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Abstract

Infectious diseases caused by microbes lead to the increase in the death toll every year. Bacterial strain undergoes
chromosomal mutation and thereby achieve antibiotic resistant which stands out to be an important reason for the current
health problems. Medicinal plants inhibit the growth of microbes and helps in achieving better health. In the present study, in
vitro antibacterial activity was conducted for the 4 medicinal plants Alpinia galanga (L.) Willd, Blumea lacera, Curcuma
aeruginosa Roxb, and Pentanema indicum collected from the western ghats against 10 pathogens. The activity was carried out
for the different extracts of all 4 plants. Pentanema indicum recorded highest activity by inhibiting the growth of tested
microbes at a concentration of 5mg/disc, against Vibrio cholerae with 17mm, Staphylococcus aureus — 15mm, Pseudomonas
fluorescens — 13mm, Klebsiella pneumoniae — 13mm, followed by the chloroform extract of Pentanema indicum against
Vibrio cholerae with 15mm, Staphylococcus aureus — 14mm, Klebsiella pneumoniae — 13mm. Alpinia galanga (Ethyl acetate)
gave a result against Pseudomonas fluorescens — 15mm, Bacillus aureus — 14mm, Bacillus subtilis — 13mm. Hence, from the
results, it can be concluded that the ethyl acetate extract of P. indicum is a potent antibacterial agent.
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Introduction subtilis, B. cereus, E. coli, K. pneumoniae, P. aeruginosa, V.
Infectious diseases are risking human lives as there is a cholerae and P. fluorescens.

proliferation and wide spread of pathogenic bacterial strains

and fungus (Danish et al., 2020) . Among the many Materials and method

bacterial pathogens, Staphylococcus aureus, Enterococcus Collection of plant materials

faecalis, Streptococcus mitis, and Pseudomonas fluorescens For antibacterial investigation, 4 plants viz. Alpinia galanga
are a few which are highly dangerous in causing infections (L.) Willd (Rhizome), Blumea lacera (Whole plant),
(Marasini et al., 2015) 2, Discovery of several antibiotics Curcuma aeruginosa Roxb (rhizome) and Pentanema
in the past were useful to control microbes and thereby indicum (whole plant)) were field collected from Palakkad
reduce the risk factor, however, these microbes in the course district, Kerala, India (Latitude - 10.786703° N Longitude —
of time have gained resistance to such antibiotics (Bhatia et and 76.653145° E). The collected plants were validated and
al., 2021) B, Antimicrobial Resistance (AMR) is the leading submitted to herbarium, Entomology Research Institute,
cause for the current health hazards in today’s millennium Loyola college, Chennai-600 034.

(Prestinaci et al., 2015) [4l,

Plants are best medium in producing new antibiotic drugs. Plant crude extraction

In the developing countries, more than two third of the The freshly collected plants were cleansed in the clean tap
masses rely on plant derived drugs (WHO,2020). Based on water and were subjected to shade dry for 20 days. The
the traditional uses of plants, varieties of drugs are found. rhizomes were also washed cleanly and allowed for drying.
Plant drugs like Quinine, Morphine, atropine, reserpine, After 23 days of drying, they were pulverised. Hexane,
ephedrine are of greater importance in treating infectious chloroform, ethyl acetate and methanol solvents Successive
diseases (Abdalla et al., 2016) Bl Alkaloids, phenols, extraction method by cold percolation was carried out to get
tannins, saponins, steroids, terpenoids, flavonoids, the extraction yield (Duraipandiyan et al., 2009) 1. One
coumarins, organic acids, and cardiac glycosides which kilogram of each plant extract was soaked in hexane (1:3lit)
possess antimicrobial properties are found in plants of for 72 h and periodically shaken so as to bring a complete
medical importance (Khan et al., 2013, Nduche et al., 2016) and uniform soaking and then it was filtered. Concentration
6. 71, According to the ethnobotanical survey, India is rich of the filtered solvent was carried out using vacuum rotary
with medicinal plants and have documented 48,655 plant evaporator and the extract was collected. Other extracts
species, of which 9,500 species are important from the were collected in the like manner.

ethnobotanical point of view and 7,500 species are of

medicinal value as practiced by the indigenous people Test organism

(Gowthami et al., 2021) B, Western Ghats in India is rich in Ten types of microorganisms used for the antibacterial study
biodiversity from National Culture Collection Centre (NCCC), Trichy,
The present study is carried out to authenticate the in vitro Tamil Nadu, India. Five-gram positive bacteria namely S.

antibacterial property of medicinal plants namely Alpinia aureus (NCT45), E. faecalis (NCT34), S. mitis (NCT12), B.
galanga (L.) Willd, Blumea lacera, Curcuma aeruginosa subtilis (NCT21), B. cereus (NCT11l) and five-gram
Roxb, and Pentanema indicum from the western ghats negative bacteria namely E. coli (NCTO01), K. pneumoniae
against pathogens — S. aureus, E. faecalis, S. mitis, B.
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(NCT40), P. aeruginosa (NCT114), V. cholerae (NCT25),
and P. fluorescens (NCT338), were used for the study.

Preparation of microbial Inoculum

Bacterial cultures obtained from National Culture Collection
Centre (NCCC), were maintained as the stock culture from
which new set of bacterial cultures were established by sub-
culturing in the MH agar and was incubating at 37°C for 24
h. Thereafter, fresh colonies which were developed were
removed using sterile inoculating loop. Collected colonies
were transferred into a new sterile solution. The turbidity
was maintained at 0.5 McFarland’s standard solution
(Esimone et al., 2012) M, Each bacterial strain's inoculum
was introduced into 3ml of Mueller Hinton Broth and
incubated at 37°C for 24 hours. Following the incubation,
the culture was diluted.

Disc diffusion method

For investigating this study Disc diffusion method was
adopted (Duraipandiyan et al., 2007) 2, Sterile Muller
Hinton Agar (20ml) was prepared and poured in to petri
plates. After the solidification of the media, swabbing of the
test culture (100ul of suspension containing 108 CFU/ml
bacteria) was done and was left undisturbed for 10 minutes
to bring about the drying of the culture. A concentration of
5mg per disc of the extracts were used for the test. To the
sterile discs, extract dissolved in Dimethyl sulfoxide
(DMSO) was loaded. Ciprofloxacin 5ug was used as
positive control. The control discs and discs loaded with
dilute plant extracts were placed on the surface of agar
plates. The plates were incubated for 24 h at 37°C. After
incubation, the zone of inhibition was recorded in
millimeters and noted.

www.biotechnologyjournals.com

Gas chromatography-mass spectrometry

GC-MS was carried out at the Indian Institute of
Technology, Madras for Gas GC-MS study (GC-MS-5977
MSD) so as to list the number of phytochemicals present in
the extract (Ganesan et al., 2018) [%. The dimension of the
column was 30 m X250 um X 0.25um and HP 5ms, with a
temperature range between -60° C - 325° C.

Results

Plant extraction

The plant materials soaked in different solvents were
concentrated and filtered using vacuum rotary evaporator
and the crude extracts were collected and preserved for
biological assays. The yield of the plant extracts was
measured in grams.

Disc diffusion method

Antibacterial activity for the 4 selected plants was done
against 10 pathogens. Among 16 crude extracts obtained,
ethyl acetate extract of Pentanema indicum showed highest
activity by inhibiting the growth of tested microbes at a
concentration of 5mg/disc, (Vibrio cholerae - 17mm,
Staphylococcus aureus — 15mm, Pseudomonas fluorescens
— 13mm, Klebsiella pneumoniae — 13mm) followed by the
chloroform extract of Pentanema indicum (Vibrio cholerae -
15mm, Staphylococcus aureus — 14mm, Klebsiella
pneumoniae — 13mm) Alpinia galanga (Ethyl acetate
extract) showed activity against tested microbes
(Pseudomonas fluorescens — 15mm, Bacillus aureus —
14mm, Bacillus subtilis — 13mm). The detailed results are
tabulated and displayed. (Figure 1,2) (Table 1).

A. C. aeruginosa and P. indicum (S. aureus) B. C. aeruginosa and P. indicum (E. faecalis) , C. C. aeruginosa and
P. indicum (S. mitis) . D. C. aeruginosa and P. indicum (B. subtilis) , E. C. aeruginosa and P. indicum (B. cereus)
. F. C. aeruginosa and P. indicum (E.coli) , G. C. aeruginosa and P. indicum (K. pne iae) , H. C. aerugi
and P. indicum (P. aeruginosa) , 1. C. aeruginosa and P. indicum (V. cholerae) , J. C. aeruginosa and P. indicum
(P. fluorescens)

Fig 1: Antibacterial activity of C. aeruginosa and P. indicum

A. A. galanga and B. lacera (S. aureus) B. A. galanga and B. lacera (E. faecalis) . C. A. galanga and B. lacera
(S. mitis) . D. A. galanga and B. lacera (B. subtilis) . E. A. galanga and B. lacera (B. cereus) . F. A. galanga

and B. lacera (E.coli) . G. A. galanga and B. lacera (K. p iae) . H. A. galanga and B. lacera (P.
aeruginosa) . 1. A. galanga and B. lacera (V. cholerae). J. A. galanga and B. lacera (P. fluorescens)

Fig 2: Antibacterial activity of A. galanga and B. lacera
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Table 1: Zone diameter of inhibition (mm) of the selected plants crude extracts against selected 10 pathogens

Plant name Extracts Antibacterial activity (Zone of clearance in mm)
S.a E.f S.m B.s Ba | Ec | Kp | Pa | Vc | Pf
He 7 7 - 8 9 7 - 7 - 10
A. Galangal rhizome ch 8 8 ! 12 12 ! ! 9 9 13
Ea 10 10 - 13 14 11 10 11 11 | 15
Me 7 8 - 8 9 7 7 7 7 11
He - - - 7 - 7 7 - 10
Ch - - - - - - - - - 9
B. Lacera whole plant Ea 8 9 - 3 2 B - 0 - 13
Me 7 - - - - - - - 7
He - 7 - - - - - - - -
. . Ch 8 7 7 - - - - - 7 -
C. aeruginosa rhizome Ea - - - - - - - - - -
Me 7 7 - - - - - 7 7 -
He 11 10 8 - - - 7 - 13 9
P. indicum whole plant ch 14 10 11 ! 8 = 12 110115 |11
Ea 15 10 11 10 9 - 13 12 17 | 13
Me 7 - - - - - - - 7 -
Control Ciprofloxacin (5mg) 30 25 30 23 22 37 25 24 26 25

He- Hexane, Ch — Chloroform, Ea — Ethyl acetate, Me- Methanol
S. a — Staphylococcus aureus, E. f — Enterococcus faecalis, S. m — Streptococcus mitis, B. s — Bacillus subtilis, B. a — Bacillus aureus, E. ¢ —
Escherichia coli, K. p — Klebsiella pneumoniae, P. a — Pseudomonas aeruginosa, V. ¢ — Vibrio cholerae, P. f — Pseudomonas fluorescens

Gas chromatography-mass spectrometry Propanetriol, 1-acetate, is the major compound. (Figure 3)
The GC-MS of P. indicum (ethyl acetate) showed the (Table 2).
existence of 23 secondary metabolites of which 1,2,3-
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Fig 3: Chromatogram of P. indicum

Table 2: List of major compounds identified in the Ethyl acetate extract of Pentanema indicum whole plant extract through GC-MS

Sl Compound RT. |Area% Molecular  [Molecular weight Reportgd Reference

No formula (g/mol) bioactivity

1 2-Butenoic acid, 2-methyl- 2.471 5.37 CsHsO2 100.1158 antibacterial | Babu et al., 2023 [19]

2 Glycerin 3.333 7.73 C3HsgO3 92.09 antibacterial | Irnawati et al., 2024 2%

3 1,2,3-Propanetriol, 1-acetate 5.479 15.50 CsH1004 134.1305 antibacterial Saeet al., 2023ed

4 Ribitol 6.347 1.03 CsH120s 153.14 antibacterial | Price et al., 2017 [??

5 4-Methoxychalcone 8.823 3.22 C16H1402 238.286 antibacterial | Luzhanin et al., 2022 [23]

6 Tenamfetamine 13.641 4.40 C10H13NO2 179.22 antibacterial Venkatram‘[alzrllet al., 2023
2-Propenoic acid, 3-phenyl-, - . . [25]

7 ethyl ester, (E)- 14.190 1.57 C11H1202 176.2118 Antibacterial | Duraisamy et al., 2024
Benzene, 1-(1,5-dimethyl-4- Lo 126]

8 hexenyl)-4-methyl- 14.622 2.61 CisH22 202.3352 antimicrobial| Shareef et al., 2016

9 Pentadecane 14.985 2.95 CisHa2 212.41 Antibacterial|  Chuah et al., 2018 [27]

(E)-4-(3-Hydroxyprop-1-en-1- . . [28]

10 yI)-2-methoxyphenol 20.289 0.90 C10H1203 180.2005 Antibacterial| Palchykov et al., 2020

11 | Ethyl p-methoxycinnamate | 20.694 | 4.03 C12H1403 206.2378 |antimicrobial |Lakshmanan et al., 2011 [29]
6-Hydroxy-4,4,7a-trimethy|- . . . [30]

12 5,6,7.7a-tetrahydrobenzofuran- 20.892 1.32 C11H1603 196.2429 antibacterial | Francis et al., 2021
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2(4H)-one
Cyclopropa [c, d] pentalen e-1,3- ) . [31]
13 | Gione. hexahydro-4-(2-methyl.2| 21985 | 083 CuH180 166.26 Ivankin et al., 2017
14 Phytol 29527 | 1.60 C20H400 296.5 antibacterial Lee et al., 2016 [*2
2-(2-Carboxyethyl)-6,6-
15 | dimethyl-3-oxocyclohex-1- | 29.902 | 1.87 C12H160s 240.25 - Dahdouh et al., 2023 [
enecarboxylic acid
10,13-Octadecadiynoic acid, Lo [34]
16 methyl ester 30.246 1.78 C19H3402 290.440 antimicrobial| Elghwas et al., 2024
3,7,11,15-Tetramethyl-2- S . [35]
17 hexadecen-1-ol 31.817 2.07 C20Ha00 296.5 /Antimicrobial  Sharmila et al., 2016
18 | 5,5,8a-Trimethyldecalin-1-one | 31.950 | 12.22 Ci3H220 194.31 antibacterial | Al-Tamimi et al., 2020 [3¢!
19 | Styrene Z’Sﬁrf]ﬁe“aethy"“' 33365 | 17.71 |  CuoHas 2424 - Malik et al., 2022 57
20 | 1018-Bisnorabled-8ILI3- | 3397 | 37 CisHas 256.4256  |Antibacterial|  Ghaly et al., 2020 38
Hexadecanoic acid, 1-
21 | (hydroxymethyl)-1,2-ethanediyl| 36.934 | 1.80 Ca7H7204 581.0 IAntimicrobiall Daniels et al., 2021 [*9]
ester
Spirost-8-en-11-one, 3-hydroxy-, . . . [40]
22 (3,50, 14208 22B.25R)- 38.537 2.27 C27H4004 428.6 Antibacterial Jalil et al., 2022
Oleic acid, 3- . .
' [41]
23 (octadecyloxy)propyl ester 39.954 3.34 C39H7603 593.0189 IAntimicrobial| Abubacker et al., 2014
Discussion The study confirms that this plant possessed antibacterial

Microbes play havoc in human lives as they are known to
cause infectious diseases. Controlling these pathogens is
essential so as to control the spread of diseases. However,
despite great efforts, they are uncontrollable as they are
resistant to antibiotics. This is due to the overuse of
antibiotics drugs (Manso et al., 2021) ¥, Mutation in the
chromosomes and horizontal gene transfer within the
bacteria is the cause for antibiotic resistance (Breijyeh et al.,
2024) 241, Undoubtedly antibiotics of plant origin which are
rich in phytochemicals are extensively used to control
pathogens (Abdallah et al., 2023) [*5],

In this study, 4 plants viz., Alpinia galanga (L.) Willd,
Blumea lacera, Curcuma aeruginosa Roxb, and Pentanema
indicum were studied for the in vitro antibacterial activity
against — S. aureus, E. faecalis, S. mitis, B. subtilis, B.
cereus, E. coli, K. pneumoniae, P. aeruginosa, V. cholerae
and P. fluorescens using different extracts. Pentanema
indicum ethyl acetate extract exhibited highest activity
against Vibrio cholerae - 17mm, Staphylococcus aureus —
15mm, Pseudomonas fluorescens — 13mm, Klebsiella
pneumoniae — 13mm. This was followed by the chloroform
extract of P. indicum against Vibrio cholerae - 15mm,
Staphylococcus aureus — 14mm, Klebsiella pneumoniae —
13mm. This result could be compared with the studies
carried out by Keer et al., (2021) ¢ on the ethyl acetate and
methanolic extract of P. indicum leaves against 4 bacteria
viz., B. subtilis, E. coli, S. aureus, and S. griseus. The
methanolic extract showed highest activity against S. aures
with a zone of clearance of 20.00£0.92 mm while ethyl
acetate showed highest activity against E. coli with a zone
of clearance of 20.00£0.60 mm.

Ram et al., (2004) [71 carried out in vitro antimicrobial
activity against 4 bacterial strains using ethanolic extracts of
23 medicinal plants from eastern ghats. Highest antibacterial
activity was observed in P. indicum with 32 mm zone of
inhibition against M. luteus, followed with 24 mm against S.
aureus, 23 mm against P. aeruginosa and 20 mm against M.
roseus. A similar study was performed by Ram et al., (2006)
(18], using the essential oil of P.
indicum var. sivarajanianum (L.) Ling against 4 pathogens.
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activity with hexadecane, a-humulene, myrecene and pB-
thujone as the major compounds.

However, a very little in vitro antibacterial activity is gone
into using P. indicum. This study proves that P. indicum is
effective in controlling pathogenic bacteria.

Conclusion

India is rich in possessing a variety of traditional medicinal
plants particularly in the eastern and western Ghats. From
among the 4 medicinal plants, 3 plants exhibited
antibacterial activity against 10 bacterial pathogens. Highest
activity was recorded in the P. indicum (ethyl acetate)
against Vibrio cholerae - 17mm, Staphylococcus aureus —
15mm, Pseudomonas fluorescens — 13mm, Klebsiella
pneumoniae — 13mm. This was followed by the chloroform
extract of P. indicum against Vibrio cholerae - 15mm,
Staphylococcus aureus — 14mm, Klebsiella pneumoniae —
13mm. Alpinia galanga (ethyl acetate) showed good activity
against tested microbes Pseudomonas fluorescens — 15mm,
Bacillus aureus — 14mm, Bacillus subtilis — 13mm. It can be
concluded that the medicinal plants can be used as potential
antibacterial agents.

Acknowledgement

The authors are indeed thankful for the encouragement,
appreciation and constant support received throughout the
research work conducted in this institution from the
management of Loyola College (Autonomous), Chennai and
Entomology Research Institute, Chennai, Tamil Nadu 600
034.

References

1. Danish P, Ali Q, Hafeez MM, Malik A. Antifungal and
antibacterial activity of aloe vera plant extract. Biol
Clin Sci Res J,2020:2020(1):1-8.

2. Marasini BP, Baral P, Aryal P, Ghimire KR, Neupane
S, Dahal N, Shrestha K. Evaluation of antibacterial
activity of some traditionally used medicinal plants
against human pathogenic bacteria. Biomed Res
Int,2015:2015(1):265425.



International Journal of Biotechnology and Microbiology

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Bhatia P, Sharma A, George AJ, Anvitha D, Kumar P,
Dwivedi VP, Chandra NS. Antibacterial activity of
medicinal plants against ESKAPE: An update. Heliyon,
2021, 7(2).

Prestinaci F, Pezzotti P, Pantosti A. Antimicrobial
resistance: a global multifaceted phenomenon. Pathog
Glob Health,2015:109(7):309-318.

Abdalla WE, Abdallah EM. Promising Sudanese
medicinal plants with antibacterial activity. Biol
Forum,2016:8(1):299-323.

Khan UA, Rahman H, Niaz Z, Qasim M, Khan J,
Tayyaba, Rehman B. Antibacterial activity of some
medicinal plants against selected human pathogenic
bacteria. Eur J Microbiol Immunol,2013:3(4):272-274.
Nduche MU, Iwuoha CD, Ighokwe AU. Antibacterial
activity of four Nigerian medicinal plants. Sch J Agric
Vet Sci,2016:3(3):172-80.

Gowthami R, Sharma N, Pandey R, Agrawal A. Status
and consolidated list of threatened medicinal plants of
India. Genet Resour Crop Evol,2021:68(6):2235-2263.
Duraipandiyan V, Ignacimuthu S. Antibacterial and
antifungal activity of Flindersine isolated from the
traditional medicinal plant, Toddalia asiatica (L.) Lam.
J Ethnopharmacol,2009:123(3):494-98.

Ganesan P, Stalin A, Paulraj MG, Balakrishna K,
Ignacimuthu S, Al-Dhabi NA. Biocontrol and non-
target effect of fractions and compound isolated from
Streptomyces rimosus on the immature stages of filarial
vector Culex quinquefasciatus Say (Diptera: Culicidae)
and the compound interaction with
Acetylcholinesterase (AChE1). Ecotoxicol Environ
Saf,2018:161:120-128.

Esimone CO, Attama AA, Mundi KS, Ibekwe NN,
Chah KF. Antimicrobial activity of Psidium guajava
Linn. stem extracts against methicillin-resistant
Staphylococcus aureus. Afr J
Biotechnol,2012:11(89):15556-15559.

Duraipandiyan V, Ignacimuthu S. Antibacterial and
antifungal activity of Cassia fistula L. An
ethnomedicinal plant. J
Ethnopharmacol,2007:112(3):590-594.

Manso T, Lores M, de Miguel T. Antimicrobial activity
of polyphenols and natural polyphenolic extracts on
clinical isolates. Antibiotics,2021:11(1):46.

Breijyeh Z, Karaman R. Antibacterial activity of
medicinal plants and their role in wound healing. Future
J Pharm Sci,2024:10(1):68.

Abdallah EM, Alhatlani BY, de Paula Menezes R,
Martins CHG. Back to Nature: Medicinal plants as
promising sources for antibacterial drugs in the post-
antibiotic era. Plants,2023:12(17):3077.

Keer NR, Meena KL. Comparative antimicrobial
analysis of four species of family Asteraceae in
Southern Rajasthan, India. South Asian J Exp Biol,
2021, 11(1).

Ram AJ, Bhakshu LM, Raju RV. In vitro antimicrobial
activity of certain medicinal plants from Eastern Ghats,
India, used for skin diseases. J
Ethnopharmacol,2004:90(2-3):353-357.

Ram AJ, Chari MA, Raju RR. In vitro antimicrobial
activity of essential oil of Pentanema indicum var.
Sivarajanianum (L.) Ling. against dermatophytes,
2006.

28

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

www.biotechnologyjournals.com

Babu T, Mathew M, Mathew A, Kurien R.
Antibacterial activity and GC MS analysis of
Notothylas indica Kashyap. Mater Today Proc, 2023.
Irnawati D, Widyasrini DA, Sunarintyas S,
Siswomihardjo W. Glycerine addition in cashew
stembark extract mouthwash influence the inhibition of
bacterial growth. Res J Pharm Technol,2024:17(2):893-
896.

Saeed HM, Ferdosi MF, Khan IH, Javaid A, Sultan
MW. Antibacterial activity and GC-MS analysis of
white flowers extract of Nerium oleander L. Int J Biol
Biotechnol,2023:20(1):163-168.

Price NP, Bischoff KM, Leathers TD, Cossé AA,
Manitchotpisit P. Polyols, not sugars, determine the
structural diversity of anti-streptococcal liamocins
produced by Aureobasidium pullulans strain NRRL
50380. J Antibiot,2017:70(2):136-141.

Luzhanin VG, Whaley AK, Ponkratova AO, Novikova
VV, Bezverkhniaia EA. Antimicrobial activity of

polyphenolic compounds. Drug Dev
Regist,2022:11(2):65-72.
Venkatraman A, Karurkar AP, Yacoob SAM,

Muthumanickam S. Molecular docking analysis of
piperonal and its analogues as promising cancer
therapeutics by modulating angiogenesis. J Drug Deliv
Ther,2023:13(7):93-98.

Duraisamy S, Backiam ADS, Raju A, Ranjith S,
Kumarasamy A, Balakrishnan S. In silico and in vitro
analysis of bioactive compounds extracted from
Ocimum  basilicum against vancomycin-resistant
enterococci. Chem Phys Impact,2024:8:100499.
Shareef HK, Muhammed HJ, Hussein HM, Hameed IH.
Antibacterial effect of ginger (Zingiber officinale)
roscoe and bioactive chemical analysis using gas

chromatography ~ mass  spectrum. Orient J
Chem,2016:32(2):20-40.
Chuah XQ, Okechukwu PN, Amini F, Teo SS.

Eicosane, pentadecane and palmitic acid: The effects in
vitro: Wound healing studies. Asian Pac J Trop
Biomed,2018:8(10):490-499.

Palchykov VA, Zazharskyi VV, Brygadyrenko VV,
Davydenko PO, Kulishenko OM, Borovik IV.
Chemical composition and antibacterial effect of
ethanolic extract of Buxus sempervirens on cryogenic
strains of microorganisms in vitro. Chem Data
Collect,2020:25:100323.

Lakshmanan D, Werngren J, Jose L, Suja KP, Nair MS,
Varma RL, et al. Ethyl p-methoxycinnamate isolated
from a traditional anti-tuberculosis medicinal herb
inhibits drug resistant strains of Mycobacterium
tuberculosis in vitro. Fitoterapia,2011:82(5):757-761.
Francis S, Gideon VA, Britto SJ. Antibacterial and GC-
MS analysis of stem and leaf of Premna paucinervis
(CB Clarke) Gamble (Lamiaceae)—An endemic and
rediscovered species. Int J Bot Stud,2021:6:282-292.
Ivankin A, Semenova AA, Nasonova VV, Kulikovskii
AV, Vostrikova NL. Biotechnology for formation of
aromatic properties of national foodstuffs on the basis
of meat raw material under influence of bacterial crops
and chromat-mass-spectrometric  analysis of the
flavoring  components. J  Appl  Biotechnol
Bioeng,2017:3:366-372.

Lee W, Woo ER, Lee DG. Phytol has antibacterial
property by inducing oxidative stress response in



International Journal of Biotechnology and Microbiology www.biotechnologyjournals.com

Pseudomonas aeruginosa. Free Radic
Res,2016:50(12):1309-1318.

33. Dahdouh A, Le Brech Y, Khay I, El Maakoul A,
Bakhouya M. Hydrothermal liquefaction of Moroccan
two-phase olive mill waste (alperujo): Parametric study
and  products  characterizations. Ind  Crops
Prod,2023:205:117519.

34. Elghwas D, Elghwas H, Alshehrei F, El-Waseif A.
Structure elucidation of bioactive material from
Streptomyces spororaveus and its biological activity
(pathogenic  microorganisms and cytotoxicity). J
Microbiol Biotechnol Food Sci,2024:11187-e11187.

35. Sharmila M, Rajeswari M, Jayashree I, Geetha DH.
GC-MS analysis of bioactive compounds of Amarantus
polygonoides Linn. (Amaranthaceae). Int J Appl Adv
Sci Res,2016:1(1):174-180.

36. Al-Tamimi WH, Al-Saadi SAA, Burghal AA.
Antibacterial activity and GC-MS analysis of Baltic
amber against pathogenic bacteria. Int J Adv Sci
Technol,2020:29(11s):611-18.

37. Malik B, Dar FA, Pirzadah TB, Zari A, Zari TA,
Alharby HF, Rehman RU. Molecular and
phytochemical characterizations of Cichorium intybus
L. in diverse ecogeographical regions of Kashmir
Himalaya. Appl Sci,2022:12(23):12061.

38. Ghaly MF, Tohamy EY, Elshafeiy SN, El-Azzouny
SM. Chemical constituents of bioactive secondary
metabolites of Bacillus amyloliquefaciens SW19 to
control silkworm bacterial flacherie caused by Bacillus
thuringiensis SW2 in vitro, 2020.

39. Daniels AO, Temikotan T, Ibiyemi DA. Identification
and characterization of fatty acids, phytohemical
properties and antibacterial effect of the ethyl acetate
extract of Piliostigma reticulatum. J Biotechnol
Bioeng,2021:5:30-40.

40. Jalil V, Khan M, Haider SZ, Shamim S. Investigation
of the antibacterial, anti-biofilm, and antioxidative
effect of Piper betle leaf extract against Bacillus
gaemokensis MW067143 isolated from dental caries, an
in vitro-in silico approach.
Microorganisms,2022:10(12):2485.

41. Abubacker MN, Devi PK. In vitro antifungal potentials
of bioactive compound oleic acid, 3-(octadecyloxy)
propyl ester isolated from Lepidagathis cristata Willd.
(Acanthaceae) inflorescence. Asian Pac J Trop
Med,2014:7:5190-S193.

29



