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The purpose of this study was to evaluate the influence of a synbiotics between Lactobacillus
plantarum and mannan-oligosaccharides (MOS) extract and probiotics (Lactobacillus plantarum)
on growth performance in red hybrid tilapia (Oreochromis mossambicus x Oreochromis.niloticus).
The fishes with initial average weight 11.9 + 0.7g were randomly assigned to three dietary
treatments which were fed on a diet containing probiotics only and a diet combination of probiotics
and prebiotic (synbiotics), with four replicates for each treatment. The control group was fed
without supplementation of any probiotics or prebiotics for the same duration. All the diets were
isocaloric and isonitrogenous. All fish were fed daily at 3% of the body weight per day in two
equal instalments. The feeding rate was kept at 4% body weight day-1 for the whole rearing period
of 30 days, and the amount of feed was adjusted every tenth day following a bulk weighing of each
group of fish. All diets contained about 32% of crude protein. Significantly (P < 0.05) high growth
performance (percent gain body weight, weight gain and feed intake) were observed in the group
fed diet containing synbiotics as compared to probiotics and control group. Similarly, significantly
(P < 0.05) low FCR was recorded in synbiotics as compared to probiotics and control group. This
result revealed that a feeding regime with synbiotics for 30 days led to a significant increase in
growth performance, survival rate and feeding efficiency in red hybrid tilapia fingerlings.

INTRODUCTION

additives for microbes into the gastrointestinal tract of the host.
This, in turn, incites the development or metabolism of health-

Fish farming, also known as aquaculture, whereby equipped with
high-end technology is shown to be a prominent and emerging
field to meet the increasing demands of fish as food, commercial
products or rehabilitate endangered species. It was investigated
that the majority cost of manufacturing farming operations was
mainly from the production of feeds, covering about 66% to 84%
of the total production cost [1]. As such, multiple kinds of
research were thoroughly conducted to further increase fish
production. Thus, the utilization of synbiotics and probiotics are
one of the many promising solutions [2]. A synbiotic product is
defined as an integration of probiotics and prebiotics which aims
to improve the animal’s rate of survival by introducing nutrient

stimulating bacteria and further enhances its well-being [1],
behaving like health or nutritional supplement. Besides
promoting the functional welfare of the animal, it has additional
benefits such as capable of improving profitability as synbiotics
are seen to enhance growth in aquaculture [1].

Prebiotics are indigestible food components aimed to
initiate development and bacterial activity in the digestive system
to confer health benefits to the host, while probiotics are either
monocultures or mixed cultures of microorganisms whereby
when applied to humans or animals, it confers health benefits.
Authors in [3] defined probiotics as “live microorganisms, which
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when administered in suitable amounts, confer benefits to the
health of the host by improving the balance of the microbiota in
the intestine.” Most probiotics are supplied in food which must
have the ability to survive passage through intestinal tract [4].
The benefit of the host may arise as a nutritional effect, whereby
the bacteria can break down toxic or otherwise non-nutritious
components of the diet, which the host can then digest [5].

Furthermore, contagious diseases faced by aquatic animals
also have been known to be a common challenge faced by many
in the world when conducting aquaculture [2]. Though this may
seem to be a detrimental health effect towards the particular
species of the aquatic animals in the farm, this challenge may be
easily overcome through the use of antibiotics which helps to
reduce the consequences of pathogens infecting the aquatic
animals [2]. However, the European Parliament resolution of
2012 (2015/C 434/06) stated that it had banned the use of sub-
therapeutic antimicrobials in animal farming due to the
possibility of side effects such as it may incur antibiotic
resistance of the pathogen through either chromosomal mutation
or acquisition of plasmids.

Therefore, the focal point of the present study was to
analyze the usage of a specific oligosaccharide found within palm
kernel cake as the source of prebiotic and Lactobacillus
plantarum as probiotics to assemble the synbiotics concept which
involves exertion of its synergistic effects and its effects on the
growth performance of tilapia.

MATERIALS AND METHODS

Probiotics and synbiotics preparation

Lactobacillus plantarum was obtained from Halways Sdn. Bhd.
The culture was maintained and propagated using nutrient broth
media. Cultures were incubated anaerobically at 37°C in an
aerobic bottle on a rotary shaker set at the speed of 100 rpm for
fermentation and propagation purpose. As for synbiotics diet, the
culture was mixed with palm kernel cake (PKC) before dried with
filtered air-flow and post-mixed with the feed with 0.4 g/1kg.

Experimental design and culture technique

A 3 x 4 factorial experiment was designed to study the effect of
probiotics (Lactobacillus plantarum), prebiotic (MOS), and their
synbiotics interactions on growth performance and survival rate
of the O. mossambicus x O. niloticus. The fish were obtained
from the local hatchery at Semenyih, Selangor and were
acclimated for two weeks at the Alternative Protein Source
Laboratory, Faculty of Biotechnology and Science Biomolecule,
Universiti Putra Malaysia, Malaysia. During this period, fish
were fed with a commercial diet (32% crude protein) twice a day
to be adapted to pelleted feed and surroundings water according
to [6].

The experiment was conducted in 8 aquaria (36”x187x16”).
The aquaria were supplied with freshwater from Syarikat
Bekalan Air Selangor (SYABAS), governate by pump machines
of each aquarium. Each aquarium was stocked with 30 fish with
initial weight ranging 11.9-12.6 g. Four replicates were randomly
assigned to each treatment, before the start of the experiment.
During the test, fish were hand-fed their respective diets at a level
of 4% of their body weight. The daily ratio was divided into three
equal amounts and offered three times a day (0900, 1200, 1500
h). Fish for each aquarium were weighed biweekly, and the
amount of daily diet was adjusted accordingly. About one-third
of water in each aquarium renewed manually once a week. All
aquaria were provided with continuous aeration to maintain the
dissolved oxygen level near saturation and fish held under natural

light. Total ammonia, nitrite, and nitrate were measured once a
week using API Freshwater Master Test Kit, while pH was
monitored every two days by taking water samples from each
replicate and measured it using pH meter [7]. Water quality
criteria were suitable within the acceptable limits for rearing the
red hybrid tilapia fingerlings.

Experimental diets

The basal diet was formulated to contain approximately 32%
crude protein, 5% crude fat, and 6% crude fiber. The processing
of the feed begins with crushing of the ingredients by the fish
feed crusher. Powdery feed materials then mixed thoroughly in
the mixer to ensure a high quality of nutritional feed. After
mixing, feed pellet extruder will compress feed powder into sized
pellet and stored at the warehouse in the Pulau Indah until use.
As for probiotics diet, Lactobacillus sp. was supplemented
separately to the basal diet after it was pelleted by spraying onto
of it. While for synbiotics diet, the pellets were sprayed with
synbiotics cultures of Lactobacillus sp. and extract of PKC.

Proximate analysis of feed

The crude protein was determined using 2000 Digestion System
and Kjeltec Auto Analyser 2400 (FOSS TECATOR AB,
Sweden). The method used was the Kjeldahl method. The
moisture and crude fiber contents of pellet were analysed
according to the standard procedure of [8] using the FiberTech
2010™ Hot Extractor (FOSS TECATOR AB, SWEDEN). This
protocol was carried out based on the method described by [9].

Physical Properties

Bulk Density (BD)

The feed pellets for each replicate was filled into 1. measuring
cylinder until full. The pellets in the measuring cylinder were
then weighed on the electronic balance to determine the ratio of
the feed weight per one liter as bulk density. The unit used for the
density of the feed is gram per liter. The measuring cylinder was
not tapped to standardize the method prior of weighing [10].

Expansion Ratio (ER)

Ten pellets from each replicate of experimental diet were taken.
The initial diameter of the pellets was measured using the caliper
and the initial average width (Ei) was calculated. The pellets then
immersed in 50 ml beaker containing distilled water. The pellet
was let to absorb water and become expanded for 20 minutes.
After 20 minutes, the water is removed, and the diameter of the
expanded pellet was measured using caliper and final average
diameter (Er) was calculated. The ER was determined as the ratio
of final average diameter to the initial average diameter of the
pellet. The calculation was as follow;

Ef —Ei

ER =
Ei

Floatability

Ten pellets of feed for each replicate were immersed into 100 ml
beaker containing distilled water for 20 minutes at room
temperature. After 20 minutes, the pellets were observed for its
floatability. The percentage of floatability was calculated by
using the following formula:

Number of pellets floated after 20 mins
x

Percentage of floatability = 100

Total number of pellets

This protocol was carried out based on the method described by

[9].
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Bacterial count

The bacteria were added to experimental diet and stored in 25C
for 30 days. The initial bacterial count by colony forming unit
(CFU/g) was taken after 24 hours incubation of the experimental
diet with Lactobacillus sp. Bacterial count was determined every
15 days until day 30" of the incubation period. The method used
was standard plate count method.

Growth performance analysis
Growth performance and feed utilization parameters were
measured using the following equations:

Net weight gain = Final fish weight — Initial fish weight

Feed intake = Initial feed weight — Final feed weight

Feed intake (g)

Feed conversion ratio = ———————
Weight Gain (g)

The growth performance analysis was carried out according to
protocol cited by [7].

Statistical analysis

All experiments were carried out in four replicates. Minitab
software version 17 (2013, Minitab Pty Ltd, Sydney Australia)
were used for t-test and ANOVA analysis. All significant
differences were considered at the significant level of P < 0.05.

RESULTS AND DISCUSSION

Nutritional profile of experimental diets
The nutritional profile for all diets is shown in Table 1.

Table 1. Nutritional profile of experimental diets.

Chemical Control Probiotics Synbiotics diet
composition diet diet

Crude protein (%) 32+1.2% 32+1.2% 32+1.17*
Crude fat (%) 5+0.01* 5+0.01* 5+0.03*
Crude fiber (%) 6 +0.05* 6 +0.05* 6+0.012*
Moisture content (%) 8 +0.08* 8 +0.08* 8 +0.07*

Values are expressed as mean + standard deviation
#b Means within a row with different superscripts are significantly different (P < 0.05)

Table 1 shows that the nutritional profile of the feed is similar
for all treatments in term of crude protein, crude fat, crude fibre
and moisture content with the percentage of 32%, 5%, 6% and
8% respectively. Statistically, all diets have no significant
different (P > 0.05) in term of the chemical composition. All diet
treatments were formulated to be the same regarding nutritional
for standardization purpose. Different in the nutritional profile
would render the result of growth performance to be inaccurate
and unacceptable as a valid result. Therefore, the results depict
that feed contents have been standardized as a control variable
and will not affects results of the experiment. Hence the
effectiveness of probiotics and synbiotics supplementation can be
evaluated efficiently.

Probiotics Quantification

The colony forming unit (CFU) counts were taken every 15 days
including the first day the probiotics were mixed up together with
the feed. The reason why the probiotics were mixed up with the
feed before feeding trial was that to ensure probiotics able to
adapt with feed and to confirm that feed was not toxic to
probiotics. Another reason was to evaluate the mortality of
probiotics in the feed to determine the shelf life of feed when it
has been mixed with probiotics.

100 -

CFU/g (x 1000)
£3 [-2] -]
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Fig. 1. Total Lactobacillus sp. viability (colony forming unit (CFU)/g) of
synbiotics diet given to red hybrid tilapia, Oreochromis sp. (n = 4).
Bacteria were added to feed and stored in 25 °C for 30 days. The error
bars represent the range of sample variation between replicates and the
standard deviation.

From the graph, the initial total Lactobacillus sp. on day 1
was 7.5 x 104 CFU/g; day 15 was 4.5 x 104 CFU/g and day 30
was at 2 x 104 CFU/g. The result shows that the viability of
Lactobacillus sp. in the diet when incubated at 25C decreases
significantly (P < 0.05) from day 1 until day 30 (Fig. 1),
suggesting that the probiotics were degenerating or die when it
was mixed with the feed at the rate of 10,000 CFU/g every week.
Therefore, it is necessary to use the feed combined with
probiotics immediately. In the previous study done by [4], they
used directly feed that was added probiotics Lactobacillus lactis
AR21 in Brachionus plicatilis culture. This is because the
probiotics bacteria were active on a diet, however, had
continuously died due to inability to gain the nutrient resource
from diet to remain survived. This reason was speculated as the
diet are still intact and durable even after several days after
probiotics addition, suggesting that the nutrient inside the diet
was not being degraded by the bacteria. From the result, it was
expected that maximum time for the probiotics to remain viable
on a diet was at least within the range of 5 weeks. On the other
hand, authors in [4] found that the probiotics-activity declined
over an eight-week period when incorporated in the diets.
Authors in [11] were the first to report the used of probiotics dose
over such a wide range (10* — 10'! CFU/g). In this study, the
concentration of probiotics included in the diets was 10* CFU/g.
Most of the prior studies used probiotics concentration on feed at
107 CFU/g [4, 12, 13, 14]. The viability of probiotics in the feed
over a period is higher with a higher probiotic initial
concentration of feed.

Physical Properties

The physical properties of experimental diets were analyzed on
expansion ratio (ER), bulk density (BD) and floatability (F). The
result of the analysis is shown in Table 2.

Table 2. Physical Properties of experimental diets.

Control diet Probiotics Synbiotics
diet diet
Expansion ratio, ER 1.4 +£0.07* 1.4 £0.04* 1.4 £0.04*
Bulk density, BD (g/L) 445 £0.22* 450 +£0.25° 449 £0.23*
Floatability, F (%) 100% £0.00* 100 + 0.00* 100% + 0.00*

Values are expressed as a mean =+ standard deviation
#bMeans within a row with different superscripts are significantly different (P < 0.05)

Table 2 indicates no significant differences among the
physical parameter tested (P < 0.5) with values for expansion
ratio, bulk density, and floatability were 1.4, 445-450 g/L and
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100% respectively. Previously, authors in [9] have analyzed the
physical properties of fish pellets containing broke rice starch and
found that the expansion ratio, bulk density, and percentage of
floatability are 1.2, 450 g/L and 80% respectively. Based on the
comparison between those pellets in term of physical properties,
the experimental diets used in the study meet the standard
requirement needed as their results almost identical. This analysis
is to ensure the physical properties of the diets are not
significantly different to reduce the errors during the feeding trial.

The ER was analyzed due to its effect towards fish as fish is
known to consume an enormous amount of diet when fed. In the
stomach, the feed would expand due to absorption of water and
could cause the fish stomach to swell, and eventually will
suffocate the fish. According to authors in [15], BD is an index
of the expansion of puffing which considers extension in all
direction. The BD was analyzed to identify to choose the suitable
packaging volume. Lastly, the floatability analysis was
conducted to ensure that the feed pellets were not sinking
immediately after it being fed to the fish in glass tanks. The
experimental diets prepared was for floating type feed as most
fish preferred to feed at the water surface. Authors in [9] stated
that the capacity of feeds to float for a period is related to BD and
also water stability. Authors in [16] reported that extruded feed
would float if the BD is below than 530 g/L. This experiment
proves that BD of the experimental diets below than 530 g/L, thus
the floatability of the diet was expected to exceed 90% and from
the result shows that 100% of the feed was floating.

Growth Performance

Results in Table 3 indicated that the highest final body weight
(BW), weight gain (WG) and feed intake (FI) were recorded by
fish fed synbiotics (25.1 + 0.76, 12.6 + 0.11, 19.2 + 0.33 g/fish
respectively) while the lowest one was shown by fish fed with
control diet (21.6 + 0.45, 9.7 + 0.04, 17.8 + 0.61 g/fish
respectively). The lowest FCR also recorded by fish fed
synbiotics diet (1.53 £ 0.03 g/g) as compared to probiotics (1.56
+0.036 g/g) and control group (1.85 = 0.034 g/g), indicating the
fish fed synbiotics diet had best growth performance while
control group displayed worst performance.

Table 3. Effect of dietary inclusion of synbiotics and probiotics on red
hybrid tilapia, Oreochromis sp. final weight, net weight gain, feed intake
and feed conversion ratio (FCR).

Control diet Probiotics Synbiotics
diet diet
Initial weight (g fish™) 11.9+£0.7* 11.6 £0.6* 12.0£0.5°
Final weight (g fish™") 21.6+0.45° 23.7+0.95° 25.1£0.76"
Weight gain (g fish™) 9.7+0.04* 122 £0.01° 12.6 £0.11°
Feed intake (g fish™) 17.8 £0.61* 19.1 £0.42* 19.2 £0.33*
FCR (gg™h) 1.85+0.034* 1.56 £0.036°  1.53+0.038"

Values are expressed as mean =+ standard deviation (n = 4)
#b Means within a row with different superscripts are significantly different (P < 0.05)

The study by authors in [17] showed that after 60 days
rainbow trout (Oncorhynchus mykiss) fed diets containing
different levels of synbiotics (Biomin IMBO) (0.5%, 1.0%, and
1.5%) increased in body weight about 50%, 59%, and 53%,
respectively and improved SGR and FCR in comparison with
control group. Authors in [18] reported that Japanese flounder
fed diet supplemented with fructo oligosaccharides (FOS),
mannan oligosaccharides (MOS) and Bacillus clausii increased
WG. Also, authors in [19] indicated that at every dietary FOS
level, supplemented by 1.35 x 107 CFU g! B. subtilis
significantly increased SGR and feed efficiency ratio (FER)
when compared to the control group. Similarly, Authors in [20]
reported that synbiotics application of Lactobacillus sp. and

mannan oligosaccharides in feed diet was able to improve the
growth performance and enhance the survival of European
lobster Homarus gammarus.

Such an increase in the growth in aquatic animals that were
fed probiotics supplemented diets may be attributed to the
improved digestive activity due to enhancing the synthetic
vitamins and enzymatic activities [21]; consequently, improving
digestibility and growth performance. Probiotics have been
shown to produce digestive enzymes such as amylase, protease,
lipase which may enrich the concentration of intestinal digestive
enzymes and prebiotics may become the nourishment for
probiotics to exert their functions more efficiently. This
combination of synergistic effects of probiotics and prebiotics
(namely synbiotics) further enhance the growth performance of
the fish. Also, probiotics inhibit the colonization of potential
pathogens in the digestive tract by antibiosis or by the
competition for nutrients and the alteration of the microbial
metabolism [22]. It also improves the nutrition by detoxifying the
potentially harmful compounds in feeds by producing vitamins
such as biotin and vitamin B12 [23], and by stimulating host
immunity [24]. The author in [25] indicated that Lactobacillus
sp. were able to increase the chance of turbot to survive in rotifers
culture. Authors in [26] also illustrated that African catfish
Clarias gariepinus that were fed the Lactobacillus acidophilus
showed a better growth performance than the control fish group.
Authors in [27] also reported that application of Enterococcus
faecium as a probiotic was found to enhance the growth
performance of Nile tilapia, O. niloticus. Similarly, the
supplementation of basal diet with Bacillus subtilis, significantly
(P<0.01) improved BW, BL, WG, and SGR of O. niloticus [28].

CONCLUSION

The results of the present study depicted that the supplementation
of Lactobacillus plantarum not only provide the alternative for
usage of antibiotics, but also enhanced the growth performance
and fed utilization of red hybrid tilapia. Moreover, the
supplementation of MOS extract had significant beneficial
effects and their significant interactions between dietary
Lactobacillus plantarum and MOS extract.
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