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Tiger grouper, Epinephelus fuscoguttatus, is a carnivorous
fish that grows faster than either humpback grouper (Cromi-
leptes altivelis) or coral trout (Plectropomus spp). However,
industry development of this fish has been faced with several
challenges, paramount of which has been a lower market
price of cultured fish compared to wild-caught tiger grouper.
The reasons given by the buyers for the low price paid for
cultured tiger grouper are that fish fed on commercial pelleted
feeds have a different taste and relatively poor survival during
transport from farm to market compared to wild fish. The
validity of these claims has not been rigorously tested. An
additional impediment to industry development has been the
high and increasing cost of trash fish, which has been the
traditional source of feed for culturing marine fish, including
groupers.

Because of the decreasing price paid for tiger grouper,
farmers must find ways to reduce production costs or turn

to farming other, higher-value species. Feed is one of the
biggest cost component in rearing tiger grouper and total
reliance on feeding trash fish has many problems. Most
important are poor feed conversion (as much as one third

to one half of the trash fish is not actually consumed by the
cultured fish), its variable nutritional composition, its suscepti-
bility to spoilage because of inappropriate handling practices,
risk of disease introduction and significant downstream
environmental pollution'. Moreover, increasing competition
between human and aquaculture usage of low value fish

(i.e. so called trash fish) is not only increasing its price to the
farmer but also impacting on the often poor fishing villages,
where low value fish may be the most important source of
protein for people.

For the above reasons, there was an urgent need to develop
cost-effective and high performing compounded feeds that
had less reliance on using trash fish and which would have
lower environmental impacts. It was recognised that grouper
previously fed on trash fish would not readily take a dry
compounded (pelleted) feed and thus development of a moist
feed acceptable to the fish was an important aspect of our
feed development work. There was also a need to test the
validity of the market’s perception that cultured tiger grouper
were less desirable than wild caught fish. This article outlines
the work that was carried out by the Research Institute for
Coastal Aquaculture, Indonesia to address these issues.
This research was part of a collaborative project funded by
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Figure 1. Above: Manual mincing of trash fish, dry ingredient
mix and oils. Below: Close up of ingredients and mixture.

the Australian Centre for International Agricultural Research:
Project FIS/2002/077: “Improved Hatchery and Grow-out
Technology for Marine Finfish in the Asia-Pacific Region”.
The work entailed a controlled sea cage experiment and an
on-farm study as an active extension mechanism to gain
adoption of rearing tiger groupers on compounded feeds. A
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Figure 2. Homogenous mixing of all ingredients.

taste panel assessment was commissioned in Hong Kong
to compare the eating quality of cultured groupers fed either
trash fish or compounded moist and dry feeds.

Comparison of moist and dry
compounded feeds and trash fish
Methods

In this controlled sea cage experiment, five diets were
compared when fed to juvenile tiger grouper over a 20-week
growing period. Three of the diets were moist diets that
examined the effect of reducing the amount of trash fish from
a maximum of 50% (on a dry matter basis) to zero; the fourth
diet was a commercially manufactured dry pelleted grouper
feed and the fifth diet was trash fish (Table 1). The critical
chemical composition of these diets is shown in Table 2 while
Table 3 gives the cost of these diets.

The making of the moist pelleted diets followed standard
procedures: dry ingredients were thoroughly mixed together
in a planetary mixer and fish oil slowly added while mixing
continued. Trash fish was minced by passing it through a
meat mincer several times and then mixed in with the other
ingredients. For Moist P3 diet where no trash fish were used,
sufficient water was added to form a dough of approximately
50% dry matter content. The dough was cold extruded
through the meat mincer with the size of the die plate being
varied in accordance with the increasing size of the fish being
fed. The freshly prepared moist feed was either fed directly
or held in a refrigerator for not more than 24 hours. These
manufacturing procedures are illustrated in Figures 1 to 4.

Fish for the experiment had been hatchery reared at the
Gondol Mariculture Centre and transferred as fingerlings to
RICA's floating net cages at Awerange Bay, South Sulawesi.
The fish were acclimated in a floating net cage for a couple
of months. During the acclimatisation, the fish were trained to
accept moist and dry pelleted feeds. A total of 240 fish were
stratified by weight into three groups of average weights of
234+11.3, 269+11.6 and 318+16.6 g. Five fish from each
group were randomly sampled for determination of initial
whole body chemical composition. The remaining 225 fish
were equally distributed (15 fish/cage) within size groups to
15 net cages of 1 x 1 x 2 (depth) m. Throughout the experi-
ment, diets were carefully fed twice daily to apparent satiety.
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Figure 3. Manual preparation of noodle (pellet strands) by
cold extrusion.

At the conclusion of the 20-week feeding period, three repre-
sentative fish from each netcage were sacrificed to determine
the chemical composition of the fish. A further two fish from
each cage or six fish from each treatment were collected
randomly and were sent to Hong Kong for independent tast
panel assessment.

Results and discussion

Except for the Moist diet P3 (which contained no trash fish)
where fish survival was 80%, survival of fish on all other diets
was excellent, 91 to 98%. However, there was no significant
(P >0.05) difference in fish survival between treatments. Fish
grew well on all diets with final weights ranging from 628 to
714 g and significantly lower (P < 0.05) only for fish fed Moist
diet P3. Specific growth rate (SGR), feed conversion ratio
(FCR, on as-fed and dry matter basis) and protein efficiency
ratio (PER) of the fish are shown in Figure 5. The fish fed
Moist diet P1, commercial diet (Dry P) and trash fish had high
and relatively similar (P >0.05) SGR, FCR (as dry matter) and
PER whereas these productivity measures were significantly
worse for fish fed Moist P3; values for fish fed Moist Diet P2
were intermediate.

Poorer growth and FCR of fish fed Moist Diet P3 may be due
to poor feed binding compared to the other moist pellet feeds,
and consequently, resulted in high amounts of feed wastage.
Moreover, Moist Diet P3 also contained a higher inclusion of
soybean meal compared to the other two moist diets. Since
soybean meal has a lower essential amino acid quality than
fishmeal?3# and also contains anti-nutritional factors such

as anti-trypsin and high phytic acid®®, these factors may
have contributed to the poorer performance of fish fed the
Moist diet P3. However, Rachmansyah et al.” reported that
soybean meal could be used in diets for humpback grouper,
Cromileptes altivelis, at inclusion rates of up to 24% in plant
based diets as fishmeal replacements without adverse effect
provided the feed was supplemented with 0.075% phytase.

Although there were large differences between diets in the
as-fed FCR, this difference was mostly due to differences in
dry matter content of the diet (Table 2). When expressed on
a similar dry matter basis, diets Moist P1, Dry P and trash
fish all had similar FCRs which were significantly better than
fish fed Moist Diet P3; DM FCR of fish fed Moist Diet P2 was
intermediate.
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Table 1. Formulation of the pelleted (P) moist diets (% dry matter) & trash fish.

Ingredient Moist P1 Moist P2 Moist P3
Trash fish' 50 25 0
Local fish meal 25 30 50
Poultry offal meal 0 20 20
Shrimp head meal 5 5 5
Soybean meal 5 5 15
Rice bran 3 3 0
Wheat flour 8.5 9.0 6.5
Fish oil 1.5 1 1.5
Vitamin premix? 1.5 1.5 1.5
Vitamin C 0.02 0.02 0.02
Mineral premix® 0.5 0.5 0.5

The initial and final whole body chemical
composition of fish is shown in Table
Trash fish 4. No significant differences were

100 observed between diets for any of the
analysed components. However, over
the course of the 20-week experiment,
there was a uniform increase in lipid
content of about 2.5% above that of the
initial fish for all diets. It is interesting to
note that although the five diets varied
considerably in protein and energy
contents (Table 2), the fish were able
to accommodate these differences

in nutrient supply, probably through

[ecNeoNolNoloNolNolNoNelNo]

1. Mostly pony fish; 2. Vitamin mix provided (mg/kg diet): Thiamin-HCI, 29.6;
riboflavin, 29.6; Ca-panthothenate, 59.3; niacin, 11.9; pyridoxine-HCI, 23.7;
biotin, 3.6; folic acid, 8.9; inositol, 1185; p-aminobenzoic, 29.6; astaxanthin, 88.9;
menadione, 23.7; calciferol, 11.3; u-tocopherol, 118.5; ascorbic acid, 888.8;
cyanocobalamin, 0.6; choline-HCL, 5485.5.; 3. Trace mineral provided (mg/kg

moderation of appetite, to end up with
almost identical final body composition.
There is evidence that fish do have
considerable homeostatic capacity to
maintain whole body chemical composi-
tion within reasonably normal limits&.

diet): FeCl,.4H20, 553,3; ZnSO,, 33,3; MnSO,, 22.5; CuSO,, 7,0; KI, 0.5, and

C0S0,.7H,0, 0,3.

Table 2. Chemical composition (dry matter basis) of the feeds.

The least expensive feeds on an as-fed
basis were Moist Diet P3 (US$ 0.32/
kg) and trash fish (US$ 0.42/kg) while
the most expensive was the commercial

Analysis Moist P1 Moist P2 Moist P3 Dry P1 Trash fish diet, Dry P (US$ 1.00/kg). However,
Crude protein (%) 474 48.9 50.4 50 55.2 when compared on a similar DM basis,
Digest. CP % 43.3 43.3 43.3 % 52.5 the trash fish was the most expensive
Dig. energy (kJ/gy?  16.1 16.0 15.1 ? 18.6 (US$ 1.67/kg) with the commercial Dry
Total lipid (%) 10.8 11.6 1.4 10.5 10.8 P and Moist P1 diets being the next
Ash (%) 18.9 16.0 15.3 13.6 216 most expensive (US$ 1.09/kg and 1.07/
Fibre (%) 3.9 3.6 3.5 2.5 1.2 kg, respectively); the least expensive

1. This was a commercial dry pelleted diet specified for grouper grow-out.
2. Derived from digestibility data determined for similar ingredients in previous
experiments and estimated for trash fish assuming 100% digestibility of protein.

Table 3. Dry matter (DM) content of the feeds as fed, and cost on an as-fed

diets were Moist P2 and P3 (US$ 0.77/
kg and 0.66/kg, respectively). These
feed costs are based on the ingredient
cost for the moist diets without any
account of including an on-farm manu-
facture cost. However, the commercial

and DM basis. Dry P diet was the actual cost of the
diet as landed in South Sulawesi. When
Attribute Moist P1  Moist P2 MoistP3 Dry P1  Trash fish the feed cost to produce 1 kg of fish
Feed DM (% as fed) 56 54 49 92 25 weight gain was calculated (Table 5),
Cost (US$/kg as DM)  1.07 0.77 0.66 1.09 1.67 the most expensive feed was trash
Cost (US$/kg as fed)  0.60 0.42 0.32 1.00 0.42 fish (US$ 2.77/kg fish gain), the least

1. This was a commercial dry pelleted diet specified for grouper grow-out.

expensive was Moist P2 (US$ 1.72/kg
fish gain) while Moist diets P1 and P3
and the commercial Dry P diet were all

Table 4. The whole body composition’ of tiger grouper fed different feed types. very similar (US$ 1.98, 1.90 and 2.00/kg

Variable Initial fish

Moist P1
Dry matter % 291 30.7£0.742
Crude protein %  16.8 16.8+0.512
Total lipid % 5.7 8.3+0.322
Ash % 4.7 4.240.251°

Test diet
Moist P2 Moist P3 Dry P Trash fish
30.9+0.812 31.4+0.692 31.4+0.582 30.5+0.952
17.310.242 17.1£0.13° 17.310.142 16.9+0.22°
8.1+0.542 8.110.442 8.310.64° 8.2+0.81°
4.44+0.40° 4.740.35% 4.7+0.242 4.41+0.09°

1. Expressed on a wet basis. a. Means in the same row with the same superscript letter do not differ (P >0.05).

Table 5. Feed cost based on feed conversion ratio (FCR) to produce 1 kg of tiger grouper fed different type and

formulation in floating net cage.

Variable

FCR (as-fed basis)
Feed price (US$/kg as fed)

Feed cost to produce 1 kg of tiger grouper (US$/kg fish)

Test diet
Moist P1 Moist P2 Moist P3  Dry P Trash fish
3.30 413 5.90 1.99 6.64
0.60 0.47 0.32 1.00 0.42
1.98 1.72 1.90 2.00 2.77
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Figure 5. Specific growth rate (SGR), feed conversion ratio

_ (FCR) and protein efficiency ratio (PER) of tiger grouper fed
different feed types.

Figure 4. Formulated feed being fed to tiger grouper.

fish gain, respectively). It must be recognized that these cost
calculations do not take into account any differences in fish
survival between diets. With the exception of Moist diet P3
where fish survival was low (80%), survival on all other diets
was high (91-98%) and not significantly different. Looking

at level of pellet production cost, practical use, feed stability
and environmental compatibility, commercial pellet was more
beneficial compared to other meals. However, if tiger grouper
have not been adapted to accept dry feeds, it may be neces-
sary to feed a moist diet to help fish to accept dry pellets®.

Eating quality of the cultured fish as determined by an
independent taste panel in Hong Kong is summarised in Table = o == —— 2
6. Fish fed Moist P2 tended to have better eating quality than  Figure 6. Commercial grouper farm at Labuange Bay used for
fish fed other feeds, while the least attractive was fish fed on-farm evaluation of different feeds fed to tiger grouper.
Moist P3. It is difficult to relate differences in eating quality
to chemical composition of the fish given the similarity for all

diets (Table 4). However, fish fed Moist P2 had the highest ™

protein and lowest lipid content compared to fish fed other 6 - BSCR (Al

feeds and whether this combined to produce fish with better 5 :;;2::::7:”“1

eating quality is difficult to assess. Fish fed Moist P3 were orER

noticeably thinner than those fed other diets and particularly 4

those fed Moist P2. The taste panellists also commented that 3.

fish fed Moist P2 were superior in overall eating quality than

grouper from Thailand and Taiwan. However, this was a very 2 1

subjective opinion and no information was given about the 1

condition of the fish that that opinion was based on. Overall, —| |
the eating quality of fish fed Moist P2 and P1 diets, the 0 T T !
commercial Dry P and trash fish feeds was rated highly while Moist P1 Dry P Trashfish
only the fish fed Moist P3 was considered to be of inferior

quality. Figure 7. Specific growth rate (SGR), as-fed and dry matter

(DM) feed conversion ratio (FCR) and protein efficiency ratio
This study demonstrated that feeding Moist diets P1 and P2 (PER) of tiger grouper fed different feed types during an

and the commercial Dry P diet were equally good in rearing on-farm trial.

tiger grouper to market size and of excellent eating quality;

surprisingly, fish fed the trash fish were not rated as highly using moist feeds as an interim feeding practice, allowing the
while those fed Moist P3 were considered to be of inferior fish time to adjust to pellet feeding without any setback in the

quality. In terms of feed cost to produce 1 kg of tiger grouper growth of the fish. Either of the Moist P1 or P2 diets would be
fish, the the Moist P2 feeds was the least expensive but it has  ideal as transition or change-over feeds.

a high handling/manufacturing demand on the farmer’s time.

The commercial Dry P diet, though slightly more expensive

than Moist P2, this extra cost could be more than offset by

the convenience of continuity of supply, ease of storage and

handling and least environmental impact. However, if tiger

grouper have previously been fed on trash fish, they will only

accept dry feeds after several days and possibly weeks of

adaptation. This conditioning to dry feeds can be hastened by
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Table 6. Taste panel assessment of cultured tiger grouper fed different feeds.

Variable Test diet

Moist P1 Moist P2 Moist P3 Dry P Trash fish
Strong .
Odor A Fresh Fishy odor Ltz Fishy odor
Seaweedy Seaweedy
Seaweedy
. Strong
Flavor Ll iean Fresh Loss of flavour 2o 555 G Loss of flavour
Sweet sweetness
Sweet
20T 956 & Very moist and
Texture moistness ry Very dry and tough  Moist and smooth Dry and tough
) smooth
Slightly dry

Table 7. The whole body chemical composition'of tiger grouper fed different feed types in the on-farm study.

Variable Initial fish Test diet
Moist P1 Dry P1 Trash fish
Dry matter % 31.2 30.7+0.90° 31.710.242 31.5+£0.85°
Crude protein % 16.4 17.1+0.64° 16.9+0.15° 17.0+0.69°
Total lipid % 6.8 8.2+0.45° 8.0+0.182 7.8+0.66°
Ash % 4.0 3.8+0.02¢° 3.9+0.0242 3.7+0.24°
1. Expressed on a wet basis.
2. This was a commercial dry pelleted feed.
a. Means in the same row with the the same superscript letter do not differ (P >0.05).

On-farm comparison of feeding trash
fish or compounded feeds

The objective of this study was to evaluate the feeding of

a moist feed, a commercial dry feed and trash fish to tiger
grouper on a commercial grouper farm. The farm was situated
at Labuange Bay, Barru Regency at South Sulawesi (Figure
6).

Methods

Three of the feeds that had been examined in the controlled
seacage experiment, namely Moist P1, Dry P and trash fish
were compared in this on-farm study. These feeds were
made as described for the controlled seacage study and their
formulation, chemical composition and cost are shown in
Tables 1 to 3, respectively. Tiger grouper were blocked into
two size groups of 240+22.7 g and 305+33.6 g and within
these groups were randomly allocated to seacages of 2 x 2 x
2.5 (d) m at a stocking rate of 80-83 fish per cage. There were
two cage replicates per treatment. The fish had been on the
Labuange Bay farm for several months and were accustomed
to being fed pelleted feed. During the 16-week study, fish
were fed to apparent satiety once daily. At the conclusion of
the experiment, a representative sample of three fish was
taken from each cage to determine whole body chemical
composition.

Results and discussion

Fish survival during the experiment was 94-98% and did

not differ between treatments (P >0.05). Other productivity
measures (Figure 7) also did not differ between treatments.
The SGR of the on-farm grouper averaged 0.56%/day,

which was lower than that seen with the same feeds in the
controlled seacage experiment where SGR averaged 0.68%/
day. Previous studies have shown tiger grouper of 165-263

g to grow at 0.66-0.72%/day'® while smaller fish of 27 g start

weight grew at 1.50-1.59%/day". Although expressing growth
as SGR reduces the effect of fish size to some extent, it does
not fully compensate for the relative change in metabolic
demand as fish increase in size'.

As expected, the as-fed FCR of fish fed trash fish was much
worse than for the other diets that had a higher concentration
of dry matter. When compared on a similar dry matter basis,
fish fed the trash fish had significantly better FCR than all
other diets with the Moist P1 diet being significantly worse
than all other diets.

The initial and final whole body chemical composition of
representative fish is shown in Table 7. There were no
significant treatment differences. However, during the course
of the experiment, there was a uniform increase in body lipid
from 6.8% to +8%.

Using the same feed costs as for the controlled seacage
experiment (Table 3), the feed cost to produce 1 kg fish
weight gain in the on-farm study is shown in Table 8. Essen-
tially, there was no difference in the tiger grouper production
cost between the three feed types although the Moist P1 diet
was slightly more expensive US$2.78/kg fish gain compared
to US$2.62-2.63/kg fish gain for the commercial dry pellet and
trash fish. Based on these results, the commercial dry pellet
diet is the best to use because of its storage and handling
advantages.

Conclusions

The on-farm experiment has demonstrated that tiger grouper
fed the commercial dry pellet diet used in this work grew
equally as well as fish fed trash fish and with an equivalent
per kg fish production cost. Because of the practical handling
and positive environmental benefits of feeding a dry pelleted
feed, we see no reason why trash fish should continue to be
relied upon as the sole source of feed for culturing grouper.
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It is recognised that tiger grouper previously fed trash fish
may not readily accept a dry pellet diet and may show little

or no growth during this period of adaptation. This set back
can be avoided by using a moist diet as a transition between
feeding trash fish and dry pellet. The moist feed can be easily
made on-farm using simple and inexpensive equipment.

Our work has shown that our Moist P2 formulation (Table 1)
that contained 25% trash fish (on a DM basis) and 75% of
readily available dry ingredients was readily accepted by tiger
grouper that had previously been fed only trash fish. In our
controlled seacage experiment, fish fed Moist P2 survived
and grew equally as well as those fed trash fish. Moreover,
the feed cost of this moist diet to produce 1 kg fish gain was
60% less expensive than feeding the trash fish (US$ 1.72
versus 2.77/kg gain, respectively).

An independent taste panel assessment of the eating quality
of tiger grouper fed the moist, commercial dry or trash fish
feeds examined in the controlled seacage experiment found
all diets to be highly acceptable. Fish fed the moist diet that
contained no trash fish (Moist P3) was considered to be
slightly inferior to those fed other diets but this may have been
due to these fish being thin and smaller than the other fish.

We recommend that tiger grouper should be fed a good
quality commercial dry pelleted feed if only because of its
positive environmental benefits over that of feeding trash
fish. However, our controlled and on-farm experiments have
shown that the commercial dry pellet feed is equally as
cost-effective in rearing tiger grouper as feeding trash fish.
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New book: Freshwater prawns:
Biology and farming (2nd ed.)

The farming of freshwater prawns has developed very rapidly
since 2000. Significant advances in techniques and an
expansion in global demand for prawns continue to stimulate
the growth of this industry, which has a global farm-gate
value exceeding US$ 1.76 billion. This book is not merely

an update of the first edition, published in 2000, but has

been completely rewritten to incorporate all the most recent
information available. This landmark publication therefore is a
compendium of information on every aspect of the farming of
freshwater prawns. A comprehensive review of the status of
research, development and commercial practice, the book is
intended to stimulate further advances in the knowledge and
understanding of this important field.

An extremely well-known and internationally-respected

team of 44 contributing authors have written cutting edge
chapters covering all major aspects of the subject. Coverage
includes biology and taxonomy; hatchery and grow-out
culture systems; nutrition, feeds and feeding; genetics; size
management; commercial developments around the world;
post-harvest handling and processing; marketing; economics
and business management; and sustainability. Although the
focus of the book is on the giant river prawn Macrobrachium
rosenbergii, information is also provided on other commer-
cially significant species, including M. nipponense (whose
global farmed output already equals that of M. rosenbergii),
M. malcolmsonii and M. amazonicum. Contributions to the
book have been collated and edited by Michael New, Wagner
Valenti, Jim Tidwell, Lou D’Abramo & Narayanan Kultty, all
widely known for their work in this area.

The comprehensive information in biology and farming of
freshwater prawns will give an important commercial edge

to anyone involved in the culture and trade of freshwater
prawns. Available from Wiley, ISBN: 978-1-4051-4861-0, 552

pp.
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