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Abstract. Kepok banana peel is one of the potential feedstuff because of its
availability and eases to obtain. However, the fiber content in banana peels was
high and resulted in a limitation of its usage. Fermentation can reduce the crude
fiber, and the process requires soluble carbohydrates such as palmyra sugar liquid.
Therefore, a study were necessary conducted to assess the nutritional changes
of fermented kepok banana peels added with different levels of palmyra sugar
liquid. A Completely Randomized Design (CRD) consisting of 4 treatments and
5 replications was used in this study. The treatments were P0: kepok banana
peel without palmyra sugar liquid, P2: Kepok banana peel using 2% palmyra
sugar liquid, P4: fermented kepok banana peel with 4% palmyra sugar liquid, and
P6: kepok banana peel fermented with 6% palmyra sugar liquid. The variables
observed were dry matter, ash content, crude protein content, crude fat, and crude
fiber. The results showed that level of palmyra sugar liquid had no significant effect
(P > 0.05) on dry matter and crude fat content. However, it had a very significant
effect (P < 0.01) on the ash, crude protein, and crude fiber content. Level of 6%
palmyra sugar liquid was able to produce kepok banana peel silage which is high
in crude protein, crude fat, but has lowest crude fiber content. It can be concluded
that the usage of palmyra sugar liquid was able to improve the quality of banana
peel silage and the addition 6% of palmyra sugar liquid has high value of protein,
crude fat, and the lowest value of crude fiber.
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1 Introduction

Kepok banana is a type of banana that is often used in food processing such as banana
chips, and fried bananas [1]. Kepok banana peel (BP) contains crude protein, crude fat,
calcium, and phosphorus 3.63%, 2.52%, 7.18%, and 2.06%, respectively [2]. Salombre,
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et al. [3] stated that banana peel can be used as an energy source because it has a gross
energy of 4692 kcal/kg. However, banana peels contain high crude fiber, limiting their
use as feedstuffs, especially formonogastric animals. Crude fibre values in kepok banana
peel range from 8,49–18,71 [4–6]. High crude fiber causes poultry to feel full so that it
can reduce consumption because crude fiber is voluminous [3].

Reduce crude fiber can be done through fermentation. Reddy and Pierson [7] states
that the fermented enhances or creates a unique taste, changes the texture properties, and
improves nutritional quality and digestibility. The decrease in crude fiber can be done
through the fermentation process, as reported from 18.71 to 11.55 after being fermented
with palm sap [8], fermented with EM4 from 12.36 to 10.92% [9], from 18.71 to 12.02%
after being fermented for 6 days with 10% goat rumen fluid [10].

Anaerobic fermentation such as silage making is one example of a fermentation
process that is often applied to feed processing. Silage is feedstuffs that preserved through
the ensilase process, which is the process of preserving feed using spontaneous lactic
acid fermentation under anaerobic conditions [11].

One of the efforts to improve the quality of silage is by adding materials containing
soluble carbohydrates [12]. Palmyra sugar liquid (PSL) is one of the soluble carbohy-
drates. It is the result of cooking palm sap in the form of a very thick and sticky liquid
with blackish brown color [13]. Utomo et al. [14] reported that the extracts without
molasses nitrogen and liquid palm sugar were 85.7% and 86.03%, respectively. There-
fore, the present study aimed to determine the level of PSLto nutrients value of kepok
banana peels silage.

2 Materials and Methods

2.1 Materials

The experiment was conducted at Politeknik Pertanian Negeri Kupang, East Nusa Teng-
gara Province, Indonesia. Banana peels were obtained from banana processing around
Kupang and palmyra liquid sugar was obtained from traditional market in Kupang.

2.2 Fermentation Process

The fermentation process of banana peel was referred to Chrysostomus et al. [15]. Peels
were selected from banana ripe and were marked with yellow color. It was washed with
clean water to remove dirt, then drained, sliced ±3 cm, and weighed. The banana peels
weremixedwith different levels of palmyra sugar liquid 0, 2, 4, and 6%, respectively. The
banana peel mixture was added to a plastic jar, compacted, then closed with transparent
plastic then covered with a jar lid until tightly and on the outside, the top of the jar is
insulated to make it airtight. Banana peel silage was incubated at room temperature for
21 days. On the 21st day, the plastic jars were opened and the fermented banana peels
were dried at 60 °C for 48 h to stop the fermentation process. It is then ground and
packaged to be sent to the laboratory for analysis of content nutrition.



Nutrient Content of Banana Peel (Musa paradisiaca) Fermented 165

2.3 Nutrient Contents of Fermented Banana Peels

The proximate compositions were determined according to AOAC [16]. First, the sam-
ples were oven dried at 105 °C to assess the moisture content (method 934.01), the
Kjeldahl method, which consists of digestion, distillation, and titration (method 990.02)
was utilized to assess the crude protein (nitrogen × 6.25) content and extraction in acid
and alkali solutions (method 978.10) was used to assess the crude fiber.

2.4 Experimental Design

This study used a completely randomized design with 4 treatments and 5 replications.
Banana peels were fermented anaerobically for 21 days with different levels of PSL (0,
2,4, and 6% of fresh weight).

2.5 Statistical Analysis

The results were displayed as average± SD (standard deviation), and datawere analyzed
by one-way analysis of variance (ANOVA) programs using the SPSS statistic software
SPSS 24 then tested by Duncan multiple range test for mean comparison (p < 0.05).

3 Results and Discussion

The effect of using PSL on the nutrient composition of fermented banana peels is pre-
sented in Table 1. The results showed that the addition of PSL had no significant effect
(P > 0.05) on the dry matter of kepok banana peel silage. This was probably caused by
the metabolic activity of microorganisms in all the same treatments. In accordance with
the opinion of Superanto et al. [17] stated content of dry matter silage was determined
by the materials used and the activity of microorganisms during the ensilage process.
The results of this study were in line with the research of Koni et al. [18] also found that
banana peel fermentation using tape yeast had no effect (P > 0.05) on dry matter.

The addition of PSL had a very significant effect (P< 0.01) on the ash content of the
kepok banana peel silage. The ash content in the treatment without PLS was higher (P<

0.05) than in treatments using PSL. This was probably because the silage that uses PSL
has a higher growth of microorganisms than without PSL, and it requires a high mineral
content and eventually causes the minerals in the substrate was decreased. According
to Styawati et al. [19] the decrease in ash content occurred due to a decrease of organic
matter in the fermentation process because of thematerial (substrate) degradation process
bymicroorganisms. The increase in PSL, caused reducing in ash content. This is different
from the results of research by Koni et al. [8] on fermentation of kepok banana peels
with different levels of palmyra sap, increasing of addition of palm sap, could increase
ash content in the banana peel silage.

The addition of PSL had a very significant effect (p < 0.01) on the crude protein
content of kepok banana peel silage. The protein content of PLS 4%was significantly (p
< 0,05) lower than the other treatments. This is because PSL as a soluble carbohydrate
is a source of food for microorganisms so that microorganisms grow well, and the body
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Table 1. Average dry matter, ash, crude protein, crude fat and crude fiber of fermented kepok
banana peel with the addition of different levels of PSL

Parameters Treatments p value

P0 P2 P4 P6

Dry matter (%) 14.28 ± 1.02 14.34 ± 0.61 17.04 ± 5.36 15.47 ± 0.27 0,375

Ash (%) 15.07 ± 1.27a 12.84 ± 1.09b 12.13 ± 0.61b 11.39 ± 0.70b 0,001

Crude protein (%) 6.89 ± 0.22a 6.84 ± 0.21a 5.76 ± 0.19b 6.44 ± 0.83a 0,004

Crude fat (%) 12.41 ± 1.00 12.05 ± 0.63 12.31 ± 0.32 12.09 ± 0.87 0,857

Crude fiber (%) 15.14 ± 0.90ab 16.06 ± 1.57a 13.84 ± 0.91bc 12.70 ± 0.67c 0,001

Note: P0: kepok banana peel without PSL, P2: Kepok banana peel with 2% PSL, P4: fermented
kepok banana peel with 4% PSL, and P6: kepok banana peel fermented with 6% PSL. a–c Average
± Standard deviation followed by different letter superscript showed a significant difference (P<

0.05).

of microorganisms consists of protein, with the higher the microorganism, the higher
the protein content in the substrate.The results of the present study were in line with
the study of Sumarsih et al. [20] who reported that using higher levels of molasses can
increase the crude protein content of the kepok banana peel. The results of this study
found that fermentation without or with PSL can increase the crude protein of banana
peels. Al-Sahlany and Al-musafer [21] stated that banana peel protein was 3.70%. The
results of this study are in line with the research results of Sumarsih et al. [20] stated that
the addition of molasses up to 6% to kepok banana peel silage resulted in crude protein
from 5.86% to 6.77%.

The addition of PSL had no significant effect (P > 0.05) on the crude fat content
of the kepok banana peel silage. This is probably because microorganisms do not use
fat as the main energy source so that the fat content in the substrate does not change
significantly. This fermentation process can increase the crude fat content of banana
peels, according to Duwa et al. [22] that banana peels contain 1.70% crude fat, and Koni
[23] kepok banana peels contain 2.52% crude fat. Utomo et al. [14] stated that the crude
fat content of silage additives can affect the fat content produced.

The addition of PSL had a very significant effect (P < 0.01) on the crude fiber
content of the kepok banana peel silage. Using 4% and 6% PLS has lower crode fiber
content than 2% PLS and without PLS. The decrease in crude fiber was caused by the
activity of microorganisms that produce cellulase enzymes in the fermentation process,
with the presence of cellulase enzymes causing a decrease in the crude fiber of kepok
banana peel silage. Despal et al. [11] stated that silage is a spontaneous fermentation
involving lactic acid bacteria. Lactic acid bacteria according to Yanuarianto et al. [24] is
a cellulolytic bacteria that can produce cellulase enzymes that can digest cellulose into
glucose. The results of research by Bira et al. [25] found the addition of different types
of carbohydrates was able to reduce crude fiber content from 13.07% to 7.82%.
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4 Conclusions

References It can be concluded that the addition of palmyra sugar liquid (PSL) has an
effect on the ash content, crude protein, and crude fiber, but has no effect on crude fat
and dry matter content of kepok banana peel silage. Based on the results addition of 6%
PSL can increase protein, and reduce crude fiber in kepok banana peel silage.
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