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Abstract. Bacteria have the ability to decompose cellulose into glucose
monomers and make it a carbon source and energy source. Cellulolytic
bacteria are found in the digestive tract of ruminants. Utilization of
cellulolytic bacteria as a producer of cellulase enzymes can be applied to
fish to increase feed digestibility so that it can support growth. Cellulolytic
bacteria isolated from ruminant were introduced to tilapia through feed.
The study used a completely randomized design with four treatments and
three replications. A total of 25 tilapia with a length of 10 cm were kept in
each aquarium with a capacity of 250 L for 2 mo. During feed
maintenance, cellulolytic bacteria were added at a dose of 1 %, 2 %, 3 %
and without bacteria as a control. The specific growth rate of tilapia treated
with 2 % and 3 % bacteria significantly increased. The feed was more
efficiently utilized by tilapia when compared to that without the addition of
cellulolytic bacteria or at a dose of 1 %. The amount of feed consumption
did not differ between treatments, while the survival rate of tilapia treated
with bacteria was significantly higher than without bacteria. Cellulolytic
bacteria isolated from the digestive tract of ruminants added to commercial
feed significantly improved the growth performance of tilapia.

Keywords: Feed efficiency, fish nutrition, nila, Oreochromis niloticus
(Linnaeus, 1758), probiotic.

1 Introduction

In aquaculture, feed is one of the important elements that support the growth and survival
of cultured fish. About 60 % to 70 % of the total production costs incurred are feed costs
[1-3]. Quality feed raw materials and having sufficient nutritional content will affect the
quality of the feed so that it has an impact on the growth performance of fish [4-6]. Poor
quality feed will not be able to meet the nutritional needs of fish. In addition, undigested
materials will pollute the waters and have the potential to have other negative impacts
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[7-9]. Probiotic bacteria can optimize the absorption of nutrients in feed through an
enzymatic process to digest complex nutrients in feed so that nutrition is easily absorbed in
the fish intestines [10-12].

To support growth, fish generally depend on nutrients in the form of protein. The
protein sources used are usually fish meal and soybean meal which are relatively expensive
[13]. Another form of nutrition that is abundantly available, inexpensive but cannot be
utilized optimally by fish is carbohydrates. This is due to the ability of fish to digest
carbohydrates is low when compared to protein or fat [14]. To be able to increase the ability
to digest carbohydrate sources in feed, it can be done by adding cellulolytic bacteria.

Cellulolytic bacteria are bacteria that produce cellulase enzymes that can degrade
cellulose into simpler sugars. This bacterium has the opportunity to be used as a predigest
to hydrolyze cellulose contained in feed. Studies on the use of cellulolytic bacteria to
reduce cellulose content have been carried out on several types of vegetable raw materials
such as lamtoro (Leucaena leucocephala (Lam.) de Wit) leaf meal [15], tapioca by-
products [16] and cassava peel (Manihot esculenta Crantz) [17].

In previous studies, bacterial exploration from the rumen was carried out and bacterial
isolates were obtained that have cellulolytic activity [18]. The bacterial isolates have been
tested and have the potential to be used as probiotics. In this study, isolates of cellulolytic
bacteria were added to feed and given to tilapia [Oreochromis niloticus (Linnaeus, 1758)]
to determine its impact on growth.

2 Material and methods

2.1 Research procedure

Research used a completely randomized design with four treatments and three replications.
Bacterial isolates commercial feed was added at a density of 8 x 10® CFU mL™ at doses of
0 % as control (P0), a dose of 1 % (P1), 1.5 % (P2) and 2 % (P3). The materials used in the
study were tilapia with a size of 10 cm, commercial pellet feed (Bravion 330 with 30 %
protein). The equipment used is a refractometer, thermometer, pH meter for water,
ammonia, DO meter, stationery and camera.

This research begins by preparing a research container in the form of a rectangular
aquarium measuring 90 cm x 60 cm x 60 cm (total number of aquariums is 12) which has
been cleaned as well as other equipment such as aeration, and replenishment of deposited
water for 24 h. Each aquarium was filled with 25 ind with a body length of 8 cm. Tilapia
were obtained from Freshwater Aquaculture Management Unit (Unit Pengelola Budidaya
Air Tawar — UPBAT) Punten, East Java, Indonesia. Each aquarium was filled with 250 L of
water with a stocking density of 25 fish each. Cellulolytic bacteria at a density of
108 CFU mL™* diluted appropriate treatment dose. The bacteria are sprayed on the feed and
given to the tilapia. Fish body weight was measured during maintenance with a
measurement interval of 1 wk. Water quality is recorded every day including data on
temperature, pH, ammonia, dissolved oxigen.

2.2 Data analysis

Growth and water quality data were analyzed using Analysis of Variance (ANOVA) at a
significant level (a) 0.05 and (a) 0.01. If there is a difference in the effect on the treatment,
then the Least Significant Difference is further tested.
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3 Results and discussion

3.1 Specific Growth Rate (SGR)

Results of specific growth rate of tilapia within 30 d of observation can be seen in Figure 1.

- 6.8+0.3b 6.8=0.4b
6.3%0.4b 7] =
6 L2091 o
. ] o
o 227 5
S £044 o
5 £OPI 2%
3 e ot
L2091 o
2 ] o
1 s005 5
L2001 s
0 ey S
P1 (1 %) P2 (1.5 %) P3 (2 %)
Treatment

Fig. 1. Specific growth rate tilapia.

Based on Figure 1 specific growth rate of tilapia showed that the treatment with a
commercial feed the addition of a dose of 1.5 % (P2) and a dose of 2 % (P3) cellulolytic
bacteria had the same growth rate of 6.8 %. The results of the ANOVA analysis showed
that the growth of the control and P1 treatments was significantly different from that of P2
and P3. So, it can be concluded that the administration of cellulolytic bacteria with a dose
of 1 % has not shown an increase in growth performance. The dose that can show an
increase in growth performance is more than 2 %. This is in accordance with the opinion of
De et al. [19] that the use of cellulolytic bacteria causes an increase in optimal growth in
Asian seabass, Lates calcarifer (Bloch, 1790) juveniles fed diets supplemented with
cellulolytic and amylolytic gut bacteria isolated from brackishwater fish.

According to Dawood et al. [20], probiotics have a very important role in being able to
break down nutrients in feed into simpler ones so that they can assist in the process of
optimal nutrient absorption. Increased nutrition due to the addition of probiotics that
produce enzymes that are able to hydrolyze nutrients so that they are easily absorbed by the
fish body. The increase in the growth of tilapia given multi-species probiotics is a
cumulative interaction in aspects of nutrition, water quality and health [21]. The addition of
cellulolytic bacteria resulted in an increase in the specific weight of tilapia reared for 30 d,
this is in accordance with Rodde et al. [22], that the addition of fermentative bacteria to
feed can increase the growth rate and feed conversion ratio in tilapia.

3.2 Feed efficiency

Efficiency of tilapia feed consumption during 30 d of rearing is presented in Figure 2.
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Fig. 2. Efficiency of tilapia feed consumption.

Based on the results of Figure 2, it shows the efficiency value of tilapia feed
consumption, which is reared for 30 d, the highest value was obtained from the feed
treatment with an additional dose of 1.5 % by 78 %, and the lowest value was the control
treatment by 35 %.

The results of the analysis of variance in the analysis of the efficiency of feed
consumption showed that the addition of cellulolytic bacteria to commercial feed had a
significant effect, as seen from F 12.18 > Fpie. Then proceed with BNT testing.

In the treatment in the study, it was seen that the PO and P2 treatments had no
significant effect on the efficiency of tilapia feed, but other the case with P1 and P3
treatments which had a very significant effect on the efficiency of tilapia feed consumption
during the study, so the feed consumed by the treated fish was more efficient than fish feed
without the presence of cellulolytic bacteria. This is in accordance with the opinion of
Prasetyo et al. [23] that the use of cellulolytic bacteria from the rumen of sheep causes an
increase in optimal growth of catfish juveniles reared for 28 d in tarpaulin pond media with
a specific growth value of 27 %. The addition of growth if the feed can be digested
optimally, so that it becomes energy that can be utilized optimally by fish.

The addition of probiotics can improve the digestive system of fish so that it can
increase the growth rate optimally and can streamline the use of commercial feed so that it
can reduce expenditure costs [24]. Feed efficiency is also directly proportional to the
amount of feed consumption because it can be seen that the amount of feed that is optimally
absorbed by fish and which is not optimally absorbed by cultured fish [25]. Feed efficiency
is also useful for reducing feed residue caused by fish without decreasing growth in weight
and length, so that the feed consumed efficiently becomes fish meat [26]. Kankainen et al.
[27] said that the value of fish feed efficiency is a major factor in aquaculture activities so
that it becomes important in handling before aquaculture activities are carried out, one of
which is the provision of probiotics in feed which is useful for optimizing feed absorption
even though the feed given is relatively small.

3.3 Absolute growth (length)

Absolute growth and relative growth rate of tilapia obtained results in each treatment for
30 d of selection, can be seen in Figure 3.
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Fig. 3. Absolute length growth.

Based on the results Figure 3 shows the highest value for absolute growth and relative
growth rate of tilapia in feed treatment with an additional dose of 1.5 % (P2) of 2.3 cm
every individual, followed by treatment using a dose of 2 % (P3) of 2.4 cm every
individual, then with the addition of a 1 % dose of 2.2 cm every individual and the control
treatment of 1.8 cm every individual.

The value of the relative growth rate obtained is directly proportional to the absolute
growth rate. Based on the results of the analysis of diversity (ANOVA) showed that the
effect of treatment did not have a very significant effect on absolute growth, because the
provision of cellulolytic bacteria in commercial feed was uneven, so that the feed absorbed
by fish was not absorbed optimally in the fish's body and could also be affected by high fat
in the fish commercial feed that makes it difficult for the fish body in the process of
digesting feed in tilapia. This is in accordance with the opinion of Lall and Tibbetts [28]
that the value of high fat content can affect the low consumption of feed in fish. Prabu et al.
[29] stated that high fat feed will cause low fish feed consumption and can also be
influenced by poor maintenance water quality, causing fish appetite to decrease which
results in fish being stressed. The absolute weight growth rate is influenced by the presence
of cellulolytic bacteria which have a role to facilitate the process of absorption of nutrients
in commercial feed so that fish growth becomes more rapid [23]. The increase in absolute
growth and relative growth experienced by tilapia cannot be separated from the role of the
environment and probiotic (cellulolytic) bacteria that work in optimally absorbing nutrients
from feed, the best occurred in the treatment with a dose of 2 % cellulolytic bacteria. This is
in accordance with Abarike et al. [30], that the addition of good bacteria or probiotics with
a certain dose can affect the growth rate of tilapia to be more optimal and can help in
maintaining the condition of the fish body so that it is not susceptible to disease and
probiotics can increase the growth rate of tilapia ranging from between 7 % to 9 % [31].

3.4 Total feed consumption

The amount of tilapia feed consumption during the study is presented in Figure 4.
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Fig. 4. The results of the amount of feed consumption during the study.

Based on the results of Figure 4 show that the best amount of tilapia feed consumption
in the P2 and P3 treatments with the addition of 1.5 % and 2 % cellulolytic bacteria doses
was more optimal and efficient in consuming the given feed, this is it can be seen that the
role of cellulolytic bacteria which can optimize the digestibility of tilapia and appetite
becomes good so that the fish can absorb feed nutrients properly. However, from the value
of variance in the amount of feed consumption in this study, there was no significant
difference in the treatment because tilapia reared for 30 d did not receive an evenly
distributed feed and it was also due to the condition of commercial feed which had high fat
content so that it was difficult to be absorbed by the fish's body. This is in accordance with
Siagian et al. [32] who stated that commercial feeds that have rations with high fat content
values will result in a decrease in the amount of fish feed consumption, or high fat will be
inversely proportional to the amount of feed consumption will be low.

In the opinion of Tachibana et al. [31] that the growth of tilapia can be influenced by the
consumption of feed absorbed by the body of tilapia, it can also the efficiency of feed use
during maintenance, the value of the minimum amount of feed consumption ranges from
50 % to 80 % of the amount of feed given at the beginning and end of maintenance. Feed
quality and the addition of probiotics to feed are factors that can affect the amount of fish
feed consumption during the cultivation process [25]. The addition of weight and length of
fish is influenced by the percentage of the amount of feed consumed by fish during rearing
activities. The amount of feed consumption is very important for aquaculture actors because
75 % of the cost is spent on buying commercial feed, therefore the use of probiotics serves
to reduce costs so that the fish produced will still have optimal and efficient growth in
length and weight [33].

3.5 Survival rate

Survival of tilapia during 30 d of rearing is presented in Figure 5.
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Fig. 5. The survival of tilapia during the study.

Based on Figure 5 on the survival of tilapia it can be seen that the highest survival value
of tilapia was found in the treatment with a dose of 1.5 % cellulolytic bacteria in
commercial feed of 93.3 % and the lowest value found in the control treatment (without
cellulolytic bacteria) of 76.7 %. This shows that the addition of cellulolytic bacteria to
commercial feed is very influential on the survival of tilapia. Where cellulolytic bacteria are
good bacteria (probiotics) which are useful for the digestibility of fish so that they can
absorb nutrients in the feed optimally and also survival is influenced by good water quality
so that the fish's appetite is in good condition.

The results of the analysis of variance also showed a significant effect between each
treatment (P > 0.05). The high survival rate at a dose of 1.5 % is related to the appetite
response and water quality that supports well tests were then continued with the BNT test
against the survival of tilapia, namely P2 treatment got the best value of 93.3 %
(significantly different), followed by P3 91.7 %. This is in accordance with Lall and
Tibbetts [28] statement that factors affecting feed consumption include nutrient content,
temperature, palatability, age, body weight, and stomach capacity. Feed palatability is
determined by the form of feed, size, taste, aroma, and color which are physical and
chemical factors of feed. In addition, the palatability of the feed is also closely related to the
attractiveness of the given amino acids which will affect the response. Probiotic bacteria
can also improve the fish's immune system so that it can increase the survival rate of fish
that are attacked by bacteria [34].

According to Buyukdeveci et al. [35], that the ability of cellulolytic bacteria to produce
extracellular enzymes has an effect on increasing the digestibility of feed in fish. The high
cellulolytic activity indicates that these bacteria have benefits for degrading cellulose. The
survival value of good tilapia ranges from 73.5 % to 86.5 % which can affect several
factors, namely nutrient intake, and water quality conditions [28]. The survival of tilapia in
30 d rearing experienced a significant difference from the control treatment with the
addition of cellulolytic bacteria to commercial feed, this agrees with Buyukdeveci et al.
[35] that the survival rate or fish survival can be optimal because it is influenced by
conditions of feed intake that have high nutrients or feed added with probiotics and
environmental conditions of live fish. The death that occurred in the control treatment was
due to the fish not being able to consume the feed given properly. So, it affected the water
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quality which was the main mortality factor in the control treatment. This is in accordance
with the opinion of Prasetyo et al. [23] where the survival value of tilapia fry can be
influenced by the condition of the feed ingredients provided which affect the body's
metabolism so that it can make water quality dangerous for the fish.

3.6 Water quality

Results of water quality measurements during the study included measurements of
temperature, ammonia, pH meter, and dissolved oxygen meter are presented in Table 1.

Table 1. Water quality measurement water.

Quality Dose 1% | Dose 1.5% | Dose 2 %
Temperature 26 C 26 C 26 C
pH 7 7 7
Dissolved oxygen 5.98 6.5 5.8
Ammonia 0 0 0

Based on these data during the study the water quality in each aquarium showed good
water quality to be able to support the growth of tilapia during the study. This is reinforced
by the statement, the National Standardization Agency (SNI 6141:2009) that the optimum
temperature range for the maintenance and growth of tilapia ranges from 25 °C to 30 °C,
then fish can adapt well to waters that have a pH ranging from 6.5 to 8.5. The value of the
degree of acidity in the waters can affect the metabolism in the fish body so it is very
important, the value of a good degree of acidity is between 6.5 to 7 [36]. A good range of
dissolved oxygen levels for tilapia rearing media is > 5 mg L, so that survival can be well
maintained and the level of ammonia value in the waters can be tolerated or under normal
conditions and is good for rearing tilapia is < 0.002 mg L. The appetite and growth rate of
tilapia will be inhibited or decreased if the concentration value of ammonia levels is
> 0.008 mg L? resulting in a decrease in the body's resistance of the fish at that
concentration.

4 Conclusion

The results of this study indicate that the dosage of 1 %, 1.5 % and 2 % cellulolytic bacteria
to commercial feeds can affect the growth performance of the tilapia in research, in terms
of good survival rate, SGR (Specific Growth Rate), EP (efficiency feed), JKP (amount of
feed consumption) which is also optimal for the growth performance of the tilapia, but this
is inseparable from the good water quality. So, that the fish can optimally absorb the
nutrients in the feed that has been added with cellulolytic bacteria and the best provision in
this study occurred in the treatment of P2 (1.5 % dose) and P3 (2 %). It can be concluded
that the higher the dose of cellulolytic bacteria can affect the rate of growth performance of
tilapia.

The author would like to thank the Faculty of Agriculture and Animal Science, University of
Muhammadiyah Malang for the funding given to the Research Blockgrant Program with No SK:
E.2.a /131/FPP-UMM/I11/2021.
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