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Abstract. This study aimed to determine the antifungal activity of Syzygium polyanthum leaves
extract against opportunistic filamentous fungi and pathogenic Candida species using the
standard method of Clinical and Laboratory Standard Institute (CLSI). All fungi were
susceptible to S. polyanthum leaves extract with minimum inhibitory concentration (MIC) and
minimal fungicidal concentration (MFC) ranging between 0.63 - 1.25 mg/mL and 1.25 - 5.0
mg/mL, respectively. Moreover, the extract of S. polyanthum leaves inhibited more than 90%
conidia germination of tested filamentous fungi. Killing time of S. polyanthum leaves extract
on C. albicans, C. glabrata, C. parapsilosis and C. krusei was fast acting where it showed 3
logio CFU/mL reductionat 4x MIC in 4 h. Morphology changes on treated strains were viewed
(changing cell wall thickness, rupture, and leakage of the cell's cytoplasm). Maximum cell
constituents release was observed at 4x MIC for 72 h incubation for A. niger with an
absorbance 0.381 whereas 0.435 for C. albicans after 4 h incubation at 4x MIC. Therefore,
results suggest that S. polyanthum leaves extract had antifungal activity and might be able to
develop as a natural antifungal agent.
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Introduction

Fungi consist of unicellular yeast, filamentous and multicellular moulds are widely
distributed in mother of Earth [1]. Aspergillus, Candida, Penicillium, and Fusarium are the
most popular and normally seen fungi to cause food spoilage [2]. For example, Aspergillus
flavus and Aspergillus fumigatus release their mycotoxin (aflatoxin and fumitoxins), and
produces the off-flavour and allergenic substances to cause uncountable post-harvest losses [3,
4]. On the other hand, Candida species are also mainly associated with rotting vegetation on
plants or food. Candida is a heterogeneous genus containing about a quarter of all yeast species
[5]. Food contaminated by fungi are resulting food poisoning and foodborne illness. Clinical
symptoms include stomach upset, diarrhea, abdominal cramp, fever, dehydration, and vomiting
[6]. In the current industries, synthetic antimicrobial agents such as sodium nitrite and sodium
benzoates have been extensively used to prevent the growth and proliferation of foodborne
pathogens or food spoilage microbes [7]. However, the continuous usage of artificial
preservatives led to microbial strain, which can resist a plethora of commercial antimicrobial
agents and become a public health concern [8]. Therefore, developments of natural
preservatives derived from plant sources instead of chemical preservatives are gaining more
attention nowadays.

Syzygium polyanthum (Wight) Walp. is categorized under the family of Myrtaceae, In
Malaysia and Indonesia, S. polyanthum also known as serai kayu, meselangan, salam, gowok,
manting and kastolam [8-9]. S. polyanthum leaves have been used traditionally as medicine or
therapeutic agents, including effective against diabetes, diarrheal, gastritis, inflammation,
hyperuricemia, hypertension, ulcer, and skin diseases [10]. Furthermore, S. polyanthum leaves
was believed to possess antimicrobial activity against several food spoilage fungi, including
Aspergillus spp, Euroticum spp. and Penicillium spp. [11]. Therefore, this study aimed to
determine the antifungal activity of S. polyanthum leaves extract against several fungi strains.

Materials & Methods

Preparation of extract. Dried S. polyanthum leaves were purchased from Herbal
Market Bandung, Indonesia, identified, and deposited in the Institute of Bioscience (IBS),
Universiti Putra Malaysia. S. polyanthum leaves (100 g) were dried, milled and soaked with
400 mL absolute ethanol for 7 days at room temperature. Final crude extract was diluted and
standardized into 10 mg/mL or 1%. For prior use, the stock solution was chilled below 4 °C
condition [12].

Filamentous fungi strains, growth conditions and inoculum preparation. The
filamentous fungi species, Aspergillus flavus ATCC 22546, Aspergillus niger ATCC 9029,
Rhizopus oryzae ATCC 22580, and Rhizopus oligosporus ATCC 22959 were used in this study.
Inoculum suspensions of filamentous fungi were prepared by the method of National
Committee on Clinical Laboratory Standard (NCCLS) [13]. Briefly, fungi were grown on
Potato dextrose agar (PDA) at 35 °C for 7 days. The conidia or sporangiospore and hyphae
fragments mixture was collected and transferred into a sterile microcentrifuge tube. Optical
density (OD) of conidial suspensions were read and adjusted between 80 to 82% transmittance
for Aspergillus spp., and 68 to 70% transmittance for Rhizopus spp. These suspensions were
diluted in sterile distilled water to obtain inoculum suspension was 10* CFU/mL.
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Candida strains, growth conditions and inoculum preparation. Candida albicans
ATCC 10231, Candida glabrata ATCC 2001, Candida krusei ATCC 32196 and Candida
parapsilosis ATCC 22019 were cultured and maintained on Sabouraud dextrose agar (SDA)
for 48 h at 35 °C. A standardized inoculum for each isolate was 5 x 10° CFU/mL.

Minimum inhibition concentration (MIC) and minimum fungicidal concentration
(MFC). Broth microdilution method was applied in the evaluation of MICs and MFCs using a
sterile 96-well microtiter plates. Each microdilution well contained 100 pL of two-fold diluted
concentration of antifungal agent and 100 pL of inoculated broth medium (moulds: 10
CFU/mL; yeast: 5 x 10® CFU/mL). Serial dilution was performed from the highest extract
concentration (5.00 mg/mL) to lowest extract concentration (0.01 mg/mL). All the culture
plates were incubated at 35 °C for 72 h for all filamentous fungi and 48 h for Candida spp. The
lowest concentration of antifungal agent to inhibit the microbial growth will recognised as
MICs [14]. Then, all MFCs were determined by subculturing each suspension well and
deposited onto PDA/SDA plates.

Inhibition conidial germination assay. Inhibition conidial germination assay was
performed in a standard MOPS-buffered RPMI 1640 medium. The assay was carried out by
using quantitative assay. Inoculum suspension used in this assay was adjusted to 5 x 10*
CFU/mL. Then, the prepared inoculum was diluted in 1:10 in MOPS-buffer to provide a final
inoculum concentration of 5 x 103 CFU/mL. Final extract concentrations were 0 x MIC, 0.5 x
MIC, MIC, 2 x MIC and 4 x MIC for each tested filamentous fungus. Fungal cultures (1 mL)
were incubated at 35°C for 24 h. Conidia numbers was then determined by plating on PDA and
the percentage of germination inhibition was calculated.

Time kill curve assay. Time kill curve assay is a method to calculate time required to
achieve inhibition on microbial growth of tested strains at different concentration of sample
extract. The protocol was referred to Souza et al. [15]. S. polyanthum leaves extract was diluted
using Sabouraud dextrose broth (SDB) medium containing inoculum (~10® CFU/mL) to obtain
final concentrations (0x MIC, 0.5x MIC, 1x MIC, 2x MIC, and 4x MIC values) for each tested
strain. The fungal suspension (0.1 mL) was serially diluted into phosphate-buffered saline
(PBS; 1%) at different exposure times and then plated onto SDA. The medium plates were
incubated at 35 °C for 24 to 48 h.

Scanning electron microscope (SEM). Fresh prepared pure culture (24 h) of A. niger
and C. albicans were treated with S. polyanthum leaves extract at the tested MIC value.
Centrifuged pellets (5000 x g for 10 min) were harvested and then fixed 2.5% (v/v)
glutaraldehyde for 4 to 6 h at 4 °C. Pellets were washed 3 times with 0.1 M of sodium
cacodylate buffer and each washing time was 10 min. The pellets were then post-fixed with
1% osmium tetroxide buffer for 2 h at 4 °C, washed again for 3 times, and each washing was
10 min. Pellets were then dehydrated for 15 mins each, using series of acetone concentrations
(35, 50, 75, and 95%). Lastly, the pellets were dehydrated 3 times using 100% acetone and
each dehydrated time was 15 min. Cell suspension was transferred to the specimen basket and
dried in the critical dryer for 30 min. The specimen was mounted on a stub and coated the gold
on sputter. Morphologies of A. niger and C. albicans were viewed using SEM instrument.

Cell constituent release assay. Cell constituents release was determined for the fungal
suspension of A. niger and C. albicans treated with S. polyanthum leaves extract [16]. Cell
suspension of A. niger and C. albicans were centrifuged at 3000 x g for 20 min, and washed
and suspended three times in 0.1% PBS (pH 7.0). The suspensions were undergone incubation

138



Jun et al. Malaysian Journal of Microscopy Vol. 18 No. 1 (2022) Page 136-146

at 35 °C inside the incubator shaker (2000 rpm) for 24 h, 48 h and 72 h for A. niger and 30 min,
1, 2 and 4 h for C. albicans, at different extract concentrations (0x MIC, 0.5x MIC, 1x MIC,
2% MIC and 4x MIC). Then, the samples were centrifuged at 13400 x g for 15 min. Supernatant
was collected to measure the absorbance of suspension at 260 nm by using the UV-Vis
spectrophotometer.

Results and Discussion

MIC and MFC. Table 1 summarises the MICs and MFCs of S. polyanthum leaves
extract against all filamentous fungi and Candida spp. MICs ranges between 0.63 to 1.25
mg/mL. C. krusei, C. glabrata, and C. parapsilosis were the most susceptible to S. polyanthum
leaves extract compared to other strains (MIC: 0.63 mg/mL). MFCs for all tested strains were
displayed between 0.63 to 5.0 mg/mL.

Table 1. Minimum inhibitory concentration (MIC) and minimum fungicidal
concentration (MFC) of S. polyanthum leaves extract against tested strains.

Strains MIC (mg/mL) MFC (mg/mL)
A. flavus ATCC 22546 1.25 5.0
A. niger ATCC 9029 1.25 5.0
R. oligosporus ATCC 22959 1.25 5.0
R. oryzae ATCC 22580 1.25 5.0
C. albicans ATCC 10231 1.25 1.25
C. glabrata ATCC 2001 0.63 0.63
C. krusei ATCC 32196 0.63 1.25
C. parapsilosis ATCC 22019 0.63 0.63

Lawsonia inersis extract (6 mg/mL) was able to inhibit A. niger [17]. Results indicated
that S. polyanthum leaves extract could better antifungal effect towards A. niger than L. inersis.
Suraj et al. [18] reported that MIC value of ethanolic extract of Calotropis procera was 25
mg/mL against R. oryzae, whereas MIC value for petroleum ether and benzene extract of C.
procera were at 35 and 20 mg/mL, respectively. Again, S. polyanthum had performed a better
antifungal effect against R. oryzae than C. procera extract. This presence of antimicrobial
compounds (bergenin and quercetin) in S. polyanthum leaves extract might contribute to the
activity of filamentous fungi [19-20]. No previous studies have reported for S. polyanthum
leaves extract against non-pathogenic C. albicans spp. Based on Prabhakar et al. [21], Syzygium
jambolanum, Cassia siamea and Caulerpa calpelliformis ethanol extracts had antifungal
activity against C. krusei, C. albicans, C. parapsilosis and C. glabrata, at 100 mg/mL whereas
Sargassum wightii display antifungal activity at 10 mg/mL. Hence, S. polyanthum had better
antifungal activity than S. jambolanum, C. siamea and C. calpelliformis, while having similar
activity as S. wightii. A previous study had isolated the main antimicrobial compounds
(flavonoid, alkaloid, triterpenes, and phenolic acid) from S. polyanthum leaves extract to
perform antifungal activity against Candida spp. [22].

Inhibition conidial germination assay. Based on quantitative analysis, using 4x MIC
for 72 h, the percentage of conidia germinations was reduced to 0% for A. flavus and Rh using
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quantitative analysis. oryzae. Meanwhile, the germination of Rh. oligosporus and A. niger were
not fully inhibited and reduced to 1% and 13%, respectively (Figures 1(a) to (d)).
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Figure 1. Effect of S. polyanthum leaves extract against conidia germination of
filamentous fungi (a) A. flavus, (b) A. niger, (c) R. oligosporus and (d) R. oryzae at
concentration of 0x MIC, 0.5x MIC, 1x MIC, 2x MIC and 4x MIC), respectively.

Generally, conidia germination of filamentous fungi was decreased with increasing
extract concentration. Conidia germination of A. flavus and R. oryzae were fully inhibited.
Meanwhile, conidia germination of R. oligosporus and A. niger were reduced to 1% and 13%
at 4x MIC, respectively. According to Begum et al. [23], A. indica leaf extract was reduced
conidia germination of Rhizopus spp. until 72% after treated 5% concentration whereas
Zingiber officinale rhizome extract showed only 1% reduction at same concentration. S.
polyanthum leaves extract possessed better antifungal activity than A. indica and Z. officinale
extract against Rhizopus spp. Findings proved that the inhibitory effect against fungi spore
germination might be contributed by some of the phytochemical compounds in plants.

Time kill curve assay. C. glabrata, C. albicans, and C. parapsilosis were able to kill at
4x MIC within 4 h, 2x MIC in 2 h, 2x MIC, and 4x MIC at 4 h incubation, respectively. The
population of C. krusei did not kill completely; however, it was reduced to less than 3 Logio
CFU/mL. The killing of the Candida spp. immediately indicates that this extract affected
irreversible damage to the structure of the test organisms when they come in contact with the
extract [24]. On the other hand, according to de Toledo et al. [25], Cympobogon citratus had a
killing effect against C. albicans at concentration of 0.63 mg/mL at 4 h incubation time.
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Besides that, C. glabrata and C. parapsilosis can be entirely killed by C. nardus at 1 mg/mL
concentration at 24 h exposure time. Abilities of C. nardus and S. polyanthum leaves extract to
inhibit fungi spp. might due to the presence of various active compounds in the extract. The
compounds were responsible for killing effect activity. Some active compounds can make
microbial membranes more permeable to cause cell leaking [26].

Time kill activity of S. polyanthum leaves extract against Candida species was
represented in Figures 2(a) to (d). The killing endpoints for C. albicans were reached after 4 h
of incubation time at 4x MIC, while C. glabrata had been killed within 2 h at 4x MIC. The
population of C. parapsilosis was reached the endpoint of 4 h incubation after exposed to 2 and
4x MIC. However, the population C. krusei reduced below 3 Logio CFU/mL at 4x MIC of
extract concentration for 4 h. These data demonstrated fungi inhibition by leaves extract was
highly dependent on S. polyanthum leaves extract tested concentration and time of incubation.
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Figure 2. Time-Kill curve plots for Candida species: (a) C. albicans, (b) C. glabrata, (c) C.
krusei and (d) C. parapsilopsis, following exposure to S. polyanthum leaves extract at (m)

0x MIC, () 0.5%x MIC, (4) 1x MIC, (o) 2x MIC and (¢) 4x MIC as respectively.
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Microscopic examination using SEM revealed morphology changes in the hyphae of A.
niger including irregular branching and loss of linearity whereas spores, showing distorted and
perforated structure as shown in Figures 3(a) to (d).

- i
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Figure 3. Morphology changes of A. niger spores and hyphae before (a) and (c) and
after treated (b) and (d) with S. polyanthum leaves extract at MIC value. Spore (a)
Control, (b) Treatment and Hyphae (c) Control and (d) Treatment.

Figure 4(b) showed the changes in C. albicans cell, including the leakage of its
cytoplasm, while for control showed the intact cell (Figure 4(a)).

1Mm
15,8688 1B8mm

Figure 4. Morphology changes of C. albicans before and after treated with S.
polyanthum leaves extract at MIC value. (a) Control and (b) Treatment.

Untreated A. niger (control) showed normal morphology with smooth, spherical, intact
spore shape and straight, linearly hypha with smooth external surfaces and rounded apices.
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Treatment extract had altered the morphology of A. niger, where spore showing distorted and
perforated structure while the treated hyphae become irregular branching, loss of linearity, and
distorted cell wall. A similar observation also declared by [27]. On the treated C. albicans
membrane cells, there was some dissolution of cytoplasmic contents due to the loss of electron
density. The cell wall was ruptured and leakage. In contrast, untreated C. albicans retained
their cell morphological features. Same condition reported by Jackson et al. [28], where
membrane disposition in C. albicans had been observed after being treated with Euphorbia
hirta leaf extract at 3.125 mg/mL for 36 h. The leaves extract has lipophilicity properties to
disrupt fungal cell membrane functions such as expansion, increased fluidity and permeability,
respiration, and cell leakage [29]. Long periods of extract exposure to cells cause irreversible
damage to cell structure [30]. This result indicates that the fungicidal mechanism of leaves
extract against A. niger and C. albicans was happened by penetrating the fungal membrane to
disrupt further and inhibit the cell growth.

Cell constituents release assay. Figures 5(a) and (b) showed the cell constituents
release assay results for A. niger and C. albicans following exposure with S. polyanthum leaves
extract for 72 h and 4 h, respectively.
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Figure 5(a). Cell constituent release analysis of A. niger following exposure with S.
polyanthum leaves extract at concentration from 0x MIC to 4x MIC
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Figure 5(b). Cell constituent release analysis of C. albicans following exposure with S.
polyanthum leaves extract at concentration of from 0x MIC to 4x MIC.
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Finding above shows the cell constituents release increased visibly when the applied
concentration of leaves extract increased and longer incubation time compared to the control.
The highest release of cell constituents release was obtained during the extract treatment on A.
niger at 4x MIC for 72 h incubation, showing an absorbance of 0.381 while for C. albicans
showed the highest absorbance of 0.435 at 4x MIC after 4 h incubation.

Conclusion

In conclusion, the research findings were proved S. polyanthum leaves extract might
contain the essential phytochemical compounds to perform its antimicrobial activity of the
leaves extract against filamentous fungi and Candida species. Therefore, S. polyanthum leaves
extract might had potential to be promoted for further study in the evaluation of natural
antimicrobial compounds to be applied in future food industries.

Acknowledgements

The financial support for this research was provided by Faculty of Science and
Mathematics, Universiti Pendidikan Sultan Idris, Tanjong Malim, Perak, Malaysia.

Author Contributions

All authors contributed toward data analysis, drafting and critically revising the paper
and agree to be accountable for all aspects of the work.

Disclosure of Conflict of Interest

The authors have no disclosures to declare

Compliance with Ethical Standards

The work is compliant with ethical standards

References

[1] Yamaguchi, M. U. R., Rampazzo, C. P., Yamada-ogatta, S. F. Nakamura, T. Ueda-
nakamura, C. V. & Dias, B. P. (2007). Yeasts and filamentous fungi in bottled mineral water
and tap water from municipal supplies. Braz. Arch. Biol. Technol., 50(1) 1-9.

[2] Palacio, A. D., Bettucci, L. & Dinorah, P. (2016). Fusarium and Aspergillus mycotoxins
contaminating wheat silage for dairy cattle feeding in Uruguay. Braz. J. Microbiol. 47(4) 1000-
1005.

[3] Pretti, R. (2012). Insight and Control of Infectious Disease in Global Scenario. (InTech
Open). pp. 231-248.

144



Jun et al. Malaysian Journal of Microscopy Vol. 18 No. 1 (2022) Page 136-146

[4] Philippe, S. (2012). Chemical composition and in vitro antifungal activity of Zingiber
officinale essential oil against foodborne pathogens isolated from a traditional cheese wagashi
produced in Benin. Int. J. Biosci. 2(9) 22-28.

[5] Loziene, K., Sakal, J., Pask, A. & Venskutonis, P. R. (2008). Anti-Candida activity of
Thymus pulegioides (Lamiaceae) essential oils depends on the plant chemotype. Herba Pol.
54(4) 80-92.

[6] Adak, G. K, Long, S. M. & Brien, S. J. O. (2002). Trends in indigenous foodborne disease
and deaths, England and Wales. GUT. 51(6) 832-841.

[7] Zink, D. L. (1997). The impact of consumer demands and trends on food processing. Emer.
Infect. Dis. 3(4) 467-469.

[8] Kato, E., Nakagomi, R., Gunawan-Puteri, M. D. P. T. & Kawabata, J. (2013). Identification
of hydroxychavicol and its dimers, the lipase inhibitors contained in the Indonesian spices,
Eugenia polyantha. Food Chem. 136(3-4) 1239-1242.

[9] Sumono, A. & Waulan, S. A. (2008). The use of bay leaf (Eugenia polyantha Wight) in
dentistry. Int. Dent. J. 41(3) 147-150.

[10] Ismail, A. M., MohameD, S. A. & Wan Ahmad, W. A. N. (2013). Autonomic nervous
system mediates the hypotensive effects of aqueous and residual methanolic extracts of
Syzygium polyanthum (Wight) Walp. var. polyanthum leaves in anaesthetized rats. Evid. Based
Complement. Alternat. Med. 2013(716532) 1-17.

[11] Guynot, M. E., Marin, S. Sanchis, L. & Ramos, A. J. (2005). Screening for antifungal
activity of some essential oils against common spoilage fungi of bakery products. Food Sci.
and Tech. Int. 11(1) 25-32.

[12] Rukayadi, Y., Shim, J. S. & Hwang, J. K. (2008). Screening of Thai medicinal plants for
anticandidal activity. Mycoses. 51(4) 308-312.

[13] Barbara, D. A., Gary W. P., Philippe, D (2008). M38-A2 References method for broth
dilution antifungal susceptibility testing of filamentous fungi; Approved Standard. 2nd edition
(Clinical and Laboratory Standards Institute).

[14] Zainin, N. S., Lau, K. Y., Zakaria, M., Son, R. & Rukayadi, R. Y. (2013). Antibacterial
activity of Boesenbergia rotunda (L.) Mansf. A. extract against Escherichia coli. Int. Food
Res. J. 20(6) 3319-3323.

[15] Souza, E. L., Stamford, T. L. M. & Lima, E. D. O. (2006). Sensitivity of spoiling and
pathogen food-related bacteria to Origanum vulgare L. (Lamiaceae) essential oil. Braz. J.
Microbiol. 37(4) 527-532.

[16] Toa, N., Jia, L. & Zhou, H. (2014). Antifungal activity of Citrus reticulata Blanco essential
oil against Penicillium italicum and Penicillium digitatum. Food Chem. 153 265-271.

[17] El-Bergadi, F, Laachari, F., Sadiki, M., Megzari, A., EI-Abed, S. & Iraqui, H. M. (2015).

Antifungal effect of Moroccan Lawsonia Inermis leaf extracts on the growth of filamentous
fungi isolated from historical wood. Int. J. Curr. Res. 7(2) 14237-14240.

145



Jun et al. Malaysian Journal of Microscopy Vol. 18 No. 1 (2022) Page 136-146

[18] Suraj, S. K. & Chaterjee, P. (2015). Antifungal activity of 50% aqueous-ethanolic extract
of leaves of Calotropis procera R. Br. Int. J. Sci. Res. 5(1) 230-235.

[19] Ndjateu, F. S. T., Tsafack, R. B. N., Nganou, B. K., Awouafack, M. D., Wabo, H. K,
Tene, M., Tane, P. & Eloff, J. N. (2014). Antimicrobial and antioxidant activities of extracts
and ten compounds from three Cameroonian medicinal plants: Dissotis perkinsiae
(Melastomaceae), Adenocarpus mannii (Fabaceae) and Barteria fistulosa (Passifloraceae). S.
Afr. J. Bot. 91 37-42.

[20] Sariga, C. D., Shakila, R. & Kothai, S. (2015). Isolation, characterization and
quantification of bergenin from Syzygium cumini stem bark. Int. Res. J. Pharm. 6 108-110.

[21] Prabhakar, K., Sathish, K. L. & Sajit, K. A. K. (2008). Antifungal activity of plant extracts
against Candida species from oral lesions. Indian J. Pharmacol. 70(6) 801-803.

[22] Djoukeng, J. D., Abou-Mansour, E., Tabacchi, R., Tapondjou, A. L., Bouda, H. & Lontsi,
D. (2005). Antibacterial triterpenes from Syzygium guineense (Myrtaceae). J. Ethnopharmacol.
101 283-286.

[23] Begum, M. Mahal, M. F. & Alam, M. D. (2010). Inhibition of spore germination of
myecelial growth of three fruit rot pathogens using some chemical fungicides and botanical
extracts. J. Life Earth Sci. 5 23-27.

[24] Kishore, A. Obulesu, G. & Rudramadewi, Y. (2016). Characterisation of susceptibility of
Candida spp. to three essential oils - A study done in FIMS, Kadapa. Arch. Intern. Med. 3 206-
211.

[25] de Toledo, L. G. Ramos, M. A. D. S., Sposito, L, Castilho, E. M. & Pavan, F. R. (2016).
Essential oils of Cymbopogn nardus (L). Rendle: A strategy to combat fungal infections caused
by Candida species. Int J Mol Sci. 17(8) 1-16.

[26] Burt, S. (2004). Essential oils: Their antibacterial properties and potential applications in
foods: A review. Int J Food Microbiol. 94(3) 223-253.

[27] Negi, K. & Chathurvedi, P. (2016). In vitro antimicrobial efficacy of Rhynchostegium
vagans A. Jaeger (moss) against commonly occurring pathogenic microbes of Indian sub-
tropics. Asian Pac. J. Trop. Dis. 6(1) 10-14.

[28] Jackson C., Agboke, A. & Nwoke, V. (2009). In vitro evaluation of antimicrobial activity
of combinations of nystatin and Euphorbia hirta leaf extract against Candida albicans by the
checkerboard method. J. Med. Plants Res. 3(9) 666-669.

[29] Zhang, J. H. (2017). Antifungal activity, mechanism studies on a-phellandrene and
nonanal against Penicillium cyclopium. Bot. Stud. 58(1) 13.

[30] Paul, S., Dubey, R. C., Maheswari, D. K. & Kang, S. C. (2011). Trachyspermum ammi
(L.) fruit essential oil influencing on membrane permeability and surface characteristics in
inhibiting foodborne pathogens. Food Control. 22(5) 725-731

146



