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( Abstract )

Banana peel is an agricultural waste that contains pectin. Ambon lumut banana (Musa
acuminata AAA) is often consumed in Indonesia, but its peel is rarely utilised; thus, the
availability of Ambon lumut banana peel in Indonesia is high. Pectin selectively increases
beneficial gut bacteria, commonly known as a prebiotic. This study aims to evaluate the
prebiotic activity of Ambon lumut banana peel by observing the growth of a healthy gut
bacteria, Lactobacillus acidophilus, and enteric pathogen bacteria, Escherichia coli, in
media (MRSB) enriched with the pectin. The result showed that 1% of Ambon lumut banana
peel pectin significantly increased the number of L. acidophilus and decreased the number
of E. coli compared to bacteria culture without carbon source (glucose-free MRSB) and
bacteria culture with glucose as carbon source. The prebiotic index of Ambon lumut banana
peel pectin was 0.53. In addition, the short-chain fatty acid (SCFA), which is a metabolite
of L. acidophilus for human health, was also measured using HPLC. The HPLC analysis
showed that L. acidophilus culture enriched with pectin contains SCFA, acetic acid, butyric
acid, and propionic acid at 10.22 pg/mL, 5.38 pg/mL, and 0.55 pg/mL, respectively. This
study shows that pectin of Ambon lumut banana peel had prebiotic activity indicated by its
ability to increase the growth of beneficial bacteria significantly. Thus, this is a good chance
to develop new sources for prebiotic formulation.
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Introduction

Prebiotics are undigestible substances that
selectively increase the growth of beneficial
bacteria in the gut.! Carbohydrates are the
most common prebiotic substances. Pectin,

cellulose, inulin, fructo oligosaccharides
(FOS), pectic-oligosaccharides, and
xylooligosaccharides are well-known

prebiotic polysaccharides.” These substances
are fermented into SCFA by beneficial gut
bacteria. SCFA is involved in the metabolism
of humans, resulting in a positive impact on
human health.? Thus, increased beneficial gut
bacteria can prevent diabetes, cancer, and
cardiovascular diseases. Due to the good
effect of prebiotics, the demand for a product
containing prebiotics is rising.’

Many researchers have discovered cheap
prebiotic sources. Agricultural waste like rice
straw, fruit peel, and corn cobs was found to
have high prebiotic carbohydrates. Pectin is a
high-molecular-weight carbohydrate polymer
in virtually all plants where it contributes to the
cell structure. Pectin is mainly found in fruits
and is particularly rich in its peel. Banana peel
yielded pectin up to 24% of its dried powder.°
Hence this agricultural waste is a promising
alternative pectin source. Furthermore, the
prebiotic activity of banana peel pectin in
vitro has been reported by a former study.’
However, the variant of banana used in that
study was not mentioned.

Pisang Ambon lumut (Ambon lumut banana/
Musa acuminata AAA) is often consumed in
Indonesia. However, utilisation of its peel is
still limited and mostly wasted. A previous
study revealed that Ambon lumut banana
peel contains 14.9% of pectin (8), but the
prebiotic activity of Ambon lumut banana
peel pectin has not been studied. Thus, this
study aims to investigate the prebiotic activity
of pectin Ambon lumut banana peel against
Lactobacillus acidophilus (L. acidophilus)

and Escherichia coli (E. coli) and measure the
level of Short Chain Fatty Acid (SCFA) in the
L. acidophilus culture media.

Methods

Pectin Extraction

Ambon lumut banana peels were collected
from a banana cake factory in Bandung,
West Java. The variety of the banana was
confirmed by the School of Life Sciences
and Technology of Bandung Institute of
Technology (SITH-ITB), as Musa acuminata
(AAA Group) ‘Ambon’. Pectin was extracted
from Ambon lumut banana peel using the
method developed by Oliviera et al.’ A total of
1500 g of ground banana peel were washed
three times with ethanol (Bratachem, technical
grade) to remove alcohol-soluble phenolic
compounds. Then they were washed with
acetone (Bratachem, technical grade).

Furthermore, the residue (dregs) that had been
washed was dried at room temperature. Pectin
was extracted from the dry residue using a
solution of citric acid (Bratachem, technical
grade) to the ratio of 1:20 in a water bath
at 83°C with stirring for 190 minutes. The
supernatant was separated by centrifugation,
and absolute ethanol (Sigma Aldrich, pro-
Analisa) was added to the supernatant and
stirred until the pectin dissolved. The pellets
were collected and washed with 70% (v/v)
ethanol (Bratachem, technical grade) and
dried at room temperature. After drying, they
were dispersed in water, and the pH of the
mixture was adjusted to 7 (with KOH), then
dried again and ground to a powder form.

Prebiotic Activity Assay

L. acidophilus (ATCC 4356) represents
beneficial bacteria (probiotics). E. coli (ATCC
25922) was used to represent the unfavorable
microflora. De Mann Rogosa and Sharpe
Broth (MRSB, Oxoid) without glucose
were used as a medium for the growth of L.

143



Pharmacology and Clinical Pharmacy Research

Volume 7 No. 3 December 2022

ISSN:2527-7322 | e-ISSN: 2614-0020

acidophilus and Nutrient Broth (NB, Merck)
for the growth of E. coli. Media with glucose
was used as a control. About 9 mL of MRSB
was added with 1 mL culture of L. acidophilus.
The final number of L. acidophilus was 108
CFU/mL. Pectin was added to the culture at
a concentration of 1% W/V. A similar number
of bacteria and concentration of pectin was
used for the E. coli culture. Both cultures
were incubated at 37°C for 24 hours. Samples
were taken at the end of the incubation period
to calculate the pH, SCFA content analysis,
and bacterial number. The bacterial number
was counted using the drop plate method.
De Mann Rogosa and shape Agar (MRSA,
Oxoid) was used for L. acidophilus counting,
and Nutrient Agar (NA, Merck) was used for
E. coli counts. Plates were incubated at 37°C
for 24 hours. The number of bacterial colonies
was calculated as the CFU/mL value. The
pH was measured using pH indicator paper.
The prebiotic activity score (PI) of prebiotics
(pectin and inulin) was calculated using the
following equation'*!

Short Chain Fatty Acid (SCFA) Analysis

PI= [3*-P))-(PEE-PER)] [(554-5g>-(sgz-sgp>]

(AR R) W (AR G )

Where:

Ppo, Pp“ = CFU for probiotic (L. acidophilus) at 0 and 24 h in prebiotic containing media
P2, P2# = CFU for probiotic (L. acidophilus) at 0 and 24 h in glucose-free containing
media

Pg, PZ* = CFU for probiotic (L. acidophilus) at 0 and 24 h in glucose containing media
Eg s Eﬁ“ = CFU for pathogen (E. coli) at 0 and 24 h in prebiotic containing media

EQr, E3 = CFU for pathogen (E. coli) at 0 and 24 h in glucose-free containing media

E, E3* = CFU for pathogen (E. coli) at 0 and 24 h in glucose containing media

The SCFAs were analysed according to a
procedure previously described by Guerrant
et al.'”? with modification. The SCFAs were
extracted from L. acidophilus culture as
follows: 2 mL of broth culture was added
with 0.2 mL of 18 N H2SO4 (Merck, pro
Analisa), 0.6 g of NaCl (Merck, pro Analisa),
5 mL of diethyl ether (Merck, pro Analisa),
and 25 pL of acetonitrile (Merck, pro HPLC);

the mixture was homogenised with a Vortex
mixer for 1 minute. The ether phase was
collected and added with 0.2 mL of 0.1 N
NaOH (Merck, pro Analisa). The mixture was
blended and centrifuged, the pH was checked,
and if necessary 1 N NaOH was added until
the pH was 9 or greater. The ether phase was
removed and added with 25 uL of acetonitrile.
The tube was left uncapped to allow the
residual ether to evaporate. The mixture was
then blended with a vortex mixer, and 20
pL of the mixture was introduced to high-
performance liquid chromatography (HPLC,
dionex ultimate 3000 Thermo Scientific) using
a C18 column (Universal Fortis). The mobile
phase was acetonitrile 5% in 0.012 N H2SO4,
with a flow rate of 0.5 mL/minute. Acetic acid,
butyric acid, and propionic acid were detected
using a UV-Vis detector at a wavelength of
210 nm. The concentration of the SCFAs was
determined by inserting the Area Under Curve
(AUC) obtained from samples using the linear
equation of related SCFA standards.

Statistical Analysis

All measurements of each parameter were
performed in triplicate. Data were presented
in the form of mean with deviation (SD). Data
were analysed statistically using analysis of
variance (ANOVA) and Tukey’s test to analyse
significant differences in prebiotic activity
(growth of L. acidophilus and E. coli after
treatment). Differences between the growth of
L. acidophilus and E. coli in each treatment
were analysed with a t-test.

Results and Discussion

Prebiotics are a group of nutrients that are
degraded by gut microbiota. Their relationship
with overall human health has been an
area of increasing interest in recent years.
They can feed the intestinal microbiota, and
their degradation products are short-chain
fatty acids released into blood circulation,
consequently affecting the gastrointestinal
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tracts and other distant organs. Fructo-
oligosaccharides,  galactooligosaccharides,
and pectin are the two important prebiotics
with beneficial effects on human health." In
this study, we extracted Ambon lumut banana
peel to investigate its prebiotic activity.

Ambon lumut banana yielded 0.2% of pectin
from the fresh peel (mass of pectin/mass
of fresh peel). The yield was lower than
previously reported by Tuhuloula er al'4,
probably due to different extraction methods
and sources of bananas. The present study
used citric acid as a solvent, while Tuhuloula
et al.'"* used chloric acid. The heating time was
also different, Tuhuloula et al.'* heated the
extract for 2 hours, while the extraction time
in the current study was 1.5 hours. Extraction
yield might vary depending on parameters
such as pH, temperature, heating time, sample
provenance, and liquid/solid ratio.'"* There
are wide varicties of Ambon banana; the
present study used Ambon lumut banana,
while the previous study did not mention
the wvariety. Different origins, variety, and
environmental growth conditions of bananas
might cause another pectin yield.'> A survey
of optimisation of the parameter of pectin
extraction from Banana Ambon lumut peel is
needed to increase the pectin yield.

The results of the prebiotic activity assay are
shown in Table 1. Pectin of Ambon lumut
banana had a similar number of L. acidophilus
to glucose, but significantly higher than inulin
and glucose free. The highest L. acidophilus

growth was observed in 1% pectin. This finding
aligns with a previous study, which reported
that the 0.1% w/v hydrolysed pectinase of
banana peel showed a growth-enhancing
effect on lactic acid bacteria (L. paracasei, L.
rhamnosus, and L. lactis).’

The growth of E. coli in media containing
pectin was significantly lower than in glucose-
free media and inulin. Pectin of Ambon lumut
banana peel significantly had a higher number
of L. acidophilus than E. coli. Media MRS
without a carbon source (glucose-free) had
the lowest number of L. acidophilus and the
highest number of E. coli compared to media
with a carbon source (glucose, inulin, or
pectin). These results confirmed that Pectin
from Ambon lumut banana peel has prebiotic
activity in-vitro because it can selectively
increase the number of L. acidophilus and
lower the number of E. coli with a prebiotic
index of 0.53.

Inulin is a well-known known prebiotic.'
Previously, this substance increased the
number of L. acidophilus'” and decreased the
number of E. coli'®, however, in the present
study, the results were contrary. No significant
effect of inulin on the growth of L. acidophilus.
It might be because the pectin used was taken
from supplements, thus, the puroty can not be
guaranteed. Further studies are necessary to
clarify these results because there were similar
results reported priorly. '

Table 1. Prebiotic Assay Result of Ambon Lumut Banana Pectin

Bacteria Number of Bacteria (log CFU/mL) after Incubated with
No Glucose 1% Glucose 1% Inulin 1% Pectin of Ambon
Lumut Banana Peel
L. acidophilus 6.62 £0.24 8.13+£0.27" 7+0.52 9.44 +0.67"
E. coli 12.26 £0.78" 7.3+0.48 10.57 £0.1" 7.15+£0.05

Data presented in a mean of triplicate measurements + SD; *) significantly different (p<0.05)
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The pH of the pectin-containing culture
trended to slightly decline during 72 hours
of incubation (Figure 1). The decline might
be related to the production of SCFAs by L.
acidophilus. The HPLC analysis revealed
that 24 H old L. acidophilus culture in pectin-
enriched media contained SCFAs, the acetic
acid, butyric acid, and propionic acid. The
concentration of acetic acid, butyric acid,
and propionic acid were 10.22 pg/mL, 5.38
pg/mL, and 0.55 pg/mL, respectively. The
genera Lactobacillus produces these SCFAs

via glycolysis of the prebiotic carbohydrates.*
Acetic, butyric, and propionic acid play
important roles in human health.” Acetic
acid is controlling body weight and insulin
sensitivity.”* Butyric acid is a primary energy
source for colonocytes.”> This substance
improves bowel movement and has a potent
antiinflammation effect. Thus, butyrate
supplements might help with digestive disorder
therapy.?>?*” Propionic acid is suggested to
decrease lipogenesis, serum cholesterol level,
and carcinogenesis beyond the gut tissues.?®

5.8
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.43
5.2

pH

5
48
46

0 24 48 r2

Time of incubation [hours)

Figure 1. pH of L. acidophilus culture in the Ambon lumut banana peel pectin-containing media

Conclusion

Pectin of Ambon Iumut banana peel had
prebiotic activity indicated by its ability to
significantly increases the growth of beneficial
bacteria, L. acidophilus, and suppress the
growth of E. coli with the prebiotic index
of 0.53 of the SCFAs, including acetic
acid, butyric acid, and propionic acid, was
detected in the media of L. acidophilus culture
containing pectin from Ambon lumut banana
peel. The concentration of acetic acid was
10.22 pg/mL, butyric acid was 5.38 pg/mL,
and propionic acid was 0.55 pg/mL.
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