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Abstract: The present work was conducted to study the chemical composition, and the antibacterial
activity of Cuminum cyminum (C. cyminum) and Cinnamomum zeylanicum (C. zeylanicum) essential
oils (EOs), singly or in combination against selected foodborne microorganisms. The GC-MS analysis
revealed that C. cyminum EO was governed by cuminaldehyde (44.8%), 2-caren-10-al (18.89%), 3-
caren-10-al (15.95%) and y-terpinene (14.29%). Meanwhile, the dominant components of C. zeylanicum
EO were (E)-cinnamaldehyde (76.27%) and 1,8-cineole (11.27%). The antibacterial tests demonstrated
that both EOs had a valuable inhibitory effect with growth inhibition zones extending from 19 to 44
mm, and MICs range from 0.14-1.13 mg/mL. Regarding the synergism assay, the combination of EOs
displayed a strong synergism against Esherichia coli (E. Coli), Enterobacter cloacea (E. cloacea) and
Listeria monocytogenes (L. monocytogenes) followed by an appreciable additive effect against
Enterococcus faecium (E. faecium) and Staphylococcus aureus (S. aureus) with a significant decrease in
their individual MICs. These results could be a good opportunity for the food industry to control
undesired microorganisms.

Keywords: ~ Cuminum cyminum, Cinnamomum zeylanicum, Essential oils, Synergism, GC-MS,
Antibacterial activity

1. Introduction

Foodborne microorganisms such as Staphylococcus aureus, Echerichia coli, Listeria monocytogenes, and
Pseudomonas aeruginosa among others, are recognized as a growing public health problem. Their
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presence in food is related with infections, poisoning, spoilage, disease and the deterioration of its quality
at any stage of production, storage, delivery or consumption [1]. Foodborne contamination cover wide
number of illnesses from diarrhea to cancer, which is a global burden of disease and mortality, in this
regard, it was reported in 2022 that about 600 million people almost 1 in 10, especially children became
sick after eating contaminated food, and 420000 are dying every year because of diarrhea [2]. To overcome
this global threat, many non-natural attempts were applied, for example, the use of synthetic preservatives.
Unfortunately, their use is limited due to their adverse effects (tendinoapthy, ototxicity, respiratory
allergies and nephrotoxicity among others) [3,4]. In addition, the trend of green consumerism have pushed
researchers to find out a suitable natural alternative such as EOs with a similar or enhanced preservative
effect without influencing the organoleptic properties of food [5-7].

EOs are natural complex mixtures of highly lipophilic volatile secondary metabolism of plants [8,9]. They
are generally found in the flower, bud, seed, leaves, herbs, fruits, bark and roots of aromatic plants [10].
EOs are endowed with many biological activities including the antimicrobial one with the ability to
prolong the shelf-life of foods [11-14]. Regarding their alimentary ingestion, they are considered by the
U.S. Food and Drug Administration (FDA) as safe ingredients [15]. Furthermore, food industries are
paying more attention to their use as natural preservative agents to control the growth of microorganisms in
food [16]. Unfortunately, EOs are volatile and very susceptible to conversion, polymerization, oxidation
and degradation reactions [17], resulting in a loss of their quality. In this case, an elevated concentration is
required to obtain a satisfactory preservative effect [18]. However, the use of higher concentrations of EOs
may affect the taste of the food by exceeding the sensory threshold acceptability of consumers [3, 19]. To
deal with this drawback, smart combinations between EOs with an interesting synergistic effect, could help
to achieve a good preservative effect at low concentrations, and without influencing the taste and the color
of the food [20, 21]. C. cyminum and C. zeylanicum EOs are well recognized for their wide spectrum of
biological properties [22-25]. These latter occurs due to the presence of various bioactive terpenoids in
their composition [26-29]. Both EOs are widely used in food preparation, beverages, perfumery and
traditional medicines. As far as our literature survey could ascertain, the possible synergistic combination
between C. cyminum and C. zeylanicum EQOs against the tested microorganisms was not investigated so far.
Thus, the aim of the current work was to investigate the chemical composition of the C. cyminum and C.
zeylanicum EOs, as well as the evaluation of their antibacterial activities alone or in combination against
five foodborne microorganisms, including E. coli, E. faecium, E. cloacae, L. monocytogenes and S. aureus.
2. Materials and methods

2.1 Chemicals

Anhydrous sodium sulphate (Na,SO,), and slants of nutrient agar were purchased from Sigma Aldrich
(Algeria)

2.2 Extraction of C. cyminum and C. zeylanicum essential oils

The seeds of C. cyminum and the barks of C. zeylanicum were subjected to hydrodistillation at atmospheric
pressure, using a Clevenger type apparatus for 3 h according to the European pharmacopeia method [30].
The obtained EOs were separated from the aqueous phase, then dried with anhydrous Na,SO, and
concentrated using a rotary-evaporator. The obtained EOs were recovered, weighed and stored at 4 °C in
hermetically sealed brown vials for further analysis and use.

2.3 Chemical composition of the essential oils

The EOs were analyzed by gas chromatography coupled with mass spectrometry on a Perkin Elmer GC
680- MS-SQ8T, using a fused silica capillary column Rtx-5MS: (5% diphenyl: 95% methylsiloxane) 30 m,
0.25 mm i.d, 0.25 pm film thickness. The column oven temperature was maintained at 80 °C for 5 min and
up at a rate of 3°C /min to 250 °C (10 min hold). The flow rate of the carrier gas (He) was set at 30
mL/min, the ion source and interface temperature were set at 250 °C and 280 °C, respectively. The
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ionization energy was 70 eV. 1 ul of solution at 10% (v/v) of EOs in hexane was injected using a split ratio
of 1:50. The composition of the EOs were evaluated as the (%) of the relative amount of individual
compounds and expressed as (%) peak area relative to the total peak area from MS analysis, and by NIST
library according to a similarity greater than 90%.

2.4 Antibacterial activity Experiments

2.4.1 Microbial strains and culture conditions

Five foodborne microorganisms from the American Type Culture Collection (ATCC) were used for the
evaluation of the antibacterial activity of both C. cyminum and C. zeylanicum EOs including Gram (-)
bacteria: E. coli (ATCC 25922), E. cloacae (ATCC 23355), E. faecium (ATCC 51559) and Gram (+)
bacteria: L. monocytogenes (ATCC 13932) and S. aureus (ATCC 44300). All the above microorganisms
were kindly provided from Pasteur institute of Algiers (Algeria), and were stored at 4 °C into their
respective slants. Active bacterial cultures were prepared by transposing a single colony of cells from the
solid nutrient agar plate to a test tube previously filled with a nutrient agar solution. These later were then
incubated at 37 °C overnight. The bacterial suspensions were adjusted at a turbidity equivalent to 0.5
McFarland standard (1 x10® CFU.mL™) using a UV-visible spectrophotometer (RAYLEIGH UV-2601) at
600 nm [31,32].

2.4.2 Determination of the inhibition zones diameters

C. cyminum and C. zeylanicum EOs were evaluated for their qualitative antibacterial activity using the
paper disc method according to the method of Yazgan et al. [33], with minor modifications. Nutrient agar
was sterilized in an autoclave (30 min, 120 °C) cooled to 40-45 °C and poured into sterilized petri dishes.
After solidification, the Agar plates were seeded by spreading of 100 pl of fresh inoculum suspensions.
Then, discs (9 mm) filled with C. cyminum or C. zeylanicum EOs were disposed on the surfaces of the
plates. Kanamycin and Chloramphenicol (30 pug/mL) were used as a positive control. The inoculated plates
were incubated for 18-24 h at 37 °C. The diameters of the inhibition zones were measured and recorded in
millimeters. The qualitative antibacterial efficiency was classified into three levels: weak activity
(inhibition growth zone < 12 mm), moderate activity (12 mm < inhibition growth zone < 20 mm) and
strong activity (inhibition growth zone > 20 mm) [34].

2.4.3 Determination of the minimal inhibitory concentration

10 mL of sterile test tubes were used for the preparation of two-fold serially diluted C. cyminum and C.
zeylanicum EOs in the nutrient. Subsequently, the freshly prepared bacterial suspensions (1 x10°® CFU.mL"
1) were added to each testing tube. These later were incubated for 18-24 h at 37 °C. Negative control test
tubes filled with bacterial suspensions alone with nutrient agar and positive control containing Kanamycin
and Chloramphenicol were also prepared for eventual comparison. The MIC was recorded as the lowest
concentration of C. cyminum and C. zeylanicum EOs in the serial dilution tubes with no visible growth of
the microorganisms after incubation [21,35].

2.4.4 Synergistic interaction

The interactive inhibition of C. cyminum and C. zeylanicum EOs against the five tested foodborne
microorganisms was evaluated using a 2-D checkerboard experiment according to the methods of Mangoni
et al. [36] with minor modifications. Briefly, serial two-fold dilution of C. cyminum and C. zeylanicum
EOs were prepared according to their respective MICs values. And then, (1 x10® CFU.mL™) of fresh
bacterial suspensions were added to each testing tube. These latter were incubated over night at 37 °C. The
interactive combination effect of the EOs was obtained by the calculation of the fractional inhibitory
concentration index (FICI) using the following formula:

Y FICI = FIC (A) + FIC (B).
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Where:

FIC (A) = MIC (A) in combination/MIC (A) alone.

FIC (B) = MIC (B) in combination/MIC (B) alone.

The data was interpreted as: synergy (FICI <0.5); addition (0.5< FICI <1); indifference or non-interactive
(1< FICI <4); antagonism (FICI >4).

2.5 Statistical analysis

All measurements were performed in triplicate on the freshly prepared samples. The results are recorded as
mean * standard deviation for the measurements.

3. Results and discussion

3.1 Identification of the chemical composition of C. cyminum and C. zeylanicum EOs

The extraction yields of C. cyminum and C. zeylanicum EOs were 1.67% and 1.72% (w/w), respectively on
a dry weight basis. In fact, the extraction yield and the chemical composition of EOs are governed by many
parameters, including the nature and origin of the plant, type of cultivar, soil composition, harvest time,
storage conditions and the extraction method. In general, the antibacterial properties of EOs are related to
their respective composition, especially their major components [37]. Thus, it is very important to
determine the chemical composition of the tested EOs. The GC-MS analysis of both EOs (Table 1)
revealed the presence of 12 components in C. cyminum EO and 21 compounds in C. zeylanicum EO
representing 99.69% and 98.79% of the total EOs composition respectively.

According to the obtained results, C. cyminum EO was composed of oxygenated (79.78%) and
hydrocarbon (18.84%) monoterpenes, sesquiterpenoids (0.43%) and other functionalized components
(0.64%) fractions (Fig.1A).

A B
# Oxygenated monoterpenes # Oxygenated monoterpenes
H Hydrocarbon monoterpenes # Hydrocarbon monoterpenes
u Sesquiterpenoids i Sesquiterpenoids
M Other functionalized compounds H Other functionalized compounds

Fig 1. Percentage of the chemical classes found in both C. cyminum (A) and C. zeylanicum (B) EOs

The principal compounds of C. cyminum EO were cuminaldehyde (44.8%), 2-caren-10-al (18.89%), 3-
caren-10-al (15.95%) and y-terpinene (14.29%) followed by p-cymene (4.55%). It is not surprising to find
that cuminaldehyde was the predominant compound of the EO, this compound was reported by many
researchers [26, 27] as the major component in the C. cyminum EO. Our GC-MS results are in agreement
with those of Ghasemi et al. [38] the authors reported similar major components with different contents. In
addition, a fraction of sesquiterpenoids including, a-elemene (0.12 %), (Z)-caryophyllene, (0.06%), (E)-p-
farnesene, (0.09 %), p-acoradiene (0.09%) and carotol (0.07%) was present in the C. cyminum EO
composition. In addition, p-mentha-1,4-dien-7-al (0.64%) was also detected in the EO (Table 1).
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Concerning C. zeylanicum EO, it was composed of oxygenated (91.76%) and hydrocarbon (0.32%)

monoterpenes, sesquiterpenoids (4.40%) and other functionalized compounds (2.31%) (Fig.1B).

C. zeylanicum EO was particularly rich on (E)-cinnamaldehyde (76.27%), responsible of the distinct flavor
and odor of cinnamon barks [39], 1,8-cineole (11.27%) followed by (Z)-cinnamaldehyde (2.07%). Our
results are in agreement with Zhang et al. [28], they have reported that trans-cinnamaldehyde was the
major components of C. zeylanicum EOQ. In addition, 1,8-cineole was also found by Alizadeh Behbahani et
al. [29] among the main constituents of C. zeylanicum EO. Furthermore, other oxygenated monoterpenes
including linalool (0.09%), terpinen-4-ol (0.33%), a-terpineol (0.56%), bornyl acetate (1.17%), and

hydrocarbon monoterpenes,
zeylanicum EO composition (Table 1).

Table 1: Chemical composition of C. cyminum and C. zeylanicum EOs

Relative %
N Compound Name Rt (min) C. cyminum EO C. zeylanicum EO
1 p-Cymene 05.12 04.55 0.19
2 1,8-Cineole 05.36 - 11.27
3 y-Terpinene 06.16 14.29 0.13
4 Linalool 07.52 - 0.09
5 Benzenpropanal 09.87 - 1.76
6  Terpinen-4-ol 10.67 0.14 0.33
7  o-Terpineol 11.26 - 0.56
8 (2)-Cinnamaldehyde 12.16 - 2.07
9 Cuminaldehyde 13.31 44.8 -
10 (E)-Cinnamaldehyde 14.70 - 76.27
11 Bornyl acetate 15.06 - 1.17
12 2-Caren-10-al 15.12 18.89 -
13 3-Caren-10-al 15.34 15.95 -
14 p-Mentha-1,4-dien-7-al 16.92 0.64 -
15 oa-Copaene 18.90 - 1.83
16 a-Elemene 19.04 0.12 -
17  (Z2)-Caryophyllene 20.66 0.06 0.89
18 Coumarin 21.12 - 0.38
19 (E)-Cinnamyl acetate 21.78 - 0.17
20 o-Humulene 22.14 - 0.10
21  (E)-p-Farnesene, 22.21 0.09 -
22 p-Acoradiene 22.94 0.09 -
23 y-Muurolene 23.00 - 0.06
24 o-Muurolene 23.97 - 0.40
25 o-Cadinene 24.76 - 0.73
26  Carotol 27.90 0.07 -
27  Cubenol 28.91 - 0.13
28 oa-Cadinol 29.53 - 0.18
29 Cadalene 30.56 - 0.08
Hydrocarbons monoterpene (%) 18.84 0.32
Oxygenated monoterpene (%) 79.78 91.76
Sesquiterpenoids (%) 0.43 4.40
Other functions (%) 0.64 2.31
Total identified (%) 99.69 98.79

Eur. Chem. Bull. 2023,12(10), 5446-5456
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The fraction of sesquiterpenoids in the C. zeylanicum EO was represented by a-copaene (1.83%), (2)-
caryophyllene (0.89%), a-humulene (0.10%), y-muurolene (0.06%), a-muurolene (0.40%), o-cadinene
(0.73%), cubenol (0.13%), oa-cadinol (0.18%) and cadalene (0.08%). Finally, the others variously
functionalized components of C. zeylanicum EO were benzenpropanal (1.76%), coumarin (0.38%) and (E)-
cinnamyl acetate (0.17%). From the chemical composition of C. cyminum and C. zeylanicum EOs we can
clearly conclude that both EOs are rich with oxygenated monoterpenes. These latter, are famous with their
wide spectrum of biological activities, including antibacterial, antifungal, antioxidant, anticancer among
others. Thus, these EOs could be valuable sources of natural oxygenated monoterpenes.

3.2 Antibacterial activity of C. cyminum and C. zeylanicum EOs

3.2.1 Determination of the inhibition zone diameter

The antibacterial activity of both C. cyminum and C. zeylanicum EOs as well as Kanamycin and
Chloramphenicol, was evaluated qualitatively against E. coli, E. faecium, E. cloacae, L. monocytogenes
and S. aureus by the presence or the absence of the microorganisms’ growth around the sterile discs. Very
interesting results were obtained with both EOs (Fig.2). Accordingly, C. cyminum and C. zeylanicum EQOs
inhibited moderately to strongly the growth of the all tested microorganisms with zones of the growth
inhibition being in the range of 19-44 mm.

T I T
42 4 B ccivimEO |
- C. Zeylanicion EO

|:| Kanamycin n

Chloramphenicol

L
o
1

Zones of the growth inhibition (mm)
® it
1 1

E coli E cloacea E fascium L monocytogenes S aursus

Microorganisms

Fig 2. In vitro qualitative antibacterial activity of C. cyminum EO, and C. zeylanicum EO, Kanamycin and
Chloramphenicol against the tested microorganisms

The relative sensitivity of the tested microorganisms to the C. cyminum EO had the following order: L.
monocytogenes (27 £ 0.33 mm) > E. cloacea (24 £ 0.83 mm) > E. coli (22 + 1 mm) > E. Faecium (21 £ 0.5
mm) > S. aureus (19 = 0.16 mm). L. monocytogenes was the most sensitive microorganism. However, S.
aureus was the most resistant one. Our results are in agreement with those of Khalil et al. [40] they
reported the higher inhibition zones were obtained with C. cyminum EO against some microorganisms
such as E. coli, S. aureus and Micrococcus lotus among others.
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In addition, the sensitivity towards C. zeylanicum EO was as follows: L. monocytogenes (44 £ 0.5 mm) >
E. coli (39 £ 0.16 mm) > E. Faecium (37 £ 0.66 mm) > S. aureus (33 £ 1 mm) > E. cloacea (27 = 0.5 mm).
In this case, L. monocytogenes was the most resistant bacteria whereas; E. cloacea was the most resistant
microorganism. Alizadeh Behbahani et al. [29] have reported that the essential oil of C. zeylanicum had an
antibacterial activity with the inhibition zone diameter being in the range of 18 to 27 mm against a panel of
Gram (+) and Gram( —) bacteria. In contrast, our EO displayed a greater antibacterial effect against E. coli
and S. aureus compared to their EO. From the above data, it’s obviously seen that all the tested
microorganisms were more sensitive to C. zeylanicum EO as compared to C. cyminum EO. Finally, both
antibiotics have shown a moderate to strong antibacterial activity against the tested microorganisms, the
zones of inhibition growth were in the range of 18.5 to 23 for Kanamycin, and 18.5 to 25.5 for
Chloramphenicol.

3.2.2 Evaluation of the minimum inhibitory concentration

The quantitative antibacterial activity of both C. cyminum and C. zeylanicum EOs and two antibiotics
(kanamycin and chloramphenicol), tested against the bacterial strains was evaluated by the determination
of their respective MIC using conventional dilution method.

Table 2: Minimum inhibitory concentration of both C. cyminum and C. zeylanicum EOs

MIC*
C.cyminum EO C. zeylanicum EO Kanamycin Chloramphenicol

Microorganisms

Gram (-) Bacteria

E. coli 1.13 0.65 0.20 0.02
E. cloacea 0.56 0.16 0.008 0.004
E. Faecium 0.13 0.65 0.06 0.004

Gram (+) Bacteria

L. monocytogenes 1.13 0.65 0.01 0.008

S. aureus 1.13 0.32 0.06 0.02

MIC®: Minimum inhibitory concentration in mg/mL.

From the obtained results (Table 2) it’s obviously perceived that both C. cyminum and C. zeylanicum EOs
had an important inhibitory effect where the MICs values were in the range of 0.14-1.13 mg/mL.

C. cyminum EOs, displayed a strong inhibitory effect against E. Faecium and E. cloacea, concentrations of
0.14 and 0.56 mg/mL respectively, were quite sufficient to inhibit the growth of these microorganisms.
However, L. monocytogenes, E. coli and S. aureus were less sensitive where their MIC value was 1.13
mg/mL. Our results are in agreement with Jardak et al. [27], the authors have reported the MIC values of
C. cyminum EO were in the range of 0.31-2.25 pl/mL against a wide number of Gram (+) and Gram (-)
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bacteria.

In the case of C. zeylanicum EO, the highest antibacterial activity was found with respect to the growth of
E. cloacea showing an MIC of 0.16 mg/mL, followed by S. aureus (MIC= 0.32 mg/mL), for the rest of
microorganisms, the MIC value was the same 0.65 mg/mL. As compared to the MIC results of Alizadeh
Behbahani et al. [29] our C. zeylanicum EO has shown a better inhibitory effect against E. coli and S.
aureus.

The obtained data weren’t unexpected, and they seem to match well with the results from the above
qualitative antibacterial test, as in this experience we have found that C. zeylanicum EO demonstrated a
stronger antibacterial effect as compared to C. cyminum EO (section 3.2.1). This difference could be
explained by the nature and the content of bioactive components constituting both EOs [41]. According to
the GC-MS data (section 3. 1), the total amount of oxygenated monoterpene in C. zeylanicum EO was
higher than that of C. cyminum EO. Furthermore, the sesquiterpenoids fraction was 10-folds higher in C.
zeylanicum EO than in the C. cyminum EO. These compounds are well known for their wide array of
antibacterial activities among others.

3.2.3 Synergistic interactions

In the aim to reduce undesired side effects of synthetic antibacterial agents and replace them with natural
ones, the synergy between C. zeylanicum and C. cyminum EOs was investigated by the calculation of the
FICI. The obtained results are provided in the Table 3.

Table 3: FIC (FICI) of C. cyminum and C. zeylanicum EOs against the tested microorganisms®

Microorganisms

EOs E. coli E. cloacea E. Faecium L. monocytogenes S. aureus
combination
FIC FICI FIC FICI FIC FICI FIC FICI FIC FICI
C.cyminum  0.24 0.24 0.49 0.12 0.24
and 0.36 (S) 0.35(S) 0.98 (A) 0.24 (S) 0.74 (A)
C. zeylanicum 0.12 0.11 0.49 0.12 0.50

% The results were interpreted as: synergy (S, FICI <0.5), addition (A, 0.5 <FICI <1), indifference (I, < FICI<4) and antagonism (An, FICI >4)

Accordingly, nor indifference, neither antagonism effects were found in this synergism testing, which
could be a positive indication and encouraging outcomes. Furthermore, an appreciated additive effect was
obtained with regards to both E. Faecium (FICI= 0.98) and S. aureus (FICI= 0.74). Fascinatingly, this
combination exhibited a strong synergistic effect against E. coli, E. cloacea and L. monocytogenes showing
FICI values of 0.36, 0.35 and 0.24 respectively. In addition, this synergistic combination reduced the MIC
values of C. zeylanicum EO by 8-folds against E. coli, E. cloacea and L. monocytogenes. However, for C.
cyminum EQOs the MIC value was decreased by 8-times against L. monocytogenes and by 4-times against
E. coli and E. cloacea. Unfortunately, no reports on the possible interaction between C. cyminum and C.
zeylanicum EOs against the tested microorganisms was found in the bibliography, for this reason we
couldn’t compare our findings with others.

The advantages of combinations with strong synergism propriety like (C. cyminum and C. zeylanicum
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EOs) are the replacement of synthetic undesired antibacterial agents by the natural ones. It contributes also
on the increase of the sensitivity of foodborne microorganisms with respect to the tested EOs where the
high resistance of microorganisms against antibacterial agents is increasing exponentially. Besides that, it
reduces the high volatility and the intense aroma of these EOs when they are used as natural preservative
agents by the food industry.

4. Conclusion

In this study C. cyminum and C. zeylanicum EOs were successfully extracted using a Clevenger type
apparatus, their GC-MS analysis revealed the presence of 12 and 21 components accounting for 99.69%
and 98.79% of their respective total composition. In addition, both EOs were characterized by the
dominance of oxygenated monoterpenes (79.78 % for C. cyminum and 91.76% for C. zeylanicum EOs)
compounds known for their wide array of antibacterial activities among others. The qualitative
antibacterial assay has shown that all the tested bacterial strains were sensitive to both EOs especially for
C. zeylanicum EOs showing the highest zones of the growth inhibition. Furthermore, the same
ascertainment was found in the quantitative antibacterial test, where C. zeylanicum EO displayed the
lowest MICs values as compared C. cyminum EO. Finally, it should be pointed that the combination of C.
cyminum and C. zeylanicum EOs exhibited appreciated additive and robust synergetic effects against the
tested microorganisms, resulting on the decrease of their individual MICs values. Giving the above-
described results, the combination of C. cyminum and C. zeylanicum EOs could be considered as a
potential alternative to control the growth of undesired foodborne microorganisms in food and beverage.
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