Trop J Nat Prod Res, January 2024; 8(1):5820-5824 ISSN 2616-0684 (Print)

ISSN 2616-0692 (Electronic)

Tropical Journal of Natural Product Research

¥
K
Em———
Identification of Bioactive Compounds and Antibacterial Activity of Limeberry

(Triphasia trifolia) Fruit Ethanol Extract against Staphylococcus aureus

Available online at https://www.tjnpr.org

Novita Herdiana*, Sri Hidayati, Dewi Sartika, Subeki, Suharyono, Puspita Yuliandari, Ahmad S. Zuidar

Department of Agricultural Product Technology, Faculty of Agriculture, Lampung University, Bandar Lampung 35141, Lampung, Indonesia

ARTICLE INFO ABSTRACT

Bacteria are microorganisms that are widely distributed in various habitats and environments,
including food. Food poisoning can be caused by enterotoxin contamination from Staphylococcus
aureus. Soft tissue and skin infections are associated with staphylococci or streptococci. The use
of synthetic drugs, including antibiotics, is generally done to prevent bacterial infections, but this
can result in resistance. Therefore, natural compounds are a potential source used as an
antibacterial. Limeberry (Triphasia trifolia) fruit is a potential source of bioactive compounds.
Thus, this study aimed to investigate the bioactive compounds and antibacterial activity of
limeberry (T. trifolia) fruit ethanol extract against S. aureus. The bioactive compound was
extracted using an ethanol solvent. The functional groups of the compounds were analyzed using
Copyright: © 2024 Herdiana et al. This is an open-  gas chromatography-mass spectroscopy and Fourier transform infrared. The antibacterial activity
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source are credited. polyphenol compounds. This extract exhibits antibacterial activity against S. aureus, with an
inhibition zone of about 11.94+0.18 mm at a 25% extract concentration. Therefore, this ethanol
extract of limeberry fruit can be used as an alternative source of antibacterial agents.
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Introduction

Bacteria are microorganisms that are widely distributed in
various habitats and environments, including food. Pathogenic bacteria
in food can cause various diseases if consumed by humans and are also
known as foodborne diseases.* The cases of food poisoning in Indonesia
have occurred in several areas, such as an increase in diarrhea cases
from 2017-2019 in Tikala Baru Village, Manado City and Pelabuhan
Ratu in 2019 due to a bacterial infection that causes fever, stomach
cramps, and bloody diarrhea.> ® Food poisoning can be caused by
enterotoxin contamination from Staphylococcus aureus which is a
gram-positive bacterium.* 5 Additionally, soft tissue and skin infections
are associated with staphylococci or streptococci. These infections can
range in severity from self-limiting superficial infections to life-
threatening conditions.®
The use of synthetic drugs, including antibiotics, is generally done to
prevent bacterial infections, but this can result in resistance.” Therefore,
natural extracts from various plants can be a potential alternative to
antibiotics. Plants have bioactive compounds that can inhibit and kill
microorganisms by influencing host cellular processes (immune
response, mitosis, apoptosis, and signal transduction). Natural
antibacterial agents are also not causing a resistance.®
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The use of natural extracts is not only used in the treatment phase, but
is also used in the prevention phase. These extracts generally have
bioactive components that can act as antibacterial, such as alkaloid and
polyphenolic compounds.”-°

Polyphenolic compounds are secondary metabolite compounds that can
commonly be extracted from plants. Polyphenolic compounds from
plants have various biological activities, such as antibacterial, anti-
inflammatory, antiviral, anti-allergic, and antioxidant.'® Polyphenolic
compounds from the plant Stryphnodendron adstringens were reported
to have inhibitory activity against S. aureus bacteria.!* A polifenol
compound from the Filipendula ulmaria plant also exhibits antioxidant
activity against S. aureus.® Additionally, alkaloids also show
antibacterial activity against some pathogenic bacteria.'> A previous
study reported that the leaf and steam of limeberry (Triphasia trifolia)
contain bioactive compounds including terpenoids, alkaloids, and
polyphenol compounds such as flavonoids and tannins.*® Limeberry (T.
trifolia) is a species in the Rutaceae (Citrus) family, is native to tropical
southeastern Asia, including Indonesia and Philippines. Additionally,
an essential oil from Triphasia trifolia exhibits antioxidant activity.'*
However, there is yet no study reporting the antibacterial activity of
limeberry fruit ethanol extract against S. aureus. Therefore, this study
aimed to identify the bioactive compounds and antibacterial activity of
limeberry (T. trifolia) fruit ethanol extract against S. aureus.

Materials and Methods

Sample preparation and extraction

Two kilograms of limeberry (T. trifolia) fruits were collected from
Pasar Mulya Village, Krui, West Lampung in October 2022. Then, it
was dried by sun-drying for 8 hours and then oven-drying at 50 °C for
72 hours. After the drying process, it was ground to powder and kept
for further used. The extraction process used a maceration method,
according to the previous study.*® > Briefly, 450 g of fruit powder was
mixed with 750 mL of a 96% ethanol solvent. The extraction was
performed at room temperature and stirred with a magnetic stirrer
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(Thermo Scientific Cimarec Stirring hot plate, Massachusetts, USA) at
120 rpm for 3 days. The filtrate and residue were separated using filter
paper (Whatman No. 42). The filtrate’s solvent was evaporated using a
rotary vacuum evaporator (Eyela N-1110 rotary evaporator, Tokyo,
Japan) at 30 °C. The limeberry ethanol extract was put in the new
sample bottle and kept at a cold temperature for further analysis.

Qualitative phytochemicals analysis

The qualitative phytochemical compounds including alkaloids,
flavonoids, and tannin, were analyzed according to the previous
methods.® 17 For the alkaloid test, each extract was dissolved in an
ethanol solvent and then filtrated to separate the residue from the
filtrate. The filtrate was divided into 3 tubes (5 mL/tube) and then added
to 3 reagents (Mayer’s, Wagner’s, and Dragendorff’s). Alkaloid was
detected in white or yellow precipitates in Mayer’s reagent, brown
precipitates in Wagner’s reagent, and orange precipitates in
Dragendorff’s reagent. In the flavonoid test, 5 mL of extract was
dissolved in ethanol, then Mg powder was added, and 5 drops of
concentrated HCI were added. The presence of flavonoids was detected
by red, yellow, or orange color formation. For the tannin test, 5 mL of
extract dissolved in ethanol was added to the FeCls reagent. The
presence of tannin was indicated by blue, blackish, or green color
formations.

Gas chromatography-mass spectroscopy and Fourier-transform
infrared analysis

The identification of bioactive compounds in limeberry fruit ethanol
extract were also analyzed using a gas chromatography-mass
Spectroscopy (GC-MS, Agilent 8890) according to previous study.®
The HP5-MS column (30 m x 250 pm x 0.25 pm) was used and the
injection temperature was at 280 °C, the initial oven temperature was at
60 °C and the initial time was 2.0 minutes. The rate 1 was 20.0 °C/min
and the final temperature was 120 °C. The rate 2 was 4.0 °C/min and
the final temperature was 290 °C. The MS quad temperature was 150
°C and MS source temperature was 230 °C. Whereas, the Fourier-
transform infrared (FT-IR) analysis was performed according to the
previous methods to analyze the functional group of the limeberry
ethanol extract. A Fourier transform infrared (Agilent Cary 630 FTIR
Spectrometer) equipped with an infrared source and potassium bromide
beam splitter according to the previous method.*®

Antibacterial activity analysis

Staphylococcus aureus bacteria were used to evaluate the antibacterial
activity of the limeberry fruit ethanol extracts, which performed
according to the previous method.?° Whereas, the 96% ethanol extract
was tested as a positive control for inhibition, while distilled water was
used as a negative control. The paper discs that had been dipped in
extracts with different concentrations (5%, 10%, 15%, 20%, and 25%)
were placed on the agar medium, which contained S. aureus cultures,
and then incubated at 37°C for 24 hours. Antibacterial activity is carried
out by measuring the diameter of the clear zone, which indicates the
inhibition of the growth of bacteria.

Data analysis

The qualitative phytochemicals, GC-MS, and FT-IR data were used for
descriptive analysis. The antibacterial activity was assessed using a one-
way ANOVA and a Duncan post-hoc test (p<0.05) using SPSS
software.

Results and Discussion

Extraction yield and phytochemical compositions

The bioactive compounds from limeberry fruit were successfully
extracted using a 96% ethanol solvent. The extraction yield was about
22.5%. Previous studies also reported that bioactive compounds from
Pistia stratiotes leaf were successfully extracted using an ethanol
solvent, with a yield extraction of about 16.80%.?' Additionally, a 96%
ethanol solvent was also used to extract bioactive compounds from
Cnidoscolus aconitifolius leaf.?2 According to the qualitative
phytochemical analysis, this extract contains alkaloids, flavonoids, and
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tannins (Table 1). A previous study reported that 96% ethanol was used
to extract various bioactive compounds, including alkaloids and
polyphenol compounds, such as flavonoids and tannin.?? A previous
study also reported that different ethanol concentrations have been
widely used in bioactive compound extraction.?® Ethanol, or mixture of
ethanol and water, is widely used as a solvent due to its safety and it is
also categorized as a food-grade solvent.?

Bioactive compounds composition of limeberry fruit ethanol extract
using GC-MS

The gas chromatography-mass spectroscopy chromatograms of
limeberry fruit ethanol extract are shown in Figure 1 and the bioactive
compounds are shown in Table 2. The presence of some alkaloid
compounds, such as piperidine alkaloids ([1,3,4] Thiadiazol, 2-amino-5-
(2-piperidin-1-ylethyl) and 1,1'-Methylenebis(3-methylpiperidine))
was observed in the limeberry fruit ethanol extract. A previous study
reported that piperidine belongs to the alkaloids group and the important
feature of true piperidine alkaloids is monocycle compounds with the
C5N nucleus.®® Additionally, 1,6-dehydropinidine (a piperidine
alkaloid) is present in Picea abies extract, as identified by using GC-
MS.?® This limeberry fruit ethanol extract also contains some
polyphenol compounds, such as flavonoids (4H-Pyran-4-one,2,3-
dihydro-3,5-dihydroxy-6-methyl and 7H-Furo[3,2-g][1]benzopyran-7-
one,4,9-dimethoxy). Previous studies reported that 4H-Pyran-4-
one,2,3-dihydro-3,5-dihydroxy-6-methyl (DDMP) and 7H-Furo[3,2-
g][1]benzopyran-7-one,4,9-dimethoxy also known as isopimpinellin
(furano-coumarin), belong to flavonoid group.?” 2

Functional group of limeberry fruit ethanol extract using FT-IR

The FT-IR spectra of limeberry fruit ethanol extract are shown in Figure
2 and the functional groups are shown in Table 3. The absorption of
limeberry fruit ethanol extract at 3265.1 cm* indicates the presence of
a hydroxyl (O-H) group and also indicates the presence of polyphenol
compounds.?® % The wavenumbers 1760 to 1600 cm™ and 1230 to 1140
cm? was recognized as the C-O stretching vibration absorption bands
and it indicate the presence of phenol compounds. Additionally, that C-
O stretching at ~ 1200 cm? due to the C-O of pyran is typical of
flavonoid C-rings.3 %

Table 1: Phytochemicals composition of limeberry (T. trifolia)
fruit ethanol extract

Phytochemicals Results
Alkaloids +
Flavonoids +
Tannin +

Note: +, presence in the extract.
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Figure 1: Chromatogram of GC-MS of limeberry (T. trifolia)
fruit ethanol extract.
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Table 2: The bioactive compounds of limeberry (T. trifolia) fruit ethanol extract based on the GC-MS chromatograms

Compounds Formula Retention time (min)
Acetic acid C2H402 1.755

[1,3,4] Thiadiazol, 2-amino-5-(2-piperidin-1-ylethyl) CoH16N4S 4.983
4H-Pyran-4-one, 2,3-dihydro-3,5 dihydroxy-6-methyl CeHsO4 5.998
1,1'-Methylenebis(3-methylpiperidine) Ci3HzsN2 8.358

terpinen-4-ol C10H180 11.011
Caryophyllene CisH24 17.348
n-Hexadecanoic acid C16H3202 29.280
cis—Vaccenic acid C18H3202 32.648
7H-Furo[3,2-g][1]benzopyran-7-one,4,9-dimethoxy C11H1005 34.391

Table 3: The functional groups of limeberry (T. trifolia) fruit ethanol extract

Functional groups

Wavelength (cm™)

O-H stretching 3265.1
C-H asymmetric and symmetric C-H stretching vibrations of sp3 hydrocarbons 2929.7
C=0 Carbonyl group 1632.6

C-O ether

1252.2-1013.8

Antibacterial activity

The antibacterial activity of limeberry fruit ethanol extract against S.
aureus is shown in Figure 3. In this present study, the bacterial
inhibition significantly (p<0.05) increased when the dose of extract also
increased, with a value range from 6.52 mm to 11.94 mm. Whereas,
positive and negative control were about 20.92 and 0 mm, respectively.
These results indicated that the bioactive compounds in the limeberry
fruit ethanol extract exhibit antibacterial activity. According to the data
from phytochemical analysis, identification of bioactive compounds,
and functional group analysis, the ethanol extract contains piperidine
alkaloids. A previous study reported that epidihydropinidine (a
piperidine alkaloids) from Picea abiesi exhibits antibacterial activity
against some bacteria, including S. aureus, Bacillus cereus, Salmonella
enterica, Pseudomonas aeruginosa, and Enterococcus faecalis.®® The
limeberry fruit ethanol extract also contains polyphenol compounds,
such as flavonoid and tannin, that are also involved in its antibacterial
activity. A previous study reported that a flavonoid from some
Rubiaceae plants exhibits antioxidant activity against S. aureus and
Escherichia coli.®* Flavonoid exerts antibacterial activity by some
mechanisms, such as decreasing cytoplasmic membrane function,
nucleic acid synthesis, and energy metabolism.% Additionally, tannin
compounds also reported their ability to destroy cell bacteria by passing
through the cell wall of bacteria up to the internal membrane and then
interference with cell metabolism.% A previous study also reported that
tannin extract from Neolamarckia cadamba fruit successfully inhibits
S. aureus bacteria.%’

Conclusion

In this present study, the bioactive compounds from limeberry (T.
trifolia) fruit ethanol extract were successfully extracted using a 96%
ethanol solvent. The yield of extraction is about 22.5%. This extract
contains various bioactive compounds, including piperidine alkaloid
and some polyphenol compounds such as flavonoid and tannin. This
extract exhibits antibacterial activity against Staphylococcus aureus
with a diameter of inhibition zone of about 11.94 mm at a 25% extract
concentration. Therefore, this extract has potential use as an
antibacterial agent.
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Figure 2: FT-IR spectrum of limeberry (T. trifolia) fruit ethanol
extract.
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Figure 3: The diameter of inhibition zone of limeberry (T.
trifolia) fruit ethanol extract against S. aureus. EO(+), 96%
ethanol as positive control; AO(-), distilled water as negative
control.

5822

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Trop J Nat Prod Res, January 2024; 8(1):5820-5824

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

Blando F, Russo R, Negro C, Bellis LD, Frassinetti S.
Antimicrobial and  Antibiofilm  Activity  against
Staphylococcus aureus of Opuntia ficus-indica (L.) Mill.
Cladode Polyphenolic Extracts. Antioxidants. 2019; 8:117.
Lubis AT, Sumampouw OJ, Umboh, JML. Gambaran Cara
Pencucian Alat Makan dan Keberadaan Escherichia coli
pada Peralatan Makan di Rumah Makan. Indones. J. Public
Health Community Med. 2020; 1:34-39.

Budiailmiawan L, Parwati |, Rita C, Lokida D.
Campylobacteriosis in An Outbreak of Foodborne Disease at
Bantar Gadung Village Palabuhan Ratu. Indones. J. Clin.
Pathol. Med. Lab. 2022; 28:209-214.

Fisher EL, Otto M, Cheung GYC. Basis of Virulence in
Enterotoxin-Mediated Staphylococcal Food Poisoning.
Front. Microbiol. 2018; 9:436.

Grispoldi L, Karama M, Armani A, Hadjicharalambous C,
Cenci-Goga BT. Staphylococcus aureus enterotoxin in food
of animal origin and staphylococcal food poisoning risk
assessment from farm to table. Ital. J. Anim. Sci. 2021;
20:677-690.

Pinho E, Ferreira ICFR, Barros L, Carvalho AM, Soares G,
Henriques M. Antibacterial Potential of Northeastern
Portugal Wild Plant Extracts and Respective Phenolic
Compounds, BioMed Res. Inter. 2014; 2014:814590.
Manso T, Lores M, Miguel TD. Antimicrobial Activity of
Polyphenols and Natural Polyphenolic Extracts on Clinical
Isolates. Antibiotics. 2021; 11:46.

Pancu DF, Scurtu A, Macasoi I1G, Marti D, Mioc M, Soica C,
Coricovac D, Horhat D, Poenaru M, Dehelean C. Antibiotics:
Conventional Therapy and Natural Compounds with
Antibacterial Activity—A Pharmaco-Toxicological
Screening, Antibiotics, 2021; 10:401.

Bouarab-Chibane L, Forquet V, Lantéri P, Clément Y,
Léonard-Akkari L, Oulahal N, Degraeve P, Bordes C.
Antibacterial Properties of Polyphenols: Characterization
and QSAR (Quantitative Structure—Activity Relationship)
Models. Front. Microbiol. 2019; 10:829.

Ecevit K, Barros AA, Silva JM, Reis RL. Preventing
Microbial Infections with Natural Phenolic Compounds.
Future Pharm. 2022; 2:460-498.

Cruz JERd, Costa JLG, Teixeira TA, Freitas GROe, Gomes
MdS, Morais ER. Phenolic compounds, antioxidant and
antibacterial activity of extract from leaves and bark of
Stryphnodendron adstringens (Mart.) Coville. Rev. Cienc.
Agron. 2022; 53:20217903.

Yan Y, Li X, Zhang C, Lv L, B. Gao and M. Li, Research
Progress on Antibacterial Activities and Mechanisms of
Natural Alkaloids: A Review. Antibiotics. 2021; 10:318.
Theanphong O, Mingvanish W. Antimicrobial activity from
leaves and stems of Triphasia trifolia (Burm. F.). Bull.
Health Sci. Technol. 2018; 16: 31-38.

Colorado BEJ, Martelo IP, Duarte E. Antioxidant and
Repellent Activities of the Essential Oil from Colombian
Triphasia trifolia (Burm. f.) P. Wilson. J. Agric. Food Chem.
2012; 60:6364-6368.

Sudirman S, Pujiastuti N, Janna M, Herpandi and Widiastuti
I. Antihyperlipidemic Activity of Purified Polyphenol
Extracted from Water Lettuce (Pistia stratiotes) Leaf: An In
Vitro Analysis, Trop. J. Nat. Prod. Res. 2023; 7:3177-3181.
Usman H, Abdulrahman FI, Usman A. Qualitative
phytochemical screening and in vitro antimicrobial effects of
methanol stem bark extract of Ficus thonningii (Moraceae).
Afr.J. Tradit. Complement. Altern. Med. 2010; 6:289-295.
Novriyanti R, Putri NEK, Rijai L. Skrining Fitokimia dan Uji
Aktivitas Antioksidan Ekstrak Etanol Kulit Jeruk Nipis
(Citrus aurantifolia) Menggunakan Metode DPPH. Proc.
Mul. Pharm. Conf. 2022; 15:165-170.

Taylor CW, Bowden SA. What about nitrogen? Using
nitrogen as a carrier gas during the analysis of petroleum

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

biomarkers by gas chromatography mass spectrometry. J.
Chromatogr. A. 2023; 1697:463989.

Bhongade B, Talath S, Dhaneshwar S. A Validated Method
for the Quantitation of Ciprofloxacin Hydrochloride Using
Diffuse  Reflectance Infrared  Fourier — Transform
Spectroscopy. Int. J. Spectrosc. 2014; 2014:1-6.

Rahman IW, Fadlilah RN, Ka'bah, Kristiana HN, Dirga A.
Potensi ekstrak daun jambu biji (Psidium guajava) dalam
menghambat pertumbuhan Serratia marcescens. J. Nat. Sci.
Env. 2022; 13:14-22.

Sudirman S, Herpandi, Safitri E, Apriani EF, Tagwa FH.
Total polyphenol and flavonoid contents and antioxidant
activities of water lettuce (Pistia stratiotes) leave extracts.
Food Res. 2022; 6:205-210.

Riskianto R, Windi M, Karnelasatri K, Aruan M. Antioxidant
Activity of 96% Ethanol Extract of Pepaya Jepang Leaves
(Cnidoscolus aconitifolius (Mill.) I. M. Johnst) Using DPPH
Method (1,1-diphenyl-2-picrylhydrazyl). Borneo J. Pharm.
2022; 5:315-324.

Sun C, Wu Z, Wang Z, Zhang H. Effect of Ethanol/Water
Solvents on Phenolic Profiles and Antioxidant Properties of
Beijing Propolis Extracts. Evid.-Based Complement. Altern.
Med. 2015; 2015:1-9.

Chemat F, Vian AM, Ravi HK, Khadhraoui B, Hilali S,
Perino S, Tixier AS. Review of Alternative Solvents for
Green Extraction of Food and Natural Products: Panorama,
Principles, Applications and Prospects. Molecules. 2019;
24:3007.

Dey P, Kundu A, Kumar A, Gupta M, Lee BM, Bhakta T,
Dash S, Kim HS. Analysis of alkaloids (indole alkaloids,
isoquinoline alkaloids, tropane alkaloids) in Recent
Advances in Natural Products Analysis. 2020. pp. 505-567.
Virjamo V, Fyhrquist P, Koskinen A, Lavola A, Nissinen K,
Julkunen-Tiitto R. 1,6-Dehydropinidine Is an Abundant
Compound in Picea abies (Pinaceae) Sprouts and 1,6-
Dehydropinidine Fraction Shows Antibacterial Activity
against Streptococcus equi Subsp. equi. Molecules. 2020;
25:4558.

Teoh YP, Don MM. Effect of temperature on Schizophyllum
commune Growth and 4H-pyran-4-one,2,3-dihydro-3,5-
dihydroxy-6-methyl-production using a bubble column
bioreactor. Chiang Mai J. Sci. 2016; 43:462-469.

Nabi M, Tabassum N, Ganai BA. Phytochemical screening
and antibacterial activity of Skimmia anquetilia N.P. Taylor
and Airy Shaw: A first study from Kashmir Himalaya. Front.
Plant Sci. 2022; 13:937946.

Zarina Z, Ruzaidi CM, Sam ST, Mustafa AM, Bakri A.
Investigation on Antioxidants Compounds Composition
Contains in Leucaena leucocephala (Petai Belalang). IOP
Conf. Ser. Mater. Sci. Eng. 2019, 551:012016.

Pandey KB, Rizvi SlI. Plant Polyphenols as Dietary
Antioxidants in Human Health and Disease. Oxid. Med. Cell.
Longev. 2009; 2:270-278.

Wongsa P, Phatikulrungsun P, Prathumthong S. FT-IR
characteristics, phenolic profiles and inhibitory potential
against digestive enzymes of 25 herbal infusions. Sci. Rep.
2022; 12:6631.

Kannan RRR, Arumugam R, Perumal A. Fourier Transform
Infrared Spectroscopy Analysis of Seagrass Polyphenols.
Curr. Bioact. Compd. 2011; 7:118-125.

Fyhrquist P, Virjamo V, Hiltunen E, R. Julkunen-Tiitto R.
Epidihydropinidine, the main piperidine alkaloid compound
of Norway spruce (Picea abies) shows promising
antibacterial and anti-Candida activity. Fitoterapia. 2017;
117:138-146.

Praptiwi P, Sulistiarini D, Qodrie ENP, Sahroni D.
Antibacterial activity, antioxidant potential, total phenolic
and flavonoids of three plant species of Rubiaceae from
Banggai Island, Indonesia. Biodvers. J. Biol. Divers. 2021;
22:2773-2778.

5823

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



35.

36.

Trop J Nat Prod Res, January 2024; 8(1):5820-5824

Shamsudin NF, Ahmed QU, Mahmood S, Ali-Shah SA,
Khatib A, Mukhtar S, Alsharif MA, Parveen H, Zakaria ZA.
Antibacterial Effects of Flavonoids and Their Structure-
Activity Relationship Study: A Comparative Interpretation.
Molecules. 2022; 27:1149.

Kaczmarek B. Tannic Acid with Antiviral and Antibacterial
Activity as A Promising Component of Biomaterials—A
Minireview. Materials. 2020; 13:3224.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

37. Pandey A, Negi PS. Phytochemical composition, in vitro

antioxidant activity and antibacterial mechanisms of
Neolamarckia cadamba fruits extracts. Nat. Prod. Res. 2017;
32:1189-1192.

5824

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



