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Abstract

Antimicrobial resistance is one of the top 10 global threats to public health. Natural products can be effectively used to prevent
antimicrobial resistance. Spices are highly used food commaodities. Their essential oils (EOs) possess excellent antimicrobial
potential. Therefore, the present study aimed to extract oil from three commonly used spices and assess their antimicrobial
activity.The EOs were extracted from cinnamon (Cinnamomum verum J. Persel), cumin (Cuminum cyminum L.) and trigonella
(Trigonella foenum-graecum L.) and were characterized by GC-MS. Antimicrobial activities were screened against two Gram
+ve bacterial strains: Staphylococcus aureus (MTCC No. 737), Bacillus subtilis (MTCC No. 441); two Gram-ve bacterial strains,
Escherichia coli (MTCC No. 443), Pseudomonas aeruginosa (MTCC No. 1688); and two fungal strains: Aspergillus oryzae
(NCIM1008) and Fusarium oxysporum (MDU-4) via disc diffusion and broth dilution assays.The highest yield of EOs was ob-
tained with trigonella (4.35 %), followed by cinnamon (2.75%) and cumin (1.53%). GC-MS analysis confirmed the presence of
various phytocompounds in different EOs. Antimicrobial results showed that cinnamon EO was the most active with the maxi-
mum zone of inhibition of 15.3+0.08 mm, 11.3+0.25 mm, and 13.1+0.14 mm against E. coli, P. aeruginosa, and F. oxysporum,
respectively. Cumin EOhas also shown promising antimicrobial activity with a zone of inhibition of 13.0+0.09 mm, 10.2+0.20
mm, and 11.4+0.08 mm against E. coli, P. aeruginosa, and F. oxysporum. E. coli and F. oxysporum were the most sensitive
microbial strains.Cinnamon EO exhibited the highest antimicrobial activity and, therefore, can be used as a natural antimicrobial
herb after clinical trials.
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INTRODUCTION

Antimicrobial resistance is one of the top 10 global
threats to public health. It occurs when microbes
(bacteria, viruses, fungi and parasites) do not respond
against applied drugs. In appropriate use of antibiotics,
poor hygiene and some natural factors may be the
leading causes of increased incidents of antimicrobial
resistance. Since the last century, antibiotic resistance
has failed most medical breakthroughs (Aslam et al.,
2018). It is spreading at an alarming rate and trans-
forming many curable infectious diseases into untreata-
ble ones. According to “Antimicrobial Resistance: Glob-
al Report on Surveillance (2014)” antimicrobial re-
sistance can spread all over the map. It can exert its

negative influence on any person of any age and any
nation. Nearly five million deathswere reported due to
antimicrobial resistance in 2019 (https://www.who.int/).
It has also been estimated that by 2050, antimicrobial
resistance will result in a death rate of 10 million/year
(Cresti et al., 2022). Therefore, a multisectoral and mul-
tidisciplinary approach is needed to manage this havoc
(Joshi et al., 2018).

In its report, World Health Organization (WHO 2023)
emphasized the major causes of antibiotic resistance
and the global policy framework to combat this emerg-
ing health problem. WHO has also scheduled a high-
level United Nations General Assembly meeting in
September 2024 to make bold decisions and commit-
ments to resolve this problem (https://www.who.int/).
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Other measures are also needed besides WHO initia-
tives because it is impossible to fight antimicrobial re-
sistance with a single response. Synthetic antimicrobi-
als are also evolving as powerful weapons but are as-
sociated with several adverse effects. Their success
rate remains doubtful (Mittal et al., 2019). For instance,
SET-M33 is a non-natural antimicrobial peptide that
leads to a dose-dependent increase in creatinine, urea
level and degeneration and regeneration in the kidney
(Cresti et al.,, 2022). They also adversely impact the
economy, resources and life expectancy. Everyone
looks forward to curing antimicrobial resistance with
natural medicines (Eldin et al., 2023; Rao et al., 2021).
Natural products are biodegradable in nature and
possess novel sites of action (Batish et al., 2007).
Medicinal plants, herbs and spices have been used for
centuries as natural medicines for curing microbial
infections in humans and animals (Mittal et al., 2019).
Spices are the culinary herbs and dried plant parts that
improve food items' taste, flavor, color and aroma
(Singh and Yadav, 2022a; Vazquez-Fresno et al.,
2019). They are also used for maintaining good health,
treating routine maladies and boosting immunity
(Ogbunugafor et al., 2017). They also act as a good
antimicrobial agent and have wide applications in phar-
maceutical industries (Yousefi et al., 2019). Research-
ers are exploring the therapeutic potential of spices
across the globe.

India is popularly considered as the goldmine of spices.
Over a hundred medicinal plants are used as spices for
culinary and therapeutic purposes (Singh and Yadav,
2022b).The common culinary spices viz. Cinnamomum
verum, Cuminum cyminum and Trigonella foenum-
graecum are widely distributed. Ci. verum J. Persel is
commonly known as cinnamon and belongs to the fami-
ly Lauraceae. Its bark is of great culinary and therapeu-
tic importance.The genus comprises almost 250 spe-
cies and is widely distributed in India, China and Aus-
tralia. Traditionally, it is used to cure asthma, bronchitis,
cardiovascular diseases and others (Firmino et al.,
2018). It is also used to cure microbial infections, oxida-
tive stress, inflammation, diabetes and cancer. Though
these therapeutic properties of cinnamon are cumula-
tive effects of its diverse phytocompounds but, they are
mainly attributed to its major phytocompound cinnamal-
dehyde i.e., majorly constituted in cinnamon EO
(Prabuseenivasan et al., 2006; Singh et al., 2021a). Cu.
cyminum L. is a small-sized herb i.e. commonly known
as cumin. It belongs to the family Apiaceae. It is fre-
quently cultivated in India, Egypt, China, the Middle
East, and other Mediterranean countries. The plant has
several folkloric and medicinal values. It can be effec-
tively used as a gastric stimulator, antimicrobial, antioxi-
dant, antidiabetic and anticancer agent (Mnif and Aifa,
2015).1 ts different phytocompounds render the diverse
therapeutic effects of cumin. Among different bioactive

compounds, cuminaldehyde was the principal phyto-
constituent (Singh et al., 2021b).

T. foenum-graecum L. is also known as fenugreek. It
belongs to the family Fabaceae. The plant has a global
distribution. India is the largest producer, followed by
China, Pakistan, Iran, Afghanistan, Russia, Australia,
Canada, USA and Europe. In these countries, this plant
is traditionally used in boosting immunity and curing
diabetes, inflammation, hypercholesterolemia, digestive
and reproductive problems (Goyal et al., 2016). These
traditional uses of trigonella also endorsed its multiple
pharmacological effects. Trigonella seed oil has numer-
ous pharmacological effects, which help to cure many
maladies in humans and animals (Singh et al., 2022).
Keeping this in mind, the present study aimed to ex-
plore the chemical composition and the antimicrobial
potential of three commonly used dietary spices, viz.
cinnamon (Ci. verum), cumin (Cu. cyminum), and
trigonella (T. foenum-graecum), against selected bacte-
rial and fungal strains.

MATERIALS AND METHODS

Chemicals used
The analytical-grade chemicals were procured from
Sigma-Aldrich and Himedia.

Test materials

Cinnamon (bark), cumin (seeds) and trigonella (seeds)
were procured from the local market of Rohtak, Harya-
na (India). These spices were selected based on vari-
ous factors like their dietary fiber, protein and fat con-
tent which are comparatively rich in fat, protein and
dietary fibers (https://www.usda.gov/).

Extraction of plant materials

Cinnamon (bark) and cumin (seed) powder were ex-
tracted using 100 gm of both spice powdersusingthe
Clevenger apparatus. The powder was dissolved in 500
mL of distilled water. Extractions were performed at
100 °C for 5-10 minutes, thereafter, the temperature
was set at 40-60 °C (until no more EOs were obtained).
EOs were collected, dried with anhydrous sodium sul-
fate and stored at 4 °C until analysis (Pingret et al.,
2014). Trigonella (seed powder) was extracted using
the Soxhlet apparatus. A thimble containing 50 gm of
seed powder was prepared and extracted with petrole-
um ether. The cycle was run at 40-60 °C (until no more
EO was extracted). The obtained EO was left overnight
for the evaporation of the solvent. The water droplet of
EO was removed with anhydrous sodium sulfate. The
dried EO was collected and stored at 4 °C for further
analysis (Akbari et al., 2019).

Quantification of essential oils (EOs)
The EOs extracted using different extraction methods
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were quantified by following the equation developed by
Akbari et al. (2019):

Masz of EO obtained (gm)

U4 Yield of EO = ®x 100

Weight ofthe sample taken (gm)

Eq.1

Gas chromatography-mass spectrometry (GC-MS)
and compound identification

GC-MS analysis was performed using 394143602-GC
Single Quadruple Mass Spectrometer SCION 436 GC;
Fill Scan SIM, with CP-739651-CP8410 Liquid Auto
Sample. The operation conditions were as follows: vec-
tor gas, helium; flow rate, 1 mL/min.; column tempera-
ture, 100 °C; injected volume, 1 uL. Each peak in the
chromatogram corresponds to a particular compound.
Peak areas were used to quantify the relative amounts
of individual compounds.Compounds were identified
with the help of commercial and mass spectra libraries
combined with the computer. The mass spectra data
was compared with the GC retention indices (Yang et
al., 2021).

Assessment of antimicrobial activity

Disc diffusion assay

The antimicrobial activity was evaluated against two
Gram-positive Staphylococcus aureus (MTCC No.
737), Bacillus subtilis (MTCC No. 441); two Gram -ve
bacterial strains: Escherichia coli (MTCC No. 443),
Pseudomonas aeruginosa (MTCC No. 1688); and two
fungal strains: Aspergillus oryzae (NCIM1008) and
Fusarium oxysporum (MDU-4).The microbial strains
were procured from the Department of Microbiology,
M.D.University. Rohtak. The activity was performed
using 37 °C overnight bacterial culture in nutrient broth
and 3015 °‘C (2-3 days) fungal culture in potato dex-
trose broth. The microbial concentrations were adjusted
at 8 x 108 cells/mL at 600 nm. A hundred microliter mi-
crobial suspension was spread over the agar plates.
The culture was evenly spread with the help of a sterile
spreader to achieve uniform microbial growth over
plates. EOs were diluted in dimethyl sulfoxide (DMSO)
to get a stock solution of 10 mg/mL. Under aseptic con-
ditions of laminar airflow, the sterile discs (6 mm diame-
ter) were infused with 30 pL of different concentrations
(100, 50, 25, 12.5, 6.25 mg/mL) of different EOs. Paper
discs impregnated with DMSO were placed on seeded
plates as the standard. Ciprofloxacin and fluconazole
discs were used as a reference control for antibacterial

and antifungal activity, respectively. All petri plates
were sealed with parafilm to avoid sample evaporation
and external contamination. The plates were incubated
at 37 °C overnight for bacterial and 30t5 °C (48 hours)
for fungal cultures. After incubation, the zone of inhibi-
tion was measured with a caliper. Experiments were
performed in triplicates and the data were presented as
mean values forof triplicates (Saki et al., 2020).

Minimum Inhibitory Concentration (MIC) assay

The broth dilution method was employed for in-vitro
MIC (mg/mL) estimation in which 20 pL aliquot
(prepared in 0.85 % of NaCl) was added to test tubes.
Inoculated test tubes were incubated for a period of 12-
18 hours at 37+2 °C and 48-60 hours at 30+5 °C for
bacterial and fungal strains, respectively. Experiments
were carried out in triplicates. The inhibition of microbi-
al growth in the test tubes containing EOs was ob-
served by comparing it with microbial growth in the
blank control test tube. The EOs concentration without
visible turbidity in test tubes was considered the best
MIC for respective microbes (Saki et al., 2020).

Minimum bactericidal concentration and minimum
fungal concentration

The freshly prepared agar plates were spread with 10
pL of MIC culture and then incubated for 12-18 hours
at 37+2 °C and 3045 °C for bacterial and fungal strains,
respectively. The microbial growth was visually ob-
served (Saki ef al., 2020).

RESULTS

Quantification of essential oils (Eos)

The yields of EOs extracted from different spices are
mentioned in Table 1.

Maximum yield was obtained with Trigonella EO fol-
lowed by cinnamon and cumin. Therefore, it can be
inferred that the Soxhlet apparatus yielded a higher EO
than the Clevenger apparatus.

Composition analysis of essential oils

GC-MS analysis of different EOs was done to identify
their phytochemical composition. The compounds were
identified by comparing the analytical libraries' reten-
tion indices and mass spectra. The GC-MS chromato-
grams of different EOs are depicted in Fig. 1a, 1b, and
1c. Compounds identified from EOs of cinnamon, cum-

Table 1. Quantification of different essential oils of selected spices

Spices Mass (gm) Volume (mL) Specific density (g/mL) % Yield
Cinnamon 12.36 12 1.03 2.75
Cumin 6.9 7.5 0.92 1.53
Trigonella 19.6 20 0.98 4.35
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Fig. 1a. Gas Chromatography-Mass Spectrometry chromatogram of cinnamon essential oil
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Fig. 1b. Gass Chromatography-Mass Spectrometry chromatogram of cumin essential oil
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Fig. 1c. Gass Chromatography-Mass Spectrometry chromatogram of trigonella seed oil
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Table 2a. Chemical composition of cinnamon essential oil

Retention . Molecular Molecular Structure of
. Compound name Area  Probability .
time formula weight (g/mol) compound
O
3.732 Benzaldehyde 1.035 34.52 C/HeO 106.12 L@
6.905 Benzenepropanol 0.747 74.20 CgH4,0 136.19 How/©
2-Propenol, 3-
7.930 1.244 2225 CoH100 134.18
phenyl HO N
8.987 Cinnamaldehyde 48.55 37.89 CoHgO 132.16 v\/@
Ox X
HsC
10.52 a-Copaene 6.479 51.71 CisHos 204.35 H,C CHs
CHs3
HO
2-Propenoic acid, 3-
11.96 6.812 50.16 CoHsO2 148.16 \
phenyl (0]
12.80 trans-Calamene 2.769 2.769 Cis5Hoo 202.33 §©\
|
14.64 ar-Tumerene 1.729 1.729 C15H200 216.32

3

in and trigonella are depicted in Table 2a, 2b and 2c,
respectively.

Antimicrobial activity

The antimicrobial activities of cinnamon, cumin and
trigonella are summarized in Tables 3a, 3b and 3c, re-
spectively. The MIC, MBC and MFC activities of differ-
ent EOs are shown in Figure 2a-2d. Different EOs have
shown varying magnitudes of their antimicrobial poten-

tial. The zone of inhibition of more than seven mm was
considered a good zone of inhibition. Most of the micro-
bial strains were sensitive to EOs. All EOs were active
against all strains, but maximum sensitivity was ob-
served for E. coli followed by P. aeruginosa. In the case
of fungal strains, F. oxysporum showed better activity
thanA. oryzae. Among different EOs, cinnamon EO
was most active against the tested microbial strains.
Cumin EO has also shown good antimicrobial activity;
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Table 2b. Chemical composition of cumin essential oil

. Molecular
Betentlon Compound name Area Probability Molecular weight (g/ Structure of
time formula compound
mol)

3.893 Bicyclo-heptane 6,6- 4 145 49 28 CoHrs 124.22
dimethyl

4.551 0-Cymene 10.090 18.15 CioH14 134.22

5.074 y-Terpinene 1.661 28.11 CioH1s 136.23

7.471 1,3-cyclohexadiene 4 79, 4755 CiHsO 110.15
1-methanol

8.379 Benzaldehyde 56.268 35.10 C;HsO 106.12
1,3-cyclohexadiene

9.105 1-carboxyaldehyde 6.637 60.18 C;HgO 108.14

12.483 Caryophylleneoxide 15.004 31.58 C15H240 220.35

no significant antimicrobial activity was observed with
trigonella EO. There was no inhibition of growth with
the vehicle control i.e. DMSO.

DISCUSSION

Antimicrobial resistance is emerging as a burning pub-
lic health problem. The constant prevalence of microbi-
al resistance in recent decades has accelerated the
use of natural medicines (Eldin et al., 2023). Herbs,
spices and medicinal plants can act effectively against
antibiotic-resistant microbes (Yuet al., 2020). They also
possess countless approaches to the well-being of all
living creatures. They have been used not only for food,
cosmetics, and pharmaceutical purposes as alternative
and natural medicines since antiquity (Yousefi et al.,
2019). Spices are a rich reservoir of essential oils that
have high antimicrobial efficacy. The multidimensional
role of spices EOs in traditional healthcare formulation
has necessitated the scientific investigation of these
plants. The antimicrobial potential of spice EOs is well-
reported. In the present study, the invitro antimicrobial
screening of EOs has also demonstrated the antimicro-
bial efficacy of EOs against a panel of microbial strains.
However, different EOs have shown different magni-

tudes of antimicrobial effectiveness. Previously pub-
lished documents also reported strongand medium an-
timicrobial effectiveness of cinnamon EOs against drug
-resistant bacteria, i.e., methicillin-resistant S. aureus,
vancomycin-resistant Enterococcus faecium, Acineto-
bacter baumannii, P. aeruginosa and E. coli (Saki et al.,
2020). In the present study, cinnamon EO showed the
maximum antimicrobial ZI and MIC (Table 3 and Figure
2, respectively). The maximum activity of cinnamon oil
was observed against E. coli with a ZI of 15.30.08 mm
(Table 3b). Maximum antifungal activity was also ob-
served with cinnamon EO. The maximum antifungal ZI
of cinnamon EO was 13.1£0.14 mm against F.
oxysporum (Table 3c). Several studies reported that
cinnamon EO has shown strong inhibition against sev-
eral pathogens (Paudel et al., 2019). Hu et al. (2019)
studied the antifungal activity of seven EOs against
three fungal strains viz. A. oryzae, A. niger and A.
ochraceus. They found that cinnamon EO had the max-
imum antifungal activity against all fungal strains. The
maximum growth inhibition efficacy of cinnamon EO
was attributed to its biologically active volatile com-
pounds. The present study also reported numerous
phytoconstituents in different EOs. Therefore, in the
present study, GC-MS was employed to confirm the
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Table 2c. Chemical composition of Trigonella seed oil

Retention Prob- Molecular Molecular
. Compound name Area . weight(g/  Structure of compound
time ability formula mol)
8.307 Benzaldehyde 4-(1- g 574 3539 NR NR NR
methylethyl)
. 13.51
8.852 Cinnamaldehyde 8 4287 CgHgO 132.16
BN AN
10.644 n-Pentadecanol 2345 462  CysHsO 228.41 A VAVEAVAVAVAVEVE
OH
Phenol, 2,4-bis (1,1-
12.566 dimethyl ethyl) 6.785 46.70 Cy4H0 206.32 ><Ej;<
Aspidospermidin-17
13.707 ol 1-acethyl19.21- 7 417 2585 NR NR NR
epoxy-15,16-
dimethoxy
o
(o]
O
14.644 Dibutyl.pthalate §4'87 15.60  CigH004>  276.33
O
16.653 Murolan-3,9 (11) 7407 1033 NR NR NR
diene-10-peroxy
i i (o]
17.428 Pthalic acid butyl 8315 823  CygHxOs  306.4
hexyl ester o
\_\xo
o
i-Proxy 10.20
17.556 7,10,13,16,19- 3 9.29 NR NR NR
docosapent

*NR = Not reported

presence of various phytocompounds of EOs. GC-MS
analysis revealed that cinnamaldehyde was the major
phytoconstituent of cinnamon EO.

The predominant intensity of cinnamaldehyde in cinna-
mon EO agreed with the study by Singh et al. (2021a).
Cinnamaldehyde is a natural product, and its consump-
tion helps combat various health ailments (Singh and
Yadav, 2024). Though some studies have also reported
some toxic effects of cinnamaldehyde, it is not harmful
when consumed in food products (Muhoza et al,
2023). Cumin EO also exhibits good antimicrobial po-
tential. It has increased due to cumin EO concentration
(Behbahani et al.,, 2019). The present research has
also shown comparable antimicrobial activity of cumin

EO against both bacterial and fungal strains. Singh et
al. (2024) also reported the antimicrobial activity of
trigonella EO against different microbial strains. In the
present study, trigonella EOs showed poor activity
compared to other EOs. The trigonella EO was extract-
ed from the Soxhlet apparatus, which produces qualita-
tively low-grade EO. This might be the reason behind
the poor activity of trigonella EO (Fagbemi et al., 2021).
The high efficacy of the spices as antimicrobials may
be attributed to the hydrophobic nature of their essen-
tial oils. The hydrophobic nature of their essential oils
facilitates the penetration of microbial cells. In microbial
cells, EOs lead to the partition of lipids from the cell
membranes. The disturbed cell structure becomes
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Fig. 2. Broth dilution results (a) antibacterial minimum
inhibitory concentration (MIC), (b) antibacterial minimum
bactericidal concentration (MBC), (c) antifungal minimum
inhibitory concentration (MIC), and (d) antifungal minimum
fungicidal concentration (MFC)

more permeable to the EOs. This will lead to extensive
leakage of critical molecules and ions from the cell. The
EOs disturb the cell membrane integrity and ultimately
induce cell death (Behbahani et al., 2019). Quorum
sensing plays an integral role in the progression of mi-
crobial density. It consists of stimuli and responses that
regulate virulence factors and biofilm formation
(Firmino et al., 2018). EOs of spices disturb the quorum
-sensing process and ultimately hinder the bacterial
colony. The anti-quorum sensing effect ofcinnamon EO
was realized on P. aeruginosa (Kalia et al., 2015).
Prabuseenivasan et al. (2006) evaluated the antimicro-
bial activity of EOs of 21 medicinal plants. Out of 21
EOs, 19 EOs have shown antibacterial activity. Cinna-
mon, clove, geranium, lemon, lime, orange and rose-
mary oils have shown a noticeable antibacterial effect.
The maximum activity was observed with cinnamon
EO. They reported that Gram+ve bacterial strains (B.
subtilis and S. aureus) were resistant to the spice EO,
whereas Gram-ve bacterial strains (E. coli, Klebsiella
pneumoniae, P. aeruginosa and Proteus vulgaris) were
sensitive to the EOs. Several other studies have also
shown that EO is more effective against Gram-ve bac-
terial strains (Prakash et al., 2021). The present study
also observed that Gram-ve bacterial strains (E. coli
and P. aeruginosa) were more sensitive to EOs than
Gram+ve bacterial cells (S. aureus and B. subtilis). The
reason might be due to the different penetration abili-
ties of EOs into microbial cells. The difference in EO
penetration ability arises due to the difference in the
composition of the cell walls of Gram+ve and Gram-ve
bacterial strains. The present study also highlighted
that the oil extracted from the Soxhlet apparatus has
shown poorer activity than the oil extracted through the
Clevenger apparatus. The present study clearly defines
the different extents of antimicrobial activity and the
probable reason behind their different activity com-
pared to the previously published studies.

Conclusion

Spices have excellent therapeutic properties that are
mainly rendered by their active compounds. These phy-
tocompounds are mainly concentrated in their EOs.
Therefore, in the present study, the essential oils were
extracted from the bark of Cinnamomum verum
(cinnamon) and seeds of Cuminum cyminum (cumin)
and Trigonella foenum-graecum (trigonella). The cinna-
mon bark EO was observed to have the highest antimi-
crobial potential (against bacterial and fungal strains),
followed by cumin EO, which had also possessed mod-
erate antimicrobial activity compared to trigonella EO,
but it was lower than cinnamon EO. The maximum anti-
bacterial activity was observed against Escherichia
coli, whereas the maximum antifungal activity was ob-
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tained against Fusarium oxysporum. The highest anti-
microbial activity of cinnamon EO was assigned to its
active principal constituent cinnamaldehyde (confirmed
by GC-MS). This cost-effective antimicrobial supple-
ment can be used in developing countries to develop
new antimicrobial agents. Further in vivo and clinical
trials are needed to explore the full efficacy of cinna-
mon EO.
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