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Abstract

Candida species are one of the most fatal fungal species which has detrimental effects on humans.
Antifungal agents against these fungal species are slowly restricting their effect due to development
of resistant species. Nowadays, antifungal agents of plant or microbial origin are gaining pace due
to their easy development methods, less side effects and less complex metabolites produced y
them. This study also focuses on two plant sources whose antifungal potency has been reported
earlier against some fungal species. Allium sativum L bulbs and Mentha piperita L. leaves were
extracted with ethanol and their active constituents were studied using GC-MS analysis. Antifungal
activity of constituents and their time kill kinetic study have been done to evaluate their efficacy as
antigungal agents. The results showed that Mentha piperita L. extract activity was strongest against
C.albicanswith ZOI of 25.9+1.31lmm quite comparable ZOI (34.9+0.36mm) of the positive
control. This was followed by activity against C.glabrata(23.97+0.06). Allilum sativum L. extract
showed higher activity against C.albicans (23.8 £1.31mm) and lesser effective against Cl.glabrata
(20.57£0.67mm).MICs for Alliun sativam L. and Mentha piperita L. extracts were determined to
be 6.25 mg/ml and MFC 12.5 mg/ml in all cases.

Keywords: GC-MS profiling, CLSI, MFC, Time-kill curve, colony forming unit, bioactive,

retention time

1. Introduction

Candida species are one of the major group of fungus which affects human extensively, the
category of infections it causes are collectively named as Candidiasis. Immunocompromised
mdividuals are majorly affected in these cases (Ferreira et al, 2009). In recent times, it 1s seen that
fungal mfections are majorly caused due to candida and non-albicans Candida (NAC) besides
other yeast of this category. The issue also grabs attention due to gradually developing resistant
species among this category (Li et al, 2015). Researchers are high to develop products of plant

origin that could be used to mhibit their growth and thus slow down their speedy spread.Candida
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albicans are the prevailing species in causing candiasis among other Non-albicans Candida (NAC)
species which hold 259%, 8%, 7%, and 4% by C. tropicalis, C. glabrata, C. parapsilosis and C. kruser
respectively (Mukherjee and Chandra, 2015). There are several factors in these species that
determine the mtensity of the effect on individuals which includes the formation of the germ tube,
adherence capacity of the pathogen, variation in phenotypic properties, formation of biofilm, and
secretion of lytic enzymes (Deorukhkar et al, 2014). Thus these factors ultimately define their

capacity of pathogenesis.

Five well-known categories of compounds which are known to possess antifungal properties are
polyenes, allylamines, azoles, fluoropyrimidines, and echinocandins (Rabes et al, 2015). The
mncreasing drug resistances against common antifungal agents like fluconazole and voriconazole
due to excessive usage have raised concerns among researchers to find better antifungal agents.
Plant sources are seen as better alternatives, owing to their cheap source and fewer side effects.
Therefore, they have replaced the chemically synthesized compounds almost completely which 1s
evident from the fact that among the marketed antibiotics that are used for clinical purposes, about

80% of them are derived from natural sources.

In this study, Allium sativum L. and Mentha piperita 1. have been focused to identify their
antifungal activity on Candida species, majorly emphasizing on Candida albicans. Both the plants
are of utmost importance from a medicinal and economical point of view. Therefore, they are
thoroughly studied in literature and it is reported to possess many properties like antiviral,
antibacterial, and antifungal (Mimica-Duki¢ et al, 2003; Iscan et al, 2002; Singh et al,
2015). The present scenario presents a minacious picture where Candidiasis numbers are
mcreasing at an alarming rate, the reason being the incidence of immunosuppressive diseases
among people. As the usage of existing drugs mncreased heavily, they are soon acquiring a resistant
label. As plants are the most reliable sources to obtain bioactive components, they play a central
role in most studies in recent times. We in this study, aim to determine more such active
components from these well-known plants that could possess better potential to control Candida

albicans and Non-Albicans Candida (NAC) species.
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2. Material and Methodology

2.1 Strains and media

The strains used in the study were Candida albicans and Candida glabrata. The 1solates were
obtained from clinical samples, 1dentified and characterized using molecular method of
Amplification and sequencing ITS region of the fungus in our earlier work. The obtained
sequence were submitted to NCBI/DDBJ and can be accessed from official website

(www.ncbi.nlm.nih.gov) for Candida albicans and Candida glabrata. All the media and chemicals

used i the study were obtained from HiMedia Laboratories Pvt. Ltd.
2.2Extraction of Allium sativum L. and Mentha piperita L.

Extraction of the active constituents frombulbs of Allium sativam Land leaves of Mentha piperita
L. were done using ethanol, cold water and hot water. For this leaves of Mentha piperital .were
collected from local area, both parts were rinsed with distilled water thoroughly to remove dust
paticles and other contaminants. Leaves were then dried in shade, ground to powder using electric
blender white i case of garlic, bulbs were freshly peeled and then powdered. These powders were
then separately extracted with ethanol, hot water and cold water using conventional method. Each
powdered sample was weighed 10gm and mixed with the solvents in 3 separate flasks. These flasks
were then placed on shaker for 72hours. After completion of incubation period, the extracts were
filtered using whatman filter paper no. 1 and filtrate was collected in separate tubes. The extracts
were then dried using rotary evaporator (ZEXTER Pvt. Ltd., India) and dried powder obtained

were stored at 4° C for further processing.
2.3 Thin-Layer Chromatography (TLC)

The dried extracts were tested for their phytochemical components using Thin Layer
Chromatography following method given by Marica et al. (2010). Samples of Allium sativam L and
Mentha piperita 1. extracts were prepared in separate solvents (described in section 3.1). The
mixture was placed on the silica gel coated plates (pre-activated at 105°C) leaving lem distance
from base. The sample was allowed to absorb on the surface. The plates were then placed in

chamber saturated with the solvent system (described in section 3.1). After completion of the
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process, plates were developed and visualized under UV light. Rf were calculated for the observed

spots. These extracts were then further analyzed using GC-MS profiling.

2.4 GC-MS Profiling of the extract

The extracts were analyzed for their using GC-MS Analysis equipment (Thermo Scientific Co.)

Thermo GC-TRACE ultra ver.: 5.0, Thermo MS DSQ 1I.
Experimental set up conditions for GC-MS system

e TR 5-MS capillary standard polar column, dimension: 30Mts, ID: 0.25 mm
e  Film thickness: 0.25pum.

e  Flow rate of mobile phase (carrier gas: He): 5.0 ml/min.

e  Temperature programme (oven temperature): 40°C- 350°C at 5°C/min

e Injection volume: 1 pl.

e  Solvent used for sample preparation:Methanol

e Range: 50-650 m/z

Results obtained were compared from Wiley Spectral Library Search Programme available in the

system.
2.5 Antifungal Activity against characterized candida isolates

Extract were assessed for their antifungal activity against C.albican and C.glabrata using Agar well
diffusion method standardized by the Clinical and Laboratory Standards Institute (NCCLS/ CLSI,
1997; Fothergill, 2011).

2.6 Minimum inhibitory and fungicidal concentrations of the extracts

MIC for the extracts was determined using standard broth micro-dilution method recommended
by the Clinical and Laboratory Standards Institute/The National Committee for Clinical
Laboratory Standards (CLSI/ NCCLS, 2002). MFC was evaluated from MIC concentrations which
showed no wisible growth onto plates. Results for MFC were mentioned as no growth

concentration on plate.
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2.7 Time-Kill Activity
Time Kill kinetics assay was performed by first preparing concentration of MIC, twice MIC
and four times MIC for the extracts (ethanolic extracts of Allium sativum L. bulbs and Mentha
piperita). Innoculum size of 1.0x10°was added to the extracts and incubated at 37°C. 1 ml of
media was collected from each tube at regular intervals of 0, 5, 10, 15, 20, 25, 30, 35, 40 hours.
These were then spread on Nutrient Agar media and plates were imncubated at 25-27°C. CFU
was recorded for each case and graph was plotted between LogiCFU/ml vs Time.

2.8 Statistical Analysis

All the experiments were performed i triplicates, and the results’ statistical significance was

expressed with the help of IBM SPSS Statistics 20.

3. Result & Discussion

3.1 Chemical constituents in the Extracts

3.1.1 Screening of components using TLC:Identification of chemical constituents inethanolic and
aqueous extracts of Allilum sativum L. bulbs and Mentha piperita L. leaves were primarily done
based on the thin layer chromatography summarized in the table (table 1) and illustrated in the

figure (figure 1).

Allium sativum L.extracts were run on silica gel with solvent system of toluene and ethyl acetate in
a proportion of 76:24, 50:50 and 24:76. The plates were developed in 1% vanillin in glacial acetic
acid and 1mages of the plates were visualized in presence of white light and UV light. The spots
which appeared more prominent in this case were yellow, green and brown in colour. Distances
covered by the spots were measured and Rf values were calculated. The Rf values corresponding
to the spots are summarized in the table (table 1). The table shows presence of various compounds
m the extract, majorly sulphur compounds were extracted in ethanolic extracts, defined by
presence of spot with Rf of 0.45, referring to allicin and also compounds with very low Rf of 0.062
referring to cepaenes and azoens. Less number of spots were visible in case of hot and cold water

extracts.

The result were found similar to Libbieet al. (2008)work where 1dentification of peppermint leaves

extracts constituents were based on TLC and spots’ appearance showed similar pattern as in
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observed 1n this study.Lilianaet al. (2004) work revealed similar pattern for garlic extracts in their

work for TLC.

In case of Mentha piperita L. extract, constituents were separated on silica gel using developing
solvent system of toluene and ethyl acetate in proportion of 76:24, 50:50 and 24:76. Samples were
prepared for TLC by extracting powdered leaves with toluene (at 10%). The slurry was then
centrifuged and liquid portion were spotted onto silica plates. The reagent used for development
of the plate was 19 vanillin in mixture of H.SO.methanol (40:10). The spots which prominently
appeared in this case were of menthol (Rf= 0.4), 1,8 Cineole (Rf= 0.54) and Piperitenone oxide
(Rf= 0.6) and also common pigment of chlorophyll (Rf= 0.4) were observed in its extract. In this
case also, ethanolic extract proved better solvent as compared to water;more number of
compounds were identified using ethanolic extract. Therefore ethanolic extracts of both plants

were used in GC-MS analysis for further identification of compounds.

3.1.2 GC-MS Analysis of Extracts

A profile of bioactive constituents i Allum sativum L. and Mentha piperita 1. ethanolic
extractswere assessed based on GC-MS results. The chromatograms of GC-MS for Allium sativum
L. (fig 1) and Mentha piperita L. (fig 2) are reveals the set of compounds extracted using ethanol
(75%). Both aqueous (cold and hot water)extracts were screened for active constituents using TLC,
as observed in the results they showed feeble appearance of spots and less effective identification,
therefore not analyzed using GC-MS. Ethanolic extract showed better identification and more
number phytoactive components, therefore its further analysis was done using GC-MS profiling.
Some of the major identiied components in Mentha piperita 1. ethanolic extracts were a-
Terpinene (RT: 3.666 min), L-Menthone (RT: 11.156 min), Menthol (RT: 15.780 min),
Piperitone oxide (RT: 24.389 min) and Thymol (RT: 30.288 min). Many studied have been
conducted earlier and reported the antimicrobial activity of active constituents of Mentha piperita
L. extracts viz., menthol, menthone and limonene, etc. Deans and Baratta (1998) and Flemming

(1998) 1n their work have reported such activity.

In case ofAllium sativiun L. ethanolic extracts, identified compounds were 1-propenyl methyl
disulphide (RT: 7.442 min), Trisulfide, allyl trisulfide (RT:24.58 min). Propanone (RT: 12.08 min)

while other general acidic components which provide 1t acidic nature were Acetaldehyde

http://annalsofrscb.ro 5596



Annals of R.S.C.B., ISSN: 1583-6258, Vol. 25, Issue 1, 2021, Pages. 5591 - 5607
Received 15 December 2020; Accepted 05 January 2021.

(RT:12.54 min), Acetic acidd (RT: 16.51 min), Propanoic acid (RT:16.76 min). These are
compounds which are obtained due to degradation of alline (Mochizuki et al., 1995; Block, 1985;
Stoll and Seebeck, 2006). They impart medically important properties like antioxidant and

anticancer to the plant (Park et al, 2015; Lawson and Wang, 2003; Sparnins et al., 1986; Fukao et
al., 2004; Rattanachaikunsopon and Phumkhachorn, 2008; Enders and Balensiefer, 2004; Son and

Lee, 2010; Wu et al., 2001)
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Fig 1: A typical GC-MS Chromatogram of Allfum sativurn L. bulbs ethanolic extracts
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Fig 2: A typical GC-MS Chromatogram of Mentha piperita L. leaves ethanolic extracts
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Table 3: GC-MS profile representing chemical composition of the Allium sativurn L. bulbs ethanolic

extracts

S.No. Peak No. Compound name Retention time (RT)
Mentha piperita L. leaves ethanolic extract
1 Peak 2 a-Terpiene 3.666
2 Peak 12 L-Menthone 11.156
3 Peak 14 neo-Menthol acetate 13.351
4 Peak 15 neo-Menthol 15.338
5 Peak 16 f;ii[(ffi});l;i(()i;llethylethylidene)- 15.727
6 Peak 16 Menthol 15.780
7 peak 24 Piperitone oxide 24.389
8 peak 30 Thymol 30.288
9 Peak 40 Methyl hinolenate 40.624
0 | van | B
11 Peak 43 Octadecanoic acid 43.507
Allium sativam L. bulbs ethanolic extracts
1 Peak 4 I-propenyl methyl disulphide 7.442
2 Peak 7 Propanone 12.08 2
3 Peak 8 Acetaldehyde 12.54
4 Peak 11 Acetic acid 16.51
) Peak 12 Propanoic acid 16.76
6 Peak 25 Trisulfide, allyl trisulfide 24.58
7 Peak 35 1,3-Dihydroxyacetone dimer 30.46
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8 Peak 36 2-Hydroxy-gamma-butyrolactone 32.12
9 Peak 39 4H-Pyran-4-one 33.86
10 Peak 47 Hexadecanoic acid 44.2

11 Peak 51 Heptadecane 47.54

3.2Antifungal activity and MIC/MFC of the extracts

Three extracts of Allium sativarmn L. bulbs and Mentha piperita L. leaves prepared in ethanol
(EAE), hot water (HWE) and cold water (CWE) were assessed for their antifungal activity against
C.albicans and C.glabrata characterized earlier in this work. Susceptibility of these microorganisms

1s tabulated in the table given below (table 4).

1able 4: Antifungal activity of Allium sativum L. and Mentha piperita L. extracts against C.albicans and

C.glabrata isolates
Zone of Inhibition (Mean + S.D.)
Extracts Allium sativam L. Mentha piperita L.

C.albicans C.glabrata C.albicans C.glabrata
EAE 23.8 +1.31 20.57+0.67 25.9+1.31 23.97+0.06
CWE 9.1 +0.22 9.98+0.57 10.07+0.31 7.43+1.11
HWE 12.63 = 0.60 14.2+0.60 19.83+0.29 11.6+0.78
PC 37.53 £0.99 32.33+0.58 34.9+0.36 30.03+0.35

NC 0.0 £0.0 0.0 £0.0 0.0 £0.0 0.0 £0.0

*FEAE: Ethanolic extract; CWE: Cold water extract; HWE: Hot water extract; PC: Positive control

(Clotrimazole :10mg/ml); NC: Negative control (DMSO); zone of mhibition are recorded excluding
well diameter -Ommy; Data are expressed as means+standard deviation imndependent experiments in
triplicates.
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Antibacterial activity of Extracts against Candida species

mEAE " CWE mHWE mPC

37.53
34.9
32.33
30.03
23.8 259 23.97
20.57 19.83
14.2
12.63
9.1 9.98 10.07 116
| I I = I
ASCA ASCG MPCA MPCG

Fig 3: Antibacterial activity of Extracts against Candida species; ASCA: A.sativum against C.albicans; ASCG:
A.sativamn against C.glabrata; MPCA:Mentha.piperita against C.albicans; MPCG: Mentha.piperita against
C.glabrata; EAE: Ethanolic extract; CWE: Cold water extract; HWE: Hot water extract; PC: Positive conirol
(Clotrimazole :10mg/ml)

The results revealed that both extracts(Alium sativum L. and Mentha piperita 1..) had no

significant antifungal activity in aqueous extracts. Whereas ethanolic extracts of both plants had

considerably higher inhibitory action against test fungal strains.

Cold water extract showed lowestantifungal activity of 9.1+0.22 and 9.98+0.57mm (C.albicans and
C.glabrata)by Allium sativim L. extract while 10.07£0.31mm and 7.43+1.11mm (C.albicans and

C.glabrata) by Mentha piperita L. extract. Hot water extracts had intermediate potency with 12.63

+ 0.60 mm and 14.2+0.60 mm(C.albicans and C.glabrata) by Allium sativum L. extract while

19.83£0.29 mm and 11.6£0.78 mm(C.albicans and C.glabrata) by Mentha piperita 1. extract.

Susceptibility to ethanolic extracts was found comparable to the positive control. Mentha piperita

L. extract activity was strongest against C.albicanswith ZOI of 25.9+1.31mm quite comparable ZOI

(34.9£0.36mm) of the positive control. This was followed by activity against

C.glabrata(23.97+0.06). Allun sativam L. extract showed higher activity against C.albicans (23.8

+1.31lmm) and lesser effective against C.glabrata (20.57+0.67mm). Our study was found in

accordance to the earlier reported antifungal potency of Allium sativum L. and Mentha piperita 1.

extracts. Abdallah (2017) reported significant activity of garlic bbulb extract against C.albicans.

Inhibitory zone observed against this fungus was 28.0+1.0 mm.
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MIC and MFC were performed for only ethanolic extracts as aqueous extracts did not show very
significant results for both Allium sativurm L. and Mentha piperita L. extracts. It was done to
evaluate the minimum concentration at which this extract could inhibit/kill the fungal strains.In
case of MIC, each extracts were prepared in concentration ranging from 3.125 mg/ml - 100 mg/ml
while positive control (Clotrimazole) concentrations were in range of 0.25 to 128 pg/mL. MICs for
Allium sativam L. and Mentha piperita L. extracts were determined to be 6.25 mg/ml and MFC
12.5 mg/ml in all cases. The number of viable cells of C.albicans and C. glabrata ar different point
of time were assessed using Time-Kill activity plot between LogwCFU of Cells/ml and time
mtervals (in hours). The plot (shown in fig 4) shows that nubber of viable cells reduce mn case of

antifungal agents (PC, Alllum sativum L. and Mentha piperita L. extracts) as compared to

untreated cells (UC).

16
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o
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™ >—MPCA
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¥ MPCG
<~ ~ ®-uC
2 [ —
0 T T T
0 5 10 15 20 25 30 35 40 45
Time (Hrs)

Fig 4: Time Kill plot of Allium sativum 1.. and Mentha piperita L. ethanolic extracts at different time
intervals; PC: Positive control; ASCA: A.sativum against C.albicans; ASCG: A.sativum agamst C.glabrata;
MPCA:Mentha.piperita against C.albicans; MPCG: Mentha.piperita against C.glabrata; UC: untreated
control
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Antifungal activity of methanolic and choloroform extracts from Mentha piperita 1. leaves has
been reported by Wenji et al. (2019) in his work. His results showed that both methanolic and
chloroform extracts possess antifungal activity against C. albicans.Diba and Alizadeh (2018) in their
study revealed antifungal actvity of Allium sativum L. against C.tropicalis These two plants have
been widely studied for their antifungal potential, against various Albicans and Non-Albbican

species. Our study aimed to explore their potency against C.albrcans and C.glabrata species.

Conclusion

This study dealt with extraction and 1dentification of active constituents fromAllium sativam L. and
Mentha piperita L. extracts. The results in the study suggested that ethanol turns out to be a better
solvent for extraction of active constituents rather than water. Also, in aqueous extract hot water
extracts had significant activity than cold water extract. The preliminary identification based on
TLC results showed presence of many constituents and their confirmation was done using GC-MS
analysis. Antifungal activities of these two extracts on C.alicans and C.glabrata showed Mentha
piperita L. extracts more potent than garlic extract. Many studies have been reported earlier for
C.albicans imhibition but C.glabrata is less studied and not many antifungal agents are yet well
known. Since natural products are in high demand owing to their low complexity, less side effects
and less harmful metabolites. Therefore, this study provides an insight ito beneficial roles of
Allium sativum L. and Mentha piperita as potential natural active agents for future use i field of

therapeutics and drugs.
Acknowledgment

We are sincerely thankful to the Department of Clinical Laboratory Sciences, Faculty of Health
Sciences, SHUA'TS, Allahabad (U.P.) to provide facilities to carry out this work. I am also thankful

to my advisor for his valuable suggestions to improve this manuscript.
Financial support and sponsorship

Nil

Contflicts of interest

The authors declare that there are no conflicts of interest regarding the publication of this paper.

http://annalsofrscb.ro 5604



Annals of R.S.C.B., ISSN: 1583-6258, Vol. 25, Issue 1, 2021, Pages. 5591 - 5607
Received 15 December 2020; Accepted 05 January 2021.

References

e Abdallah, E. M. (2017). Potential antifungal activity of fresh garlic cloves (Allium sativum
L.) from Sudan. Journal of Biotechnology Research, 3(11), 106-109.

e Block, E. (1985). The chemistry of garlic and onions. Scientific american, 252(3), 114-121.

e Deans SG, Baratta MT (1998). Antimicrobial and antioxidant properties of some essential
oils. Flav Fragr., 235-244.

e Deorukhkar, S. C., Saini, S., & Mathew, S. (2014). Virulence factors contributing to
pathogenicity of Candida tropicalis and its antifungal susceptibility profile. International
Journal of Microbiology, 2014.

e Diba A, Alizadeh F. (2018). In vitro and i vivo antifungal activity of Allium hirtifolium and
Allium sativum. Avicenna J Phytomed, 8(5): 465-474.

e Enders D, Balensiefer T. (2004). Nucleophilic carbenes in asymmetric organocatalysis. Acc
Chem Res., 37(8): 534-541.

e Ferreira, J. A. G., Carr, J. H,, Starling, C. E. F., De Resende, M. A., & Donlan, R. M.
(2009). Biofilm formation and effect of caspofungin on biofilm structure of Candida
species bloodstream isolates. Antimicrobial agents and chemotherapy, 53(10), 4377-4384.

e Flemming T. (1998). PDR for herbal medicines: Medical Economic Company, JNC.

e Fothergill AW (2011). Antifungal SusceptibilityTesting: Clinical Laboratory and Standards
Institute (CLSI) Methods. In: Intraction of Yeast, Moulds and Antifungal Agents, Hall,
G.S. (Ed.), Humana Press, New York, ISBN-10: 1597451347, pp.65-74.

o Fukao T, Hosono T, Misawa S, Seki T, Ariga T. (2004). The effects of allyl sulfides on the
mduction of phase II detoxification enzymes and liver injury by carbon tetrachloride. Food
Chem. Toxicol., 42(5): 743-749

e Iscan, G., Kirmmer, N., Kirkctoglu, M., Baser, H. C.,, & DEMIrci, F. (2002).
Antimicrobial screening of Mentha piperita essential oils. Journal of agricultural and food
chemistry, 50(14), 3943-3946.

e Lawson LD, Wang 7Z]J. (2003). Pre-hepatic fate of the organosulfur compounds derived
from garlic (A/lium sativum). Planta Med., 59(S1): A688-A689.

http://annalsofrscb.ro 5605



Annals of R.S.C.B., ISSN: 1583-6258, Vol. 25, Issue 1, 2021, Pages. 5591 - 5607
Received 15 December 2020; Accepted 05 January 2021.

e Liliana G1"tin, Rodica Dinic_a, Camela Neagu, Loredana Dumitrascu.(2004).Sulfur
compounds 1dentification and quantification from Allium spp. fresh leaves. Journal of
Food and Drug Analysis, 22; 425-430.

e Libbie S. W. Pelter, Andrea Amico, Natalie Gordon, Chylah Martin, Dessalyn Sandifer,
and Michael W. (2008). PelterAnalysis of Peppermint Leaf and Spearmint Leaf Extracts by
Thin-Layer Chromatography. Journal of Chemical Education,85(1); 133-134.

e Li X, Hou, Y., Yue, L., Liu, S., Du, J., & Sun, S. (2015). Potential targets for antifungal
drug discovery based on growth and virulence in Candida albicans. Antimicrobial agents
and chemotherapy, 59(10), 5885-5891.

e Marica, M. S., JIvona, S. B. A. & Ana, M. (2010). Optimization of chromatographic
conditions m thin layer chromatography of flavonoids and phenolic acids. Croatica
Chemica Acta, 77(1-2), 361-366.

e Mimica-Duki¢, N., Bozin, B., Sokovi¢, M., Mihalovi¢, B., & Matavulj, M. (2003).
Antimicrobial and antioxidant activities of three Mentha species essential oils. Planta
medica, 69(05), 413-419.

e Mochizuki, E., Yamamoto, T., Suzuki, S., & Nakazawa, H. (199)5). Electrophoretic
identification of garlic and garlic products. Journal of AOAC International, 79(6), 1466-
1470.

e Mukherjee, P. K., & Chandra, J. (2015). Candida biofilms: development, architecture, and
resistance. Microbiol Spectr, 3.

e NCCLS (1997). Reference method for broth dilution antifungal susceptibility testing of
yeasts. Approved standard M27-A. National Committee for Clinical Laboratory
Standards,Wayne, Pa.

e NCCLS M27-A2 (2002). In National Committee for Clinical Laboratory Standards.
Reference method for broth dilution antifungal susceptibility testing of yeasts: proposed
standard.

e Park SM, Ko KY, Kim IH (2015). Optimization of d-limonene Extraction from Tangerine
Peel in Various Solvents by Using Soxhlet Extractor. Korean Chem. Eng. Res., 53(6): 717-
722.

e Rabes, A., Zimmermann, S., Reppe, K., Lang, R., Seeberger, P. H., Suttorp, N., ... &

Opitz, B. (2015). The C-type lectin receptor Mincle binds to Streptococcus pneumoniae

http://annalsofrscb.ro 5606



Annals of R.S.C.B., ISSN: 1583-6258, Vol. 25, Issue 1, 2021, Pages. 5591 - 5607
Received 15 December 2020; Accepted 05 January 2021.

but plays a lmited role in the anti-pneumococcal innate 1immune response. PloS one,
10(2), e0117022.

Rattanachaikunsopon P, Phumkhachorn P. (2008). Diallyl sulfide content and
antimicrobial activity against food-borne pathogenic bacteria of chives (Allium
schoenoprasum). Biosci Biotechnol Biochem., 72(11): 2987-2991.

Singh, R., Shushni, M. A., & Belkheir, A. (2015). Antibacterial and antioxidant activities of
Mentha piperita L. Arabian Journal of Chemuistry, 8(3), 322-328.

Son §J, Lee SP. (2010). Effects of Black Garlic on the Rheological and Functional
Properties of Garlic Fermented by Leuconostoc mesenteroides. J Korean Soc Food Sci
Nutr., 39(6): 864- 871.

Sparnins VL, Mott AW, Barany G, Wattenberg LW. (1986) Effects of allyl methyl
trisulfide on glutathione S- transferase activity and BP- induced neoplasia in the mouse.
Nutr. Cancer., 211- 215.

Stoll A, Seebbeck E. (2006). Chemical investigations on allin, the specific principle of
garlic. Adv. Enzymol. Relat. Areas Mol. Biol., 11: 377-400.

Wu CC, Sheen LY, Chen HW, Tsai §J, Lu CK. (2001). Effects of organosulfur
compounds from garlic oil on the antioxidation system in rat liver and red blood cells.
Food Chem. Toxicol., 39(6): 563-569.

Wenpji K'Y, Rukmi I and Suprihadi A. (2019).In vitro Antifungal Activity of Methanolic
and Chloroform Mint Leaves (Mentha piperita 1..) Extracts Against Candida albicans].
Phys.: Conf. Ser. 1217 012136.

http://annalsofrscb.ro 5607



