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discover, analyse and develop new kinds of antibiotics, especially among
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21 July 2021 polyrhizus fruit as antimicrobials. In this study, the disc diffusion and broth-
microdilution methods are used to investigate the antimicrobial activity of
Available online methanol and ethanol extracts of Hylocereus polyrhizus flesh towards
26 August 2021 selected bacteria (Staphylococcus epidermidis, Staphylococcus aureus,
Proteus mirabilis, Bacillus cereus, Pseudomonas aeruginosa, and
Escherichia coli). The methanolic extract possesses better antimicrobial
properties. The methanolic extract of H. polyrhizus showed significant
antimicrobial activities against all Gram-positive bacteria, and one of the
Gram-negative bacteria, which is better compared to ethanolic extract. The
range of minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) are 125mg/mL to 250mg/mL. In conclusion, this study
shows that H. polyrhizus could be used as an alternative for the pre-existing
antimicrobial agent.
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1. INTRODUCTION

Nature has always been the main resource that caters to every human need ranging from
shelters, foods, tools, and in this case, medicines. In 1985, The World Health Organization
(WHO) estimated that almost 65% of the world population primarily depended on plant-derived
traditional medicines for their primary healthcare [1]. The antimicrobial properties and
antioxidants of plant and fruit extract have become the foundation of many uses like
pharmaceuticals, food preservatives, natural therapies, and medicine [2]. The antimicrobial
properties of plant extracts are connected to phenolics, alkaloids, terpenoids, lectin, essential
oils, polypeptide, and others. The extract with the most abundant antimicrobial compound
would be the phenolic group compounds [3]. Fruits are rich sources of nutrients and energy,
have vitamins, minerals, fiber, and numerous other classes of biologically active compounds
[4]. Moreover, many fruit extracts have been proven to be successful at killing or inhibiting the
growth of bacteria [5].

In recent years, the growing number and active spread of antibiotic resistance have become a
major concern globally [6]. Unceasing misuse and overuse of drugs by the public contributeto
the emergence of antibiotic resistance [7]. Bacteria become immune to the same drug designed
to treat and heal the disease they cause. Resistance will always be inevitable due to drug
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selection pressure even if antibiotics are prescribed and consumed aptly. This forces the need
to discover, analyse and develop new kinds of antibiotics [8]. Natural sources are the new
alternative that is used in producing drugs as a treatment for diseases. Despite the array of
synthetic drugs out there, plants usually become the main choice among the natural sources
when formulating new antibiotics to counter the resistance in infective agents.

Hylocereus polyrhizus (H. polyrhizus) or Hylocereus costaricensis [9] is a species of the
Cactaceae family that is known as the Red Pitaya or dragon fruit. They are mainly cultivated
in the subtropical and tropical regions worldwide and originated from Central and Nothern
South America [10]. Previously, a study was conducted on the antioxidant properties of the
Pitaya flesh and peel [11]. The study suggested that the red-purple pigment of the H. polyrhizus
fruit might protect against oxidative stress-related disorders. The red dragon fruit also contains
betacyanin alkaloid, which is the red-pigmented betalain and possesses antibacterial contents
[12]. The antibacterial activities of alkaloids are exhibited through intercalating into the cell
walls and DNA of bacteria [13]. Another study also showed that the extracts of red dragon fruit
peels can heal wounds with effective antimicrobial properties when tested with
chloramphenicol against P. aeruginosa [14].

Despite numerous studies done on the phytochemicals of the Hylocereus sp. plant, there are
still limited data on the extracts from H. polyrhizus fruit. Thus, the study aims to determine the
antibacterial activity of ethanolic and methanolic extracts of H. polyrhizus flesh against selected
skin pathogens.

2. METHODOLOGY
2.1 Preparation of H. polyrhizus Fruit Extract

H. polyrhizus fruits were collected from the local market in Sepang, Selangor. The species of
plant was identified by looking at a photograph on a website dedicated to plants [15]. The fruits
were carefully washed 2-3 times with distilled water and dried with a soft cloth. The flesh was
cut into tiny pieces and then ground into pulps with a mechanical blender. The samples were
weighed, stored in a Schott bottle, and maintained at 4°C until ready to be used for extraction.

With some modification from [14], the extraction process was done using a ratio of 1:3 for H.
polyrhizus flesh to solvent. 200 grams of H. polyrhizus flesh were macerated into 600 mL of
95% methanol and 95% ethanol in 1000 mL Schott bottles covered with aluminum foil. Both
samples were kept at room temperature for 7 days with occasional shaking.

After 7 days, both solutions were filtered with cotton wool and once again using Whatman No.
| filter paper. The filtrate was then transferred into a flask and was concentrated using a rotary
evaporator under reduced pressure at 40°C. The crude methanolic and ethanolic extracts of H.
polyrhizus fruit were transferred into Schott bottles and stored at 4°C until further use.

Ethanolic and methanolic extracts of H. polyrhizus fruit with concentrations of 1000mg/mL
were prepared using 10% dimethyl sulphoxide (DMSO). A 1000mg of both extracts
respectively, were added to 1ml 10% DMSO to obtain the concentration of 17000mg/ml.

2.2 Evaluation of Antibacterial Activities
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2.2.1 Bacterial Culture, Identification, and Confirmation

The tested bacteria from the stock culture were separately cultured onto blood agar and nutrient
agar at 37°C for 18-24 hours. The morphologies of the colonies were recorded, and each colony
was isolated with a sterilized wire loop. The proliferated colonies were used for confirmation
test; Gram stain, biochemical set, and cultured on differential agar. A total of 6 types of bacteria
were selected in this study for the antimicrobial susceptibility testing (AST), minimum
inhibition concentration (MIC), and minimum bactericidal concentration (MBC) tests. The
selected bacterial strains consist of gram-positive (Staphylococcus epidermidis (ATCC 12228),
Staphylococcus aureus (ATCC 25923), Proteus mirabilis (ATCC 35659), and Bacillus cereus
(ATCC 11778)) and gram-negative bacteria (Pseudomonas aeruginosa (ATCC 14149), and
Escherichia coli (ATCC 25922)).

2.2.2 Antimicrobial Susceptibility Testing (AST)

The disc diffusion method was used for the determination of the inhibition zone, 3-5 colonies
of each microorganism from the nutrient agar plate were suspended in Mueller-Hinton broth
(MHB) and incubated at 37°C. The turbidity adjustment of the broth was performed visually
by comparing it with 0.5 McFarland standard on a white background in the presence of enough
light. A sterile cotton swab is used to streak the MHB of inoculum of the tested bacteria on
Mueller-Hinton agar plates respectively. Four discs (ethanolic fruit extract, methanolic fruit
extract, positive and negative control) were placed onto each plate. The standard antibiotics
used as positive controls were gentamicin (30 pg), tetracycline (30 pg), and chloramphenicol
(30 pg), while 10% DMSO was selected as a negative control. The plates were incubated at
room temperature of 37°C for 18-24 hours. The zones of inhibition were then measured to
obtain the antimicrobial activity and the tests were done in triplicate.

2.2.3 Determination of the Minimum Inhibition Concentration (MIC) by broth microdilution
method

The MIC for the extract was evaluated according to the method described by [17] with minor
modification using a 96-well microtiter plate. The first to the ninth well of 96 microtiter plate
were pipetted with 100 pL of bacterial suspension of suspension CFU/mL based on log phase
of each organism and 100 pL of specified dilution of ethanol and methanol extract in triplicate.
Positive growth control (MHB with bacteria), and negative control (broth only) were dispensed
into the last two remaining wells. For 18-24 hours, the plate was incubated aerobically at 37°C.
The appearance of turbidity in solution from each well is compared with that in the positive
growth control and the MIC value was recorded as the lowest concentration of extract that fully
inhibits growth. The experiment included a negative control to ensure that no contamination
occurred.

2.2.4 Determination of the Minimum Bacterial Concentration (MBC)

MBC is defined where no growth of bacteria is observed from the lowest concentration resulting
from MIC. This is decided by subculturing the contents of the wells aseptically from the MIC
outcomes for an antimicrobial-free individual bacterium agar, as indicated in [18]. MBC test is
conducted to validate the result of the MIC test. It is done by streaking each well’s aliquot,
including positive and negative control over MHA. After incubating aerobically at 37°C for 18-
24 hours, the dilution with 99.9% of the organisms dead was determined as the MBC.
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2.3 Data Analysis

The inhibition zone values were expressed as mean =+ standard deviation (SD) of three
replicates. Paired sample T-test was performed in this study to compare the antibacterial effect
between methanolic and ethanolic extracts against each tested bacteria. P values less than 0.05
were considered statistically significant.

3. RESULT AND DISCUSSION
3.1 Antimicrobial Susceptibility Testing (AST)

The mean of inhibition zones diameter of the ethanolic and methanolic extracts of H. polyrhizus
against the selected bacterial strains in triplicate are shown in Table 1.

Table 1: The inhibition zones (mm) of H. polyrhizus extracts against selected bacterial strains.

Zone of inhibition in mm (MeanSD)
Positive control Methanolic

Organism (Standard Negative control extract Ethanolic extract P-value
0,
antibiotics) (10%DMSO)  pogmgjmry  (1000Mg/mL)

S. aureus 24'0i0'00.

(ATCC 25923) Tetracycline 0.0+0.00 9.1+0.17 14.7+£1.15 0.016
(30ug)

. - 28.0+0.00

S. epidermidis - 0.083

(ATCC 12228) Gentamicin 0.0+0.00 10.0+£1.00 8.1+0.17
(30ug)

B. cereus 24.00.00

(ATCC 11778) Chloramphenicol ~ 0.0+0.00 12.9+0.12 0.0+0.00 0.000
(30p9)

E. coli 26.0+0.00

(ATCC 25922) Chloramphenicol ~ 0.0+0.00 14.1+0.12 0.0+0.00 0.000
(30ug)

P. mirabilis 22.0£0.00

(ATCC 35659) Gentamicin 0.0+0.00 0.0+0.00 15.740.58 0.001
(30ug)

P. aeruginosa 21.00.00

(ATCC 14149) georlifgi;nlcm 0.0+0.00 0.0£0.00 0.0£0.00 -

The methanolic and ethanolic extracts of H. polyrhizus have a significant difference in
antibacterial effect against all the tested bacteria except for P. aeruginosa. The methanolic
extract of H. polyrhizus revealed the highest activity against E. coli (14.1 £ 0.12 mm), followed
by B. cereus (12.9 + 0.12 mm), S. epidermidis (10.0 £ 1.00 mm), and S. aureus (9.1 + 0.17
mm). Although P. mirabilis was resistant to methanolic extract, it was susceptible to the
ethanolic extract (15.7 £ 0.58 mm). Besides that, the ethanolic extract is also effective against
S. aureus (14.7 £ 1.15 mm) and S. epidermidis (8.1 £ 0.17 mm). The gram-negative bacteria
group was found to be more susceptible compared to gram-positive bacteria. This may be due
to the existence of lipopolysaccharide as an important barrier to the gram-negative bacteria’s
permeability [19,20]. The result also showed that the growth of P. aeruginosa was not inhibited
by any of the extracts. Previous reports [21,22] found that the existence of AmpC p-lactamase
and an active efflux pump allows P. aeruginosa to be able to develop additional mechanisms
of resistance to several classes of antimicrobial agents.
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Paired t-Test was chosen in this study to observe the significant difference between the
antimicrobial activity of methanol and ethanol extracts of H. polyrhizus against S. aureus, S.
epidermidis, B. cereus, E. coli, P. mirabilis, and P. aeruginosa. The statistical analysis indicated
that there was a significant difference between both methanol and ethanol extracts against S.
aureus, B. cereus, E. coli, and P. mirabilis as P value (< 0.05) indicates both extracts have
different antimicrobial activity. However, there was no significant difference between both
extracts against S. epidermidis since the P value (> 0.05) indicates it possessed similar
antimicrobial activity. As for P. aeruginosa, paired t-Test cannot be done to compare methanol
and ethanol extract of H. polyrhizus towards P. aeruginosa due to no zone of inhibition which
indicates that no antimicrobial activity was present.

3.2 Minimum Inhibition Concentration (MIC) and minimum bactericidal concentration
(MBC)

Based on Table 2, S. epidermidis was inhibited in the methanolic and ethanolic extracts at the
MIC value of 125 mg/mL. This was followed by S. aureus which was inhibited in the extracts
at the MIC value of 250 mg/mL and 125 mg/mL, respectively. Meanwhile, the methanolic fruit
extract of H. polyrhizus was effectively inhibiting both B.cereus and E.coli at a concentration
of 125 mg/mL. For gram-negative bacteria, P. mirabilis had a higher MIC value of 250 mg/mL
in the ethanolic extract as compared to other strains.

Table 2: Mean of triplicate MIC & MBC values for H.polyrhizus extracts against selected bacterial strains.

MIC (mg/mL) MBC (mg/mL)

Bacteria Methanolic  Ethanolic Positive  Negative Methanolic  Ethanolic  Positive  Negative

extract extract control control extract extract control control
S. aureus
(ATCC 250 125 T C 250 250 G N
25923)
S.
epidermidis
(ATCC 125 125 T C 125 500 G N
12228)
B. cereus
(ATCC 125 - T C 125 - G N
11778)
E. coli
(ATCC 125 - T C 125 - G N
25922)
P. mirabilis
(ATCC - 250 T C - 250 G N
35659)

Clear (C) = indicates the bacterial growth is inhibited or killed and Turbid (T) = indicates that bacteria are not
inhibit.
Growth (G) = indicates growth of organism and No growth (N) = indicates organism inhibited or killed.

MIC and MBC were done to exhibit the bactericidal properties of the extracts as they show the
concentration at which the growth of bacteria is inhibited. For bactericidal effect, the
methanolic fruit extract of H. polyrhizus kills S. epidermidis, B. cereus, and E.coli at the
minimum concentration of 125mg/mL. An antibacterial agent is recognised as bacteriostatic
when the ratio of MBC to MIC is >4 [23]. The MBC value of ethanolic extract against S.
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epidermidis was two times greater (500 mg/mL) than S. aureus and P. mirabilis (250 mg/mL).
The MBC is typically equal to or higher than the MIC [24]. In this study, the overall data
demonstrated that the MBC values were the same for S. epidermidis, B. cereus, and E.coli and
were two times higher for S. aureus and P. mirabilis compared to the MIC values. However,
the MIC and MBC tests for B. cereus and E. coli in ethanolic extract and P. mirabilis in the
methanolic extract were not performed as no zone of inhibition was observed during the earlier
test.

The methanolic and ethanolic extracts of H. polyrhizus showed effective antimicrobial activity,
especially against the gram-positive bacteria compared to gram negative. This is because the
gram-positive bacteria cell wall is only composed of peptidoglycan, teichoic acid with the
absence of the outer membrane and porins protein. On the other hand, the chemical
compositions of gram negative bacteria cell walls consist of lipopolysaccharide, lipoprotein,
peptidoglycan, and porins proteins that are present at the outer membrane [25]. As a result,
gram negative bacteria are more resistant to compounds or molecules from the extract that can
permeate into the bacterium's inner membrane, causing membrane disruption owing to the cell
wall's complex chemical makeup. Besides, gram negative bacteria have more lipids on their
walls, making them less permeable than gram positive bacteria. The antibacterial activity of H.
polyrhizus against the gram-positive and gram-negative bacteria show in this study is supported
by previous reports where plant extracts had affected the cell wall of the bacteria such as S.
aureus, E. coli, and K. pneumoniae. The treatment of the bacteria with methanolic and ethanolic
extracts causes deformities in cells where they have become sticky and crumbled relative to
control cells [26,27].

Our results are higher in comparison to other studies [14,20,28]. Exposure to light during the
extraction process can cause the degradation of bioactive compounds which leads to a decrease
in antimicrobial activity. Besides, the duration of storage of the crude extract may also play a
role in affecting the result. When the storage of extraction is more than 5 days it can reduce the
potential of antimicrobial activity by approximately 10-25% against bacteria [29]. These factors
may have contributed to the higher MIC and MBC values when tested with respective extracts.

In this study, the extraction solvent of methanol and ethanol was chosen as they have high
polarity index which is 5.1 and 5.2, respectively. Polar solvents are chosen because they are
prone to recover more compounds or constituents from plant material. Antimicrobial activities
and the ability to extract bioactive compounds from plants are influenced by the polarities of
extraction solvent [30, 31] found that higher content of phenolic compounds is found in
methanol due to the high solubility of polyphenols in the solvent. It is observed that methanol
extract of H. polyrhizus shows great antimicrobial activity in comparison to the ethanol extract.
According to [32], among the different solvent extracts studied, methanol and ethanol showed
high degrees of inhibition, followed by other solvents such as petroleum, ether, and aqueous
extract. This finding also was supported by other studies which have reported that methanol is
a better solvent extract of the plant compared to other solvents such as aqueous [33]. However,
ethanol has also been recognised as a good solvent for polyphenol extraction [34].

Furthermore, phytochemical compounds such as alkaloids, flavonoids, tannins, triterpenoids,
essential oils, glycosides, phenols, and saponins are commonly associated with antimicrobial
activity and fighting microbial resistance in medical plants [35]. Several studies showed that H.
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polyrhizus extract contains phytochemical compounds such as tannin, alkaloids, flavonoids,
and phenolic acids that might be responsible for combating microbial infection [36].

4. CONCLUSION

The methanolic and ethanolic fruit extracts of H. polyrhizus showed effective antimicrobial
activity, especially against the Gram-positive bacteria. It can be used as a treatment against skin
pathogens given the efficacies against the bacteria tested. It is observed that methanolic extract
of H. polyrhizus inhibits all Gram-positive bacteria in this study, which is better than ethanolic
extract. The ethanolic extract inhibits P. mirabilis while methanolic extract inhibits E. coli
among the Gram-negative bacteria. P.aeruginosa is the only test organism that had no inhibition
zone from both extracts. The methanol extract inhibits the bacteria in this study at a lower
concentration compared to ethanol extract which could be seen from the MIC and MBC test
results. This suggests that the methanolic extract possesses better antimicrobial properties. The
presence of betacyanins, flavonoids, and phenolic acids might also be linked with the
antibacterial activities of H. polyrhizus.

ACKNOWLEDGEMENT

The authors would like to acknowledge the Faculty of Health Sciences, UiTM Selangor Branch,
Puncak Alam Campus for providing laboratory facilities and financial support.

REFERENCES

[1] Cragg GM, Newman DJ., "A continuing source of novel drug leads," Biochimica et Biophysica
Acta Natural products, BBA - Gen Subj [Internet], vol. 1830(6), pp. 3670-3695, 2013;.
Available from: http://dx.doi.org/10.1016/j.bbagen.2013.02.008

[2] Zgoda JR, Porter JR. "A convenient microdilution method for screening natural products against
bacteria and fungi," Pharm Biol, vol. 39(3), pp. 221-225, 2001.

[3] Savoia D., "Plant-derived antimicrobial compounds: alternatives to antibiotics"”, pp. 979-90.
2012.

[4] Marli M, Karasawa G, Mohan C., "Fruits as Prospective Reserves of bioactive Compounds : A
Review," Nat Products Bioprospect [Internet], vol. 8(5), pp. 335-346, 2018. Available from:
https://doi.org/10.1007/s13659-018-0186-6

[5] Mahony RO., "The Antibacterial Properties of Dietary Fruit [Internet]. First Edit. Bioactive
Foods in Promoting Health", Elsevier Inc.,, pp. 141-160, 2010. Awvailable from:
http://dx.doi.org/10.1016/B978-0-12-374628-3.00010-4

[6] Rolain JM, Canton R, Cornaglia G., "Emergence of antibiotic resistance : need for a new
paradigm”, Clin Microbiol Infect [Internet], vol. 18(7), pp. 615-616, 2012. Available from:
http://dx.doi.org/10.1111/].1469-0691.2012.03902.x

[7] Morehead MS, Scarbrough C. "Emergence of Global Antibiotic Resistance", Prim Care Clin
Off Pract [Internet], wvol. 45(3), pp. 467484, 2018. Available from:
https://doi.org/10.1016/j.pop.2018.05.006

[8] Laxminarayan R. "Antibiotic effectiveness: Balancing conservation against innovation”, Am
Assoc Adv Sci., vol. 345(6202), pp. 1299-1301, 2014.

[9] Pitaya Species and Named Varieties [Internet]. [cited 2021 Jul 22]. Available from:
https://www.growables.org/information/Tropical Fruit/PitayaSpeciesVarieties.htm

[10] Lee S, Suh DH, Lee S, Heo DY, Kim YS, Cho SK, et al. "Metabolite profiling of red and white
pitayas (Hylocereus polyrhizus and Hylocereus undatus) for comparing betalain biosynthesis
and antioxidant activity", J Agric Food Chem., vol. 62(34), pp. 8764-8771, 2014.

[11] Wu LC, Hsu HW, Chen YC, Chiu CC, Lin YI, Ho JAA. "Antioxidant and antiproliferative

p-ISSN 1675-7939; e-1ISSN 2289-4934
© 2021 Universiti Teknologi MARA Cawangan Pulau Pinang

163



ESTEEM Academic Journal M
Vol. 17, August 2021, 157-165 TEKNOLOG]I

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

@ VARA

activities of red pitaya", Food Chem, vol. 95(2), pp. 319-327, 2006.

Rahayu YC, Sabir A, Setyorini D. "Antibacterial Activity Of Red Dragon Fruit Extract
(Hylocereus polyrhizus) On Streptococcus mutans”, Int J Appl Pharm., vol. 11(4), pp. 4-7,
2019.

Othman L, Sleiman A, Abdel-massih RM, Sciences M. "Antimicrobial Activity of Polyphenols
and Alkaloids in Middle Eastern Plants", Front Microbiol, vol. 10(911), 2019.

Temak Y, Cholke P, Mule A, Shingade A, Narote S, Kagde A. "In vivo and In vitro Evaluation
of Antimicrobial Activity of Peel Extracts of Red Dragon Fruit (Hylocereus polyrhizus)™, Int J
Res Pharm Pharm Sci., vol. 3(5), pp. 24-6, 2018.

Hylocereus costaricensis (F.A.C.Weber) Britton & Rose, Red-dragon-fruit (World flora) -
Pl@ntNet  identify  [Internet].  [cited 2021 Jul  18].  Available  from:
https://identify.plantnet.org/the-plant-list/species/Hylocereus  costaricensis  (F.A.C.Weber)
Britton & Rose/data

Omidizadeh A, Yusof RM, Ismail A, Roohinejad S, Nateghi L., "Cardioprotective compounds
of red pitaya (Hylocereus polyrhizus) fruit.", J Food, Agric Environ., vol. 9(3&4), pp. 152-156,
2010.

Dhaouadi K, Meliti W, Dallali S, Belkhir M, Ouerghemmi S, Sebei H, et al., "Commercial
Lawsonia inermis L. dried leaves and processed powder: Phytochemical composition,
antioxidant, antibacterial, and allelopathic activities”, Ind Crops Prod., vol. 77, pp. 544-552,
2015.

Nikolic M, Vasic S, Djurdjevic J, Stefanovic O, Comic L. "Antibacterial and anti-biofilm
activity of ginger (Zingiber officinale (Roscoe)) ethanolic extract”, Kragujev J Sci., vol. 36(36),
pp. 129-136, 2014.

Hendra R, Masdeatresa L, Abdulah R, Haryani Y., "Antibacterial Activity of Red Dragon Peel
(Hylocereus polyrhizus) Pigment”, J Phys Conf Ser. vol. 1351(1), 2019.

Mustafa MA, Ali A, Seymour G, Tucker G., "Bioactive Content of Selected Tropical Fruits as
Antimicrobial Agents”, Int Soc Hortic Sci. , vol. 1079(92), pp. 675678, 2015.
Balasubramanian D, Schneper L, Merighi M, Smith R, Narasimhan G, Lory S, et al., "The
regulatory repertoire of Pseudomonas aeruginosa AmpC B-lactamase regulator AmpR includes
virulence genes", PLoS One, vol. 7(3), 2012.

Strateva T, Yordanov D., "Pseudomonas aeruginosa - A phenomenon of bacterial resistance",
J Med Microbiol,vol. 58(9), pp. 1133-1148, 2009.

Rhee KY, Gardiner DF., "Clinical relevance of bacteriostatic versus bactericidal activity in the
treatment of gram-positive bacterial infections”, Clin Infect Dis., vol. 39(5), pp. 755-756, 2004.
Valle DL, Cabrera EC, Puzon JIM., "Antimicrobial Activities of Methanol , Ethanol and
Supercritical CO 2 Extracts of Philippine Piper betle L . on Clinical Isolates of Gram Positive
and Gram Negative Bacteria with Transferable Multiple Drug Resistance", pp. 1-14, 2016.
Silhavy TJ, Kahne D, Walker S., "The bacterial cell envelope", Cold Spring Harb Perspect Biol.
, vol. 2(5), 2010.

AA. S Y.L.N, ML O. K, M. AH, M. J, et al., "Effects of Methanol, Ethanol and Aqueous
Extract of Plantago major on Gram Positive Bacteria, Gram Negative Bacteria and Yeast." Ann
Microsc  [Internet].  vol.  8(January), pp. 6-9, 2008. Available from:
https://www.researchgate.net/publication/308597277

Nath A, Joshi S., "Ultrastructural effect on mastitis pathogens by extract of endophytic fungi
associated with ethnoveterinary plant, Hibiscus sabdariffa L.", J Microsc Ultrastruct [Internet],
vol. 3(1), p.38, 2015. Available from: http://dx.doi.org/10.1016/j.jmau.2014.10.001

M.Maidin N, Osman A, Abdul Hamid A, Mohamad Ghazali F, Pak Dek MS. Antibacterial
property of Hylocereus polyrhizus and Hylocereus undatus peel extracts. ResearchGate.
2012;19(1):77-84.

Arora DS, Kaur J., "Antimicrobial activity of spices", Int J Antimicrob Agents vol. 12(3), pp.
257-262, 1999.

Sultana B, Anwar F, Ashraf M., "Effect of extraction solvent/technique on the antioxidant

p-ISSN 1675-7939; e-1ISSN 2289-4934
© 2021 Universiti Teknologi MARA Cawangan Pulau Pinang

164



ESTEEM Academic Journal M
Vol. 17, August 2021, 157-165 ¥ TEKNOLOGI

[31]

[32]

[33]

[34]

[35]

[36]

@ VARA

activity of selected medicinal plant extracts", Molecules, vol. 14(6), pp. 2167-2180, 20009.
Felhi S, Daoud A, Hajlaoui H, Mnafgui K, Gharsallah N, Kadri A., "Solvent extraction effects
on phytochemical constituents profiles, antioxidant and antimicrobial activities and functional
group analysis of Ecballium elaterium seeds and peels fruits”, Food Sci Technol. vol. 37(3), pp.
483-492, 2017.

Sen A, Batra A., "Determination of antimicrobial potentialities of different solvent extracts of
the medicinal plant: Phyllanthus amarus Schum. and Thonn.", Int J Green Pharm. vol. 6(1), pp.
50-56, 2012.

Al-Daihan S, Al-Faham M, Al-shawi N, Almayman R, Brnawi A, zargar S, et al., "Antibacterial
activity and phytochemical screening of some medicinal plants commonly used in Saudi Arabia
against selected pathogenic microorganisms", J King Saud Univ - Sci [Internet]. vol. 25(2), pp.
115-120, 2013. Available from: http://dx.doi.org/10.1016/j.jksus.2012.11.003

Diem Q, Elisa A, Tran-nguyen PL., "Effect of extraction solvent on total phenol content , total
flavonoids content , and antioxidant activity of Limnophila aromatica.". J Food Drug Anal
[Internet], pp. 1-7, 2013. Available from: http://dx.doi.org/10.1016/j.jfda.2013.11.001

Sitepu N., "In Vitro Test of Antibacterial Ethanol Extract, n-Hexane Fraction and Ethyl Acetate
Fraction of Sungkai Leaf (Peronema cenescens) Against Salmonella typhi."”, Asian J Pharm Res
Dev., vol. 8(3), pp. 57-59, 2020.

Tenore GC, Novellino E, Basile A., "Nutraceutical potential and antioxidant benefits of red
pitaya (Hylocereus polyrhizus) extracts”, J Funct Foods, vol. 4(1), pp. 129-136, 2012.

p-ISSN 1675-7939; e-1ISSN 2289-4934
© 2021 Universiti Teknologi MARA Cawangan Pulau Pinang

165



