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ARTICLE INFO ABSTRACT

Article History: This study examined the potential utilization of banana peel waste as a
Received: July 13, 2024  source of prebiotic oligosaccharides to improve the biological performance
Accepted: Sept. 19, 2024  of the milkfish (Chanos chanos). A comprehensive study was conducted to
Online: Oct. 6, 2024 evaluate the effect of banana peel oligosaccharide supplementation on feed
digestibility, feed consumption, growth, and survival rate. The milkfish

specimens were fed diets supplemented with banana peel oligosaccharide
extract at levels of O (control), 1, 2, 3, and 4% (initial weight 15+ 5g/ ind)
maintained at a density of 10 fish per aquaria, measuring 50 x 40 x 35cm?,
totaling 15 units. This study was designed in a completely randomized
design (CRD) with five treatments and three replications. The experimental
fish were fed with 5% of fish biomass per day for 50 days of rearing, with a
frequency of feeding three times a day at 07:00, 12:00, and 17:00. The
results showed that the oligosaccharide extract had a significant effect (P <
0.05) on digestibility (total, protein, fat, and energy) and growth (absolute
length and relative length), while no effect was detected on the survival and
feed consumption of the milkfish. The best dose varied depending on the
parameters: 1% for fat digestibility (93.69 = 0.76%), 2% for total
digestibility (18.83 + 0.19%), protein digestibility (92.58 + 0.66%), energy
digestibility (90.65 + 1.23%), in addition to 3% for absolute length growth
(11.04 + 0.85cm) and relative length growth (8.29 £ 0.50%). In conclusion,
the addition of banana peel oligosaccharide extract as a prebiotic improves
the growth and nutritional performance of milkfish, with the best dose
ranging from 2-3%, depending on the optimized parameters.
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INTRODUCTION

The milkfish is one of the most important aquaculture commaodities in Indonesia.
The national milkfish production continues to increase from year to year, reaching
701,319 tons in 2020 (Ministry of Marine Affairs and Fisheries, 2021). Feed is one of
the components that determines the success of the business because it absorbs 60—70% of
total production costs (Mustari, 2022). To reduce the cost of feed procurement, it is
necessary to increase its utilization, such as through the provision of feed additives.
Prebiotics are one of the feed additives that are a source of nutrients for probiotics. The
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combination of probiotics and prebiotics is called synbiotics. Thus, when the mixture is
given to feed, it can improve the digestibility, feed consumption, growth performance,
and survival rate of the milkfish. Recently, prebiotics have been the focus of aquaculture
research due to their potential to improve fish health and growth performance.

Oligosaccharides are one of the most promising types of prebiotics due to their
ability to stimulate the growth of beneficial bacteria in the gastrointestinal tract (Ringg et
al., 2020). Banana peels are abundant agricultural wastes and potential source of
oligosaccharides. Research by Emaga et al. (2017) showed that banana peels contain
about 30-40% pectin, which can be hydrolyzed into oligosaccharides. The utilization of
banana peels as prebiotics can be a solution to reduce waste while increasing the added
value of banana industry by-products. Several studies have shown the positive effects of
oligosaccharides on fish performance. Hoseinifar et al. (2019) reported that 0.2%
mannanoligosaccharide supplementation improved growth, feed efficiency, and digestive
enzyme activity in the goldfish. In Oreochromis niloticus, the addition of 0.5%
fructooligosaccharide improved the survival rate and immune response (Miao et al.,
2018).

Feed digestibility is an important parameter in evaluating the effectiveness of
prebiotics. Song et al. (2020) found that xylooligosaccharide supplementation increased
protein and fat digestibility in Paralichthys olivaceus. This increased digestibility was
correlated with the increased digestive enzyme activity and beneficial bacterial
populations in the gut (Ringg et al., 2020). Ringg et al. (2010) showed that prebiotics can
increase the population of beneficial bacteria in the digestive tract of fish, which in turn
can improve digestion and nutrient absorption. Feed consumption and efficiency can also
be affected by prebiotics. Studies on Clarias gariepinus showed that
mannanoligosaccharides improved appetite and feed conversion efficiency (Aderolu et
al., 2019). This has the potential to reduce feed costs, which is the largest component in
fish farming. Feed efficiency and fish growth are strongly influenced by the composition
of the gut microbiota. Dawood et al. (2020) reported that the addition of prebiotics to
tilapia feed can modulate the gut microbial community, which in turn improves feed
efficiency and growth rate. Fish growth and survival rates are key indicators of successful
aquaculture. Dawood et al. (2017) reported that B-glucan supplementation increased the
specific growth rate and survival rate of tilapia fish challenged with Aeromonas
hydrophila. These effects were mediated by enhanced immune responses and stress
resistance. Feed consumption and efficiency can also be affected by prebiotics. Studies
on the African catfish (Clarias gariepinus) showed that mannanoligosaccharides
improved appetite and feed conversion efficiency (Aderolu et al., 2019). This has the
potential to reduce feed costs, which is the largest component in fish farming.

Based on this, research on the utilization of oligosaccharides from banana peels as
prebiotics for the milkfish can have a significant potential. This study aimed to provide
new insights into strategies to improve the growth performance and nutrition of the
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milkfish through the sustainable utilization of agricultural waste. A comprehensive study
was conducted to determine the best dose of banana peel oligosaccharides as prebiotics
for feed digestibility, feed consumption, growth, and survival rate.

MATERIALS AND METHODS

Test animals

The experimental fish used were the juvenile milkfish weighing 15+ 5g/ ind
gatheredfrom the Takalar Lama breeding pond, Mappakasunggu sub-district, Takalar
district. The stocking density used was 10 fish per 55 liters.
Rearing containers

The rearing animal test used 15 glass aquaria measuring 50, 40, and 35cm®. Each
aquarium was filled with 55L of £ 25ppt sterilized salinity water. The layout of the
rearing containers was randomly arranged based on a completely randomized design
(CRD) pattern.
Probiotics and prebiotics

The probiotics used were a mixed microorganism collection of Aslamyah et al.
(2022) consisting of a mixture of bacteria, yeast, and fungi, namely Bacillus sp.,
Streptococcus sp., Lactobacillus sp., Saccharomyces sp., Aspergillus sp., and Rhizophus
sp. Before use, the probiotic starter was refreshed by taking 2mL of starter and
inoculating it in a substrate solution, which was a mixture of 2 liters of old coconut water
and 500g of sugar. Then, it was incubated for 24 hours, and the culture was ready for use.
Oligosaccharides used as prebiotics were extracted from banana peels following a
modified method from Syafura et al. (2016). The key steps in this process include: first,
banana peels were prepared by cleaning, drying, and grinding them into powder. Next,
extraction was carried out using the hot water extraction method at 90°C for 2 hours.
Afterward, filtration and concentration were performed to separate the solid residue and
concentrate the extract. The next step was precipitation, where ethanol was added to
precipitate the oligosaccharides. Finally, oligosaccharide powder was obtained through a
freeze-drying process.
Experimental diet

The feed used in this study is an artificial feed formulated by Aslamyah et al.
(2020), which can be seen in Table (1) and proximate analysis in Table (2).

The test feed was prepared following the method of Aslamyah et al. (2022). The
mixture of feed ingredients was formed into pellets and dried. The pellets were then
added with a mixture of microorganisms (10mL/ kg feed) and prebiotic oligosaccharides
according to the treatment. The feed was coated with 2% egg white and aerated for 15
minutes before being given to the experimental fish.
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Table 1. Composition of feed raw materials without and with Cr203
Composition (%)

Ingredient Feed without Cr203 Feed with Cr203
Fishmeal 26 26
Soy flour 22 22
Coconut meal flour 16 15.4
Corn flour 18 18
Pollard flour 10 10
Fat 4 4
Vitamin and mineral mix 4 4
Cr203 0 0.6
Total 100 100

Table 2. Results of feed proximate analysis

Ingredient Composition (%)

Protein 26.43
Fat 8.37
Ash 24.22
Crude fiber 7.45
NFE 33.53

DE (kcal/kg) 2627.52
C/P (DE/qg protein) 9.94

Research treatment

This study used a completely randomized design (CRD) with five treatments and
three replicates for each treatment, resulting in 15 experimental units. The treatments
tested were various doses of banana peel oligosaccharide extract in feed, namely 0
(control), 1, 2, 3, and 4%. Each treatment was coded with letters A, B, C, D, and E.
Research procedure

The experimental fish were stocked in the rearing container and acclimatized for 7
days to the environment and artificial feed. During acclimatization, a control feed at a
dose of 5% of body weight per day was given three times a day, at 07:00, 12:00, and
17:00. After the acclimatization period was completed, the experimental fish were fasted
for 24 hours to remove the remaining feed from their bodies. Next, weighing was carried
out to determine the initial weight of the experimental fish. Fish were maintained for 50
days and given test feed at the same dose and frequency at the time of acclimatization.
Sampling was done every 10 days to determine the increase in weight of the experimental
fish and to adjust the weight of the feed to be given. Water quality was maintained by
flushing out the remaining feed and feces at the bottom of the container and daily
changing the water by 25%.



Oligosaccharides from Banana Peel as Prebiotics for Milkfish Growth and Digestibility

Research parameters
1. Feed digestibility
Feed digestibility was measured using the indirect method of Takeuchi (1988) by
mixing 0.6% chromium oxide (Cr20z3) evenly into the feed. The experimental fish were
fasted for 24 hours and then fed the test feed at the same dose and feeding frequency as
previously mentioned. Feces were daily collected using a fecal collection device for 2
weeks, starting two days after the first feeding with Cr.O3 mixed feed. The collected
feces were oven-dried at 60°C to avoid changes in the compounds. Dried feces were
stored at -10 °C for further analysis.
1.1. Total digestibility
Total digestibility was calculated using the equation of Takeuchi (1988) as follows:
Total digestibility (%) = 100 — (100 x a/a’)
Explanation: a = % Cr20s3 in feed (%)
a’ = % Cr20s in feces (%)
1.2. Nutrient digestibility (Protein, Fat, and Energy)
Nutrient digestibility was calculated using the Takeuchi (1988) equation as
follows:
Nutrient digestibility (%) = (1 —a’/a x b’/b) x 100
Explanation: a’ = nutrients in feces (%)
a = nutrients in feed (%)
b’ = indicator in feces (%)
b = indicator in feed (%)

2. Feed consumption
Feed consumption was calculated by subtracting the feed given from the remaining
uneaten feed, which was removed after 1 hour from the end of feeding. It was then
filtered using a fine cloth, taken, and safely put into a sealed plastic bag and stored in the
refrigerator. The uneaten feed was stored for up to ten days and then dried in direct
sunlight. Feed consumption was calculated using the following formula (Malah, 2022):
Feed Consumption (g) = Amount of feed fed (g) - Amount of uneaten feed (g)

3. Growth

Growth was observed every 10 days by weighing the experimental fish.
3.1. Absolute length growth of milkfish

Absolute length growth was calculated by using the following formula (Surbakti et
al., 2024):

ALG =SLt-SLO

Explanation:
ALG = absolute length growth rate (cm)
SLO = initial fish length (cm)
SLt  =final fish length (cm)
T = period (days)
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3.2. Relative length growth of milkfish
Relative length growth was calculated using the formula (Science, 2020):
GR = W: - Wo x 100
t
Explanation:
GR  =relative length growth (%)
Wi = final fish length (cm)
Wo = initial fish length (cm)
t = time (day)
4. Survival rate
The percentage survival rate was calculated based on the formula from Effendie
(1979):
SR = N¢/No x 100%

Explanation:

SR =survival rate (%)

Nt = total of final experimental fish (ind)
No = total of initial experimental fish (ind)

5. Water quality

During the research, several physico-chemical parameters of the research medium,
water, were measured, including temperature, salinity, pH, DO, and ammonia.

Temperature was measured using a thermometer; salinity was measured using a
refractometer; pH was measured using a pH meter; dissolved oxygen was measured using
a DO meter, and ammonia was measured using a spectrophotometer. Temperature,
salinity, pH, and dissolved oxygen were measured twice a day at 07:00 and 17:00. The
ammonia was measured twice during the study, at the beginning and end of the study.
Data analysis

Data on feed digestibility, feed consumption, growth, and survival rate were
analyzed by the analysis of variance (ANOVA) to determine the effect of treatment. If
there was a significant effect, then the W-Tuckey further test was conducted to assign the
differences between treatments. SPSS version 24.0 was used as a data analysis tool.
Media water quality was analyzed descriptively by comparing literature based on the
milkfish survival rates.

RESULTS

1. Feed digestibility
1.1. Total digestibility

Data on the total digestibility of the milkfish at various doses of oligosaccharide
extract from banana peels in feed are presented in Table (3).
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Table 3. Total digestibility of Chanos chanos

Treatment of banana peel oligosaccharide extract in feed Total digestibility (%)
A (0%) 18.37 £ 0.12%
B (1%) 18.83 +0.19"
C (2%) 18.79 +0.11°
D (3%) 18.63 +0.11%
E (4%) 18.82 +0.10P

Note: Different letters in the same column indicate significant effects (P< 0.05).

The results of the analysis of variance (ANOVA) showed that feeding with different
doses of banana peel oligosaccharide extract had a significant effect (P< 0.05) on the total
digestibility of the milkfish. The results of the W-Tukey test indicated that the highest
total digestibility was achieved with the 1% dose, measuring 18.83 = 0.19%. This value
was not significantly different from the 4% dose, which had a digestibility of 18.82 +
0.10%, or the 2% dose at 18.79 + 0.11%, and the 3% dose at 18.63 + 0.11%. However,
these doses were significantly different from the 0% dose, which had the lowest total
digestibility value of 18.37 + 0.12%.

1.2. Nutrient digestibility
The average nutrient digestibility of the milkfish with the treatment dose of
oligosaccharides from banana peel in feed is presented in Table (4).
Table 4. Nutrient digestibility of Chanos chanos

Treatment of banana peel Protein Fat digestibility Energy
oligosaccharide extract in feed  digestibility (%) (%) digestibility (%)
A (0%) 91.14 £ 0.44° 91.25 +0.222 89.28 + 1.26%
B (1%) 92.58 + 0.66° 93.53 + 0.54° 89.48 + 0.64%
C (2%) 92.45 + 0.38° 93.69 + 0.76° 90.65 + 1.23°
D (3%) 91.92 + 0.38% 93.19 + 0.61° 87.13 £ 0.65*
E (4%) 92.57 +0.36° 93.30 +£0.19° 87.94 + 0.58?

Note: Different letters in the same column indicate significant effects (P< 0.05).

The results of the ANOVA showed that feeding with different doses of banana peel
oligosaccharide extract had a significant effect (P< 0.05) on the protein digestibility of
the milkfish. The results of the W-Tuckey further test showed that the highest protein
digestibility was obtained from the 1% dose of 92.58 % 0.66%, which was not
significantly different from the 4% dose of 92.57 + 0.36%, the 2% dose of 92.45 *
0.38%, and the 3% dose of 91.92 + 0.38%, while significantly different from the 0% dose
of 91.14 + 0.44%. Protein digestibility at a dose of 3% was not significantly different
from the other treatments.

The results of the ANOVA showed that feeding with different doses of
oligosaccharide extract from banana peel had a significant effect (P< 0.05) on the fat
digestibility of the milkfish. The results of the W-Tuckey further test showed that the
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highest fat digestibility was obtained from a 2% dose of 93.69 + 0.76%, not significantly
different from a 1% dose of 93.52 + 0.54%, a 4% dose of 93.30 £ 0.19%, and a 3% dose
of 93.19 + 0.61%, which was significantly different from a 0% dose with a value of 91.25
1 0.22%.

The results of the W-Tuckey further test showed that the highest energy
digestibility was obtained from a 2% dose of 90.65 + 1.23%, which was not significantly
different from a 1% dose of 89.48 + 0.64% and a 0% dose of 89.28 + 1.26%, but
significantly different from a 4% dose with a value of 87.94 + 0.58% and a 3% dose of
87.13 £ 0.65%.

2. Feed consumption
Feed consumption data of milkfish at various doses of oligosaccharide extract from
banana peel in the average feed is presented in Table (5).
Table 5. Feed consumption of Chanos chanos

Treatment of banana peel oligosaccharide extract in feed Feed vonsumption (g)
A (0%) 368.39 + 28.54%
B (1%) 319.00 + 32.747
C (2%) 379.34 + 25.18°
D (3%) 369.81 + 75.83%
E (4%) 422.85 + 50.412

Note: Different letters in the same column indicate significant effects (P< 0.05).

The results of the analysis of variance showed that various doses of banana peel
oligosaccharide extract in feed had no significant effect (P> 0.05) on the milkfish feed
consumption.

3. Growth
3.1. Absolute length growth of the milkfish
Data on the absolute length growth of the milkfish at various doses of
oligosaccharide extract from banana peel in the average feed are presented in Table (6).
Table 6. Absolute length growth of Chanos chanos

Treatment of banana peel oligosaccharide extract in feed  Absolute length growth (cm)

A (0%) 5.76 + 0.15°
B (1%) 6.57 + 0.422
C (2%) 8.72 +1.01°
D (3%) 11.04 +0.85°
E (4%) 10.21 + 0.23"

Note: Different letters in the same column indicate significant effects (P< 0.05).

The 3% extract content produced the highest absolute length growth (11.04 + 0.85
cm) and was significantly different from the other treatments, except for the 4% extract
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content. 0% extract content and 1% extract content produced the lowest absolute length
growth and were not significantly different from each other.
3.2. Relative length growth of the milkfish
Data on the absolute length growth of milkfish at various doses of oligosaccharide
extract from banana peel in feed and the average are presented in Table (7).
Table 7. Relative length growth of Chanos chanos

Treatment of banana peel oligosaccharide extract in feed Relative length growth (%)

A (0%) 4.21£0.17%
B (1%) 4.91 £ 0.20%
C (2%) 6.62 + 0.69°
D (3%) 8.29 + 0.50°
E (4%) 7.47 +0.10b°

Note: Different letters in the same column indicate significant effects (P< 0.05).

The results of the analysis of variance (ANOVA) showed that the treatment had a
significant effect (P< 0.05) on the growth of relative length. The 3% extract level again
showed the highest results (82.93 + 5.14%) and was significantly different from other
treatments, except for the 4% extract level. Whereas, the 0 and 1% extract level had the
lowest relative length growth and were not significantly different from one another.

4. Survival rate
The survival rate data of milkfish at various doses of oligosaccharide extract from
banana peel in the average feed are presented in Table (8).
Table 8. Survival rate of Chanos chanos

Treatment of banana peel oligosaccharide extract in feed Survival rate (%)
A (0%) 60.00 £ 10.00?
B (1%) 43.33 + 11.54°
C (2%) 43.33 £ 25.162
D (3%) 53.33 £ 25.162
E (4%) 80.00 £ 10.00?

Note: Different letters in the same column indicate significant effects (P < 0.05).

The results of the analysis of variance showed that various doses of banana peel
oligosaccharide extract in feed had no significant effect (P> 0.05) on the milkfish
survival rate.

5. Water quality

Parameters measured during 50 days of the milkfish rearing include physical,
biological, and chemical parameters, namely: temperature, salinity, pH, dissolved
oxygen, and ammonia. The results of the water quality measurements during the study are
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within the optimal range for rearing the milkfish (In-text citation), as illustrated in Table

(9).

Table 9. Water quality of Chanos chanos during the research

Parameter Value range obtained  Tolerance range Reference
Temperature (°C) 27-32 27-30 Syahid et al. (2006)
Salinity (ppt) 30-35 28-32 Mandal et al. (2018)
pH 6,9-8 6,5-9 SNI: 6148.3 -2013
DO (ppm) 2,1-5 3-8 Hendrajat et al. (2018)
Ammonia (ppm) 0,0002 <0,01 Winarsih et al. (2011)
DISCUSSION

1. Feed digestibility

1.1. Total digestibility

The results showed that the addition of oligosaccharide extract from banana peels to
the milkfish feed had a positive effect on total digestibility. Treatments B (1% extract
content), C (2%), and E (4%) showed a significant increase in total digestibility compared
to the control (treatment A), while treatment D (3%) showed results that were not
significantly different from the control or other treatments.

The increase in total digestibility in the treatment with the addition of banana peel
oligosaccharides is in line with the research of Grisdale-Helland et al. (2008) on Salmo
salar, where mannanoligosaccharide (MOS) supplementation increased nutrient
digestibility. Treatment D (3%) showed lower results than treatments B, C, and E,
although it was still higher than the control. This phenomenon is similar to that reported
by Hoseinifar et al. (2013) for carp, where the optimal dose of MOS was in the range of
2%, and the higher doses did not always produce better effects. This may be due to the
presence of a negative feedback mechanism or saturation at a certain level (Torrecillas et
al., 2014).

The positive effect of oligosaccharides on digestibility may be attributed to the
increased digestive enzyme activity, as reported in the study of Xu et al. (2009) on the
tilapia. In addition, oligosaccharides may increase the population of beneficial bacteria
such as Lactobacillus and Bifidobacterium in the digestive tract, which contributes to
enhancing the fermentation and the production of short-chain fatty acids (Burr et al.,
2008). The increase in total digestibility observed in this study has a positive impact on
the growth and feed utilization efficiency of the milkfish. This is consistent with the
findings of Akter et al. (2016) for the tilapia, where increased nutrient digestibility was
positively correlated with growth rate and feed efficiency.
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1.2. Nutrient digestibility

Protein digestibility

The results showed that the addition of oligosaccharide extract from banana peels to
the milkfish feed had a positive effect on protein digestibility. Treatments B (1% extract
content), C (2%), and E (4%) showed a significant increase in protein digestibility
compared to the control (treatment A), while treatment D (3%) showed results that were
not significantly different from the control or other treatments. The observed increase in
protein digestibility is in line with the study of Akter et al. (2016) on the catfish
(Pangasianodon hypophthalmus), where mannanoligosaccharide (MOS) supplementation
improved the species' protein digestibility. This positive effect can be explained through
several mechanisms. Ringg et al. (2010) postulated that prebiotics can modulate the gut
microbiota, which in turn can increase the activity of digestive enzymes including
proteolytic enzymes. Treatment D (3%) showed lower results than treatments B, C, and
E, although still higher than the control. A similar phenomenon was reported by
Torrecillas et al. (2014) on the European sea bass (Dicentrarchus labrax), where the
effect of MOS was not always linear with increasing the dose. This may be due to the
presence of a feedback mechanism or saturation at certain levels. The phenomenon of
increased protein, fat and energy digestibility at the 4% level after a decrease at the 3%
level can be interpreted as a non-linear effect of xylooligosaccharides (XOS) on the fish
digestive system. This suggests a physiological threshold and complex interactions
between XOS and factors in the digestive system. Possibly, a 3% dose was not enough to
achieve an optimal effect, while a 4% dose was able to surpass this threshold. Adaptation
of the gut microbiota could also play a role, where a higher dose might promote a more
effective adaptation. Given the observation of Torrecillas et al. (2014), saturation and
feedback mechanisms may occur at some levels, with the 4% dose again increasing
effectiveness after a decline at 3%. Biological variability between individual fish and
possible synergistic effects of XOS with other feed components at higher doses could
also contribute to this phenomenon. However, this interpretation remains speculative and
requires further research to understand the exact mechanisms behind the observed
nutrient digestibility patterns. The positive effect of oligosaccharides on protein
digestibility can also be explained by an increase in the population of beneficial bacteria
in the digestive tract. Hoseinifar et al. (2013) reported that MOS supplementation in the
beluga fish (Huso huso) increased the population of Lactobacillus spp., which is known
to increase digestive enzyme activity and contribute to improving protein digestibility.
The increase in protein digestibility observed in this study could potentially have a
positive impact on the growth and feed utilization efficiency of the milkfish. This concurs
with the findings of Genc et al. (2007) on the tilapia (Oreochromis niloticus), where
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increased protein digestibility was positively correlated with growth rate and feed
efficiency.

Fat digestibility

The results showed that the addition of oligosaccharide extract from banana peels to
the feed of the milkfish had a significant positive effect on fat digestibility. All treatments
with the addition of oligosaccharides (B, C, D, and E) exhibited a significant increase in
fat digestibility compared to the control (treatment A), with the highest value in treatment
C (2% extract content).

The observed increase in fat digestibility corroborates with that of of Torrecillas et
al. (2015) regarding the European sea bass (Dicentrarchus labrax), where
mannanoligosaccharide (MOS) supplementation improved fat digestibility. This positive
effect can be explained through several mechanisms. Ringg et al. (2010) explained that
prebiotics can modulate the gut microbiota, which in turn can increase the activity of
digestive enzymes, including lipolytic enzymes. Although all treatments with
oligosaccharides showed a significant increase, there was no significant difference among
treatments B, C, D, and E. This suggests that the positive effect of oligosaccharides on fat
digestibility may reach a saturation point at certain concentrations. A similar
phenomenon was recorded by Grisdale-Helland et al. (2008) for the Atlantic salmon
(Salmo salar), where increasing the dose of fructooligosaccharides above a certain level
did not result in a higher increase in digestibility. The increased fat digestibility can be
attributed to the improved gut structure and increased digestive enzyme activity. In
addition, Xu et al. (2009) found that xylooligosaccharides increased lipase enzyme
activity in the crucian carp (Carassius auratus gibelio), which may contribute to
improving the fat digestibility.

The positive effect of oligosaccharides on fat digestibility can also be explained by
an increase in the population of beneficial bacteria in the gastrointestinal tract.
Hoseinifar et al. (2015) reported that fructooligosaccharide supplementation in carp
(Cyprinus carpio) increased the population of Lactobacillus spp. and Bifidobacterium
spp., which are known to increase the digestive enzyme activity and contribute to
improving the fat digestibility. The increased fat digestibility observed in this study could
potentially have a positive impact on the growth and feed utilization efficiency of the
milkfish. This finding collaborates with those of Yilmaz et al. (2007) investigating the
Nile tilapia (Oreochromis niloticus), where increased fat digestibility was positively
correlated with growth rate and feed efficiency.

Energy digestibility

The results of research on the utilization of oligosaccharides from banana peel as
prebiotics in the milkfish feed showed varying effects on energy digestibility. Treatment
C with 2% banana peel oligosaccharide extract showed a significant increase in energy
digestibility compared to the control (treatment A) and other treatments. However,
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treatments D (3%) and E (4%) showed a decrease in energy digestibility compared to the
control, although it was not significant for treatment E.

The increase in energy digestibility in treatment C (2%) is in line with the research
of Grisdale-Helland et al. (2008) on the Atlantic salmon (Salmo salar), where
fructooligosaccharide supplementation at optimal levels increased the energy
digestibility. This positive effect can be explained through various mechanisms. Ringg et
al. (2010) argued that prebiotics can modulate the gut microbiota, which in turn can
increase the activity of digestive enzymes and the fermentation of complex
carbohydrates, producing short-chain fatty acids that can be used as an energy source by
fish. The decrease in energy digestibility at higher concentrations (3 and 4%) suggests a
non-linear dose-response effect. Similarly, the study ofTorrecillas et al. (2015)
conducted on the European sea bass (Dicentrarchus labrax), elucidated that an extremely
high dose of mannanoligosaccharides could reduce their effectiveness. This may be due
to changes in the digesta viscosity or unfavorable interactions with other nutrients at
higher concentrations (Sinha et al., 2011).

Xu et al. (2009) found that xylooligosaccharides increased amylase enzyme activity
in the crucian carp (Carassius auratus gibelio), which may contribute to improving
carbohydrate and energy digestibility. The difference in energy digestibility response to
various concentrations of oligosaccharides indicates the importance of determining the
optimal dose in prebiotic application. Furthermore, Hoseinifar et al. (2015) emphasized
that the effectiveness of prebiotics may vary depending on the type of prebiotic, fish
species, and environmental conditions.

2. Feed consumption

Based on the results of the study, the utilization of oligosaccharides from banana
peel as prebiotics showed varying effects on the feed consumption of the milkfish.
Treatment B (1% oligosaccharide) showed the lowest feed consumption, which may be
related to the concept of "optimal dose" in the use of prebiotics, where too low a dose
may not have a significant effect, whereas higher doses may provide more optimal
benefits. This is supported by the study of Hoseinifar et al. (2015), who showed that the
effectiveness of prebiotics is highly dependent on the dose administered. The increase in
feed consumption at higher doses (especially treatment E) can be explained by the
mechanism of the increased digestive enzyme activity and improved gut structure
induced by prebiotics, as reported by Cerezuela et al. (2013). This improvement in the
gut condition may increase the efficiency of digestion and nutrient absorption, which in
turn stimulates fish appetite.

3. Growth

The results of the study on the utilization of oligosaccharides from banana peels as
prebiotics showed significant differences between treatments on the absolute and relative
length growth of the milkfish. Treatment D with 3% banana peel oligosaccharide extract
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in feed showed the highest absolute length growth (11.04 + 0.85cm) and the highest
relative length growth (8.29 + 0.50cm), which was statistically significantly different
from the other treatments. The increase in growth coincides with the findings of Ringg et
al. (2010) and Hoseinifar et al. (2014), postulating that prebiotics can increase the
population of beneficial bacteria in the digestive tract of fish, thereby improving the
digestion and nutrient absorption. The growth pattern that increased significantly up to
3% concentration and slightly decreased at 4% indicates the optimal level of prebiotic use
in accordance with the study of Grisdale-Helland et al. (2008). The significant increase
in growth in the prebiotic treatment can also be explained by the immunomodulatory
effect of oligosaccharides, as reported by Song et al. (2014). These results are also in line
with the research of Mahious et al. (2006) and Torrecillas et al. (2007), who found that
oligosaccharide supplementation can improve growth and feed efficiency in various fish
species. Treatment E (4%) showed results that were not significantly different from
treatment C (2%) for absolute growth, while for relative growth it was not significantly
different from treatments C (2%) and D (3%), but all three were still higher than the
control. This suggests the presence of a fairly wide concentration range where
oligosaccharides from banana peels can provide growth benefits for the milkfish. The
growth enhancement observed in this study could potentially have a positive impact on
the digestibility and feed utilization efficiency of the milkfish, in line with the findings of
Akter et al. (2016) concerning tilapia.

4. Survival rate

Various doses of oligosaccharides in the feed did not cause differences in survival,
this occurred because prebiotics are growth promoters of microorganisms in the digestive
tract; nonetheless, the experimental fish were still able to survive, even without the
provision of prebiotics with a microorganism mix. This occurred since the survival of the
experimental fish received the same quality of feed nutrition, which is in accordance with
the nutritional needs of the milkfish. In addition, the quality of the housing facilities is
also in the range that is suitable for the survival of the milkfish. This aligns with the
statement of Wahyuningsih et al. (2015) that survival can be influenced by biotic and
abiotic factors. Biotic factors consist of age and the ability to adapt to the environment,
while abiotic factors include food availability and the quality of living media.

The high variability in the results, especially in treatments C and D, suggests the
presence of other factors that may affect fish survival. As described by Grisdale-Helland
et al. (2008), the effectiveness of prebiotics may vary depending on the fish species and
rearing conditions. In addition, Song et al. (2014) emphasized that the
immunomodulatory effects of prebiotics may vary depending on the dosage and type of
oligosaccharides used. The control treatment (A) showed a relatively high survival rate
compared to several treatments with prebiotics. This may indicate that the milkfish
specimens displayed a good level of natural resistance under the conditions of this
experiment. However, the increased survival at the highest prebiotic concentration (4%)
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indicates the potential benefits of banana peel oligosaccharides at the correct dosage. This
result copes with that of Mahious et al. (2006), who reported that the addition of
oligosaccharides in feed can increase the survival of the turbot fish (Psetta maxima)
larvae. In addition, Torrecillas et al. (2007) also found that mannanoligosaccharide
supplementation can increase resistance to infection in the sea bass (Dicentrarchus
labrax).

CONCLUSION

The addition of oligosaccharide extract from banana peel to the milkfish feed
increased total digestibility, protein digestibility, and fat digestibility significantly
at doses of 1-4% with an optimal dose of 2%. Moreover, the energy digestibility
increased at a 2% dose, while a decrease was witnessed at 3-4% doses. It is
worthy to note that, feed with banana peel oligosaccharide at a dose of 3%
produced the highest absolute and relative length growth in the milkfish. Although
there was no significant difference, there was a trend: the higher the dose of
oligosaccharide, the higher the feed consumption and survival of the milkfish.
Overall, this study showed that the use of banana peel oligosaccharides as
prebiotics can improve the nutrient digestibility, growth, and feed efficiency of
milkfish at an optimal dose of 2—4%.
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