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Antibacterial composition of bioautographic fractions, characteristics,
and stability of Carica papaya seed extract
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The present work aimed to evaluate the potential of Carica papaya seed extract (CPSE) as an
antibacterial agent against Salmonella Enteritidis, Bacillus cereus, Vibrio vulnificus, and
Proteus mirabilis. The bioautography of the CPSE on thin-layer chromatography (TLC) plates
was performed, followed by fractionation of the CPSE by column chromatography using

hexane:ethyl acetate (1:1) eluent. Minimum Inhibitory Concentration (MIC), toxicity,
composition, and stability of the crude, fractions, and sub-fractions of the CPSE were
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evaluated. The bioautographic fractions of the CPSE at MIC of 5.63 mg/mL had shown that
hexane:ethyl acetate (1:1) fraction and its sub-fraction 3C (Rf=0.94 + 0.03) demonstrated the
equivalent MIC value (5.63 mg/mL) with the crude CPSE. However, the hexane:ethyl acetate
(1:1) fraction and sub-fraction 3C had higher toxicity (LC_,=1.797 £ 0.305 and 0.332 + 0.059
mg/mL, respectively) than the crude CPSE (LC, = 5.505 + 0.718 mg/mL). Thus, only the
crude CPSE was subjected to stability study. The dominant cis-vaccenic acid in sub-fraction

3C demonstrated the lowest MIC against B. cereus (1.41 mg/mL), P. mirabilis (1.41 mg/mL),
and S. Enteritidis (0.70 mg/mL) in its pure form. Hence, these results signified the potency of
the cis-vaccenic acid as an antibacterial compound from the CPSE. The stability study of the
crude CPSE solution showed that at MIC of 5.63 mg/mL, the crude CPSE solution acted as a
potent antibacterial agent in acidic condition (pH 4), water activity (A ) < 0.950, and

temperature < 40°C.

© All Rights Reserved

Introduction

Papaya (Carica papaya) is a highly
commercialised tropical fruit. Ripe C. papaya is mainly
consumed with dessert, while papain from the plant’s
latex is commercialised as meat tenderiser, and is also
being used as an enzyme in several enzymatic
extraction studies (Song et al., 2020). In 2017, of the
28 million metric tonnes of papaya production
worldwide, 5 million metric tonnes of the seeds were
discarded (FAOSTAT, 2019). In Central Asia and
Middle East countries, the seeds are popularly used to
marinate meat, as substitute for black pepper, and added
in salad dressings due to its spicy taste (Sani et al.,
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2020). Apart from its use in the culinary field,
antibacterial properties of the C. papaya seed extract
(CPSE) against S. Enteritidis, V. vulnificus, P.
mirabilis, and B. cereus has also been demonstrated
(Sani, 2018). Nevertheless, it is unlikely to determine
which compounds in the CPSE are responsible for
inhibiting the growth of pathogenic bacteria (Sani et
al., 2017b). Since the yield and consumption of C.
papaya seeds are high, it is worth investigating its
compositions and potent antibacterial components that
potentially inhibit the growth of pathogenic bacteria.

The identification of chemical component in
the CPSE is often performed using high-performance
liquid chromatography with diode array detector
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(HPLC-DAD). This technique has identified phenolic
compounds such as campesterol, stigmasterol, and
B-sitosterol in CPSE oil (Sani et al., 2020). This
analytical technique requires pure standards for
retention-time confirmation, which are very costly
(Kupska et al., 2016). Due to the sensitivity towards
volatile  detection, gas chromatography-mass
spectrometry (GC/MS) analysis of CPSE only
detected 25 compounds (Sani ef al., 2017b), mostly
representing the non-polar compounds. Furthermore,
the compounds that were detected only indicated the
overall composition of the CPSE and not the actual
antibacterial compounds in the extract. Bioautography
of thin-layer chromatography (TLC) (Moricz et al.,
2017) and the subsequent column-chromatographic
fractionation (Perez et al., 2020) of the plant extract
will purify the extract and facilitate the identification
of potent antibacterial compounds  using
temperature-programmed GC/MS. Trimethylsilyl
(TMS) derivatising agent was used in confirming the
plant metabolites in order to enhance the detection of
polar and non-polar compounds that render the
inhibitory effects (Sani et al., 2020).

An active antibacterial agent should have low
toxicity that imposes potent concentration against
pathogens but minimally affects the host while
possesses stable chemical and physical properties
(Rodriguez-Moya and Gonzalez, 2015). Thus, crude,
partially purified, and purified extracts should be
subjected to toxicity test in order to meet this
requirement prior to the application, since
fractionation and purification may affect the
production cost (Pinazo et al, 2016) besides the
toxicity towards consumers. However, due to animal
rights issue, there are efforts to substitute rats, mice,
or rabbits with wax moth larva (Martins et al., 2019)
and Artemia salina for toxicity tests (Swarnkumar and
Osborne, 2020). The present work used A. salina for
toxicity test because it has a strong correlation
coefficient of in vitro toxicity against mice. The
extracted CPSE may contain residual methanol,
although it had been removed before further analysis.
Since the presence of methanol may cause toxicity, its
residual content should be determined. In the present
work, we proposed the utilisation of GC/MS equipped
with a headspace unit to measure the residual methanol
content.

To date, several studies reported the
antibacterial activities of the CPSE. The antibacterial
potency of the ethanolic extract of the seeds has been
reported against S. Enteritidis, B. subtilis, E. coli, and
P. aeruginosa (Sowhini et al., 2020). Another study
demonstrated a strong antibacterial capacity of CPSE
against S. Enteritidis, V. vulnificus, P. mirabilis, and

B. cereus (Sani et al., 2017b), but did not investigate
the stability of the antibacterial compounds. The
stability of the compounds is a very crucial aspect for
any investigation prior to the application of the CPSE
in foods, cosmetics, and pharmaceuticals. Therefore,
the present work investigated the stability of CPSE as
anantibacterial agentagainstpH, A, and temperature.
To the best of our knowledge, this is the first study
that investigated the antibacterial activity, toxicity,
residual methanol content, and stability of the CPSE
via bioautographic assay method. Hence, the findings
from the present work are expected to bring new
insight on CPSE, and propose suitable methods used
to study the antibacterial activity of other plant
extracts.

Materials and methods

Plant materials

Carica papaya cv. Sekaki fruits at sixth
maturity stage were purchased from the D’Lonek
Sdn. Bhd. Organic Farm, Rembau, Negeri Sembilan,
Malaysia. The C. papaya plant, flower, and fruit
obtained from this farm were deposited to the
Herbarium of Institute of Bioscience, Universiti
Putra Malaysia for the issuance of a plant voucher
(SK 2368/14). The seeds of C. papaya were removed
from the fruit, washed thoroughly with distilled
water, oven-dried at 40°C for 3 d, stored in airtight
amber bottles, and frozen at -20°C until further
analyses (Sani et al., 2017a).

Extraction of phytochemicals

The first step involved grinding the dried
seeds in 240 W electrical blender (Panasonic
MX-337, Malaysia), and sieving them to obtain 125
pum particle size prior to extraction. Then, 500 mL of
methanol was added to 50 g of dried ground seed, and
was weighed into a conical flask, which was
equivalent to 10:1 methanol-to-solid ratio. Upon
mixing, extraction was carried out at 30°C for 8 h in
a shaker at 100 rpm, followed by filtration through
Whatman No. 1 filter paper (GE Healthcare, UK).
Next, the filtrate was transferred into pre-weighed
flat bottom flasks, and was concentrated using a
rotary vacuum evaporator (Eyela N-1001, Japan) at
40°C. Finally, the concentrated CPSE was stored at
4°C until further use (Sani et al., 2017a).

Fractionation and bioautography on TLC plates
The CPSE was fractionated using TLC over
10 x 20 cm silica gel plates with pre-coated
fluorescent indicator UV, (Macherey-Nagel,
Germany). A list of solvents including 5% ethyl
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acetate in petroleum ether, hexane:ethyl acetate (1:3,
1:1, and 3:1), hexane:diethyl ether (1:1), diethyl
ether, diethyl ether:methanol (1:1), Milli-Q water,
and 0.1% formic acid in acetonitrile were selected as
the eluents based on the polarity increment (Abd,
2020). Upon the establishment of the fractionation,
the ultraviolet (UV)-active components on the
developed TLC plates were identified under UV
light, and the retention factor (R,) of each component
was calculated.

The plates were then dried at 30°C for 3 h
before being evaluated bioautographically against S.
Enteritidis (ATCC 13076), V. vulnificus (ATCC
27562), P. mirabilis (ATCC 12453), and B. cereus
(ATCC 10875). The suspension of the pathogen
containing 10° CFU/mL was sprayed onto the
developed TLC plates, and incubated at 37°C for 24
h. The plates were then sprayed with a 2 mg/mL
solution of iodonitrotetrazolium chloride (INT), and
incubated for another 6 h. Post-incubation, inhibition
of bacterial growth was indicated by the formation of
white spots against a pink background on the TLC
plates. The fractionation and bioautography on the
TLC plates were performed in triplicates.

Fractionation of Carica papaya seed extract by
column chromatography

Approximately, 1 g of crude CPSE was
fractionated using activated silica gel 60 (40 g, 0.040
- 0.063 mm; Merck) packed column. The first 30
fractions were collected using the 25 mL collector,
whereas the next 25 fractions were collected with the
40 mL collector. Each fraction was subjected to TLC
run, and UV-active fractions on the developed TLC
plates were identified under UV light, whereby
fractions with equal R, were pooled. Since the
hexane:ethyl acetate (1:1) eluent was chosen as the
best eluent, three sub-fractions were eluted using
hexane:ethyl acetate (1:1); 400 mL (sub-fraction 3A,
R, = 0.44), 1300 mL (sub-fraction 3B, R, = 0.74),
and 50 mL (sub-fraction 3C, R, = 0.94).
Sub-fractions 3A, 3B, and 3C represented the
detected component of 3A, 3B, and 3C on the
fractionation and bioautography on the TLC plates.
These sub-fractions were eluted at 1 mL/min,
evaporated at 40°C using a rotary evaporator,
weighed, and their compositions were identified
using GC/MS. The fractionation method was
repeated ten times to collect a sufficient amount of
hexane:ethyl acetate (1:1) fraction and sub-fraction
3C for MIC assay, toxicity assay, and GC/MS
analysis.

Minimum inhibitory concentration assay

A total of 10 g of crude CPSE was fractioned
using a packed column to obtain 0.510 g sub-fraction
3A, 6.023 g sub-fraction 3B, and 0.335 g sub-fraction
3C. However, only sub-fraction 3C along with the
crude CPSE and hexane:ethyl acetate (1:1) fraction
were subjected to MIC assay since the white spots
which indicated antibacterial activity were present in
these samples.

A two-fold serial microdilution method of 96
multi-well microtiter plate was used to determine
MIC (Sowhini et al, 2020). A 100 pL aliquot of
Tryptone Soy Broth (TSB), supplemented with
Tween 80 at a concentration of 1% (v/v) was pipetted
into each well. A volume of 100 uL of 0.5 x 10°
ug/mL crude extracts, hexane:ethyl acetate (1:1)
fraction, and sub-fraction 3C in dimethyl sulfoxide
(DMSO) was added into individual first well. A
serial dilution was performed, whereby a volume of
100 uL of the mixture from the first well was pipetted
into the next well of each microtiter row repetitively
until the eleventh well. A volume of 100 pL from the
eleventh well was discarded to ensure the total
volume of all wells was 100 uL.

An aliquot of 90 puL from each well was
mixed with 10 puL of 10° CFU/mL bacterial
suspensions to obtain the final extract concentration
range from 22.50 to 0.02 mg/mL. For a positive
control growth, 90 uL. of TSB was mixed with 10 pL
of 10° CFU/mL bacterial suspensions in the twelfth
well. The optical density was measured at 600 nm in
an Ultra Microplate Reader (Biotek Instruments,
Winooski, USA) at the pre-incubation period (T).
The 96 multi-well microtiter plate was incubated at
37°C for 24 h in an incubator (Heidolph, Germany),
and then, the optical density was measured at the
post-incubation period (T,,). The MIC is defined as
the lowest concentration of an antibacterial agent
demonstrating a complete growth inhibition of the
tested bacterial strains. The MIC value is estimated
based on the differences in absorbance of T,, and T,
ie, T, - T, which could be equal to zero or negative
values.

To compare the antibacterial activity of the
CPSE with pure compounds, the MIC assay was
executed for a standard solution of oleic acid,
linolenic acid, hexadecanoic acid, cis-vaccenic acid,
4-hydroxy-benzoic acid, o-tolunitrile, 2-phenylace-
tonitrile, benzyl isothiocyanate, stigmasterol,
B-sitosterol, and campesterol. The MIC assay was
also executed for tetracycline chloride as a positive
control.
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Toxicity assay

The crude, hexane:ethyl acetate (1:1)
fraction, and sub-fraction 3C of the CPSE were
mixed with 1% (v/v) Tween 80, and dissolved in
DMSO. The mixtures were then diluted with 0.021
g/mL artificial seawater (Sigma Chemicals Co., UK)
in vials to produce a series of concentrations ranging
between 0.001 to 10 mg/mL. As for the positive
control, vincristine sulphate solutions were prepared
with concentrations between 0.001 to 1 mg/mL,
while 0.021 g/mL of artificial seawater served as the
negative control. Total volume for the final mixture
was 5 mL. These mixtures were subjected to toxicity
study against 4. salina.

The A. salina eggs (Ocean Star Internation-
al, Inc., USA) were hatched in artificial seawater,
which was prepared by dissolving 25 g of artificial
sea salt into 1.2 L of distilled water in a 2 L beaker.
The A. salina larvae were obtained at 25 - 29°C after
24 h incubation. Approximately, 15 mL of 4.86%
yeast solution was added into the 2 L beaker in order
to feed the larvae. After 24 h, the larvae were
attracted to the surface of the artificial seawater
using a light source. A total of 10 larvae were
collected using a pipette, and added into each sample
and positive control vials. The vials were incubated
for another 24 h. Post-incubation, the vials were
examined, and the number of dead larvae was
counted. The mortality percentage at each sample
was determined using Eq. 1:

Mortality percentage (%) = [(sample death — control
death) / total A. salina in each vial] x 100

(Eq. )

The mean percentage of mortality was
plotted against the logarithm of concentrations.
Lethal concentration (LC,) was derived from the
best fit line obtained through linear regression
analysis (Sani, 2018).

Gas chromatography-mass spectrometry (GC/MS)
analysis of Carica papaya seed extract composition
and residual methanol content

Approximately, 0.01 g of dried CPSE was
derivatised with 0.5 mL of N, O-bis-trimethylsi-
lyl-trifluoroacetamide  (BSTFA):trimethylchlorosi-
lane (TMCS) (99:1) (Macherey-Nagel, Germany), to
which 0.5 mL anhydrous pyridine was added to
produce 0.01 g/mL CPSE concentration. The
mixture was then heated at 60°C for 30 min before
being injected into model 7890A gas chromatogra-
phy (GC) system equipped with a model 5975 of
mass detector (MS) (Agilent Technologies, USA).

The GC/MS analysis was performed using an
HP-5MS column (30 m X 0.25 pm, film thickness of
0.25 um) via linear temperature programming
(LTP). The oven temperature was programmed at
70°C/min, and was linearly raised to 300°C at
4°C/min. The carrier gas used was helium at a flow
rate of 1.2 mL/min (Sani et al., 2020).

To measure the content of residual
methanol, a range of working standards of methanol
from 500 - 50,000 ppm was prepared in headspace
bottles. The working standards were spiked with
10,000 ppm isopropanol as an internal standard, and
the headspace bottle was tightly capped with a
clamp. Approximately 0.1 g of CPSE was
re-dissolved with 1 mL methanol in a pre-weighed
bottle, and concentrated at 40°C under reduced
pressure until a constant weight was achieved. The
dried CPSE was also spiked with 10,000 ppm
isopropanol prior to GC/MS analysis. The dried
CPSE in the headspace bottle was heated at 70°C for
10 min and injected in split mode into a 90°C
injector with a 1 mL/min constant flow rate of
helium gas. The methanol in the CPSE was
separated by a DB-WAX polar fused silica capillary
column (30 m x 0.25 mm, 0.85 pum film thickness).
The temperature programming of the oven was
initiated at 35°C for 2 min, followed by heating to
90°C at 25°C/min, and were held for 5 min.

As for MS detection of the CPSE
composition and residual methanol, the electron
ionisation mode with ionisation energy of 70 eV was
used, with a mass range of m/z 20 - 700 units. The
MS transfer line and MS quadrupole temperature
were set at 230 and 150°C, respectively. The CPSE
compounds including their trimethylsilyl (TMS)
derivatives were identified by their retention times
and 90% similarity match against mass fragmenta-
tion patterns of standards according to the National
Institute of Standard Mass Spectral 11 library
(NIST11). For the content of residual methanol, it
was detected using selected ion monitoring (SIM)
mode and confirmed using NIST11.

Stability study of Carica papaya seed extract as
affected by pH, water activity, and temperature

To investigate the effect of pH towards the
crude CPSE, 29.6 mg of nitrogen-blow down extract
was mixed with sterilised TSB, 1% Tween 80, and
pre-determined volume of 1 M hydrochloric acid
(HCI) solution to produce CPSE solutions at pH 4, 5,
6, and 7, with a final volume of 5 mL. These pH
values were selected because plant extract has
exhibited potent antibacterial activity at low pH
(Saliani et al., 2015).
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To investigate the effect of A  towards the
crude CPSE, 29.6 mg of nitrogen-blow down extract
was mixed with sterilised TSB, 1% Tween 80, and
20% sodium chloride (NaCl) stock solution to
prepare a 5 mL final volume of CPSE solutions with
Aw of 0.999 (0% NaCl), 0.997 (0.5% NaCl), 0.980
(3.5% NaCl), 0.950 (9.0% NacCl), and 0.909 (15%
NaCl).

To investigate the effect of temperature
towards the crude CPSE, 29.5 mg of nitrogen-blow
down extract was heated at 60, 80, 100, 150, and
200°C for 15 min before mixing with 1% Tween 80
and TSB to a 5 mL final volume of CPSE solutions.
The final CPSE solutions with 5.63 mg/mL MIC
(Sani et al, 2017b) as affected by pH, A , and
temperature were subjected to the test of percentage
growth inhibitions of the tested pathogens.

A volume of 10 puL of TSB containing 10°
CFU/mL of the tested pathogens was mixed with
190 pL of individual crude CPSE solution in a 96
multi-well microtiter plate. A volume of 200 pL
TSB inoculated with the respective pathogens was
prepared as positive control, while 200 pL. mixture
of crude extract, Tween 80, and TSB without
pathogens was prepared as a negative control. The
optical density was measured at 600 nm in a
microplate reader at the pre-incubation period (T ).
The 96 multi-well microtiter plate was incubated at
37°C for 24 h, and shaken at 210 rpm to prevent
adherence and clumping. The optical density was
measured at 600 nm in the microplate reader at the
post-incubation period (T,,). The effect of pH, A ,
and temperature on the crude CPSE was evaluated
via the determination of the percentage of growth
inhibition using Eq. 2:

Percentage of growth inhibition (PI) (%) =[1 — (OD
test well / OD of positive control well)] x 100
(Eq. 2)

Statistical analysis

Data were expressed as mean + standard
deviation of triplicate R, LC,, and residual
methanol. One-way analysis of variance (ANOVA)
with  Tukey’s test was conducted using
XLSTAT-Pro (2017) statistical software (Addinsoft,
Paris, France) to determine the significant difference
between the means at 95% confidence level (p <
0.05) for the bioautography on TLC plates, toxicity
assay, and content of residual methanol.

Results and discussion

Fractionation and bioautography on thin-layer

chromatography plates

The eluents had developed components on
the TLC plates over a wide range of R, values. Based
on Table I, the R values of the components ranged
from 0.17 to 0.97. Of the nine different eluents used
to separate the components of CPSE (Table 1),
hexane:diethyl ether (1:1) and diethyl ether
fractionated the highest number of components (four
components each), followed by hexane:ethyl acetate
(1:1) and hexane:ethyl acetate (3:1) (three
components each). The 5% ethyl acetate in
petroleum ether and diethyl ether:methanol (1:1)
fractionated two components, respectively, and
hexane:ethyl acetate (1:3) fractionated one
component. However, the water and 0.1% formic
acid in acetonitrile did not fractionate any
component from the CPSE. Previous studies
reported that the 5% ethyl acetate in petroleum ether
and hexane:ethyl acetate fractionated component
containing benzyl isothiocyanate and fatty acids,
respectively. Other eluents such as hexane:diethyl
ether (1:1) and diethyl ether have successfully
fractionated sterols, while 0.1% formic acid in
acetonitrile was a suitable eluent to fractionate
sugars and organic acids. On the other hand, diethyl
ether was reported to fractionate sterols and
terpenes, while methanol successfully fractionated
flavonoids (Abd, 2020). Although different eluents
fractionated components of specific compounds, the
present work focussed on the fractionated
components that exhibited antibacterial activities.

The bioautographic method was employed
on the developed TLC plates to identify components
with antibacterial white spots against the tested
pathogens. From all the developed TLC plates, only
component 1B from eluent 5% ethyl acetate in
petroleum ether, component 2A from hexane:ethyl
acetate (1:3), and component 3C from hexane:ethyl
acetate (1:1) exhibited antibacterial white spot
against S. Enteritidis, B. cereus, V. vulnificus, and P.
mirabilis. These antibacterial components had Rf
values ranging between 0.88 - 0.94. Of these
components, component 3C had the most intense
antibacterial white spot as compared to component
1B and 2A. Although the R of component 3C (R, =
0.94 £+ 0.03) was insignificantly different (p < 0.05)
with the R, of component 1B (R, = 0.90 + 0.01), its
R, value was significantly different (p < 0.05) with
the R, value of component 2A (R, = 0.88 + 0.04).
Hence, only hexane:ethyl acetate (1:1) eluent was
employed to fractionate component 3C of CPSE, and
the component 3C was subjected to further analysis.
The components fractionated by hexane:ethyl
acetate (3:1), hexane:diethyl ether (1:1), diethyl



Abdullah Sani, M. S., et al./IFRJ 28(3) : 443 - 456

448

"9]qR[IBAR J0U = BU PUR ‘J0JOB]
uonualal = 1y “(50°0 > @) wareyIp Apueoyiudis ore s)drosiodns 9seo1omo| JUSISHIP YHM Y JO SUBDIA, PUB ‘UONBAIOSqO S[A-A() Jopun jods ojdind poonpoid punodwos paryynuapy,

eu 0 BU BU BU 0 O[LI)IUO)J. UI PIOB IIUIOJ %1 °()
BU 0 'U BU BU 0 1B M
i ON 00 FS8°0 g/ ysuodwo)
: :1) [ouByIoUL:IAYIR [AYPaL
U 0 oN £00F 190 v, 1ouodwon 4 (1:1) [oueyowr:1oyId [AyaIq
o ON 00 F26°0 9 1uduodwo))
el ON 4200 F6L°0 D9 Jueuoduwio) [ -
o ON sC00F ELO g9 1uouodwio)) 14 19 JAYIRIAd
'l 0 ON ;C0°0F S9°0 V9 Juouoduwio)
i ON 4100 F 1670 as yuduodwo))
eu ON L1000 F09°0 ¢ 1wauodwo)
:1) J9Ul0 [A3a1p:ouexd

- ON J00FEE0 g yueuodwo,) b (1:1) 300 [Ayo1p:ouexo
v 0 ON 100FLIO V6 Juduodwo)
ou ON 4100 FS6°0 It Juduodwo))
eu ON J00F8LO g Juduodwo) ¢ (1:€) 9181998 [A1o:oUBXd]
eu 0 ON 4000 F 1€°0 Vi juduodwo)

S171qvATUL ] pue ‘snofiuna

.\.M . M:w.kmonwmﬂu“mﬁsio%mm S SOA 4£0°0 F ¥6°0 D¢ 1ueuodwo)
U oN T00T5L0 ¢ yuoduio 9 (1:1) 9183008 [APIo:ouexoy
eu I ON 000 F #1°0 V¢ Juouoduwo)

S11gDW ] PUR SN2420 "G I EPN 00 F 88°0 Vv 3uauodwo) 1 (€:1) 9183008 [A30:ouexoy

s171qvA1UL J pue ‘snotfiuna . .

/| ‘Sna.20 g ‘SIpnUAUY g oA 100060 A1 pouoduod 4 wmajonad qmwamwwom Ay ¢
o I ON 100 FSS°0 V1 1usuodwo)) [onad ut 93 [AYID %S

P
franoe jods EIREIE] uduodwod
BLID)IB( JAISUIS [BLId)IBRQIIUR YPIM AIYM [eLId)dRqIUE N P3312239p i yuanyy
) o ) p . ’ y ’ t yuduodwo) P3323)3p Jo "ON

juduoduwiod Jo ‘oN

JO duIsdIg

‘so1e[d Aydei3ojeworyd 104e[-ury) uo syuauodwod Jo 10J08] UOLIUIY ‘| d[qe],



Abdullah Sani, M. S., et al./IFRJ 28(3) : 443 - 456 449

ether, and diethyl ether:methanol (1:1) eluents did
not exhibit antibacterial white spot. These findings
also indicated that the non-polar eluents were more
suitable for fractionating antibacterial components of
the CPSE. Also, they suggested that the antibacterial
components were of the non-polar group.

Fractionation of Carica papaya seed extract by
column chromatography

A total of three sub-fractions of CPSE using
hexane:ethyl acetate (1:1) were collected according
to their R, on TLC. The weight and recovery
percentage of the sub-fraction 3A were 0.071 g and
7.1%:; sub-fraction 3B were 0.603 g and 60.3%; and
sub-fraction 3C were 0.033 g and 3.3%, respectively.
The total weight and percentage recovery of
hexane:ethyl acetate (1:1) fraction were 0.7672 g
and 70.2%, respectively. The yield loss was
probably due to the compounds binding to active
sites on the surface-active suites or decomposed by
the silica surface; hence, the compounds could not
be eluted from the column packing.

Minimum
assays

inhibitory concentration and toxicity

Table 2 presents the MIC of the crude
CPSE, hexane:ethyl acetate (1:1) fraction, and
sub-fraction 3C, together with the pure standard
solution of oleic acid, linolenic acid, o-tolunitrile,
stigmasterol, [-sitosterol, 2-phenyl acetonitrile,
benzyl  isothiocyanate,  hexadecanoic  acid,
cis-vaccenic acid, campesterol, and 4-hydroxy-ben-
zoic acid against the tested pathogens. These pure
standards were the identified compounds with the
highest relative percentage area from the GC/MS
analysis of Sani et al. (2017a). From Table 2, pure
standard solutions exhibited lower MIC values than
the MIC values of the crude CPSE (MIC = 5.63
mg/mL). This result indicated that the pure standard
solutions possess stronger inhibitory capacities
against the tested pathogens than the crude CPSE.
All tested pathogens were sensitive to crude CPSE at
5.63 mg/mL MIC, while only S. Enteritidis was
resistant to hexane:ethyl acetate (1:1) fraction and
sub-fraction 3C at 11.25 mg/mL MIC.

Of the 11 pure standard solutions, B. cereus
was most sensitive to linoleic, hexadecenoic,
cis-vaccenic acid, and stigmasterol at 1.41 mg/mL
MIC, while V. vulnificus was most sensitive to oleic
acid at 0.04 mg/mL MIC. Also, P. mirabilis was
most  sensitive to  cis-vaccenic acid and
4-hydroxy-benzoic acid at 1.41 mg/mL MIC, while
S. Enteritidis was most sensitive to cis-vaccenic acid
at 0.70 mg/mL MIC. From these findings,

cis-vaccenic acid had exhibited the highest
antibacterial potency against all tested pathogens at
0.70 and 1.41 mg/mL MIC, except for against V.
vulnificus.

Table 2 lists the LC,  for crude extract,
hexane:ethyl acetate (1:1) fraction, and sub-fraction
3C of CPSE. The LC, of these samples were
determined using the linear regression analysis, as
depicted in Figure 1. The coefficient determination
(R?) of the crude CPSE, hexane:ethyl acetate (1:1)
fraction, sub-fraction 3C, and vincristine sulphate
were 0.8500, 0.9008, 0.9282, and 0.8885,
respectively. Among the samples, the sub-fraction
3C demonstrated the lowest LC, | (LC,, = 0.332 +
0.059 mg/mL) with significant difference (p < 0.05)
as compared to the other two samples. The crude
CPSE (LC,, = 5505 + 0.718 mg/mL) and
hexane:ethyl acetate (1:1) fraction (LC,j = 1.797 +
0.305 mg/mL) were not toxic against the A. salina
(Table 2) since the LC, > 1 mg/mL (Sani, 2018).
Even though crude extract was generally less
effective than the purified compound to inhibit
pathogen (Yin et al, 2019), the present work had
chosen the crude CPSE over the hexane:ethyl acetate
(1:1) fraction for further study due to the lower
toxicity and MIC than the latter. Also, the
production of the hexane:ethyl acetate (1:1) fraction
was costly, and the usage of hexane has been
associated with toxicity effect to human cells
(Pinazo et al., 2016). Besides, sub-fraction 3C was
excluded for further study due to higher toxicity
(LC,, = 0.332 £ 0.059 mg/mL) and higher MIC
(11.25 mg/mL) against S. Enteritidis.

Composition of sub-fraction 34, 3B, and 3C of
Carica papaya seed extract

Five, 10, and 29 compounds (Table 3) were
identified with more than 90% similarity with the
standard mass spectra in the NIST 11 library,
representing 2.78, 49.03, and 26.55% of the
percentage area in the sub-fraction 3A, 3B, and 3C,
respectively. The sub-fraction 3A was characterised
with the presence of alkane group, namely eicosane
(0.88%), having the highest percentage area,
followed by heneicosane (0.65%) and hexacosane
(0.50%). Fatty acids and fatty acid methyl esters
(FAME) groups dominated the sub-fraction 3B
composition which consisted of 9-octadecenoic acid
(E)-TMS (38.46%), oleic acid-TMS (4.82%),
hexadecanoic acid-TMS (2.27%), 9-octadecenoic
acid (Z) 2,3-dihydroxypropyl ester (0.59%),
6-octadecenoic acid, (Z)-TMS (0.31%), oleic acid,
eicosyl ester (0.26%), and 1,2-benzenedicarboxylic
acid butyl 2-ethylhexyl ester (0.01%). The
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(a) Crude Carica papava seed extract

£ _ 80
{;_c g y= 16.387)( - 37.713 60 ..®
i § R2=0.8500 4.0"".._____,..--
L7 JRTCITA
o eSS
4.0 30 -2.0 -1.0 -2000 1.0 2.0
Log concentration
s (¢) Sub-fraction 3C
é o
=g y =8.5478x + 51.088 60 & ..t
é 3 R2=10.9282 PR o7
- P ¥ 40
PRy
- 20
-4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0

Log concentration

e (b) Hexane: ethyl acetate (1:1) fraction
fnlPly 80
'S & y=14294x +46.363 s e
Z g RZ=09008 g ..
b= 48t
& Lege 20
o ..
. 0
4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0
Log concentration
= (d) Vincristine sulfate (positive control)
S8 y-11.986x +64.1 80
R R2=(.8883 ® 0.
28 e L
g gy . 40
=9 o [ 20
-4.0 -3.0 -2.0 -1.0 0.0

Log concentration

Figure 1. Calibration curve of Artemia salina percentage mortality for (a) crude Carica papaya seed extract,
(b) hexane:ethyl acetate (1:1) fraction, (c) sub-fraction 3C, and (d) vincristine sulphate (positive control).

compounds with TMS nomenclature were detected
when the silicon atom of the silyl donor rendered
nucleophilic attack to the compounds containing
-OH, -SH, and -NH groups, and replaced these
groups to produce volatile TMS-form compounds.
The compounds in this form have higher volatility
characteristics than their natural forms to facilitate
the detection in the GC/MS (Sani et al., 2020).
Based on previous studies, the unsaturated
fatty acid, 9-octadecenoic acid, was reported to
exhibit a broad-spectrum antibacterial capacity
against pathogenic bacteria such as E. coli, P.
aeruginosa, B. subtilis, and S. aureus (Abubakar and
Majinda, 2016). On the other hand, hexadecanoic
acid of Labisia pumila was effective against B.
cereus (Karimi et al., 2015). The B-sitosterol, which
was found in minute quantity in the CPSE, has also
been reported to exhibit antibacterial activity (Ododo
et al, 2016). Even though sub-fraction 3B had the
highest percentage area, the result of bioautography
on TLC plate did not exhibit antibacterial activity.
Sub-fraction 3C, which was the most potent
sub-fraction, was dominated by fatty acids, FAMES,
and alkanes with the highest percentage area, which
includes phthalic acid hexyl undecyl ester (1.65%),
hexadecanoic acid methyl ester (1.58%), dodecanoic
acid together with 1-methyl ethyl ester (1.30%) from
FAMES group. In addition, octadecane (1.55%),
2,6,10,14-tetramethyl-pentadecane (1.43%),
nonadecane (1.37%), hexacosyl heptafluorobutyrate
(1.36%), heptadecane (1.30%), and methyl stearate
(1.09%) were also detected. Among these
compounds, cis-vaccenic acid-TMS, which was
dominant at 3.30%, supported the antibacterial
inhibitory capability (Gupta and Kumar, 2017) of the

component 3C of hexane:ethyl acetate (1:1) on TLC
plates (Table 3). It was also the most potent pure
standard solution against B. cereus, P. mirabilis, and
S. Enteritidis (Table 2). Based on these findings by
Sani et al. (2017b) on the compounds in sub-fraction
3C, the fatty acids and FAMES of the CPSE were
very likely to render antibacterial inhibitory effects
which  contradicted the suggested phenolic
compounds such as campesterol, stigmasterol, and
[B-sitosterol in CPSE.

Residual methanol content

The calibration curve of the methanol
indicated coefficient determination (R?) of 0.9820
and linear equation of y = 32.42x + 12.78. The
residual methanol concentration was detected at
132.90 + 22 ng/g, further substantiating the findings
of a previous report (Lee and Kim, 2015), where
residual methanol which was dried under reduced
pressure is very likely to be lower than the allowable
limit (3,000 pg/g). However, this limit is established
explicitly ~ for  pharmaceuticals for  human
consumption. Since methanol is not listed as
generally recognised as safe (GRAS) (Armenta et
al., 2020) or green solvent (Hackl and Kunz, 2018),
any methanolic plant extract should undergo proper
pre-treatments including re-dissolving in water (Lee
and Kim, 2015), freeze-drying, ultrafiltration
(Davidson et al., 2015), or mild heat treatment for a
short period (blanching) (Zhang and Ma, 2016) to
degrade the residual methanol content prior to
application as an antibacterial agent.

Effects of pH, water activity, and temperature on
antibacterial activity of Carica papaya seed extract
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Figure 2. Effect of pH, water activity, and temperature on antibacterial activity of Carica papaya seed extract
solution against (a) S. Enteritidis, (b) B. cereus, (c) V. vulnificus, and (d) P. mirabilis growths.

The effects of pH, A, and temperature on
the antibacterial activity of crude CPSE was
evaluated by determining the percentage of growth
inhibition (PI) of the tested pathogens (Figure 2). PI
that exceeds 100% suggests high inhibitory
efficiency, which is equivalent to MIC (Sowhini et
al., 2020). However, inhibition still occurred at a
concentration lower than the MIC.

All tested pathogens were sensitive to the
crude CPSE solution at pH 4, where the PI in this pH
exceeded 100%. Only pH 4 and 6 of TSB yielded PI
>100% for S. Enteritidis. As for B. cereus, the PI had
reduced as the pH increased, indicating that B. cereus
was sensitive to the extract in acidic condition. In
addition, all crude CPSE solutions at different pH
exhibited PI > 100%. Only pH 4 and 7 yielded PI >
100% for V. vulnificus, while crude CPSE solution at
pH 5 exhibited the lowest inhibitory efficacy
(22.72%). Also, V. vulnificus was most sensitive to
the crude CPSE solution at pH 4. The susceptibility
of P. mirabilis against crude CPSE solution at pH 4
and 5 exhibited PI > 100%, signifying that the crude
CPSE solution was potent against P. mirabilis in
acidic conditions. Although the crude CPSE solution
was potent at the acidic condition as evidenced by
high inhibitory activity at pH 5, the PI > 100% were
observed against B. cereus and V. vulnificus at pH 7.
These results inferred that the inhibitory effects of
the crude CPSE solution varied against different
tested pathogens.

In addition, the growth of all tested
pathogens was inhibited at a different A of the crude
CPSE solution (PI > 100%). At A of 0.980, S.
Enteritidis and P. mirabilis scored the highest PI, and
the PI of these pathogens demonstrated a decrease as

the A  decreased to 0.909. Similarly, B. cereus was
most sensitive to the crude CPSE solution at A of
0.997, where the PI decreased as the A | of the crude
CPSE solution decreased. From these results, the
crude CPSE solution could be incorporated in food
with A <0.950 such as noodle, fresh meat, fish, and
etc. (Lang et al., 2017).

The potency of the crude CPSE solution
against S. Enteritidis and V. vulnificus exhibited the
same pattern (PI < 100%) when the temperature of
the crude CPSE solution > 100°C. The PI of B.
cereus demonstrated 99.45% value when the crude
CPSE solution reached 150°C. These results inferred
that the crude CPSE solution was inactive against (1)
S. Enteritidis and V. vulnificus when the temperature
of the crude CPSE solution exceeded 100°C, and (2)
B. cereus when the temperature of crude CPSE
solution exceeded 150°C, thus supporting the claim
of Saliani et al. (2015) that most antibacterial agents
are inactive at high temperature. As for P. mirabilis,
the crude CPSE solution exhibited strong inhibitory
effect towards this pathogen (PI > 100%) at 40°C.
For all tested pathogens, the crude CPSE solution
acts as an effective antibacterial agent at < 40°C;
hence crude CPSE-treated product should be handled
below this temperature before consumption.

In short, even though the crude CPSE
solution exhibited MIC of 5.63 mg/mL (Sani et al.,
2017b), the inhibition capability of the same or
higher concentration may be compromised in
solution form at different pH, A , and temperature.
From these outcomes, the crude CPSE solution was
stable and could completely function as an
antibacterial agent at acidic condition with A <
0.950 and temperature < 40°C.

200°C
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Conclusion

In conclusion, the CPSE demonstrated
antibacterial activity against S. Enteritidis, V.
vulnificus, P. mirabilis, and B. cereus. The crude
CPSE exhibited the lowest toxicity (LC, = 5.505 +
0.718 mg/mL) as compared to hexane:ethyl acetate
(1:1) and sub-fraction 3C. However, sub-fraction 3C
which was assessed on bioautography of TLC plates
contained the highest relative percentage area of
cis-vaccenic acid (12.41%). Cis-vaccenic acid also
had individually demonstrated the lowest MIC
against B. cereus (1.41 mg/mL), P. mirabilis (1.41
mg/mL), and S. Enteritidis (0.70 mg/mL). Although
the CPSE had achieved a stagnant weight after the
methanol removal during rotary evaporation, residual
methanol at 132.90 = 22 ug/g was still detected. The
crude CPSE was adequate for antibacterial
application study since fractionation and purification
of the crude CPSE revealed inhibitory effects but was
highly toxic against A. salina. Therefore, the crude
CPSE was identified as the most viable than the
fractionated extract. At 5.63 mg/mL MIC, the crude
CPSE solution was stable, and could completely
function as an antibacterial agent at acidic conditions
with A <0.950 and temperature < 40°C.

Acknowledgement

The present work was financially supported
by the Fundamental Research Grant Scheme
(FRGS/1/2018/STG04/UTIAM/03/1) awarded by the
Ministry of Higher Education Malaysia, and the
Research University Grant (vote number 9328200)
of Universiti Putra Malaysia.

References

Abd, E. H. 1. 2020. Structural elucidation of phenolic
compounds isolated from Opuntia littoralis and
their antidiabetic, antimicrobial and cytotoxic
activity. South African Journal of Botany 131:
320-327.

Abubakar, M. and Majinda, R. 2016. GC-MS
analysis and preliminary antimicrobial activity
of Albizia adianthifolia (Schumach) and
Pterocarpus angolensis (DC). Medicines 3(1):
article no. 3.

Armenta, S., Garrigues, S. and Guardia, M. 2020.
Green analytical chemistry. Trends in Analytical
Chemistry 27(6): 497-511.

Davidson, P., Cekmer, H. B., Monu, E. and
Techathuvanan, C. 2015. The use of natural
antimicrobials in food: an overview. In Taylor,

T. M. (ed). Handbook of Natural Antimicrobials
for Food Safety and Quality, p. 49-68.
Cambridge: Woodhead Publishing Limited.
Food and Agriculture Organization Corporate
Statistical Database (FAOSTAT). 2019. Papaya
crop yield. Retrieved on May 30, 2019, from
FAOSTAT  website:  http://www.fao.org/fa-

ostat/en/#data/QC
Gupta, D. and Kumar, M. 2017. Evaluation of in
vitro antimicrobial potential and GC-MS

analysis of Camellia sinensis and Terminalia
arjuna. Biotechnology Reports 13: 19-25.

Hackl, K. and Kunz, W. 2018. Some aspects of green
solvents. Comptes Rendus Chimie 21(6):
572-580.

Karimi, E., Ze, J. H., Ghasemzadeh, A. and Ebrahi-
mi, M. 2015. Fatty acid composition, antioxidant
and antibacterial properties of the microwave
aqueous extract of three varieties of Labisia
pumila Benth. Biological Research 48: article no.
9.

Kupska, M., Wasilewski, T., Jedrkiewicz, R.,
Gromadzka, J. and Namies$nik, J. 2016. Determi-
nation of terpene profiles in potential superfruits.
International Journal of Food Properties 19(12):
2726-2738.

Lang, E., Chemlal, L., Molin, P., Guyot, S., Alva-
rez-Martin, P., Perrier-Cornet, J. M., ... and
Gervais, P. 2017. Modeling the heat inactivation
of foodborne pathogens in milk powder: high
relevance of the substrate water activity. Food
Research International 99: 577-585.

Lee, C. G. and Kim, J. H. 2015. Improved drying
method for removal of residual solvents from
paclitaxel by pre-treatment with ethanol and
water. Process Biochemistry 50(6): 1031-1036.

Martins, D. V., Bardaji, E., Heras, M., Ramu, V. G.,
Junqueira, J. C., Diane dos Santos, J., ... and
Conceigao, K. 2019. Antifungal and anti-biofilm
activity of designed derivatives from kyotorphin.
Fungal Biology 124(5): 316-326.

Moricz, A. M., Kriizselyi, D., Alberti, A., Darcsi, A.,
Horvath, G., Csontos, P., ... and Ott, P. G. 2017.
Layer  chromatography-bioassays  directed
screening and identification of antibacterial com-
pounds from Scotch thistle. Journal of Chroma-
tography A 1524: 266-272.

Ododo, M. M., Choudhury, M. K. and Dekebo, A. H.
2016. Structure elucidation of B-sitosterol with
antibacterial activity from the root bark of Malva
parviflora. SpringerPlus 5(1): article no. 1210.

Perez, R. M., Dastmalchi, K., Yoo, B. and Stark, R.
E. 2020. Needle in a haystack: antibacterial
activity-guided fractionation of a potato wound



456 Abdullah Sani, M. S., et al./IFRJ 28(3) : 443 - 456

tissue extract. Bioorganic and Medicinal Chem-
istry 28(9): article ID 115428.

Pinazo, A., Manresa, M. A., Marques, A. M., Buste-
lo, M., Espuny, M. J. and Pérez, L. 2016. Amino
acid-based surfactants: new antimicrobial
agents. Advances in Colloid and Interface
Science 228: 17-39.

Rodriguez-Moya, M. and Gonzalez, R. 2015.
Proteomic analysis of the response of Escheri-
chia coli to short-chain fatty acids. Journal of
Proteomics 122: 86-99.

Saliani, M., Jalal, R. and Kafshadre, G. E. 2015.
Effects of pH and temperature on antibacterial
activity of zinc oxide nanofluid against E. coli
O157:H7 and Staphylococcus aureus. Jundis-
hapur Journal of Microbiology 8(2): el 7115.

Sani, M. S. A. 2018. Antibacterial activitiecs of
Carica papaya L. seed as food preservative.
Malaysia: Universiti Putra Malaysia, PhD thesis.

Sani, M. S. A., Bakar, J., Rahman, R. A. and Abas, F.
2017a. In vitro antibacterial activities and com-
position of Carica papaya cv. Sekaki/Hong
Kong peel extracts. International Food Research
Journal 24(3): 976-984.

Sani, M. S. A., Bakar, J., Rahman, R. A. and Abas, F.
2017b. The antibacterial activities and chemical
composition of extracts from Carica papaya cv.
Sekaki/Hong Kong seed. International Food
Research Journal 24(2): 810-818.

Sani, M. S. A., Bakar, J., Rahman, R. A. and Abas, F.
2020. Effects of coated capillary column, deriva-
tisation, and temperature programming on the
identification of Carica papaya seed extract
composition using GC/MS analysis. Journal of
Analysis and Testing 4: 23-34.

Song, Y. J., Yu, H. H., Kim, Y. J., Lee, N. K. and
Paik, H. D. 2020. The use of papain for the
removal of biofilms formed by pathogenic
Staphylococcus aureus and Campylobacter
jejuni. LWT — Food Science and Technology
127: article ID 109383.

Sowhini, N. S. H. A., Sani, M. S. A., Hashim, Y. Z.
H. Y., Othman, R., Maifiah, M. H. M. and Desa,
M. N. M. 2020. Antibacterial test and toxicity of
plant seed extracts: a review. Food Research 4:
12-27.

Swarnkumar, R. and Osborne, W. J. 2020. Heavy
metal determination and aquatic toxicity evalua-
tion of textile dyes and effluents using Artemia
salina. Biocatalysis and Agricultural Biotechnol-
ogy 25: article ID 101574.

Yin, P., Yang, L., Li, K., Fan, H., Xue, Q., Li, X,, ...
and Liu, Y. 2019. Bioactive components and
antioxidant activities of oak cup crude extract

and its four partially purified fractions by
HPD-100 macroporous resin chromatography.
Arabian Journal of Chemistry 12(2): 249-261.

Zhang, N. and Ma, G. 2016. Noodles, traditionally
and today. Journal of Ethnic Foods 3(3):
209-212.



