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Abstract: The present study conducted was to investigate the effect of probiotics (Bacillus sp.)
on the growth performance of juvenile orange spotted grouper (Epinephelus coioides). Probiotic
(Bacillus sp.) of different concentration; 106 (T1) and 107 (T2) CFU/ml was sprayed on the feed,
while a control (C) group was fed no probiotics. A total of 60 juvenile orange spotted grouper were
used in this experiment. Each treatment had 3 replicates and each replicate contained 10 juveniles.
The experiment was conducted for 31 days. The feed was given by calculation 3% of body weight
of the grouper each week and the fish were fed 3 times a day. As for the result, neither T1 nor T2
treatments showed any significant improvement in the growth performance of the grouper when
compared the control group. In T1, there is a significant difference in Feed Conversion Ratio (FCR)
only when compared with the control group. In this study, control showed better growth performance
result may be caused by the insufficient concentration of probiotics in diets of juvenile Epinephelus
coioides. Lastly, no mortality rate was recorded in this study. Overall, the inclusion of 106 and 107
CFU/ml of probiotic (Bacillus sp.) did not give desirable results towards growth performance of
juvenile Epinephelus coioides and should be retested with a higher dosage.
Keywords: Probiotic, Bacillus sp., Epinephelus coioides, growth performance, comparison

Introduction
Background of study
Aquaculture can become a sustainable practice
that supplies fishing and contributes significantly
to feeding the world’s growing population.
However, rather than helping to alleviate the
wild fisheries crisis, unsustainable development
of aquaculture could aggravate the issues and
generate fresh ones, damaging our important and
already stressed coastal regions. With most catch
fisheries deemed to be fully exploited or overexploited globally, aquaculture will be essential
to meet the demand for fish, which will continue
to increase with population growth, higher
incomes and increased urbanization. However,
as aquaculture grows, governments will need to
handle their future effects on the environment
and on society. The bulk of global aquaculture
is in Asia. In 2002, China alone accounted for
over 70 % of global aquaculture production.

The global fish production peaked at around 171
million tons in 2016, according to Ababouch et
al. (2016), with aquaculture accounting for 47
percent of the total and 53 percent without nonfood uses, including reductions in fish meal and
fish oil. Since the early 1980’s, aquaculture has
been responsible for the continuing remarkable
growth of fish supplies for human consumption
with fairly stagnant fish capture production.
According to Abalobi (2017), the average annual
rise in worldwide consumption of food fish
between 1961 and 2016 was 1.6 percent above
population growth and 2.8 percent above that of
meat from all terrestrial animals combined.
Aquaculture cultivates aquatic organisms
such as fish, molluscs, crustaceans and also
aquatic plants like seaweed which are capable
of supporting worldwide food production,
increasing job opportunities and accelerating
the global economy by generating profit (Tidwel
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et al., 2018). Farming of aquatic organisms,
including fish, molluscs, crustaceans and aquatic
plants, according to FAO (2010). Farming
involves other processes, not just breeding
such as periodic storage, feeding or predator
protection. Public-listed companies can also
be involved in farming inventory that is either
privately-owned or in a cooperative. It is also
reported that aquaculture in the last decades has
grown rapidly as a counterpart to agriculture and
is now generating as much fish and seafood as
fish capture(FAO, 2014). The primary means
of obtaining more food in the future is through
aquaculture for our aquatic environments.
Large quantities of fish are currently harvested
to generate fish meal and fish oil (FAO, 2014),
an important source of protein and fatty acid in
food for many species of fish and shrimp. The
quantity of non-food use is steadily declining.
But the demand from the aquaculture sector is
still high and can lead to unsustainable fishing
methods with potential adverse effects on fish
stocks and the marine food web (Cao et al,.
2015). The worldwide use of fish meal and fish
oil by aquaculture industry increased threefold
between 1992 and 2006 (Hasan & Halwart,
2009). The result of the development in the
feed sector was a reduction in feed conversion
ratios and appropriate fish resource production.
Aquaculture has dramatically increased in
global production since the early 1950s,
according to Phillips et al ( 2016). The growth
of the population that began in the 1950s is in
line with that. (Bongaarts, 2009).
Aquaculture began in Malaysia in the
twenties with the completed multicultural
development of introduced Chinese carps in
disused mining ponds, mainly big carp, silver
carp and grass carp. In the late 1930s in Johore,
South Malaysian Peninsular, marine shrimp
trapping ponds were established. Blood cockles
(Anadara granosa) were cultivated in the
beginning of the 1940s. In the mid-1950s, this was
followed by an extensive breeding of freshwater
fish in earthen ponds. At the beginning of the
1970s, when a semi-intensive shrimp culture
was established in Johore, excellent changes in
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aquaculture began to take place. The floating
net cage cultivation of marine fish, primarily the
green grouper (Epinephelus coioides), began to
take place during the same era, followed by the
raft cultivation of Green mussel (Perna viridis).
Marine finfish (Epinephelus sp) and marine
bass (Lates calcarifer) are bred and cultivated
(Hanafi, 2013). Aquaculture in brackish water
is the predominant practice, but there is also
aquaculture in freshwater ponds and in marine
environment. According to Pierre et al (2008),
grouper fish culture has significant economic
value in the tropical world.
The grouper is commonly found in tropical
and subtropical waters There are about 110
species of groupers in the Indo-Pacific areas
(Heemstra, 1991;Kohno et al., 1990; Randall,
1987) and about 159 species around the world
(Heemstra & Randall, 1993). 90 % of world
marine food production is projected to be
derived from traditional fishing and clumps
form an important part of handicraft fishing
(Heemstra & Randall, 1993). Local and global
markets, particularly in Southeast Asia (Hong
Kong, Singapore) and in Japan (Kuo, 1995),
search for these fish. Groupers are cultivated
in many nations in Southeast Asia such as
Indonesia, Malaysia, the Philippines, Taiwan,
Thailand, Hong Kong, Southeast China and
Vietnam, and in the Southeast (Tucker, 1999)
and the Caribbean tropical areas. In Southeast
Asian fish farms, seventeen grouper species are
grown, the dominant species varying based on
the nation of origin (Sadovy, 2001). However,
the wild-caught species most frequently found
destined for aquaculture, or those grown in
hatcheries are E. coioides, E. malabaricus, E.
bleekeri, E. akaara, E. awoara, E. areolatus,
E. amblycephalus, E. fuscoguttatus, E.
lanceolatus, E. sexfasciatus, E. trimaculatus,
E. quoyanus, E. bruneus, Cromileptesaltivelis,
Plectropomusleopardusand
P.
maculatus.
Malaysia’s most popular grouper fish cultivated
are E. coioides, E. malabaricus, E. tauvina, E.
fuscoguttatusand E. Lanceolatus situated in the
Malaysian Peninsula in the coastal protected
areas of Johor, Perak, Penang and Kedah
(Pomeoyet al. 2002).
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The sustainable development of the grouper
sector was endangered by the degradation of
germplasm resources and the accessibility
in hatcheries of grouper fries. Hybridization
technology was launched into grouper artificial
reproduction to solve these issues. (Kiriyakit et
al.,. 2011). Because of its multiple favourable
characteristics, such as quicker growth and
development, greater immunity and greater
survival rates, the hybrid grouper became
extremely popular among farmers. (James et
al. 1999; Glamuzina et al. 1999; Glamuzina
et al. 2001; Liufu, et al. 2007; Yan Wang, et
al. 2014). However, this invasive species will
lead to the loss of keystone species, the loss of
pollinators and modified natural invasions, as
well as drivers of ecosystem degradation, such as
habitat change and exploitation, environmental
pollution, climate change and related impacts
(Millenn. Ecosyst. Assess. 2005 ; Pysek et al.
2006 ; McGeoch et al., 2010).

results (Mazlan, et al. 2016) and have started to
cultivate another hybrid grouper. To solve this
issue, therefore, is to introduce probiotic use in
daily food on grouper fish to improve growth
efficiency.

The orange spotted grouper (Epinephelus
coioides) is one of the major fishing commodities
in Asian countries. Seafood is extremely
common in Malaysia, Indonesia and Hong Kong
and is intensively and widely grown (Tenget et
al 1978: Liu & Mitcheson 2008: Sugama et al
2008). Extensive semi-intensive aquaculture,
particularly in the province of Aceh, is popular
in Indonesia and basil fish is generally used as
feed for fish.. Due to its outstanding taste and
scarcity value, Orange spotted grouper is a
popular marine food fish with elevated market
value in Southeast Asia. In the Western Pacific
and Indian Oceans, it is commonly spread. The
species is a popular target fish for fishermen in
Indonesian waters and is deemed a desirable
crop fish (Kohno et al., 1991). In Taiwan,
Thailand, Malaysia, Singapore and China, it was
commercially farmed in marine cages and lakes
(Rimmer. 1998). Due to the unusual supply
of seed, the orange spotted grouper culture
was globally popular. The species is naturally
accessible in Malaysia and is cultivated in Sabah
and Island of Langkawi. Nowadays, however,
Farmers have lost interest in the orange spotted
grouper, and they are now not as extensively
cultivated because of the slow development

The main problem in culturing Orange spotted
grouper is the slow growth performance
(Mazlan, et al,. 2016) and this causes that the
farmers to lose interest in farming orange
spotted grouper. However, according to Forsskal
(1775), one of the most sought-after fishing
commodities in Asian nations was the orange
spotted grouper. This is mainly due to the fact
that the grouping culture is most established in
the Asian nation, particularly in the Hong Kong,
Singapore and Taiwan industries, due to the high
commercial importance of these fish. Orange
spotted grouper widely cultivated in Malaysia
, Indonesia and Hong Kong (Teng et al 1978;
Liu & Mitcheson 2008; Sugama et al 2008).
The orange spotted grouper has been commonly
cultivated throughout Malaysia in the pond and
cage culture. The existence of grouper species
hybridization with more important benefits
such as development and manufacturing
effectiveness, nutritional requires quality and
environmental resilience (Abdullah et al. 2018),
demand for natural grouper culture is steadily
decreasing.

Probiotics are
a live microbial feed
supplement, according to Fuller (1989), which
benefits the host animal by enhancing its
intestinal balance. Fuller also suggested that
the word “probiotic” would inevitably refer
to gram-positive bacteria associated with
the Lactobacillus gene, but some factors are
required in aquaculture. Probiotics may increase
the concentration of beneficial microorganisms,
microbial enzyme activity by improving the
intestinal microbial balance and improving the
digestibility and absorption of food and feed use
(Bomba et al., 2002).
Problem Statement

Also known as invasive species are the
hybrid species. According to (Pysek et al.,
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2000; 2004), invasive species are alien species
that maintain a life-cycle of self-replacement,
generate reproductive offspings often in very
large numbers at significant distances from
the parent and/or the place of entry, and have
the ability to spread over long distances.
However, these hybridization clusters also
pose a significant risk to the ecological
setting that affects ecosystem degradation,
such as changes in exploitation and habitat,
environmental pollution, climate change, loss
of keystone species, pollinator loss and the
modified functioning of the ecosystem (Pysek &
Richardson, 2010) if these hybrid species escape
to the wildlife. However, because it is natural
species, growing orange spotted grouper will
not endanger the natural environment. Native
species means species that develop over time
without human interference in a certain region
or that came naturally without human factors in
a specific region. (Pysek, et al., 2004). Research
is therefore now intensifying on the use of
probiotics for aquaculture to help boost fish
growth (Priyadarshini Pandiyana et al. 2013).
Significant Study
The ultimate goals in carrying this study is to
determine the positive effect of introducing the
probiotics to the diets which enable you increase
the growth rate performance of Epinephelus
coioides. In this experiment, Bacillus sp. was
used as growth promoter in diets of Epinephelus
coioides. The objective is to determine the
effects of this probiotic on the improvement of
the growth rate of the orange spotted grouper. If
the growth rate can be improved by using this
probiotic, it can overcome the slow growth rate
of orange spotted grouper, increase annual fish
yield, and increase farmers’ income.
Study Objective
The main objective of this research is to study
the effects of the probiotic Bacillus sp. in
106 and 107 concentration on the growth rate
performance of Epinephelus coioides juvenile
(Orange spotted grouper).
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Materials and Methods
Study site
This experiment was conducted using six
900-litre tanks for 31 days at Marine Water
Hatchery station of the Faculty of Fisheries and
Food Sciences, Universiti Malaysia Terengganu,
Malaysia. The fiber tank were filled with 100
litres marine water in 15-20 ppt (Noorashikin
et al,. 2018). The fish juveniles were put in
treatment tank once they arrived at study site for
adaption purpose after shipping process before
divided into rearing tank.
Juvenile source
60 juvenile Epinephelus coioides of both sexes
were used in this experiment. The fish were
obtained from a farmer at Teluk Senangin,
Perak.
Preparation of probiotic and feed
Probiotic Bacillus sp. was obtained from
the UMT Marine Biotechnology Institute
(IMB). The duration of probiotic used may
be assessed as short as 6 days (Joborn et al.,
1997) and more than 5 months (Aubin et al.,
2005) or even 8 months (Aly et al., 2008).
Bacillus sp. was cultivated on marine agar at an
appropriated temperature of 30 - 37 °C with a
minimum temperature of 18 °C and a maximum
temperature of 43 °C from 24 hours onwards
(Cook & Korsten, 1996). According to Satomi et
al (2006), the formation of colonised of Bacillus
sp. were round, dull white, undulated, nonluminescent and have irregular margins.
Experimental design
One nursing tank was used to treat the fish
upon arrival. The filtered water was filled in
the tank one week before the stocking of the
fish. All the fibre tanks were prepared and then
juveniles were released into the tank which were
filled with aerated seawater. The mesh size of
1.0-5.0 mm was used and changed regularly
to remove the dirt, waste food and fish faeces.
Six fibre tanks of 100 litres each were used in
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these experiments. The tanks were divided into
2 groups Treatment and Control tanks. The tanks
that were labelled as ‘Treatment’ were given
basal diet with probiotic Bacillus sp. while for
the tanks that labelled as ‘Control’ were given
basal diet without probiotic Bacillus sp. There
were two treatments with three replicated of each
using one concentration of probiotic Bacillus
sp. which are 106 and 107 Colony Forming Unit
(CFU) per day. There were also one types of
controlled tank with three replicated for each
consist of orange spotted grouper.
The feeding rate was 3% of the total
biomass of fish per day (Abdullah et al., 2018).
The amount of feed was divided into 6 tanks
equal portions and distributed by hand in three
times daily in morning (8 am), evening (5 pm)
and at night (11 pm). Every seven (1 week) days,
the fish in each tank were calculated. According
to Abdel Hamid (2000) and Ibrahim et al.,
(2011), the body weight of individual fish was
measured to point feed quality and to calculate
growth performance. 30% water changes in
every two days interval. The siphoning method
was applied. Fish waste at the bottom of the
tanks was siphoned out. By using YSI model
meter, the water parameter were observed and
recorded. The water parameters recorded were
temperature, dissolved oxygen, pH and salinity.
The experiment was conducted for 31 days. The
body weight of sampled fish will be calculated
by using following equations (Mehrim, 2009).
Survival Rate (SR%)
= 100 x (end number of the fish alive/ the
beginning number of fish)
Mean Weight Gain (g/fish) MWG
= Mean final weight (g) - Mean initial weight (g)
Mean Daily Gain
= Mean weight gain/ experimental period (days)
Specific Growth Rate ( SGR, %day) =
100 x (in final weight - in initial weight/
experimental period (T))
Feed Conversion Rate (FCR) = Dry weight of
feed consume by fish (g)/ Wet weight.
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Feed Effiency Ratio (FCE) = Live Weight Gain
(g)/ Dry feed fed (g)
Data analysis
Data presented as mean ± standard deviation.
Independent sample t-Test was used to
determine any significant difference between
the experimental group and control groups.
The difference between pairs of treatments was
considered to be significant if the P-value <0.05.
All statistical analysis was performed using
Microsoft Excel 2010 version 14.0.
Results and Discussion
Water Quality
Water quality parameter in all tanks for
Treatment and Control tank were within the
required range for the growth of Epinephelus
coioides during experimental period about
31 days. The water parameter range from
temperature (26.4 - 28.9˚C), dissolved oxygen
form 5.8 to 6.4 ppm, pH from 7.2 to 7.5, salinity
from 29.7 to 31.0 ppt, nitrite (<0.05 ppm) and
ammonia (<0.02ppm).
Growth performance
Growth performance including Mean Weight
Gain (MWG), Feed Conversion Ratio (FCR),
Specific Growth Rate (SGR), Survival and
Weight Gain (WG) of juvenile Epinephelus
coioides fed with Treatment Diet (with probiotic
Bacillus sp.) and Control Diet (without
probiotic) was identified and shown in Table
1. After 31 days of feeding with probiotic and
without probiotic no mortality was identified for
juvenile Epinephelus coioides.
Table 1 showed the juvenile Epinephelus
coioides fed diets with probiotic (Bacillus
sp) in 107 concentration has lower weight
gain (120.74±7.04) compared to Control
(193.12±14.49) and show significant difference
at (P<0.05). The result of average daily gain
(ADG) showed that Control (0.07±0.00) was
higher compared to Treatment (0.05±0.00) and
show no significant difference at (P<0.05).
Meanwhile, the result for specific growth rate
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(SGR) showed that Control (0.92±0.11) was
higher compared to Treatment (0.26±0.08) and
show significant difference at (P<0.05). Then,
the feed conversion efficiency (FCE) stated that
the Control (0.01±0.01) was lower compared
to Experiment (0.06±0.01) and showed no
significant difference at (P<0.05). For feed
conversion ratio (FCR), juvenile that fed with
probiotic (Bacillus sp.) showed a higher result at
(17.32±3.59) compared to Control (13.90±2.31)
and has no significant difference at (P<0.05).
The mean weight gain (MGW) showed that
Control (2.26±0.12) was higher compared
to Treatment (1.67±0.02) and has significant
difference at (P<0.05). Lastly, the mean weight
gain (%WG) indicated higher in Control
(2.26±0.12) compared to Treatment (1.67±0.02)
and has significant difference at (P<0.05).

Meanwhile data in Table 2 shows the
result for specific growth rate (SGR) show
that Control (1.78±0.46) was higher compared
to Treatment (1.34±0.28) and showed no
significant difference at (P<0.05). Then, the
feed conversion efficiency (FCE) stated that
the Control (0.06±0.02) was higher compared
to Treatment (0.04±0.01) and showed no
significant difference at (P<0.05). For feed
conversion ratio (FCR), juvenile that fed with
probiotic (Bacillus sp.) showed a higher result at
(23.93±6.59) compared to Control (14.48±2.99)
and has significant difference at (P<0.05). The
mean weight gain (MGW) showed that Control
(2.47±0.34) was higher compared to Treatment
(2.37±0.64) and has no significant difference at
(P<0.05).

Table 1 : Growth performance and survival of Epinephelus coioides juvenile fed with probiotic Bacillus sp. in
107 concentration (Treatment) and without probiotic (Control) for 14 days
Tank

MWG(g)

FCR

FCE

SGR(%)

SURVIVAL

ADG

WG(%)

Control

2.26*
± 0.12

13.90
± 2.31

0.01
± 0.01

0.92*
± 0.11

100
±0

0.07
± 0.00

193.12*
± 14.49

107
concentration

1.67*
± 0.02

17.32
± 3.59

0.06
± 0.01

0.26*
± 0.08

100
±0

0.05
± 0.00

120.74*
± 7.04

Table 2 : Growth performance and survival of Epinephelus coioides juvenile fed with probiotic
Bacillus sp. in 106 concentration (Treatment) and without probiotic (Control) for 14 days
Tank

MWG(g)

FCR

FCE

SGR(%)

SURVIVAL

Control

2.47
± 0.34

14.48*
± 2.99

0.06
± 0.02

1.78
± 0.46

100
±0

106
concentration

2.37
± 0.64

23.93*
± 6.59

0.04
± 0.01

1.34
± 0.28

100
±0

Values are mean of replicate groups and
presented as mean ±SE. Control : Fish fed
without probiotic. 106 and 107 concentration :
Experiment fish fed with probiotic (Bacillus sp).
Description: MWG = Mean Weight Gain.
FCR = Feed Conversion Ratio. FCE = Feed
Conversion Efficiency. SGR : Specific Growth
Rate. ADG = Average Daily Gain. %WG :
PercentageWeight Gain. *(Has significant
difference in (P<0.05). ± = Standard error.

In fish aquaculture, the advantages of using
probiotics have particularly attracted farmers’
attention. Growth performance improvement is
the main beneficial effect of probiotic use in fish
aquaculture (Merrifield et al . 2009). Growth
performance improvement with probiotics
involves nutrient and enzymatic contribution
to digestion (Sahu et al., 2008). According to
Nayak (2010), the aquaculture industry is among
the major consumers of probiotics, Bacillus
strains have become increasingly popular and
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widely used in fish aquaculture. Specimen
Bacillus sp. can enhance hosts’ development
as they can produce certain essential nutrients,
including amino acids (Sanders et al., 2003)
and vitamins K and B12. In some probiotics,
extracellular enzymes such as proteases and
lipases are produced and the necessary growth
factors are supplied in the dignifying process.
A wide range of Bacillus species can separate
nutrients, such as proteins and carbohydrates
from a wide variety of exogenzymes. (Liu et al.,
2009). In this study, the probiotic (Bacillus sp.)
was added to the basal diet of the orange spotted
grouper and the effect of this probiotic on the
growth performance of juvenile Epinephelus
coioides was investigated and recorded.
In this experiment during the 31 days study
period, the water parameter that have been
recorded were temperature, salinity, dissolved
oxygen, pH value, nitrite and ammonia between
ranged of 26.4 -28.9°C, 29.8 - 31.0 ppt, 5.8 - 6.4
ppm, 7.2 - 7.5 pH value, 0.05 ppm and 0.02 ppm
respectively. These ranges of values for water
parameter are suitable and acceptable for orange
spotted grouper culture (Ranjan et al., 2014).
In the first place, the results of the present
study indicated that the control had a better
result compared to the experiment due to the
use of low dosage probiotics. It was suggested
that appropriate doses of Bacillus sp. in diet are
needed to improve the growth of aquatic animals.
Differences in Bacillus strains, animals (species
and sizes) and experimental conditions such as
the production of probiotic-containing diets and
food methods could be attributed. (Zhao et al.,
2012). The higher dosage of probiotic used in
the experiment will contribute to better growth
performance rate. In rainbow trout, Safari et al
(2016) stated that the final values for MWG, FCR
and SGR between Control and Experiment does
not have significant difference but when used
higher dosage of probiotic, it will improve the
growth performance in experiment significantly.
Then Zhao et al (2012) stated that SGR in sea
cucumber does not show significant difference
when tested with probiotic 105 concentration
and 107 concentration whereas when tested with
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109 concentration have significant difference
compare to control. Lastly, Chun et al., (2012)
also stated that the higher dosage will contribute
to higher feed efficiency and percentage
weight gain. According to Sun et al., (2010),
hepatopancreatic protease activity and feed
efficiency increase with usage of probiotics.
Higher FCE indicate that a good aquaculture
practice whereas as the feed is efficient and
could lower the cost of feed consumption.
Survival rate during current study shows
survival rate to be at 100%. According to Ahmad
et al., (2000), the survival rate of Epinephelus
coioides is ±97.5% depends on loading rate.
This is due to the nature of Epinephelus coioides
that have high tolerance towards harsh condition
and reduce water exchange compare to other
species. Then, Bacillus sp. also contribute by
enhancing disease resistance in aquatic animals
against pathogen through improving the nonspecific immune system (Nayak, 2010).
Because of the growth performance has not
significantly improved during the experiment,
it can certainly suggest that the inclusion
of probiotics (Bacillus sp.) in daily diet for
culturing and farming should be increased to
achieve better results.
Conclusion
In conclusion, the use of probiotics (Bacillus
sp.) in the rearing of juvenile orange spotted
grouper (Epinepehlus coioides) is recommended
to improve the growth performance by using
higher dosage. The probiotic (Bacillus sp.) plays
a major role in enhancing he mean weight gain
(MWG), specific growth rate (SGR), average
daily gain (ADG) and percentage weight gain
(%WG). Neither 106 nor 107 concentration
of probiotic that were introduced to the daily
diets of the juvenile orange spotted grouper
showed any significant differences in growth
performance. To test whether this probiotic can
affect the different species and maintain the
positive effect on growth performance, further
study is needed.
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