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Abstract. Fajrih N, Wiryawan KG, Sumiati, Syahpura SK, Winarsih W. 2022. Identification of bioactive compounds of banana corm
(Musa paradisiaca) using GC-MS and its inhibitory effect against pathogenic bacteria. Biodiversitas 23: 195-204. The banana corm is
an agricultural waste that is abundant in nature but is rarely used even though it has many benefits including as an antibacterial agent.
Therefore, this study aims to identify and isolate antibacterial compounds in banana corm and evaluate their antibacterial activity against
pathogenic bacteria (E. coli, S. aureus, S. typhi, B. cereus) that generally infect livestock. The extraction procedure was carried out by
maceration using ethanol and fractionation through the liquid-liquid method using ethyl acetate. The ethyl acetate fraction was further
analyzed using column chromatography using silica gel as a stationary phase and eluted with 100% of CHCls, 20% of MeOH/CHCLs,
3% of MeOH/CHCls and 100% of MeOH, respectively. Identification of antibacterial compounds was carried out using GC-MS.
Growth inhibitory activity against pathogenic bacteria was conducted by the well agar diffusion method. Based on the GC-MS
chromatogram results, several compounds with antibacterial properties compounds were identified in the banana corm, namely
Octadeca-9,12-Dienoic and Hexadecanoic acids. The extract of banana corm has antibacterial activity against E. coli, Salmonella typhi,
S. aureus, and B. cereus at the concentration of 5% with inhibitory zones of 5.88 mm (moderate), 9.13 mm (moderate), 13.86 (strong),
and 14.66 (strong), respectively. It is concluded that banana corm extract contains antibacterial compounds and can inhibit the growth of
several pathogenic bacteria.
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INTRODUCTION

Bacterial infections cause health problems or diseases
in livestock, including in poultry. Several bacteria in the
digestive tract of poultry include Escherichia coli,
Salmonella sp., Clostridium sp, and Enterococcus sp. The
most common pathogenic bacteria in the digestive tract of
chickens and secondary agents that often follow other
diseases such as respiratory or digestive diseases is E. coli.
Salmonella sp. is a pathogen that generally infects the
gastrointestinal tract such as the stomach, small, and large
intestines of chickens.

Digestive tract health is one of the important factors
that play a major role in increasing poultry productivity. A
healthy digestive tract is required to achieve optimal
growth. It is closely related to the external environment
where pathogenic micro-organisms cause the gastrointestinal
tract to be easily infected by bacteria, either through feed or
the environment. It can interfere with nutrient absorption
and has implications in decreasing growth and productivity.
Therefore, the use of antibiotics is necessary to overcome
infectious diseases. However, the continuous use of
antibiotics causes bacterial resistance due to their evolution

(Savitri et al. 2019) and the presence of residues in the
product. Therefore, it is necessary to search for
antibacterial compounds that are safer to replace resistant
antibiotics to overcome infectious diseases, such as the
utilization of banana corm.

Previous studies on banana corms have been carried
out. A study by Wenas et al. (2020) showed that the
ethanol extract of muli banana corm has good antibacterial
activity against Staphylococcus aureus and Pseudomonas
aeruginosa with a minimum inhibitory concentration
(MIC) value of 5.25%. A study by Azizah and Antarti
(2019) also reported that kepok banana corm extract had
antibacterial activity against Pseudomonas aeruginosa and
Klebsiella pneumoniae with the widest diameter of
inhibition  (10.5740,35 mm) against Pseudomonas
aeruginosa. Furthermore, Kusuma et al. (2019) reported
that the ethanolic extract of the klutuk banana corm has
antibacterial activity against Staphylococcus epidermidis,
at concentrations of 100%, 50%, 25%, and 12.5% with the
diameter of inhibition of 17.05 mm (strong), 10.75 mm
(strong), 9.25 mm (medium) and 8.57 mm (medium).
respectively. Harlina et al. (2019) also reported that stems
and corms of banana plants extracted using methanol had
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antibacterial activity because they were proven to be able
to inhibit the growth of Staphylococcus aureus bacteria.
Although several similar studies have been carried out, the
components of the active compounds with antibacterial
properties in banana corm are still unknown. Therefore,
further study is needed to isolate and identify the active
compounds in banana corm.

MATERIALS AND METHODS

Sample preparation and extraction

Kepok banana corm (Musa paradisiaca) was obtained
from Tanggamus Regency, Lampung Province, Indonesia.
Wet banana corms were cleaned under running water to
remove any adhering dirt. The clean banana corms were
sliced with a thickness of approximately 0.5 cm and dried
under the sun for 3 days or in the oven at 60°C for 15
hours. The dried corms were ground using a grinder into
flour. Banana corm flour was extracted based on the
method modified by (Zhang et al. 2018) and (Subeki et al.
2005). Extraction was carried out by maceration with a
ratio of 1:10, namely 500 g of corm flour was macerated
with 5 liters of ethanol (EtOH) for 3 days and stirred daily
for 5 minutes. The sample was then filtered using a filter
cloth. The ethanol extract was evaporated using a rotary
vacuum evaporator to obtain a concentrated extract.

Fractionation

Fractionation was carried out by liquid-liquid method
using ethyl acetate (EtOAc) solvent based on a modified
method by Subeki et al. (2005). The purpose of
fractionation was to separate the components of the active
compounds of the extract. The concentrated extract was
dissolved in EtOAc and water (H20) in a ratio of 1:1 as
much as 1 L. Then, it was placed into a flask separating
funnel and it was shaken slowly, and allowed to settle until
there was a separation between the EtOAc and EtOH-H20

fractions. The EtOAc fraction was collected. This
procedure was repeated several times until the solution
became clear. The ethyl acetate fraction was evaporated
using a rotary vacuum evaporator to obtain a concentrated
ethyl acetate fraction. The viscous fraction was then re-
evaporated to dryness. Subsequently, the dry extract was
first dissolved with a small amount of ethyl acetate then put
into column chromatography using silica gel as stationary
phase and eluted with 100% chloroform (CHCls), 20% of
MeOH/CHCIs, 3% of MeOH/CHCIs and 100% of MeOH.
The sub-fractions from column chromatography were
analyzed using GC-MS (Gas Chromatography-Mass
Spectroscopy) to determine the chemical compounds in
each eluent/sub-fraction. The process of extraction and
fractionation are presented in the following flow chart.

Identification of chemical compounds

The fractionation results of the banana corm extract,
namely 100% of CHCI, 20% of MeOH/CHCls, 3% of
MeOH/CHCls, and 100% of MeOH were analyzed using
GC-MS (Gas Chromatography-Mass Spectroscopy). The
GC-MS analysis was carried out to identify chemical
compounds in banana corm that may contribute to
antibacterial activity. The GC-MS analysis was carried out
using Shimadzu QP 5000 type and using a method by
Velmurugan and Anand (2017). The GC was equipped
with a CP-Sil 5CB capillary column with a length of 25 m,
0.25 mm in diameter and 0.25 m in thickness Sample of 1
puL was injected into the GC. It was programmed as
follows: oven temperature from 70 to 270°C, a rising rate
of 10°C/min, with a flow rate of 1.0 mL/min while a total
rate of 30 mL/min and with 12 kPa helium carrier gas
pressure and a split ratio of 1:50 with a molecular weight
range of 50-500. The eluted component was detected on the
mass detector, and compounds identification was carried
out using the Wiley7/LIB Library software.

I Banana corm flour (500 g} I

Extraction : Maceration (EtOHS L for 3 days )

| Filtrate I

Composited Evaporation

Added EtOH
- : 1
I Residue I I Filtrate [
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I Thick Extract |

Evaporation

Fraction
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3% MeOHICHCI3 | | 100% meoH |

Figure 1. Flowchart of extraction and fractionation of banana corm
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Antibacterial inhibitory test

An inhibitory test was carried out using the agar well
diffusion method by Gonelimali et al. (2018). The bacterial
cultures of Escherichia coli, Salmonella typhi, Staphylococcus
aureus, and Bacillus cereus were suspended with NaCl and
then adjusted for 0.5 McFarland's turbidity. The positive
control solution was made from crushed tetracycline
tablets, with a concentration of 10%, that is 100 mg
dissolved in 1 mL of sterile distilled water while the
negative control was sterile distilled water. Growth
medium was the basic nutrient agar medium that was
poured into a 15 mL petri dish and allowed to semi-
solidify. The bacterial suspension was poured into the petri
dish until it solidified, then the agar wells were prepared
using a cork borer with a diameter of 6 mm for the test
solution. Subsequently, the wells were filled with a control
solution and a test solution for the banana corm extract
fraction (100% CHCIls) with 3 concentrations, i.e., 1%, 2%,
and 3%. The positive and negative controls were dispenced
as much as 50 uL in different wells. Petri dishes were
incubated in an incubator at 37°C for 24 hours. Each test
was repeated three times for each concentration. The
inhibitory activity of the banana corm extract against
Escherichia coli, Salmonella typhi, Staphylococcus aureus,
and Bacillus cereus was indicated by the formation of the
inhibitory zone. It was observed and measured using a
caliper.

RESULTS AND DISCUSSION

The GC-MS chromatograms of the banana corm extract
showed several identified compounds. Based on the results,
three fractions (fractions 1/100% CHCIs, fraction2 /20%
MeOH/CHCIs, and fraction 3/3% MeOH/CHCIs contained
the active compounds, which are Octadeca-9,12-Dienoic
acid methyl ester; Hexadecanoic acid / Palmitic acid;
Hexadecanoic acid, methyl ester / Methyl palmitate; 9-
Octadecenoic acid methyl ester; 1,4,8-Dodecatriene,
(E,E,E)-; Octadecanoic acid, methyl ester/Methyl stearate;
1,2-Benzenedicarboxylic acid, dioctyl ester phthalate;
Ergost-25-ene-3,5,6,12-tetrol; 4,8,13-Cyclotetradecatriene-

Table 1. Identified chemical compounds of fraction 1 (100% CHCls)

1,3-diol;  1,5,9-trimethyl-12-(1-methyl  ethyl,  9,19-
Cyclolanost-25-en-3-ol, 24-methyl-, (3.beta.,24S) and
Cycloeucalenol. The identified chemical compounds of
each fraction are shown in Tables 1, 2, and 3. Meanwhile,
the chemical compounds of fraction 4 (100% MeOH) were
not identified, but only the solvent was identified. The MS
spectrum of each peak of the fraction was compared to the
mass spectra in the Wiley database to characterize and
identify. GC-MS analysis is a method generally used to
determine the unknown chemical components of plants
(Revathi et al. 2014) and is widely used to identify various
components of plant bioactive compounds that not possibly
be carried out by ordinary phytochemical screening
(Elezabeth and Subramanian 2014).

The identified chemical compound in fraction 1 (100%
CHCL)

GC-MS chromatogram of fraction 1 using 100% CHCI,
showed 7 identified chemical compounds (Table 1).

Octadeca-9,12-Dienoic acid methyl ester

The most dominant identified compound (6.45%) in
fraction 1 was Octadeca-9,12-Dienoic acid methyl ester,
with a retention time of 21,253 minutes. It is identical to
Octadeca-9,12-Dienoic acid methyl ester in the Wiley7.LIB
database. The mass spectra are shown in Figure 2. This
compound is also known as sterculic acid, is vegetable oil
with the molecular formula C19H3402 that is used in
various industries such as cosmetics, soaps, shampoos,
fabric softeners, paints, and plastics (Astiti and Ramona
2021). This compound was also reported to be present in
4.16% VCO (Virgin Coconut Qil) and has antibacterial
activity against Gram-negative (E. coli) and Gram-positive
(S. aureus) bacteria (Mena et al. 2020). This compound
has been known to have antibacterial and antifungal
activity (Godwin et al. 2015), Satheesh Naik et al. (2018)
also stated that the methanol extract of Eclipta alba roots
contained Octadeca-9,12-Dienoic acid methyl ester, Starlin
et al. (2019) reported that ethanol extract of Tylophora
pauciflora contained and one of them was identified as
Octadeca-9,12-Dienoic acid methyl ester.

R. Time Compound Chemical Molecular Area
(minutes) formula weight (%)
21.253 Octadeca-9,12-Dienoic acid methyl ester C19H3402 294 6.45
18.844 Hexadecanoic acid (CAS) Palmitic acid C16H3202 256 4.27
18.070 Hexadecanoic acid, methyl ester (CAS) Methyl palmitate C17H3402 270 2.60
20.575 9-Octadecenoic acid, methyl ester C19H3402 294 2.23
20.605 1,4,8-Dodecatriene, (E,E,E)- (CAS) C19H3602 162 1.37
20.892 Octadecanoic acid, methyl ester (CAS) Methyl stearate C19H3802 298 1.93
25.768 1,2-Benzenedicarboxylic acid, dioctyl ester (CAS) phthalate C24H3804 390 0,18
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Hexadecanoic acid /Palmitic acid

The second highest identified compound was
Hexadecanoic acid or Palmitic acid (4.27%) (Figure 3)
based on the Mass Spectral in the Wiley7.LIB database.
This compound is a group of fatty acids with a retention
time of 18.844 minutes. Hexadecanoic acid / Palmitic acid
is also found in VCO oil (2.55%) (Mena et al. 2020).
Palmitic acid is reported to have antimicrobial activity and
is used as a flavoring, cosmetic ingredient, fragrances, or
perfumes (Gideon 2015). Tyagi and Agarwal (2017)
reported that Hexadecanoic acid has antitumor activity. The
roots of Bruguiera gymnorrhiza contain 18.52% of palmitic
acid and are reported to work synergistically with various
other active compounds, hence it can increase its
antibacterial activity (Dia et al. 2019).

Hexadecanoic acid, methyl ester / Methyl palmitate

Hexadecanoic acid, methyl ester / Methyl palmitate
(2.60%) was also identified based on the Mass Spectral in
Wiley7.LIB database (Figure 4), and has a retention time of
18.070 minutes. Its mass spectrum was identical to the
mass spectrum of Hexadecanoic acid, methyl ester. This
compound has a molecular weight of 270 with the chemical
formula of C17H3402 and is classified as a fatty acid
group. The mechanism of the antibacterial activity of
methyl palmitate was by damaging the walls and
membranes of bacterial cells (Astiti and Ramona 2021).
Methyl palmitate is present in Cirsium arvense plants
(15.572%) which were also reported to have potential as
antimicrobials, pesticides, and nematicides (Hema et al.
2015; Banaras et al. 2017). Mint (Mentha spicata)
contained methyl palmitate by 31.51% and was reported to
have potential as an antioxidant with an 1Cs, value of
65.13+1.29 g¢g/mL using the DPPH method &
52.31+0.81g/m by ABTS method (Abdel-Hady et al.
2018).

9-Octadecenoic acid, methyl ester

Banana corm fraction contained 9-Octadecenoic acid,
methyl ester (2.23%) that was detected at a retention time
of 20,575 minutes (Figure 5). This compound is classified
as unsaturated fatty acids that also commonly known as
oleic acid (Belakhdar et al. 2015). Oleic acid was very
abundant in lemuru fish oil (35.59%) which was detected at
a retention time of 20.00 minutes (Kosasih et al. 2021). The
difference in retention time may be due to the different
types of GC-MS equipment used. This compound is
potential as an anticancer and anti-inflammatory (Gideon
2015).
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1,4,8-Dodecatriene, (E,E,E)-

The peak at a retention time of 20,605 minutes was
detected to be identical to the mass spectrum of 1,4,8-
Dodecatriene (Figure 6), at the concentration of. 1.37% in
the banana corm extract fraction. It has a molecular weight
of 162 with the chemical formula C19H3602. It has been
reported to present in seaweed (Hormophysa cuneiformis)
extract in smaller amounts by 0.46% at a retention time of
11,681 minutes and is reported as an antifungal.
Furthermore, this compound can prevent the growth of
pathogenic fungi in humans and fungi that infect crops
(Samar et al. 2019). The compound 1,4,8-Dodecatriene,
(E,E,E)- is also found in lemuru fish oil by 3.52% (Kosasih
et al. 2021).

Octadecanoic acid, methyl ester / Methyl stearate

The next identified compound is octadecanoic acid,
methyl ester, or usually known as Methyl stearate (1.93%).
at a retention time of 20,892 minutes. It is identical to the
mass spectrum of GCMS in the Wiley7.LIB database
(Figure 7). This compound has the chemical formula
CigH3s0, similar to steroids used for lubricants and
plasticizers as well as has properties as fragrances (Asghar
et al. 2011). Octadecanoic acid, methyl ester (CAS), or
Methyl stearate was also reported to be present in
Pseudoglochidion anamalayanum (Gideon 2015) and
Albizia adianthifolia extracts at the concentration of 5.89%
(Abubakar and Majinda 2016). Perumalsamy et al. (2015)
reported that this compound functions as an insecticide and
is effective for controlling Aedes aegypti and Culex
pipiens. It is also effective for controlling the growth of
bacteria and fungi (Rangel-Sanchez et al. 2014).

1,2-Benzenedicarboxylic acid, dioctyl ester

1,2-Benzenedicarboxylic acid, a dioctyl ester (0.18%) is
a chemical with a molecular weight of 390 with the
chemical formula of CigH2,04 which is widely used in
industrial applications. The peak of this compound was
identified at a retention time of 25,768 minutes according
to the mass spectrum in the database (Figure 8). This
compound is used as a cosmetic ingredient, as a plasticizer
in products such as nail polish and hair spray, as well as a
solvent, perfume fixative, and many other products. This
compound was also identified in mint plants (0.46%)
(Abdel-Hady et al. 2018), and 4.10% in the extract of
Cenchrus setigerus herbal plant (Arora and Kumar 2017),
and large amounts (12.37%) is found in the leaf extract of
Andrographis  paniculatas  (Krishnamoorthy  and
Kalaiselvan 2016).
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Figure 2. The mass spectra of Octadeca-9,12-Dienoic acid methyl ester
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Figure 3. The mass spectra of Hexadecanoic acid / Palmitic acid
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Figure 4. The mass spectra of Hexadecanoic acid, methyl ester / Methyl palmitate
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Figure 5. The mass spectra of 9-Octadecenoic acid, methyl ester
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Figure 6. The mass spectra of 1,4,8-Dodecatriene, (E,E,E)-
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Figure 7. The mass spectra of octadecanoic acid, methyl ester / Methyl stearate
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Figure 8. The mass spectra of 1,2-Benzenedicarboxylic acid, dioctyl ester

The identified chemical compounds in fraction 2 (20%
MeOH/CHCls)

There were only 2 identified chemical compounds in
fraction 2 and very small amounts (Table 2).

Ergost-25-ene-3,5,6,12-tetrol

The first identified chemical compound in the fraction
was Ergost-25-ene-3,5,6,12-tetrol (1.96%) (Figure 9) at a
retention time of 28.125 minutes. It has a molecular weight
of 448 with the chemical formula of CzsHasO4. It was also
found in the brotowali plant extract at a higher amount
(10.46%). The compound was used as an antibacterial and
was reported to have inhibitory activity against P. syringae
bacteria of 36.3 mm (methanolic extract), 40 mm (n-hexane
extract), 30.2 (ethyl acetate extract), 29 mm (chloroform
extract) (Akbar et al. 2020).

4,8,13-Cyclotetradecatriene-1,3-diol, 1,5,9-trimethyl

The second identified compound was 4,8,13-
Cyclotetradecatriene-1,3-diol,  1,5,9-trimethyl (0.36%)
(Figure 10) at a retention time of 28.170 minutes. It was
also found in Curcuma raktakanda extract (1.67%). It was
reported to have anticarcinogenic activity against cancer
cells. (Mishra et al. 2019)

The identified chemical compounds in fraction 3 (3%
MeOH /CHCl)

Fraction 3 contained 2 identified chemical compounds
as presented in Table 3.

9,19-Cyclolanost-25-en-3-ol, 24-methyl-, (3.beta.,24S)

The peak of this compound was identical to 9,19-
Cyclolanost-25-en-3-ol, 24-methyl-, (3.beta.,24S) in the
mass spectrum of the Wiley7.LIB database (Figure 11).
This compound was identified at a retention time of 28,170
minutes at the amount of 2.38%. It has the chemical
formula of CzoHs0O which is widely applied in the health,
food, and chemical industries. It was found at a high
amount in the Trigona spp. propolis fraction (49.91%) at a
retention time of 40.25 minutes and was reported to have
the potent antibacterial activity against E. coli (Hasan et al.
2014).

Cycloeucalenol

Cycloeucalenol was identified in fraction 3 but it was
present in very small amounts (0.17%) (Figure 12). The
peak of this compound was identified at a retention time of
28,572 minutes. This is a pentacyclic triterpenoid with the
chemical formula of Cs1Hs20. It was previously isolated
from several plant species including Turraeanthus and
Tillandsia, however, this compound has not been
previously reported to be present in the banana corm.

Antibacterial activity of fraction 1

In this study, fraction 1 (100% CHCI3) of banana corm
extract was selected for antibacterial activity assay. As
previously explained, fraction 1 contained 7 chemical
compounds that have antibacterial activity. Therefore,
further analysis is necessary to determine its effect on the
tested bacteria. The well diffusion method is more effective
in inhibiting the growth of bacteria because the active
substance can diffuse directly without a paper disc barrier
as in the Kirby Bauer method (Kusuma et al. 2019). The
antibacterial activity of the banana corm fraction 1 is
presented in Table 4.

The results of the antibacterial test showed that the
banana corm (Musa paradisiaca) fraction had antibacterial
activity against E. coli, Salmonella typhi, S. aureus and B.
subtilis that is characterized by the formation of a clear or
inhibitory zone as shown in Figure 12. Table 4 showed
fraction concentration of 5% concentration had a wider
diameter of the inhibitory zone than the 1% and 3%
concentrations. The results showed that fraction 1 had
strong antibacterial activity against B. subtilis (14.66 mm),
S. aureus (13.86 mm), and moderate activity against S.
typhi. However, the widest inhibitory zone against E. coli
(7.73mm) was obtained at a concentration of 3% which
was classified as moderate. The criteria for antibacterial
activity refer to (Davis and Stout 1971), as follows: low
antibacterial activity (< 5 mm), medium (5-10 mm), strong
(10-19 mm), and very strong (>20 mm). The higher the
concentration of the corm fraction, the wider the diameter
of the inhibition. The diameter of the inhibitory zone is an
indication of the sensitivity of the test bacteria where the
wider the inhibitory zone, the better the antibacterial
activity (Bhargav et al. 2016).
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Table 2. Identified chemical compounds of fraction 2 (20% MeOH/CHCls)

R. Time Compounds Chemical Molecular Area
(minutes) formula weight (%)
28.152 Ergost-25-ene-3,5,6,12-tetrol C28H4804 448 1.96
28.577 4,8,13-Cyclotetradecatriene-1,3-diol,1,5,9-trimethyl-12-(1-methylethyl ~ C20H3402 306 0.36

SI:84 Fornmla:C28 H48 04 CAS:56052-97-2 MolWeight:448 Retlndex:0
CompName:Ergost-23-ene-3.5.6.12-tetrol, {3 beta. 3 alpha 6 beta 12 beta )- (CAS)
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Figure 9. The mass spectra of Ergost-25-ene-3,5,6,12-tetrol
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Figure 10. The mass spectra of 4,8,13-Cyclotetradecatriene-1,3-diol,1,5,9-trimethyl
Table 3. Identified chemical compounds of fraction 3 (3% MeOH/CHCls)
R. Time Compounds Chemical Molecular Area
(minutes) formula weight (%)
28.170 9,19-Cyclolanost-25-en-3-ol, 24-methyl-, (3.beta.,24S) C30H500 440 2.38
28.572 Cycloeucalenol C31H520 462 0.17

S84 Formwla:C31 H32 O CAS:511-61-5 MolWeight:440 Retlndex:0
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Figure 11. The mass spectra of 9,19-Cyclolanost-25-en-3-ol, 24-methyl-, (3.beta.,24S)

ST-80 Formula-C30 H30 O CAS:469-39-6 MolWeight: 426 Retlndex:0
CompName:Cvclosucalenol 5% 9,19-Cyeloergost-24{ 28 )-en-3-ol. 4.14-dimethvl-. (3.beta. 4.alpha..5.alpha.)- (CAS) 9.19-(
100 T

i w SR SHITH, 'I:ii.';-bf r
41 R
95 %
303 m(ﬁ: e

‘ ™ 105 119 133 147
n

161 175
18‘5 ~
|“| ||| ol

20 50 80 110 140 '1?0 200 230 260 290 320 350 380 410 440 470

Figure 12. The mass spectra of cycloeucalenol
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Table 4 showed that each concentration of banana corm
fraction had inhibitory activity against 4 bacterial isolates
except for the negative control treatment. Furthermore, it
can be seen that the higher the concentration of the banana
corm fraction, the wider the inhibitory zone. It might be
due to the presence of many compounds which have
antibacterial activity including Octadeca-9,12-Dienoic acid
methyl ester, Hexadecanoic acid (CAS) Palmitic acid,
Hexadecanoic acid, methyl ester (CAS) Methyl palmitate,
9-Octadecenoic acid, methyl ester, 1,4,8-Dodecatriene,
(E,E,E)- (CAS), Octadecanoic acid, methyl ester (CAS)
Methyl stearate, and 1,2-Benzenedicarboxylic acid, dioctyl
ester (CAS) phthala. The presence of these compounds
might work synergistically in inhibiting bacteria. The
results are supported by Azizah and Antarti (2019) who
reported that the kepok banana corm extract was able to
inhibit the growth of S. aureus and E. coli because it
contains saponins, flavonoids, and alkaloids with
antibacterial activity. Wenas et al. (2020) showed that the
ethanol extract of muli banana corm has good antibacterial
activity against Staphylococcus aureus and Pseudomonas
aeruginosa.

The widest zone of inhibition was obtained against S.
aureus and B. cereus and the smallest against E. coli and
Salmonella typhi (Figure 13). The difference in the
inhibitory properties of the test bacteria was caused by the
sensitivity of each bacterium. The sensitivity of bacteria to
antibacterial substances depends on the type of micro-
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organism (Balouiri et al. 2016). Escherichia coli is a Gram-
negative bacteria that have 3 layers of the cell wall, namely
lipoprotein, outer membrane, and lipopolysaccharide, with
very high fat or lipid content reaching 11-22%. Therefore,
it was difficult for antibacterial substances to penetrate.
The fat or lipid content in Gram-positive bacteria, i.e. S.
aureus and B. subtilis is 1- 4% so that it might easier for
antibacterial substances to penetrate the cell wall of Gram-
positive bacteria. Meanwhile, the diameter of the greatest
inhibition among all treatments occurred in the Positive
control treatment had the widest inhibitory zone (22.93 mm
-25.93 mm) that was classified as very strong antibacterial
activity. The magnitude of inhibitory activity in the
positive control is due to tetracycline antibiotics has a
broad-spectrum  antibacterial. The mechanism  of
antibacterial activity of tetracycline was by inhibiting
bacterial cell wall synthesis (Azizah and Antarti 2019) and
is very effective in inhibiting the growth of Gram-positive,
Gram-negative bacteria, and other microorganisms such as
mushroom or fungus (Kusuma et al. 2019). In general, the
findings of this study showed that banana corm contained
several antibacterial compounds. Furthermore, despite their
presence in small amounts, these compounds can inhibit
Escherichia coli, Salmonella typhi, Staphylococcus aureus,
and Bacillus cereus at the concentration of 5% with
inhibitory zones of 5.88 mm (moderate), 9.13 mm
(moderate), 13.86 strong) and 14.66 (strong), respectively.

Table 4. Average diameter of inhibition of banana corm fraction1 (100% CHCI3) against bacteria

Species of The diameter zone of inhibition (mm)
bacteria Control (-) Concentration 1% Concentration 3% Concentration 5% Control (+)
E. coli 0.00 5.18 7.73 5.88 22.93
S. typhi 0.00 6.06 8.20 9.13 24.47
S. aureus 0.00 6.26 10.79 13.86 25.27
B. subtilis 0.00 7.65 11.27 14.66 25.93

Figure 13. Inhibitory zone of banana corm fraction. A. control against E. coli. B. control against S. typhi. C. control against S. aureus.
D. control against B. subtilis. E. various concentrations against E. coli. F. various concentrations against S. typhi. G. various
concentrations against S. aureus. H. various concentrations against B. subtilis



FAJRIH et al. — Bioactive compounds and its inhibitory effect of banana corm

ACKNOWLEDGEMENTS

We would like to acknowledge the Deputy of
Strengthening Research and Development, Ministry of
Research and Technology/BRIN, Jakarta for their financial
support on this research activity through the Doctoral
Dissertation Research scheme fiscal year 2021 with SK
Number 1/E1/KP.PTNBH/2021. Our thanks should also go
to the Head of Agricultural Product Quality Test
Laboratory, Lampung University, Indonesia for providing
the laboratory facilities during this research.

REFERENCES

Abdel-Hady H, EI-Wakil EA, Abdel-Gawad M. 2018. GC-MS analysis,
antioxidant and cytotoxic activities of Mentha spicata. Eur J Med
Plants 26: 1-12. DOI: 10.9734/ejmp/2018/45751.

Abubakar M, Majinda R. 2016. GC-MS Analysis and preliminary
antimicrobial activity of Albizia adianthifolia (Schumach) and
Pterocarpus angolensis (DC). Medicines 3 (3): 5-13. DOI:
10.3390/medicines3010003.

Akbar M, Ali U, Khalil T, Igbal MS, Amin A, et al. 2020. Cornus
macrophylla, the antibacterial activity of organic leaf extracts and the
characterization of the more lipophilic components by GC/MS. J
Molecules 25 : 2395. DOI: 10.3390/molecules25102395.

Astiti NPA, Ramona Y. 2021. GC-MS analysis of active and applicable
compounds in methanol extract of sweet star fruit (Averrhoa
carambola L.) leaves. HAYATI J Biosci 28: 12-22. DOI:
10.4308/hjb.28.1.12.

Arora S, Kumar G. 2017. Gas chromatography-mass spectrometry (GC-
MS) determination of bioactive constituents from the methanolic and
ethyl acetate extract of Cenchrus setigerus Vahl (Poaceae). Pharma
Innov 6: 1-6.

Asghar SF, Habib-ur-Rehman Choudahry MI, Atta-ur-Rahman. 2011. Gas
chromatography-mass spectrometry (GC-MS) analysis of petroleum
ether extract (oil) and bio-assays of crude extract of Iris germanica.
Intl J Genet Mol Biol 3: 95-100.

Azizah R, Antarti AN. 2019. Uji aktivitas antibakteri ekstrak dan getah
pelepah serta bonggol pisang kepok kuning (Musa paradisiaca Linn.)
terhadap bakteri Pseudomonas aeruginosa dan Klebsiella pneumoniae
dengan metode difusi agar. J Pharm Sci Clin Res 4: 29. DOI:
10.20961/jpscr.v4il.26544. [Indonesian]

Banaras S, Javaid A, Shoaib A, et al. 2017. Antifungal activity of Cirsium
arvense extracts against a phytopathogenic fungus Macrophomina
phaseolina. Planta Daninha 35: €017162738. DOI: 10.1590/S0100-
83582017350100014.

Balouiri A, Sadiki M, Ibnsouda IK. 2015. Methods for in vitro evaluating
antimicrobial activity: A review. J Pharm Anal 6: 71-79. DOI:
10.1016/j.jpha.2015.11.005.

Belakhdar G, Benjouad A, Abdennebi EH. 2015. Determination of some
bioactive chemical constituents from Thesium humile Vahl. J Mater
Environ Sci 6: 2778-2783.

Bhargav HS, Shastri SD, Poornav SP, Darshan KM, Nayak MM. 2016.
Measurement of the zone of inhibition of an antibiotic. Intl Conf Adv
Comp (IACC). DOI: 10.1109/IACC.2016.82.

Davis WW, Stout TR. 1971. Disc plate method of microbiological
antibiotic assay. Il. Novel procedure offering improved accuracy.
Appl Microbiol 22: 666-670. DOI: 10.1128/aem.22.4.666-670.1971.

Dia SPS, Nurjanah, Jacoeb AM. 2019. Identification of active compounds
from lindur root plants (Bruguiera gymnorrhiza) as a-glucosidase
inhibitors. IOP Conf Ser Earth Environ Sci 404. DOI: 10.1088/1755-
1315/404/1/012062.

Elezabeth V, Arumugam S. 2014. GC-MS analysis of ethanol extract of
Cyperus rotundus leaves. Intl J Curr Biotechnol 2: 19-23.

Gideon VA. 2015. GC-MS analysis of phytochemical components of
Pseudoglochidion anamalayanum Gamble: An endangered medicinal
tree. Pelagia Res Libr Asian J Plant Sci Res 5: 36-41.

Godwin A, Akinpelu B, Makinde A, Aderogba MA, Oyedapo OO. 2015.
Identification of n-hexane fraction constituents of Archidium ohioense
(Schimp. ex Mull) extract using GC-MS technique. British J Pharm
Res 6: 366-375. DOI: 10.9734/bjpr/2015/13590.

203

Gonelimali FD, Lin J, Miao W, et al. 2018. Antimicrobial properties and
mechanism of action of some plant extracts against food pathogens
and spoilage microorganisms. J Front Microb 9: 1639. DOI:
10.3389/fmich.2018.01639.

Harlina, Octhavya PD, Pradana. 2019. Analysis of stem and root extract of
kepok banana (Musa paradisiaca Linn.) in inhibit Staphylococcus
aureus growth. J Dentomaxillofac Sci 4 45-48. DOI:
10.15562/jdmfs.v4i1.877.

Hasan AEZ, Artika IM, Kuswandi, Tukan GD. 2014. Analysis of active
components of Trigona spp. propolis from Pandeglang Indonesia.
Glob J Biol Agric Heal Sci 3: 215-219.

Hema R, Kumaravel S, AlagusundaramAgardh K. 2015. GC-MS
determination of bioactive components of Gracilaria dura. J Am Sci
5:100-105.

Krishnamoorthy P, Kalaiselvan D. 2016. Isolation of plasticizer
compound 1, 2- Benzenedicarboxlyic acid in leaf extract of
Andrographis paniculatas. Intl J Innov Sci Eng Technol. DOI:
10.15680/1JIRSET.2016.0504055.

Kosasih W, Saepudin E, Priatni S. 2021. Improvement of omega-3 in
lemuru (Sardinella sp.) fish oil by using enzymatic reaction. IOP
Conf Ser Earth Environ Sci 789. DOIl: 10.1088/1755-
1315/789/1/012019.

Kusuma IM, Ferliana A, Noor SM. 2019. Potensi antibakteri ekstrak
etanol bonggol pisang klutuk wulung (Musa balbisiana BB) terhadap
bakteri penyebab infeksi pada luka. Sainstech Farma 12: 48-53.
[Indonesian]

Mena TP, Sutrisno, Marfu’ah S. 2020. Antibacterial activity of free fatty
acids, potassium soap, and fatty acids methyl esters from VCO
(Virgin Coconut Qil). I0OP Conf Ser Mater Sci Eng 833. DOI:
10.1088/1757-899X/833/1/012023.

Mishra S, Verma SS, Rai V, Awasthee N, Arya JS, Maiti KK, Gupta SC.
2019. Curcuma raktakanda induces apoptosis and suppresses
migration in cancer cells: Role of reactive oxygen species.
Biomolecules 9 (4): 159. DOI: 10.3390/biom9040159.

Perumalsamy H, Jang MJ, Kim JR, Kadarkarai M, Ahn YJ. 2015.
Larvicidal activity and possible mode of action of four flavonoids and
two fatty acids identified in Millettia pinnata seed toward three
mosquito species. Parasites Vectors 8: 237. DOI: 10.1186/s13071-
015-0848-8.

Rangel-Sanchez G, Castro-Mercado E, Garcia-Pineda E. 2014. Avocado
roots treated with salicylic acid produce phenol-2,4-bis (1,1-
dimethylethyl), a compound with antifungal activity. J Plant Physiol
171: 189-198. DOI: 10.1016/j.jplph.2013.07.004.

Revathi P, Jeyaseelansenthinath T, Thirumalaikolundhusubramaian P.
2014. Preliminary phytochemical screening and GC-MS analysis of
ethanolic extract of mangrove plant-Bruguiera cylindrica (rhizho) L.
Intl J Pharmacogn Phytochem Res 6: 729-740.

Samar S, Mohamed, Abdullah AS. 2019. Antifungal potential of the
bioactive constituents in extracts of the mostly untapped brown
seaweed Hormophysa cuneiformis from the Egyptian Coastal Waters.
Egypt J Bot 59: 1-14. DOI: 10.21608/ejb0.2019.5990.1255.

Satheesh Naik K, Gurushanthaiah M, Nagesh RG, Johnson WMS, Mahesh
GM. 2018. Ekstraction of biactive compounds of Eclipta alba through
GC-MS analysis. Res J Pharm Biol Chem Sci 9: 297-302.

Savitri NH, Indiastuti DN, Wahyunitasari MR. 2019. Inhibitory activity of
Allium sativum L. extract against Streptococcus pyogenes and
Pseudomonas aeruginosa. J Vocat Heal Stud 3: 72. DOLl:
10.20473/jvhs.v3.i2.2019.72-77.

Starlin T, Saravana Prabha P, Thayakumar BKA. et al. 2019. Screening
and GC-MS profiling of ethanolic extract of Tylophora pauciflora.
Bioinformation 15: 425-429. DOI: 10.6026/97320630015425.

Subeki, Matsuura H, Takahashi K, Gopalakrishnan VK. 2005. Anti-
babesial and anti-plasmodial compounds from Phyllanthus niruri. J
Nat Prod 68: 537-539. DOI: 10.1021/np0497245.

Tyagi T, Agarwal M. 2017. Phytochemical screening and GC-MS analysis
of bioactive constituents in the ethanolic extract of Pistia stratiotes L.
and Eichhornia crassipes (Mart.) solms. J Pharmacogn Phytochem 6:
195-206. DOI: 10.22159/ijcpr.2017.v9i3.19970.

Velmurugan G, Anand SP. 2017. GC-MS Analysis of bioactive
compounds on ethanolic leaf extract of Phyllodium pulchellum L.
Desv. Intl J Pharmacogn Phytochem 9: 114-118. DOL:
10.25258/ijpapr.v9i1.8051.

Wenas DM, Herdini, Wahidin, lrawan RP, Kamaliah DN. 2020. Uji
antibakteri ekstrak bonggol dari beberapa varietas pisang terhadap
Staphylococcus aureus dan Pseudomonas aeruginosa. Sainstech
Farma Jurnal Ilmu Kefarmasian 13: 66-72. [Indonesian]



204 BIODIVERSITAS 23 (1): 195-204, January 2022

Zhang QW, Li-Gen, Wen-Cai. Techniques for extraction and isolation of DOI: 10.1186/s13020-018-0177-X.
natural products: A comprehensive review. J Chin Med 13: 20-32.



