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é Abstract )

Propionibacterium acnes is a bacteria which causes acne. This bacteria is hypothesized to
be inhibited by Staphylococcus epidermidis (S. epidermidis). Prebiotics have been shown to
enhance the number of S. epidermidis and decrease the growth of Propionibacterium acnes
(P. acnes). The prebiotic action of starch and pectin from diverse plant sources is known in
the skin microbiome. The prebiotic activity of Ambon banana peel starch and pectin on skin
microbiota has not been researched. This study aims to investigate the prebiotic activity of
starch and pectin from Ambon banana peels on skin microbiota, represented by S. epidermi-
dis and P. acnes. The results showed that starch, and pectin have a prebiotic activity because
they promoted the growth of S. epidermidis while suppressing the growth of P. acnes. P.
acnes inhibitor percentages were 1.62% for starch and 65.07% for pectin. Negative inhibi-
tion values were -184.95% for starch and -5.80% for pectin suggesting an increase in S.
epidermidis proliferation.
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Introduction
Acne is a common skin disorder that occurs
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during adolescence. Various factors can trigger
the development of acne, including genetics,
hormones, diet, and environmental factors
(Dipiro, 2020). Four stages characterize
the process of acne formation: increased
sebum production, colonization by P. acnes,
inflammation formation due to the release
of inflammatory mediators, and follicular
keratinization process.'

P acnes produces lipase that hydrolyzes
sebum triglycerides into fatty acids. These

to sebaceous glands and follicles). Closed
comedones are the first visible acne lesions.
P acnes triggers inflammation due to immune
response.! Recent studies have shown that S.
epidermidis play a role in the pathophysiology
of acne. Acne can be caused by an imbalance
of the skin microbiome between S. epidermidis
and P. acnes. Both S. epidermidis and P. acnes
produce short-chain fatty acids (SCFAs) that
act as antimicrobials against each other. These
two bacteria are found on acne-prone skin.
There is no evidence that S. epidermidis is the
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cause of acne formation.? Wang et al. (2016)
states that S. epidermidis can ferment glycerol
to produce SCFAs that suppress the growth of
P. Acnes.?

Current acne treatments often involve the use
of oral and topical antibiotics. However, recent
developments have shown increased resistance
to macrolide antibiotics such as clindamycin,
used for acne treatment. Approximately 50%
of P. acnes strains have developed resistance,
decreasing antibiotic effectiveness.* The use of
probiotics in acne treatment has shown positive
results by controlling the growth of them. The
oral use of probiotics as an adjuvant therapy to
existing treatments can improve the healing of
mild to moderate acne. Probiotics can produce
bacteriocin substances, which are antibacterial
proteins that inhibit the growth of P acnes.
Probiotics also inhibit IL-8 and TNF-alpha
cytokines in epithelial cells and keratinocytes,
reducing inflammatory reactions.*

Prebiotics are substances that can enhance the
growth of probiotics. The use of prebiotics
in acne treatment shows promising potential
due to their ability to increase the growth of
probiotics. Banana peel is one prebiotic studied
for its role in acne therapy. Ethanol extract of
yellow banana peel (Musa balbisiana) has
been found to inhibit the growth of P. acnes
at a concentration of 10%.> Ethanol extract of
Ambon banana peel at concentrations starting
from 10% inhibits the growth of P acnes.®
Traditional use of banana peel by rubbing the
inner part of the peel on the acne-prone face
in 45 teenage girls can reduce the severity of
acne after seven days of application.’

Research on the benefits of banana peel
prebiotics against bacteria involved in
acne formation is still limited. This study
demonstrates the benefits of starch and pectin
in Ambon banana peel in restoring the balance
of P. acnes and S. epidermidis growth.

Methods

Banana peels were obtained from a banana
cake bakery in Bandung, West Java. The
banana species from these peels is Musa
acuminata (AAA group) ‘Ambon’ based on the
determination by the School of Life Sciences
and Technology (SITH), Bandung Institute of
Technology (ITB), certificate number: 5214/
IT1.C11.2/TA.00/2022.

Pectin Preparation

Pectin was extracted using a procedure
developed by Saches Lopes et al. (2016).8
The banana peels were ground after thorough
washing and then washed three times with
ethanol (Bratachem, technical grade). At
each washing step, the material was filtered
using cheesecloth. The washed residue was
subsequently dried at room temperature. After
drying, the pectin was extracted using a citric
acid solution (pH 2.7) (Bratachem, technical
grade) with a 1:20 w/v ratio for 190 minutes at
83°C with stirring.

The solution was then centrifuged (1147 g, 30
minutes, 10°C) to separate the supernatant.
The supernatant was vacuum-filtered, absolute
ethanol (Sigma Aldrich, pro analysis) was
added, and the pH was adjusted to 3.5 using
KOH (Merck, pro analysis). The mixture
was stirred for 30 minutes, allowed to settle
for 2 hours at 4°C, and then centrifuged for
15 minutes at 3500 rpm. The resulting pellet
was collected, washed with 70% ethanol
(Bratachem, technical grade), and centrifuged
again (20 minutes, 3500 rpm). The pellet was
dried at room temperature. Once dry, the pellet
was dispersed in pH 7 water (adjusted with
KOH) and dried again.

Starch Preparation

Starch was prepared following the procedure
conducted by Uraipan et al. (2014).° The
banana peels were sliced into small pieces and
then dried at 55°C for 7 hours. After drying,
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the starch was extracted using a 1:1 ratio of
NaOH (Bratchem, technical grade) and water.
The slurry was then filtered, and the starch
precipitate was rinsed several times with
distilled water. The starch was subsequently
dried in an oven at 65°C for 15 hours.

Bacterial Preparation

The bacteria used in this study were S.
epidermidis (ATCC12228) and P acnes
(ATCC11827) obtained from the Microbiology
Laboratory, Islamic University of Bandung.
Both bacteria were cultured in Tryptic Soy
Broth (TSB, Oxoid) and incubated overnight
at 37°C under aerobic conditions. After
incubation, the media from each culture were
collected and diluted with their respective
media at a dilution ratio 1:10. The diluted
samples were ready for antibacterial testing.
The pH of S. epidermidis cultures were
measured at 0, 3, and 24 hours.

Antibacterial Testing

The antibacterial testing method followed
the procedure reported by Di Lodovico et
al. (2020)." The absorbance of the diluted
cultures of S. epidermidis and P. acnes was
measured using a UV spectrophotometer
(Shimadzu UV-1800, Japan) at a wavelength
of 600 nm (optical density, OD600), adjusted
to OD600 = 0.12. Then, a solution of media
containing 2% w/v starch/pectin was added
to the bacterial suspension at a 1:1 ratio,
resulting in a final concentration of 1% w/v
starch/pectin in the culture solution.

Cultures without adding starch/pectin were
used as controls, and TSB media served as
blanks. The OD600 of the samples and controls
was measured at 0 hours, and then the cultures
were incubated at 37°C for 24 hours. OD600
measurements were also taken at 3 and 24
hours. Each treatment and measurement was
performed in duplicate.

The percentage of inhibition was calculated

using the following formula:

Percentage of inhibition (%) = [(ODcontrol -
ODsample) / ODcontrol] x 100. The OD600
value and the percentage of inhibition were
statistically analyzed using Kruskall-Walis
because the data were not normally distributed.

Results and Discussion

The Prebiotic Effect of Ambon Banana Starch
and Pectin

The ability of starch and pectin in Ambon
banana peel to selectively enhance the number
of beneficial bacteria is called prebiotic effect.
In this research, in vitro studies were performed
on P acnes, a skin microbiota that causes
acne'' and S. epidermidis, which represent
beneficial microflora bacteria.'” This is about
earlier study findings showing S. epidermidis
can prevent the skin against acne.!' This study
selected glucose as a standard carbon source
required for bacterial growth'® and inulin as an
established and frequently utilized prebiotic.'

The OD600 was used to monitor the
development of the test bacteria. The number
of bacteria is related to the OD600 value. The
OD600 value increases with the number of
bacteria. Figure 1 shows starch had an average
0OD600 value lower than control, glucose, and
inulin after 3 hours of incubation. However,
after 24 hours of incubation, the OD600 value
of starch was not significantly different from
inulin and control but remained lower than
glucose.

At the 3 and 24" hours of incubation, the
average OD600 value of the P. acnes culture
treated with Ambon banana peel pectin
was lower than the control group or inulin
as a standard prebiotic but not statistically
significant (p>0.05) compared to another
group. Based on the OD600 value, the least
number of Pacnes bacteria were observed in
the cultures treated with pectin for 24 hours of
incubation.
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At the same incubation hour, the number of P,
acnes exposed to starch was equivalent to that
of Pacnes exposed to inulin and the control
(without additional carbon sources), but fewer
than that of P. acnes exposed to glucose.

Figure 2 depicts the influence of Ambon banana
peel starch and pectin on the growth of S.
epidermidis bacteria. The graph demonstrates
that at 3rd hour of incubation, pectin had the
lowest OD600 value when compared to the
comparative compound, inulin, and control.
Pectin had an OD600 value equivalent to the
control and lower than starch and inulin after
24 hours of incubation. At the 3™ and 24%
hours of incubation, starch had the highest
OD600 value when compared to glucose
and inulin and controls. Overall, the number
of S. epidermidis treated with pectin was the
lowest when compared to starch, inulin, and
glucose after 3 or 24 hours of incubation.
S. epidermidis that was treated with starch
had the highest number than cultures that
were treated with pectin, inulin, and glucose
although not statistically significant (p>0,05).
The percentage of inhibition was calculated
using the OD600 values obtained from the

test and control substances. Table 1 shows
the percentage inhibition of P. acnes and S.
epidermidis. Starch inhibited P acnes the
most at 3 hours compared to pectin, inulin,
and glucose, but its inhibition was reduced at
24 hours. Conversely, glucose promotes the
development of P. acnes at 24 hours. This is
most likely due to the fact that P. acnes cannot
use starch as a carbon source to promote its
growth, but can use glucose as one.'>

Pectin inhibits P. acnes effectively at the 3™
and 24" hours of incubation. This is consistent
with prior research, which found that pectin
from tea leaves had antiadhesive effects against
P. acnes in vitro that lead to suppression of the
growth of these bacteria.'” Although based on
the Kruskall-walis test a significant value was
obtained > 0.05, so there was no difference in
the percentage of inhibition of S. epidermidis
and P. acnes at 24 hours for all groups.

The potential of starch, pectin, and inulin to
enhance the development of S.epidermidis
was demonstrated after 24 hours of incubation
with a negative inhibition percentage as a
sign. In comparison to glucose, inulin, and

Table 1. Percent Inhibition of the Test Compounds on the Growth of
P. acnes and S. epidermidis

Percentage of inhibition against

Percentage of inhibition against

Compound P. acnes at S. epidermidis at
3 hofincubation 24 h of incubation 3 h of incubation 24 h of incubation
Glucose 13.02+2.16 -24.03 +13.39 -5.63 + 0.88 -120.22 +37.09
Inulin 30.07 £1,90 2.13£19.67 18.04 £ 1.47 -54.05 £24.20
Ambon
banana 71.44+0.79 1.62 +3.88 61.43 +£0.81 -184.95 £20.76
starch
Ambon
banana 58.01£0.76 65.07 £ 0.72 71.53 £0.67 -5.80+15.63
pectin

The data are presented as mean + SD (n=2)
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Figure 1. The average OD600 values (n=2) of P. acnes Cultures Treated with Starch
and Ambon Banana Peel Pectin compared to Glucose, Inulin, and the Control.
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Figure 2. The average OD600 values (n=2) of S. epidermidis Cultures Treated with
Starch and Ambon Banana Peel Pectin compared to Glucose, Inulin, and the Control.
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pectin, starch gives the lowest percentage
of inhibition, implying that starch might
increase the number of S. epidermidis the
most. Glucose also demonstrated a negative
inhibitory percentage at 24 hours of the
incubation period, which was similar to P.
acnes, implying that glucose can promote the
development of both bacteria.

Starch and pectin exhibit a negative inhibition
percentage for S.epidermidis and a positive
inhibition percentage for Pacnes indicating
that these substances promote S. epidermidis
development but inhibit Pacnes growth. The
ability to selectively increase the growth of
beneficial bacteria is called prebiotics. The
prebiotic activities of Ambon banana peel
pectin is comparable to that of tea leaves
pectin, which has also been shown to have a
selective effect in enhancing S.epidermidis
and decreasing Pacnes.”” In terms of
percentage inhibition, starch, and pectin have
a greater potential to enhance the number of
S.epidermidis while decreasing the number of
P.acnes than inulin.

Prebiotics can be administered orally or
topically to balance the composition of
opportunistic ~microbiota and minimize
inflammatory reactions in treating acne
vulgaris (acne).* Antibiotics, stress, and diet
can all affect changes in microbiota makeup
in the skin.'”® Alteration in the microbiota
composition, such as an increase in the number
of P. acnes, might increase the likelihood of
getting acne."

In acne-prone skin, the increased number of S.
epidermidis caused by prebiotic treatment can
restrict the development of P. acnes through
various predicted mechanisms. S. epidermidis
can create succinic acid, which inhibits P
acnes bacterial growth.?® S. epidermidis is
also thought to create a polymorphic toxin
that inhibits P. acnes growth. Christensen

et al. (2016). S. epidermidis can also create
lipoteichoic acid, which can diminish P. acnes-
induced inflammation.?!-?

The anti-inflammatory action of kepok banana
peel extract in the treatment of acne has been
researched, and the substances considered to
be responsible for this effect are ascorbic acid,
carotene, cyanidin, trigonelline, isovanillic
acid, and ferulic acid.”® The prebiotic effect
of banana peel starch and pectin on skin
microbiota has not been extensively studied.
Still, starch has been studied as an additive in
cosmetic formulas used to treat acne caused
by P. acnes.**?*

Pectin has been researched as an anti-acne
excipient and has been shown to boost the
anti-acne impact of the active ingredients
used in pharmaceutical preparations.?’
The prebiotic impact may contribute to the
preparation’s anti-acne efficacy. Based on the
findings of this study’s prebiotic effects of
starch and pectin from Ambon banana peels,
these two compounds have the potential to be
developed as excipients that strengthen the
effects of active ingredients in acne treatment
formulations.

Conclusion

Ambon banana peel starch and pectin have
been shown to have prebiotic potential
because they inhibited P. acnes growth with a
percentage of inhibition of 1.62% and 65.07%,
respectively, and increased the growth of S.
epidermidis with a percentage of inhibition of
-184.95% and -5.80%, respectively.

Acknowledgement

We thank to Dieni Mardliyani for her
contribution in conducting experiments in
the laboratory. We also thank Hendra for his
assistance in analyzing the data statistically.

135



Pharmacology and Clinical Pharmacy Research

Volume 8 No. 2 August 2023

Funding

We gratefully thank to Lembaga Penelitian
dan Pengabdian Kepada Masyarakat (LPPM)
for providing fund in this project (Contract
Number: 009/B.04/LPPM/1/2023).

Conflict of Interest
None declared

References

1.

Dipiro  JT. = Pharmacotherapy: A
Pahophysiologic Approach, 11th Edition,
McGrawHill. 2020. 732-820.

Claudel JP, Auffret N, Leccia MT, Poli
F, Corvec S, Dréno B. Staphylococcus
epidermidis: A potential new player in the
physiopathology of acne? Dermatology.
2019;235(4):287-94.

. Wang Y, Kao MS, Yu J, Huang S,

Marito S, Gallo RL, et al. A precision
microbiome approach using sucrose for
selective augmentation of Staphylococcus
epidermidis fermentation against
Propionibacterium acnes. [International
Journal  of  Molecular  Sciences.
2016;17(11):1-12.

Goodarzi A, Mozafarpoor S, Bodaghabadi
M, Mohamadi M. The potential of
probiotics for treating acne vulgaris: A
review of literature on acne and microbiota.
Dermatologic Therapy. 2020;33(3).
Saraswati FN. Uji Aktivitas antibakteri
ekstrak etanol 96% limbah kulit pisang
kepok kuning (Musa Balbisiani) terhadap
Jjerawat penyebab jerawat (Stapylococcus
aureus,  Stapylococcus — aureus  dan
Proponibacterium acnes (skripsi). Jakarta:
UIN Syarif Hidayatullah; 2015.

Kusuma SAF, Hadisoebroto G, Rohmat
FN. In vitro antibacterial activity of
the ethanolic extract of Ambon banana

(Musa  paradisiaca) peel  powder
against Propionibacterium acnes and
Staphylococcus  epidermidis.  Drug

Invention Today. 2020;14(6):843—7.

10.

11

12.

13.

14.

15.

136

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

Amalia A, Sulistiyowati S. The effect
of banana skin on acne vulgaris. Jurnal
Keperawatan. 2019;10(1):1.

Sanches Lopes SM, Francisco MG,
Higashi B, de Almeida RTR, Krausova G,
Pilau EJ, et al. Chemical characterization
and prebiotic activity of fructo-
oligosaccharides from Stevia rebaudiana
(Bertoni) roots and in vitro adventitious
root cultures. Carbohydrate Polymers.
2016;152:718-25.

Uraipan S, Brigidi P, Hongpattarakere T.
Antagonistic mechanisms of synbiosis
between Lactobacillus plantarum
CIF17AN2 and green banana starch in
the proximal colon model challenged
with Salmonella typhimurium. Anaerobe.
2014;28:44-53.

Di Lodovico S, Gasparri F, Di Campli
E, Di Fermo P, D’Ercole S, Cellini L,
et al. Prebiotic combinations effects on
the colonization of Staphylococcal skin
strains. Microorganisms. 2020 Dec;9(1).

. Xu H, Li H. Acne, the skin microbiome,

and antibiotic treatment. American
Journal of Clinical Dermatology. 2019
Jun;20(3):335-44.

Kloos WE, Musselwhite MS. Distribution
and persistence of  Staphylococcus
and Micrococcus species and other
aerobic bacteria on human skin. Applied
Microbiology. 1975;30(3):381-5.

Jahreis K, Pimentel-Schmitt EF, Briickner
R, Titgemeyer F. Ins and outs of glucose
transport systems in eubacteria. FEMS
Microbiology Reviews. 2008;32(6):891—
907.

Carlson JL, Erickson JM, Lloyd BB, Slavin
JL. Health effects and sources of prebiotic
dietary fiber. Current Developments in
Nutrition. 2018;2(3):nzy005.

Dekio I, Culak R, Misra R, Gaulton T,
Fang M, Sakamoto M, et al. Dissecting
the taxonomic heterogeneity within
Propionibacterium acnes: proposal for



Pharmacology and Clinical Pharmacy Research

Volume 8 No. 2 August 2023

16.

17.

18.

19.

20.

21.

Propionibacterium acnes subsp. acnes
subsp. nov. and Propionibacterium acnes
subsp. elongatum subsp. nov. International
Journal of Systematic and Evolutionary
Microbiology. 2015;65(Pt_12):4776-87.
Shu M, Wang Y, Yu J, Kuo S, Coda
A, Jiang Y, et al. Fermentation of
Propionibacterium acnes, a commensal
bacterium in the human skin microbiome,
as skin probiotics against methicillin-
resistant Staphylococcus aureus. PLoS
One. 2013;8(2):e55380.

Lee J-H, Shim JS, Lee JS, Kim JK,
Yang IS, Chung M-S, et al. Inhibition of
pathogenic bacterial adhesion by acidic
polysaccharide from green tea (Camellia
sinensis). Journal of Agricultural and
Food Chemistry. 2006;54(23):8717-23.
Armata NN. Dysbiosis What is it, causes,
and more. Osmosis org., Elsevier. 2023
[cited 2023 Jul 16]. Available from:
https://www.osmosis.org/answers/
dysbiosis#:~:text=Skin dysbiosis can also
present,irritability%2C anxiety%2C and
depression.

Fitz-GibbonS, TomidaS,ChiuB-H,Nguyen
L, Du C, Liu M, et al. Propionibacterium
acnes strain populations in the human skin
microbiome associated with acne. The
Journal of Investigative Dermatology.
2013;133(9):2152-60.

Wang Y, Kuo S, Shu M, Yu J, Huang S,
Dai A, et al. Staphylococcus epidermidis
in the human skin microbiome mediates
fermentation to inhibit the growth of
Propionibacterium acnes: Implications
of probiotics in acne vulgaris. Applied
Microbiology and Biotechnology.
2014;98(1):411-24.

Xia X, Li Z, Liu K, Wu Y, Jiang D, Lai
Y. Staphylococcal LTA-Induced miR-
143 inhibits Propionibacterium acnes-
mediated inflammatory response in skin.
The Journal of Investigative Dermatology.
2016;136(3):621-30.

22.

23.

24.

25.

26.

27.

28.

137

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

Christensen GJM, Scholz CFP, Enghild
J, Rohde H, Kilian M, Thiirmer A, et al.
Antagonism between  Staphylococcus
epidermidis and Propionibacterium acnes
and its genomic basis. BMC Genomics.
2016;17:152.

Savitri D, Djawad K, Hatta M, Wahyuni
S, Bukhari A. Active compounds in kepok
banana peel as anti-inflammatory in
acne vulgaris: Review article. Annals of
Medicine and Surgery. 2022;84:104868.
Chubinidze N, Abuladze N, lavich P.
Development of the powder formulas
for acne treatment. Georgian Medical.
2019;140.

Danila E, Moldovan Z, Ghica MV,
Kaya MGA, Anuta V, Demeter M, et al.
Dermatocosmetics facial masks fortopical
treatment of acne. In: International
Conference on Advanced Materials and
Systems (ICAMS). Citeseer; 2016:239—
44.

Patimankul MP, Phonprapai C, Itharat
A. Herbal composites film production
for inflamed acne treatment. Thammasat
University, Thailand. 2015.

Chaiwarit T, Rachtanapun P, Kantrong N,
Jantrawut P. Preparation of clindamycin
hydrochloride loaded de-esterified low-
methoxyl mango peel pectin film used as
a topical drug delivery system. Polymers.
2020;12(5).

Jantrawut P, Boonsermsukcharoen K,
Thipnan K, Chaiwarit T, Hwang K-M,
Park E-S. Enhancement of antibacterial
activity of orange oil in pectin thin film
by  microemulsion.  Nanomaterials.
2018;8(7).



