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Background:  Trachyspermum  ammi  (commonly  known  as Ajwain),  a medicinal  plant  of  the  Apiaceae  family
is  scientifically  acknowledged  to harbor  potential  bioactive  compounds  for  the  treatment  of gastrointesti-
nal  issues,  loss  of  appetite,  bronchial  difficulties,  cough,  inflammation,  diarrhoea,  headache,  hypertension,
stomach  discomfort,  bronchitis  and  influenza.  Candida  albicans  is generally  a commensal  fungus  found
in the  gastrointestinal  and  genitourinary  systems.
Objective: This  study  was  focused  on  secondary  metabolites  of T. ammi  and  its effects  towards  candidiasis
infection  as  caused  by  C. albicans.
Methods:  Phytochemical  components  of  T.  ammi  as  a crude  extract  were  extracted  through  maceration
method  using  three  polar  (ethanol,  methanol  and  water)  and  two  non-polar  (chloroform  and  diethyl
ether)  solvents  and subjected  to 14 phytochemical  tests. Further,  the  crude extract  of  T. ammi  was
analyzed  over  gas  chromatography–mass  spectroscopy  (GC–MS)  and  Fourier  transform  infrared  spec-
troscopy  (FTIR).  Evaluation  of  antimicrobial  property  of  the  extract  was  carried  out  by  minimum  fungal
concentration  (MFC)  and  minimal  inhibitory  concentration  (MIC).  In addition,  cell  reduction  assay  was
performed  using  flowcytometry  to confirm  the  antifungal  effect  of Ajwain  crude  extract.
Results:  The  aqueous  extract  showed  high  presence  of  phytochemicals  including  alkaloids,  carbohydrates,
flavonoids,  resins,  steroids,  tannins,  inorganic  acids,  organic  acids,  phenolic  compounds,  amino  acids,  pro-
tein  and  coumarins.  GCM  S analysis  revealed  seven  bioactive  compounds,  in  which  thymol  was  detected
in  significant  amount  in the  chromatogram.  FTIR  performance  showed  the presence  of various  stretch-
ing  vibration  including  O H, C H, C C,  C  O,  C N and  C O C. However,  the  MFC  and  MIC  of  Ajwain

extracts  using  different  solvent  showed  that  the  methanolic  extract  possesses  maximum  antifungal  effi-
cacy at  250  �g/ml  and  15.6  �g/ml, respectively.  In addition,  cell  reduction  assay  exhibited  significant  cell
reduction  in  Ajwain  methanolic  extract  compared  to the  other  crude  extracts  used  in  the  study.
Conclusion:  Overall,  the  findings  revealed  that  Ajwain  methanolic  crude  extract  has  antifungal  activity
against  C. albicans;  however,  that  further  needs  to be  established  at molecular  level.
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ntroduction
In non-industrialized civilizations, medicinal plants are exten-
ively utilized, mostly because they are easily available and less
xpensive than contemporary medications. Since prehistoric times,
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therapeutic plants, often known as medicinal herbs, have been
identified and employed in traditional healing practices. Plants
generate hundreds of chemical compounds for defense against
insects, fungus, illnesses and herbivorous animals, among other
things. Herbs have yielded a slew of phytochemical substances
with promising characteristics and proven biological action. The
consequences of utilizing a complete plant as medicine, however,
remain unknown because a single plant includes a vast range of
phytochemical substances. Furthermore, the phytochemical com-
position and pharmacological effects of many therapeutic plants,
if any, are still being determined via rigorous scientific study [1].
Trachyspermum ammi  (commonly known as Ajwain), a medicinally
essential seed spice from the Apiaceae family, is highly prized. The
seeds have good aphrodisiac qualities, while the roots are diuretic.
Ajwain oil, which is 2–4.4% brown in hue, is found in the seeds. The
major ingredient in this oil is thymol, which is used to treat gas-
trointestinal issues, appetite loss and bronchial difficulties. T. ammi
seeds have been used traditionally to treat cough, inflammation,
diarrhoea, headache, hypertension, stomach discomfort, bronchitis
and influenza [2].

Fungi have become major sources of human diseases. Candidi-
asis is the most common of the disseminated mycoses. Candida
albicans is the fungus that causes the most opportunistic and inva-
sive fungal infections of any other fungus [3]. C. albicans is generally
a commensal fungus found in the gastrointestinal and genitouri-
nary systems. Candidiasis, often known as yeast infection is caused
by any Candida species, the most common of which being C. albi-
cans. More than twenty types of Candida can cause infection with
C. albicans being the most common. C. albicans causes severe fun-
gal infections leading to a range of life-threatening diseases caused
by invasive infections to non-life-threatening mucocutaneous dis-
eases [4]. Individuals at risk for invasive candidiasis include low
birth weight babies, people recovering from surgery, HIV, cancer
and people admitted to an intensive care unit and those with an
otherwise compromised immune systems. In fact, the fourth most
common nosocomial blood stream pathogens are Candida species
which was reported by national nosocomial infections surveillance
(NNIS); also, lack of antifungal therapies and inappropriate diag-
nostic procedure leads to high mortality rate every year [5]. The
Candida species that survive on skin and on environmental surfaces
may  be endogenous or exogenous [6–8] where in invasive fungal
infections are most commonly caused by this species.

T. ammi,  on the other hand, is still being investigated for its
antifungal properties. Previous researches have documented the
information on the efficiency of T. ammi and the chemical struc-
ture of its derivative; however, antifungal efficacy of this particular
medicinal herbal derivative has yet to be demonstrated. Hence, this
investigation evaluated the phytochemical derivatives of Ajwain
and its in vitro antifungal activity against a healthcare-related
opportunistic pathogen with emphasis on C. albicans.

Materials and Methods

Isolation and identification of C. albicans

C. albicans was collected from AG Hospital, Chennai. The col-
lected swabs were inoculated in Sabouraud dextrose agar (SDA)
plate and CHROM agar (Hi-media) and incubated for 24 h at 30 ◦C.
CHROM agar was utilized to isolate and distinguish C. albicans from
other Candida species based on color and morphological obser-

vation. Moreover, the species can also be identified based on the
colony color as green colonies represent C. albicans, creamy colonies
represent C. glabrata and pink colonies with a whitish border repre-
sents C. krusei;  in order to identify C. albicans, further examinations
were carried out.
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ram staining method
The obtained Candida culture was  examined for further identifi-

ation on its morphology by conventional Gram staining technique.

erm tube test
In an Eppendorf tube, 0.5–1 ml  of serum was collected. Using

n inoculation loop, the fungal isolate was gradually emulsified in
he serum and incubated at 37 ◦C for 2–4 h. Then, a drop of serum
s applied to a grease-free glass slide with a cover slip over it; and
bserved under a microscope [9] and identification of C. albicans
as  carried out based on the morphology.

hlamydoconidia production test
The Chlamydoconidia identification was  performed using rice

gar medium. The culture was previously grown in Sabouraud dex-
rose agar (SDA) and seeded as 3 parallel streaks on a rectangular
iece of rice agar placed between the slides and incubated in a wet
hamber at 30 ◦C for 72 h. After the incubation, cover slip was kept
ver the slides and was viewed under a microscope. C. albicans was
ecognized and the production of chlamydospore [10] on the rice
gar media is to be observed.

ugar fermentation test
Peptone water was prepared and sterilized at 121 ◦C for 15

in. The sugar solution such as glucose, maltose, sucrose and lac-
ose were prepared individually using sterile peptone water. Sugar
olutions were poured into sterile test tubes, Durham tubes were
nserted into the test tubes without bubbles. The test tubes with
ugar solutions were steam sterilized for 15 min. Fungal colonies
ere inoculated into each sugar tubes using an inoculation loop

nd incubated for 24 h at 37 ◦C [11].

olvent extraction

Ajwain seeds were extracted using polar and non-polar sol-
ents, including (polar solvents: ethanol, methanol and water and
on-polar solvents: chloroform and diethyl ether). In brief, Ajwain
eeds were gathered, cleaned and dried in the open air. Mortar
nd pestle are being used to grind the seeds into a coarse powder.
he coarsely crushed seeds (15 g) were steeped in 100 ml  of the
bove-mentioned solvents overnight at room temperature. What-
an  filter paper or muslin cloths were used to filter the soaked

olvent. The filtered solvent was  poured into an evaporating dish
nd placed in a sand bath. Semi-solid extract was obtained as
he solvent evaporated and placed in a separate Eppendorf tube.
or further usage, the crude extract was  dissolved with dimethyl
ulphoxide (DMSO) [12].

hytochemical analysis

Traditional phytochemical tests on different Ajwain extracts
s prepared were carried out to ascertain the phytoconstituents.
hytochemical analysis has been carried out to identify alkaloids,
arbohydrates, flavonoids, glycosides, resins, steroids, tannins,
tarch, inorganic acids, phenolic compounds, amino acids, pro-
ein, coumarins and phlobatannins. The phytochemical assay
as  approached using [13] modified methodology of Hossein
ostafavi.

as chromatography–mass spectroscopy analysis
The sample was  injected into an Agilent technologies 5975 C
odel HP-5 column (30 m,  0.25 mm,  0.25 �m)  for GC–MS analysis.
e utilized the following chromatographic conditions: the injector
as  set to 250 ◦C and the column oven temperature was  set to

0–250 ◦C at a rate of 5 ◦C/min injection mode, using helium as the
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carrier gas at a flow rate of 1 ml/min. The following MS  settings were
used: 70 eV ionization voltages, 250 ◦C ion source temperature, 250
◦C interface temperature and 30–600 mass range [1,14].

Fourier-transform infrared spectroscopy analysis

To detect the sorts of chemical bonds (functional groups) found
in compounds or extract, we applied Fourier transform infrared
spectrometer (FTIR) analysis. Hence, a solidified semi-solid plant
extract was poured in a separate Eppendorf tube and maintained
at −20 ◦C overnight. The ice that developed during freezing was
removed by sublimation under vacuum below 200 ml  and the tem-
perature was kept at −45 ◦C to −20 ◦C for 3 h. Secondary drying, in
which the most of the remaining water in the sample was absorbed
by raising the temperature and low pressure provides the dry pow-
der that is suitable for FTIR analysis. The dried extract powder was
encapsulated in 100 mg  of KBr pellet and made transparent sam-
ple discs. An FTIR spectroscope with a scan range of 400 to 4000
cm−1 and a resolution of 4 cm−1 was used to examine the pow-
dered extract sample. The data were generated from the peak or
possible functional groups obtained from the extract powder [15].

Antifungal activity of T. ammi

Minimum fungal concentration (MFC)
To assess the antifungal activity, a minimum fungal concentra-

tion was determined using the standard agar well-diffusion method
as suggested by the National Committee of Clinical and Laboratory
Standards (NCCLS, 2007) of CLSI M44-A2 method.

Preparation of fungal inoculum
Sabouraud dextrose broth (peptone, dextrose) was  prepared

and a loop of fungal culture was inoculated and incubated for 24 h
at 35 ◦C. The next day, 2–3 ml  of 24 h incubated fungal inoculum
was inoculated in new Sabouraud dextrose broth and then cultured
nearly 4 h before being utilized for further study.

Agar well diffusion method
Agar well diffusion was conducted using Muller–Hinton agar

medium supplemented with 0.2% glucose and 0.5 g/ml methy-
lene blue, according to the CLSI M44-A2 guidelines [14]. The pH
of the medium was maintained between 6.5 and 7.5. Using a ster-
ile gel puncture, 3 wells (each in 4 mm diameter and roughly 2
cm apart) were cut in each plate. At a concentration of 1 mg/ml,
a stock solution of Ajwain solvent extract was prepared. Flucona-
zole, a common antifungal drug was used as a positive control. The
Ajwain solvent extracts have been taken for the assay at different
quantities (50 �l, 100 �l, 150 �l, 200 �l and 250 �l) and poured
into the wells using a sterile micropipette. The plates were incu-
bated for 24 h at 35 ◦C, and the diameter of the inhibitory zone was
measured in millimeters.

Minimum inhibitory concentration (MIC)

The efficacies of the Ajwain extracts from different solvents
were evaluated using the spot inoculation technique to deter-
mine minimum inhibitory concentrations against the test fungal
pathogen [16].

Preparation of fungal inoculum

Fungal colonies were inoculated into Sabouraud dextrose broth

and cultivated at 35 ◦C for 24 h. The 24 h broth culture was  inoc-
ulated in fresh Sabouraud dextrose broth for the following phase,
and the broth was incubated at 35 ◦C for 4 h before being used in
the procedure.
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roth dilution method
In 96 well microtiter plates, the broth dilution technique was

arried out (M27-A3). Using a sterile micropipette, 100 �l of fungal
noculum was applied into each well. Each solvent extract’s con-
entration (250, 125, 62.5, 31.25, 15.6 and 7.81 �g/ml) was  diluted
nto two-fold before being added to each well. Fluconazole was

aintained as positive control. Microtiter plates were sealed with
ead and incubated for 24 h at 35 ◦C. Following incubation, treated
ulture broth was evaluated at 560 nm by Spectrophotometer for
D values. The MIC  was measured based on the growth in least
oncentration.

ell reduction assay by flowcytometry

Sabouraud dextrose broth was prepared; loopful of fungal cul-
ure was  inoculated and incubated for 24 h at 35 ◦C. Seven
ppendorf tubes were taken; 1 ml  of culture broth was  transferred
nto each tube. Ajwain extract (250 �l) from all solvents were added
n each Eppendorf tubes, whereas control tube was kept separately

ithout adding any extracts and incubated for 24 h. The treated and
he untreated samples were transferred in flowcytometry tubes.
he tubes were then allowed to run in the flowcytometry machine
or 20 s and the results were recorded [17].

esults and Discussion

Candidiasis has become a significant problem across the world.
andida infections are associated with multitude illnesses, includ-

ng AIDS, neutropenic, metabolic conditions like diabetes mellitus
nd as well as the overuse of broad-spectrum antibiotics. Although
here are several drugs available to treat such infections, we  also
eally need a potential candidate that is successful in controlling
andidiasis. Therefore, this study emphasizes the antifungal prop-
rties of Ajwain crude extract against C. albicans, which causes
andidiasis infection. The results of the present study have proved
hat C. albicans was completely controlled by Ajwain extract.

. albicans collection and identification

CHROM agar is a fast analysis to look at different Candida species.
t makes easier to discover and identify Candida species even in

ixed cultures within 24–48 h. In the study, in CHROM agar media,
pple green colony development was observed, this implies the
resence of C. albicans. Gram’s staining was  performed on the col-

ected candidiasis culture which was  also revealing the presence
f yeast-like budding cells while observing under the microscope.
erm tube test indicated the formation of short hyphae (filamen-

ous) extension arising laterally from a yeast cell (pseudo hyphae)
ith no constriction at the point of origin, identifying the organism

s Candida species (Fig. 1). Whereas, it was observed [18] that the
ormation in germ tube was  identified as C. albicans. In addition,
t was  identified as [19] elongated daughter cells from the round

other cell without constriction at their origin and is referred to
s true germ tubes while constricted hyphae as pseudo hyphae.

Chlamydoconidia production test was carried out in Rice agar
edium where the thick-walled resting spores are identified as

 Chlamydoconidia and referred as C. albicans (Fig. 1). A previous
tudy [20] performed Chlamydoconidia test and observed the for-
ation of rounded spores with double walled isolates identified

s Chlamydoconidia. Earlier researcher [21] identified Chlamydo-
onidia formation using Corn Meal Agar supplemented with milk

hich enhances the formation of Chlamydoconidia production.

A sugar fermentation test was  performed to examine C. albicans
ugar utilization pattern. Candida utilized three sugars: glucose,
altose and sucrose, whereas lactose has not been utilized (E-

uppl. Table 1). C. albicans normally requires the lactase enzyme

6
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Fig. 1. Microscopic observation of Candida species. A: Yeast cell identification by Gr
doconidia spore identification by chlamydoconidia production test.

to breakdown lactose; however, this enzyme is lacking in C. albi-
cans, preventing it from using lactose sugar. Previous study [22]
performed sugar fermentation test where glucose, maltose and
sucrose were utilized by Candida; lactose was not utilized. The
germ tube test, chlamydospore production and sugar fermenta-
tion assays were used to conventionally speciate C. albicans isolates,
though they are time consuming and labor-intensive process. Based
on these investigations, C. albicans was identified and confirmed,
the same culture was used for further activity analyses.

Solvent extraction of Ajwain seed

Ajwain seed was extracted using a variety of solvents such as
aqueous, ethanol, methanol, chloroform and diethyl ether. In a sand
bath, a liquid solvent extraction was done using the hot extraction
method, yielding a semi solid extraction. Earlier researchers [23]
performed solvent extraction of Ajwain using different solvents to

study the antifungal activity on C. albicans and Aspergillus clavatus.
Moreover, former researcher performed [24] ethanol and methanol
solvent extraction of Ajwain by maceration method.

In this study, fourteen phytochemical tests were carried out for
various solvents including ethanol, methanol, aqueous, chloroform

d
d
a
1
s

185
aining technique; B: pseudohyphae observation by Germ tube test and C: chlamy-

nd diethyl ether (Table 1). Aqueous extraction of Ajwain revealed
ore than ten phytochemical components among all solvents. As

 result, aqueous extraction yields more components from Ajwain
han any other solvent in the study. In previous study phytochem-
cal tests were carried out using different solvents; for example,
n an earlier work [25] phytochemical screening of T. ammi  was
valuated for total phenolic and flavonoids compound presence in
jwain extract; also, another qualitative phytochemical analysis
nd phytoconstituents of Ajwain [26] was carried out.

as chromatography and mass spectroscopy analysis

Gas chromatography and mass spectroscopy (GC–MS) analy-
is of Ajwain extract revealed the presence of seven bioactive
ompounds (Table 2), which was  confirmed based on the peak
btained, retention time, molecular weight and molecular for-
ula. The analysis detected various bioactive compounds including
imethyl sulphoxide, o-cymene, �-terpinene, 4H-pyran-4-one, 2,3-
ihydro-3,5-dihydroxy-6-methyl, thymol, n-hexadecanoic acid
nd cis-vaccenic acid with retention time 5.402, 8.290, 8.920,
1.458, 13.640, 23.152 and 25.283, respectively. The extract
howed three highest peaks based on the retention time, in which

7
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Table  1
Phytochemical constituents of Ajwain solvent extracts. Eleven phytochemical components identified from Ajwain aqueous extract. Ethanol, Methanolic and Diethyl ether
extracts showed seven phytochemical constituents. Six phytochemical substances recognized from chloroform extract.

S. no Phytoconstituents Aqueous Ethanol Methanol Chloroform Diethyl ether

1. Alkaloids: Mayer’s test + – – – –
2.  Carbohydrates: Benedict’s test + + – – +
3.  Flavonoids: Ferric chloride test + + + + –
4.  Glycosides: Borntrager’s test – – – – –
5.  Resins + + + + +
6.  Steroids: Liebermann–Burchard Test + + + – +
7.  Tanins: Lead acetate test + + + + +
8.  Starch – – – – –
9.  Inorganic acids: Sulphate test + – + – +
10.  Organic acids: Malic acid test – – – + –
11.  Phenolic compounds: Lead acetate test + + + + +
12.  Amino acids: Millons test + – – – –
13.  Protein: Biuret test + – – – –
14.  Coumarins + + + + +
15.  Phlobatannins – – – – –
16.  Anthraquinones – – – – –

Table 2
Results of gas chromatography–mass spectrometry analysis (Ajwain crude extract). It includes the spectral fingerprints of bioactive compounds, molecular weight, structure
and  compound names.

S. no RT Name of the compound Structure Mol. wt g/mol Mol. formula

1. 5.402 Dimethyl sulphoxide 78.013 C2H6OS

2.  8.290 o-Cymene 134.109 C10H14

3. 8.920 �-Terpinene 136.125 C10H16

4. 11.458 4H-Pyran-4-one,2,3-dihydro-3,5-dihydroxy-6-methyl 144.042 C6H8O4

5. 13.640 Thymol 150.104 C10H14O

6.  23.152 n-Hexadecanoic acid 256.240 C16H32O2

7. 25.283 cis-Vaccenic acid 282.255 C H O

g
w
m
o
(
s
m
[

Thymol showed the maximum and highest peak in chromatogram
(Fig. 2).

For more than 40 years, volatile chemicals have been intensively
explored, with numerous researchers focusing on them. So far, over
245 volatile components have been found in Ajwain’s volatiles,
although only a few have been known to possess antifungal action.
The volatile compounds identified from Ajwain are shown in
Table 3 and its chromatogram was showed in Fig. 2. Earlier research

reported seven volatile compounds from Ajwain [27]. In this study,
GC–MS results showed the presence of a mixture four main com-
ponents including Thymol (71.06%), o-cymene (3.37%), �-terpinene
(3.826%) and 2-methyl-5-(1methylethyl)-phenol (0.512%); alto-

o
A
p

185
18 34 2

ether it was  99.97% of the total oil. All these main components
ere found in phenolic components of Ajwain; in other words, the
ajor component, thymol was together with other small amounts

f volatile compounds. Another study [28] reported �-terpinene
8.07%), o-cymene (3.73%) and thymol (66.41%) as major con-
tituents from Ajwain through GC–MS analysis. Similarly, seven
ajor compounds from Ajwain extract were identified previously

29] which is in accordance with our study. In this study, it was

bserved that Thymol was present in higher concentration in
jwain, the other components namely Terpinene and cymene were
resent relatively in small quantities.

8
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us extract in chromatogram. The peaks in the GC–MS spectra of Ajwain extract show the

F
a

Fig. 2. Gas-chromatography and mass-spectrometry analysis of Ajwain crude aqueo
presence of various secondary metabolites (or bio active compounds).

FTIR analysis

Ajwain extract showed characteristic absorption band at
3434.27 cm−1 for O H stretching vibration in the presence of alco-
hols and phenols, 2925.26 cm−1 for C H stretching vibration in
the presence of alkenes, 2855.68 cm−1 for C H stretching, 1610.09
cm−1 for C C stretching vibration in the presence of alkenes,
1414.22 cm−1 for C C stretching, 1317.22 cm−1 for C O stretch-
ing vibration in the presence of alcohols, carboxylic acids, esters
and ethers, 1190.66 cm−1 for C N stretching vibration in the pres-
ence of aliphatic amines, 1086.77 cm−1 for C N stretching, 953.37
cm−1 for C O C stretching in the presence of proteins/ polysac-
charides and 874.60 cm−1 for bending of benzene ring. The results
indicates that the extract is surrounded by proteins and metabo-
lites such as alkaloids, terpenoids that have functional groups of
amines, alcohols, ketones, aldehydes and carboxylic acids which are

the major components responsible for antifungal activity (Table 3
and Fig. 3).

Ajwain extracts shows ten functional groups based on adsorp-
tion range (Table 3) and based on the chromatogram indication
(Fig. 3). Studies reported [30] the functional groups of car-

s
r
p

b
o

185
ig. 3. FTIR analysis results of Ajwain crude (aqueous) extract. The different
dsorption ranges reflect the functional groups of phytochemicals. The O H bond

tretching is attributed by a broader peak observed at 3434.27 cm−1 adsorption
ange. The O H functional indicates the presence of alcohols and phenolic com-
ounds.

oxylic acids, amines, amides, sulphur derivatives, polysaccharides,
rganic hydrocarbons and halogens that are responsible for various

9
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Fig. 4. A. Antifungal activity results of various solvent extract. No zone was produced by the solvents. B. Antifungal activity of Ajwain methanolic extract. Various con-
centrations of crude extract inhibited the growth of C. albicans. Ajwain methanolic extract at 250 �g/ml concentration showed the largest zone of inhibition against C.
albicans.

Table 3
Functional group of Ajwain crude extract analyzed by FTIR. Absorption range
denotes the specific functional groups of crude extract.

Adsorption range (cm−1) Functional group

3434.27 OH stretching vibration (presence of
alcohols and phenols)

2925.66 C H stretching vibration (presence of
alkenes)

2855.68 C H stretching
1610.09 C C stretching vibration (presence

of  alkenes)
1414.22 C C stretching
1317.22 C O stretching vibration (presence of

alcohols, carboxylic acid, ester)
1190.66 C N stretching vibration (presence of

aliphatic amines)
1086.77 C N stretching
953.37 C O C stretching vibration (presence

of  proteins/polysaccharides)

Fig. 5. Minimal inhibitory concentration of solvent extracts of Ajwain. C. albicans
incubated with various concentration of Ajwain crude extract. Ajwain methanolic
e

874.60 Bending of benzene ring
medicinal properties of Ajwain. Also, it was analyzed [31] that the
extracts of Ajwain using FTIR revealed functional group of com-
ponents including amino acids, amides, amines, carboxylic acid,

c
a
g
t

186
xtract exhibited antifungal activity even at low concentration.

arbonyl compounds and organic acids. Previously [32], the FTIR
nalysis reported the presence of various characteristic functional

roups such as carboxylic acids, amines, amides, sulphur deriva-
ives and polysaccharides in Ajwain extract.
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Fig. 6. Cell reduction analysis of C. albicans treated with various Ajwain crude extr
viable cells. (C) aqueous extract, (D) ethanolic extract, (E) methanolic extract, (F) c
viable  cell and black dotted regions showing dead cells in the panel. Among the trea

Anti-fungal activity

From the antifungal study, it was observed that methanol

extract of Ajwain was found to be effective against C. albicans with
27 mm in 250 �l concentration, where aqueous extract shows 25
mm in 250 �l, ethanol extract shows 24 mm in 250 �l, chloroform
extract and diethyl ether extract showed 23 mm in 250 �l concen-
tration (E-Suppl. Table 2 and Fig. 4). In the study, Ajwain methanolic

t
a
T
c

186
 Flowcytometry. A. Untreated control and B. DMSO control samples showed more
orm extract and (G) diethyl ether extract. The red dotted regions are showing the
mples, methanolic extract highly reduced the viability of the cells (H).

xtract have significant anti-fungal effect even at lowest concentra-
ion, which implies that Ajwain extract has more potential effect
gainst the fungi and the results coincides with earlier demonstra-

ion [33] which showed that Ajwain extract was more effective
gainst Aspergillus niger, A. clavatus, Epidermophyton flocossum and
richophyton rubrum with an inhibition zone 23 mm diameter at
oncentration 1 mg/ml. Another study reported [34] that Ajwain
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extract was effective against C.albicans with an inhibition zone 21
mm dia.

In previous investigation [35] the ethanolic and methanolic
extracts of Ajwain showed an effective zone of inhibition against C.
albicans, A. niger, A. fumigatus and Trichophyton rubrum.

Minimal inhibitory concentration (MIC)
In the study, a least inhibitory concentration of Ajwain solvent

extracts against C. albicans was determined using broth dilution
technique and determined its MIC  values based on the OD val-
ues (Fig. 5). The inhibitory action of Ajwain crude extract has been
observed at different concentrations (250, 62.5, 31.25, 15.6 and 7.81
�g/ml), however among all, Methanolic extract showed inhibitory
efficacy even at low concentration (15.6 �g/ml).

Cell reduction assay by flowcytometry

The culture was comparatively analyzed between Ajwain sol-
vent extract treated or untreated cultures. From the obtained
results, we can determine that methanol extract of Ajwain showed
effective cell reduction on C. albicans (Fig. 6). The aqueous extract
showed less cell reduction compared to other solvent extracts of
Ajwain. From the Flowcytometry analysis, it is known that the red
region indicates the total number of viable cells before or after
treatment, whereas black scatter dots indicated the dead cells in
the panel. The results of this experiment clearly show that Ajwain
methanolic extract acts as a promising antifungal agent. It was
exhibited [36] that the yeast viability through flowcytometry using
a novel fluorescent probe, FUN-1. Further, in earlier work [16],
cell count assay using flowcytometry for yeast cells along with a
fluorescent probe was studied. The study also demonstrated [37]
yeast cell viability due to treatment or un-treatment through light
scattering method on flowcytometry. Altogether, the study indi-
cated the performance of Ajwain extract, especially the methanolic
extract against the opportunistic human gut pathogen, C. albicans.

Conclusion

The evolution of the potential advantages of bioactive secondary
metabolites produced from edible seeds of Ajwain might lead to
the development of new antifungal strategies and concepts. Ajwain
intake has been linked to a lower incidence of fungal infections sug-
gested in several studies. This research work revealed that Ajwain
crude extract had remarkable antifungal efficacy against C. albicans.
It might be used as a significant alternative medicine in the future
unless the bioactive component can be separated from the crude.
Thymol is a novel bioactive molecule that might be isolated and
developed as an antifungal drug against infectious disease caused
by various species, particularly C. albicans in future. Ajwain bioac-
tive compounds have been recognized as a safe and successful type
of therapeutic agent and could be used by individuals worldwide
for a number of ailments. Further studies in this area may  lead
to promising result for Thymol based anti-fungal, anti-microbial
agents and health supplements.
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