry 
in Southeast Asia, more farmers are 
using commercial formulated feeds in 
the aquaculture of captive groupers. 
Currently available commercial feeds 
for tropical marine carnivorous fi sh 
are based on fi sh meal as the main 
dietary protein source. Total global 
fi sh meal production has remained 
relatively static over the past quarter 
century. This limited supply coupled 
with increasing demand for fi sh meal 
has greatly infl ated the cost of this 
commodity. Therefore, fi nding suitable 
protein sources as alternatives to fi sh 
meal is critical in the commercial culture 
of carnivorous fi sh species, especially 
for fi sh such as the humpback grouper, 
Cromileptes altivelis, which require 
high protein (about 50%) in their diets 
(Williams et al. 2004). Groupers, 
especially slower growing species such 
as the humpback grouper, are highly 
valued fi sh, priced for their excellent 
meat quality and taste in the regional 
live fi sh trade.

One potential fi sh meal alternative is 
poultry by-product meals (PBM) which 
are rendered by-products from the 
poultry processing industry. PBM are 
produced in many parts of the world, 
including the Southeast Asia region 
which accounts for approximately 

one-quarter of the global poultry trade 
(FAO, 2004). It has high potential to be 
incorporated in the diet of carnivorous 
fi sh species such as groupers due to 
its high protein content and lower price 
compared to fi sh meal. In addition, 
studies on the apparent digestibility 
of PBM revealed that this product is 
well-digested by several fi sh species 
(Bureau et al., 1999). Back in 1980s 
-1990s, PBM was only able to replace 
fi sh meal in fi sh diets at a level not 
exceeding 50%. Tremendous improve-
ment has been achieved in recent years 
when PBM was reported to be able to 
replace fi sh meal at higher levels of up 
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Humpback grouper is a high value carnivorous tropical marine fi sh with farm gate 
prices of US$40 to 65 /kg in Malaysia. Retail prices are about US$90 /kg depending 
on size.

Humpback grouper fi ngerlings are also 
highly priced in the marine ornamental 
fi sh trade due to their polka-dotted body 
and prominent fan-shaped pectoral fi ns.
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to 100% (Nengas et al., 1999; Takagi 
et al., 2000; Gaylord and Rawles, 
2005). The improved performance of 
PBM was mainly due to the improved 
quality of the product through the use of 
more advanced processing technology. 
We recently conducted a feeding trial 
using PBM of two origins (local vs. 
imported) and grades (feed vs. pet food) 
in the diets of humpback grouper at 
graded levels and compared with a fi sh 
meal-based diet (control diet) for the 
effects on growth, feed effi ciency, body 
composition and nutrient digestibility.

Materials and methods
Six experimental diets were formulated 
to replace fi sh meal with PBM. Diet 1 
(FM) was the control diet with Danish 
fi sh meal as the only protein source. 
Diets 2-4 were formulated to replace 

fi sh meal with a locally sourced feed-
grade PBM (Dindings Soya & Multifeeds 
Ltd., Malaysia) at 50% (FPBM50), 
75% (FPBM750) or 100% (FPBM100), 
respectively. In Diets 5 and 6, 75% 
(PPBM75) and 100% (PPBM100) of 
fi sh meal, respectively, were replaced 
by an imported pet food grade PBM 
[National Renderers Association (NRA), 
USA]. Chromic oxide (1%) was added 
to determine the apparent digest-
ibility coeffi cient (ADC) of the diets. 
Humpback grouper fi ngerlings of mean 
initial body weight 12.41 ± 0.24 g were 
randomly distributed into groups of 15 
fi sh in cylindrical cages (61 cm depth 
and 43 cm diameter; total of 18 cages), 
and placed in a 150-ton seawater poly-
ethylene tank, supplied with aeration. 
The experimental diets were fed close 
to apparent satiation twice a day to 
triplicate groups of fi sh. The feeding 
trial was conducted for eight weeks. 

FM FPBM50 FPBM75 FPBM100 PPBM75 PPBM100
Final weight (g) 31.4a 31.3a 31.0a 26.7b 31.7a 30.5a
Weight gain (%) 150.4a 148.9a 154.3a 112.5b 156.7a 148.7a
Specifi c growth rate (%/d) 1.7a 1.7a 1.7a 1.4b 1.7a 1.7a
Total feed intake (g/fi sh) 20.7 22.5 22.5 21.5 22.6 20.8
Feed conversion ratio 1.1a 1.2a 1.2a 1.5b 1.2a 1.1a
Protein effi ciency ratio 1.8a 1.7ab 1.6b 1.3c 1.7ab 1.7ab
Net protein utilization (%) 29.0bc 27.0c 31.6ab 18.1d 31.8a 31.1ab

Table 1. Growth performance and feed utilization effi ciency of humpback grouper fi ngerlings fed PBM-based diets.

Diet
FM FPBM50 FPBM75 FPBM100 PPBM75 PPBM100

Proximate Composition
Moisture 11.3 11.5 11.4 12.1 11.6 11.6
Ash 14.0 13.4 13.4 13.2 14.4 14.7
Crude lipid 12.6 12.8 12.4 12.1 12.3 12.0
Crude protein 49.9 50.2 51.8 52.4 51.0 50.5
Crude fi ber 0.5 0.8 1.5 1.8 0.8 1.3
Nitrogen free extract 23.0 22.9 20.9 20.6 21.5 21.6
Amino Acid composition
Aspartic acid 4.43 4.13 3.90 3.66 4.00 3.63
Glutamic acid 8.55 7.88 7.48 7.51 8.03 7.49
Serine 2.12 2.52 2.55 3.05 2.04 1.95
Glycine 3.99 5.05 5.21 5.40 5.54 6.15
Histidine 1.11 1.22 1.11 1.16 1.26 1.32
Arginine 3.17 3.39 3.79 3.94 3.92 4.08
Threonine 2.26 2.25 2.17 2.25 2.07 1.99
Alanine 3.29 3.24 3.30 3.29 3.48 3.38
Proline 2.07 2.90 3.55 3.99 3.37 3.63
Tyrosine 1.01 1.27 1.22 1.38 1.23 1.16
Valine 2.70 2.73 2.92 3.02 2.59 2.39
Methionine 1.47 1.13 1.01 0.87 1.22 1.13
Cystine 0.37 0.71 0.79 1.08 0.55 0.56
Isoleucine 2.38 2.26 2.27 2.27 2.18 2.01
Leucine 4.03 3.92 4.01 4.05 3.83 3.61
Phenylalanine 2.16 2.33 2.18 2.39 2.06 2.10
Tryptophan 0.45 0.44 0.43 0.44 0.45 0.45
Lysine 3.96 3.25 2.99 2.72 3.45 2.99

Table 2. Nutrient composition of experimental diets (% dry matter). 

Upon completion of the feeding trial, 
remaining fi sh from the same treatments 
were pooled, divided into duplicate sets 
and transferred into 12 fi berglass tanks 
(300L) with a fl ow-through system. After 
one week acclimatization in the new 
culture system, feces were collected by 
carefully siphoning the tank bottom for 
diet digestibility determination.
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Results and discussion
Good growth and survival rates of 
humpback grouper fi ngerlings were 
observed. Except for diet FPBM100 
(replacement with 100% local PBM), 
all PBM-based diets performed as 
well as the control diet (Table 1). Feed 
conversion ratio (FCR) ranged from 
1.1 to 1.5. No signifi cant difference 
was detected in the total feed intake of 
fi sh fed the various experimental diets 
(P>0.05). The results demonstrated 
that a signifi cant amount of fi sh meal 
can be replaced with PBM in the diet 
of humpback grouper without adverse 
effects on growth performance and feed 
utilization. In view of the high protein 
requirement of humpback groupers, the 
use of PBM will contribute signifi cantly 
to cost-savings. In addition, humpback 
groupers are slow-growing species, 
which takes a longer time to reach 
marketable size compared with other 
grouper species. This longer culture 
period implies a higher requirement for 
feed input and cost of maintenance. 
Therefore, feed costs can be substan-
tially reduced with the inclusion of 
greater quantities of PBM in the diets 
of humpback grouper and possibly 
in the diets of other tropical marine 
carnivorous cultured fi sh species.

diets. This might have contributed in 
part to the poor growth of fi sh fed diet 
FPBM100. Longer-termed feeding 
trials will be required to determine if 
a dietary methionine level of below 
1% can support the normal growth of 
humpback grouper fi ngerlings. The 
quantitative lysine requirement for 
humpback grouper is currently not 
known. Compared to the control diet, 
the FPBM100 diet had markedly lower 
lysine content which was the lowest 
concentration among all the PBM-based 
diets.

The dry matter and protein ADC for 
the FPBM100 diet were the lowest 
among the various diets (Figure 1). This 
was probably the major contributing 
factor to the poor growth performance 
of humpback grouper fi ngerling fed 
this diet. High lipid ADC values were 
observed in all dietary treatments (91.7 
– 96.7 %), and these values were not 
signifi cantly different among dietary 
treatments. The better nutrient digest-
ibility of the PPBM compared to FPBM 
allowed higher dietary levels of this 
ingredient to be included without notice-
able growth depression. In conclusion, 
terrestrial PBM can successfully replace 
more than half of the protein from 
marine fi sh meal in the formulated diets 
for the humpback grouper, a marine 
carnivorous tropical fi sh. However, the 
use of PBM as the sole protein source 
in the diets of humpback grouper might 
be constrained by lowered nutrient 
digestibility and limiting essential amino 
acids, especially methionine and lysine. 
Further research with longer-term 
feeding trials is currently being carried 
out to evaluate the nutritive value of 
PBM for marine fi sh species.

The full results of this project 
were published in:

Shapawi, R., Ng, W.K., & Mustafa, 
S., 2007. Replacement of fi sh meal 
with poultry by-product meal in diets 
formulated for the humpback grouper, 
Cromileptes altivelis. Aquaculture 273, 
118-126.
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Figure 1. Nutrient apparent digestibility coefficient (ADC) of 
experimental diets
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The feeding trial was conducted at the 
Borneo Marine Research Institute in 
Sabah, Malaysia.

The amino acid composition of the PBM 
used was within the published values 
for this ingredient, and it infl uenced 
the overall amino acid composition 
of the experimental diets (Table 2). It 
was interesting to note that the cystine 
concentration in FPBM was about 
double that found in PPBM but the 
sparing value of cystine for methionine 
in grouper is currently not known. 
Both methionine and lysine appeared 
to be the limiting amino acids in the 
experimental diets with 100% PBM. 
The methionine concentration was 0.87 
% in FPBM100 diet and ranged from 
1.01 – 1.47 % in the other experimental 




