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Objectives: The antimicrobial resistance of food poisoning strains is considered a public health burden
contributing to high mortality and morbidity rates globally. Furthermore, the severe side effects of
chemotherapy represent a serious issue which necessitates finding safe sources for anticancer agents
for adjuvant therapy to decrease harmful impact of chemotherapeutic drugs. Hence, the current study
is conducted to evaluate the antibacterial efficiency of Elettaria cardamomum against multidrug resistant
strains causing food poisoning outbreaks.
Methods: The resistance profile of the tested food poisoning bacterial pathogens was evaluated using disk
diffusion assay. Moreover, the antibacterial efficiency of E. cardamomum solvent extracts was achieved
using disk diffusion assay to determine the efficiency of these extracts against multidrug resistant strains.
Cytotoxicity assay was achieved to assess the antiproliferative efficiency of Elettaria cardamomum solvent
extracts against MCF7 breast cancer cell line.
Results: Methicillin resistant- Staphylococcus aureus (MRSA) strain exhibited resistance to all tested antibi-
otics except norfloxacin while E. coli strain showed susceptibility to all antibiotics used in the study.
Furthermore, P. aeruginosa showed resistance to cefotaxime, trimethoprim + sulfamethoxazole, cefixime,
ceftriaxone and cefaclor antibiotics while it was sensitive to norfloxacin antibiotic. In addition, S. aureus
strain expressed resistance to cefatziodime, cefixime and ceftriaxone antibiotics. The ethanolic extract
of Elettaria cardamomum showed the highest antibacterial activity against the concerned food poisoning
bacterial strains recording zone diameters ranged from 11.91 ± 0.17mm to 26.81 ± 0.24mm. The ethanolic
extract of Elettaria cardamomum showed MIC values of 0.25 and 0.50 mg/disc against S. aureus and E. coli
strains recording inhibition zone diameters of 16.83 ± 0.14 and 12.34 ± 0.18mm respectively. GC–MS anal-
ysis revealed that a-terpinyl acetate, 1,8-cineole and b pinene were the main phytochemical components
of the Elettaria cardamomum ethanolic extract recording percentages of 41.24%, 28.14% and 5.98% respec-
tively. In conclusion, the potent efficiency of E. cardamomum ethanolic extract against the tested food poi-
soning strains supports utilizing these extracts in bioformulation of safe and effective food preservatives
avoiding side effects of chemical preservatives and controlling the problem of antibiotic resistance.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Food poisoning is considered as one of the most common cause
of illness and death in developing countries (Abebe et al., 2020).
Most epidemiological reports of food poisoning are associated with
bacterial contamination, especially members of Gram-negative
bacteria such as E. coli, S. typhi and P. aeruginosa (Holmes et al.,
2021). In this regard, other Gram positive bacterial pathogens
including Staphylococcus aureus and MRSA have been reported as
causative agents of food borne illness (Rodríguez-Melcón et al.,
2021). Antimicrobial resistance is a worldwide issue resulting in
microbial tolerance to clinically relevant antibiotics, prompting
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the development of novel treatment options (Frieri et al., 2017).
Furthermore, antibacterial resistance poses a serious threat to pub-
lic health and well-being as the drug resistant bacterial pathogens
are thought to cause 2 million illnesses and 23,000 deaths in the
United States each year (Hossain et al., 2021). These ailments cost
the United States an additional $20 billion in healthcare costs and
$35 billion of the lost productivity (Abushaheen et al., 2020).

In this regard, the multidrug-resistant Salmonellawas reported
to cause significant number of outbreaks in the U.S (Kumar et al.,
2019). On the other hand, the bacterial resistance of P. aeruginosa
strain represents a significant issue owing to the low permeability
of its cell wall, the capability of expressing different resistance
mechanisms as overexpression of efflux pumps and porin deletions
(Drusano et al., 2021). High incidence of multidrug resistant P.
aeruginosa strain has been reported in the last few decades causing
significant number of mortalities and morbidities globally (Al-
Orphaly et al., 2021). Furthermore, S. aureus is a Gram positive bac-
terial strain causing food poisoning illness which can be dissemi-
nated through contaminated food (Algammal et al., 2020).
Ingestion of food contagioned with toxins of S. aureus strain poses
staphylococcal food poisoning syndrome resulting in number of
symptoms after 1–6 hrs including nausea, gastroenteritis, diarrhea,
vomiting and abdominal pain (Bencardino et al., 2021).
Methicillin-resistant S. aureus (MRSA) has been reported as a
prominent nosocomial bacterial pathogen that causes hospitalized
infections and has also been associated to foodborne illness
(Algammal et al., 2020). Furthermore, MRSA has recently been
added to the World Health Organization’s list of high-priority
drug-resistant pathogens (Dweba et al., 2018). MRSA strains were
isolated as contaminants in the food production chain, prompting
new research into their transmission among food-producing ani-
mals (Tomao et al., 2020). It was discovered that these microbes
were found primarily in dairy products such as cheese and milk,
as well as meat products such as chicken, rabbit, beef, pork, and
turkey (Serra et al., 2021). Escherichia coli, on the other hand, is a
Gram negative bacterial strain that is normally found as a com-
mensal bacterium in the gut normal flora of human being and
other animals (Drider 2021). The pathogenic strains of E. coli cause
severe food poisoning infections resulting in incidence of severe
diarrhea (Gourama 2020). The diarrheal syndrome of E. coli infec-
tion occurs when the usual net absorptive condition of water and
electrolyte absorption is switched to secretion (Butt et al., 2020).
Annually, roughly 1.7 billion cases of food poisoning related with
diarrheal illnesses are reported worldwide (Bernard and
Nicholson 2022). In this sense, diarrhea is the second leading cause
of mortality among children under the age of five years (Solomon
et al., 2020). Prevention of food deterioration and their causative
agent is commonly accomplished by utilizing chemical agents in
food preservation (Chaudhari et al., 2020). On the other hand, the
frequent use of chemical preservatives was proved to possess
harmful side effects on human health resulting from their accumu-
lation in food chain (Hembrom et al., 2020). Furthermore, the over-
use of these chemical agents in food preservation results in
acquisition of antimicrobial resistance (Rodrigues et al., 2020).
Consequently, the high incidence of multi-drug resistant bacterial
strains induced by the overuse of antibiotics make it difficult to
treat food poisoning illness (Ge et al., 2022). Recently, the use of
plant extracts as natural food preservatives has received a great
attention due to their safety, effectiveness and easy biodegradabil-
ity (Jafarzadeh et al., 2020). Plant extracts were reported to be
potential source of antimicrobial agents owing to their con-
stituents of phenolic compounds, flavonoids and tannins (Yassin
et al., 2021; Yassin et al., 2022a). Elettaria cardamomum belongs
to Zingiberaceae family and commonly known as green or true car-
damom (Ashokkumar et al., 2020). The cardamom essential oil and
other recorded bioactive ingredients in cardamom capsules con-
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tribute to their unique aroma, nutraceutical and pharmaceutical
characteristics (Ozdal et al., 2021). Few studies were performed
on the antimicrobial activity of cardamom extracts against mul-
tidrug resistant microbes that cause food poisoning illness. In addi-
tion, the proven side effects of chemical food preservatives on
human health besides the widespread of antimicrobial resistance
necessitates the fabrication of natural and safe food preservatives.
Hence, the objective of the current study is to detect the antibacte-
rial potency of different E. cardamomum solvent extracts against
the common etiological agents of food poisoning illness such as
S. aureus, MRSA, E. coli, P. aeruginosa and S. typhimurium.
2. Materials and methods

2.1. Antibacterial susceptibility testing

Five bacterial strains namely, Methicillin-resistant S. aureus
(ATCC 43300), S. aureus (ATCC 29213), P. aeruginosa (ATCC 9027),
S. typhimurium (ATCC 14023),and E. coli (ATCC 25922) were
assayed for their susceptibility to different antibiotics. Firstly,
freshly prepared bacterial suspension was attained using sterile
saline solution (0.85%). Briefly, the bacterial colonies were picked
up using sterile loop, immersed in the prepared saline solution
and the turbidity was adjusted using 0.5 McFarland standard to
attain a viable cell count of 1.0�108 cfu/mL. Sterile Mueller-
Hinton Agar (MHA) plates were seeded with 0.5 mL of the prepared
bacterial suspension. The antibiotic disks used in current study
were purchased from MASTDISCS (Mast Group Ltd., Mast House,
Merseyside, U.K.). Antibiotic disks namely, cefaclor (CFC), cefatzio-
dime (CAZ), cefixime (CFM), cefotaxime (CTX), ceftriaxone (CRO),
norfloxacin (NOR) and trimethoprim + sulfamethoxazole (TS) of
the concentrations 30, 30, 5, 30, 30, 10 and 25 lg/disk respectively
were placed over the seeded plates. The plates were incubated at
37 �C for 24 hrs and sensitivity results were interpreted as stated
by the clinical and laboratory standards institute (CLSI 2003) to
detect the resistance profile of different tested strains.

2.2. Preparation of E. Cardamomum extracts

Elettaria cardamomum seeds were purchased from a local mar-
ket in Riyadh, Saudi Arabia. The collected plant materials were
identified by the herbarium staff of the Botany and Microbiology
Department, College of Science, King Saud University. For the
extraction of active phytochemicals, four solvents (water, ethanol,
ethyl acetate and n-hexane) were utilized in the current study.
Firstly, E. cardamomum seeds were washed with sterile distilled
water after being surface disinfected with 0.5% sodium hypochlo-
rite. The seeds were blinded using a mechanical blender after they
had dried completely, and 50 g of the homogenized powder were
soaked in 200 mL of various solvents. The flasks were incubated
at 25 �C overnight with a magnetic stirrer, then centrifuged at
9000 rpm for 10 min to remove plant residues before being filtered
with Whatman filter paper no. 1 to obtain clean filtrates. Finally,
using a rotatory evaporator, the clear filtrates were concentrated
and stored at 4 �C until use. The extract yields of various solvents
were estimated using the formula below:

Extract yield = (R/S) � 100; Where R is the weight of the plant
extract residue and S is the raw plant sample weight (Yassin et al.,
2020a).

2.3. Screening of antibacterial efficiency of different E. Cardamomum
extracts

Disc diffusion assay was achieved to detect the susceptibility of
the tested food poisoning strains to different seed extracts of E. car-
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damomum. Sterile filter paper discs (8 mm in diameter) were
loaded with 10 mg of different extracts then the discs were placed
over MHA plates which were previously seeded with the bacterial
suspension as described above. Norfloxacin antibiotic disks (10 lg/
disk) were used as positive controls while blank disks, loaded with
50 ll of solvents only without the extracts, were used as negative
controls. The dishes were incubated for 24 h at 37� C, following
which the results were determined by measuring the diameter of
the inhibitory area using Vernier caliper (Yassin et al., 2022b).

2.4. Determination of minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MFC)

The ethanolic extract of E. cardamomum was tested for its MIC
as this extract showed the highest antibacterial efficiency. MIC
was determined for the ethanolic extract of E. cardamomum against
S. aureus and E. coli strains exhibiting the highest susceptibility to
the extract. 8 mm filter paper disks were loaded with concentra-
tions of 0.125, 0.250, 0.50, 1.00, 2.00, and 4.00 mg/ml then placed
over the seeded MHA plates which were previously prepared as
described above. The dishes were incubated at 37 �C overnight,
then the inhibitory zones were measured using a Vernier caliper,
and the MIC was recorded as the lowest concentration showing
clear zone formation. To measure MBC, streaks were obtained from
suppressive zones of the MIC concentration and subsequent con-
centrations, inoculated in sterile MHA plates, and incubated over-
night at 37 �C. The plates were then examined for bacterial growth,
and MBC was defined as the lowest concentration that showed no
microbial growth (Yassin et al., 2020b).

2.5. GC–MS analysis of E. Cardamomum ethanolic extract

Phytochemical active ingredients of E. cardamomum ethanolic
extract were instrumentally detected using GC–MS analysis. The
instrumental phytochemical analysis was performed using GC–
MS Thermo Trace GC Ultra/TSQ Quantum GC equipped with TR5-
MS capillary column. The operating analysis conditions were set
as previously described by Yassin et al., 2020b. The effective com-
pounds of the E. cardamomum ethanolic extract were identified by
matching GC–MS results with spectral mass data and retention
times of the NIST library.

2.6. Cytotoxicity assay

This cytotoxicity assay is based on the notion that tetrazolium is
not reduced by dead cells or their products. The premise is that the
mitochondrial enzyme succinate dehydrogenase cleaves the tetra-
zolium salt MTT into a blue-colored product (formazan). The
amount of formazan produced by the cells was found to be related
to the number of cells. The MCF7 breast cancer cells (ATCC HTB-22)
were subcultured in minimal essential medium supplemented
with gentamicin antibacterial agent of 0.1% concentration and 5%
fetal calf serum. For cell adherence to the plate, MCF7 cells were
injected in 96-well plates and incubated at 37 �C overnight in a
5% CO2 incubator. The crude seed extracts of E. cardamomum were
dissolved in methanol (10 mg/mL) and serial dilutions were made
accordingly. The extracts were added to the wells containing the
adherent cells in doses ranging from 0.0065 to 1 mg/ml. The super-
natants were removed after 48 h of treatment, and the developing
solution (MTT) was applied at 5 mg/mL concentration to the wells
for the aim of formazan crystals formation. The 96-well plates
were further incubated at 37 �C for 4 hrs with the supernatants
removed. Finally, 50 Âll of dimethyl sulfoxide (DMSO) were
injected to the wells to stabilize the formazan crystals that had
formed. At a wavelength of 570 nm, the absorbance of the soluble
formazan in plates was measured using a microplate reader
3

(Yassin et al., 2020c). The absorbance corresponding to the concen-
tration that inhibits cell viability by 50% (IC50) was estimated
according to the following formula:

Percentgeof inhibition% ¼ 100� O:D: meanof tested group
O:D: meanof Control group
2.7. Statistical analysis

GraphPad Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA)
was used to analyze the data using one-way analysis of variance
and Tukey’s test. All experiments were done in triplicates, and
the results were expressed as mean of triplicates ± standard error.
3. Results and discussion

3.1. Antibiotic susceptibility testing

Antibiotic sensitivity criteria of different tested antibiotics in
the study were summarized as seen in Table 1. Methicillin
resistant- Staphylococcus aureus (MRSA) strain exhibited resistance
to all tested antibiotics except norfloxacin while E. coli strain
showed susceptibility to all antibiotics used in the study. Further-
more, P. aeruginosa showed resistance to cefotaxime,
Trimethoprim + Sulfamethoxazole, cefixime, ceftriaxone and cefa-
clor antibiotics while it was sensitive to norfloxacin antibiotic. Fur-
thermore, S. aureus strain expressed resistance to cefatziodime,
cefixime and ceftriaxone antibiotics while S. typhimurium strain
showed resistance to ceftriaxone only. All the tested bacterial
pathogens expressed sensitivity to norfloxacin antibiotic as shown
in Table 2 and Fig. 1.

3.2. Extracts yield

The aqueous extract demonstrated the highest productivity
yield followed by ethanol, n-Hexane and ethyl acetate solvents
recording yield productivity of 9.56%, 7.29%, 6.84% and 4.13%
respectively.

3.3. Antimicrobial screening of different Elettaria cardamomum
solvent extracts against the concerned strains

The ethanolic extract of E. cardamomum showed the highest
antibacterial proficiency against S. aureus, MRSA, E. coli and P.
aeruginosa recording inhibition zone diameters of 26.81 ± 0.24,
24.34 ± 0.12, 22.48 ± 0.36 and 11.91 ± 0.17 mm respectively while
E. cardamomum ethyl acetate extract recorded the highest bioactiv-
ity against S. typhimurium strain with suppressive zone diameter of
12.44 ± 0.19 mm as seen in Fig. 2. On the other hand, the aqueous
extract of E. cardamomum showed no antimicrobial action against
P. aeruginosa strain.

3.4. Determination of minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC)

The ethanolic extract of E. cardamomum showed the highest
antibacterial potency against the tested strains so its MIC was eval-
uated. S. aureus strain exhibited the highest susceptibility to E. car-
damomum ethanolic extract with MIC value of 0.250 mg/disk
demonstrating inhibition zone diameter of 16.83 ± 0.14 mm as
seen in Fig. 3. On the other hand, MIC value of E. cardamomum
ethanolic extract was 0.500 mg/disk with suppressive zone diame-
ter of 12.34 ± 0.18 mm as seen in Table 3. The minimum bacterici-
dal concentrations (MBC) of E. cardamomum ethanolic extract



Table 1
Interpretation criteria of the standard antibiotics used in the current study.

Antibiotic agent Disk potency (lg/disc) Inhibition zone diameter (mm)

Resistant Intermediate Sensitive

Cefaclor (CFC) 30 �14 15–17 �18
Cefatziodime (CAZ) 30 �14 15–17 �18
Cefixime (CFM) 5 �15 16–18 �19
Cefotaxime (CTX) 30 �14 15–22 �23
Ceftriaxone (CRO) 30 �24 25–26 �27
Norfloxacin (NOR) 10 �12 13–16 �17
Trimethoprim + Sulfamethoxazole (TS) 25 �15 16–18 �19

Table 2
Antibiotic susceptibility data of food poisoning bacterial strains to the standard antibiotics.

Antibiotics (lg/disk) Inhibition zone diameter (mm)

MRSA P. aeruginosa S. typhimurium S. aureus E. coli

Cefaclor (CFC) 0.00 ± 0.00 (R) 0.00 ± 0.00 (R) 18.76 ± 0.31 (S) 18.75 ± 0.26(S) 20.55 ± 0.22 (S)
Cefatziodime (CAZ) 0.00 ± 0.00 (R) 16.12 ± 0.21 (I) 17.97 ± 0.38 (I) 0.00 ± 0.00 (R) 26.06 ± 0.23 (S)
Cefixime (CFM) 0.00 ± 0.00 (R) 0.00 ± 0.00 (R) 18.91 ± 0.14 (I) 0.00 ± 0.00 (R) 19.55 ± 0.46(S)
Cefotaxime (CTX) 0.00 ± 0.00 (R) 0.00 ± 0.00 (R) 22.45 ± 0.43 (I) 21.17 ± 0.28 (I) 31.61 ± 0.42(S)
Ceftriaxone (CRO) 0.00 ± 0.00 (R) 12.05 ± 0.14 (R) 23.25 ± 0.17 (R) 20.05 ± 0.31(R) 28.17 ± 0.34 (S)
Norfloxacin (NOR) 18.95 ± 0.35 (S) 21.26 ± 0.18 (S) 21.82 ± 0.24 (S) 19.71 ± 0.37 (S) 29.98 ± 0.25(S)
Trimethoprim + Sulfamethoxazole (TS) 15.65 ± 0.26 (I) 0.00 ± 0.00 (R) 18.93 ± 0.45 (I) 18.75 ± 0.29 (I) 28.45 ± 0.42 (S)

Fig. 1. Antibacterial resistance profile of different food poisoning strains to the concerned standard antibiotics.
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against S. aureus and E. coli were 0.500 and 1.000 mg/disk
respectively.

3.5. Phytochemical characterization of Elettaria cardamomum
ethanolic extract

GC–MS analysis of the ethanolic extract of E. cardamomum was
performed as this extract exerted the highest antibacterial efficacy
against the tested strains. a-Terpinyl acetate (41.24%) was the
4

major active ingredient of E. cardamomum ethanolic extract fol-
lowed by 1,8-cineole (28.14%), b pinene (5.98%), p-linalool
(4.52%), sabinene (4.24%), a-terpineol (3.24%), linalyl acetate
(2.78%), myrcene (2.57%), n-hexadecanoic acid (1.87%), a-
farnesene (1.46%), p-cymene (1.21%), p-cresol (1.12%), nerol
(0.89%) and geranyl acetate (0.65%) as seen in Table 4. The chemi-
cal structures of the bioactive components of E. cardamomum
ethanolic extract exhibiting the highest antibacterial efficiency
were shown in Fig. 4.



Fig. 2. Antibacterial efficiency of Elettaria cardamomum solvent extracts against food poisoning bacterial strains.* Asterisks indicated that values were significantly different
compared to control (*** P < 0.001), (*P � 0.05).

Fig. 3. Minimum inhibitory concentrations of Elettaria cardamomum ethanolic extract against S. aureus and E. coli strains.

Table 3
Minimum inhibitory concentrations of Elettaria cardamomum ethanolic extract.

Concentration (mg/disc) Inhibition zone diameter

S. aureus E. coli

0.125 0.00 ± 0.00 0.00 ± 0.00
0.250 16.83 ± 0.14 0.00 ± 0.00
0.500 17.39 ± 0.35 12.34 ± 0.18
1.000 18.15 ± 0.27 14.89 ± 0.41
2.000 19.24 ± 0.51 18.45 ± 0.23
4.000 20.82 ± 0.46 19.32 ± 0.16
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3.6. Cytotoxicity assay

The ethyl acetate extract exhibited the highest cytotoxicity
against MCF7 cell line while the aqueous extract showed the low-
est cytotoxicity with IC50 of 114.8 and 187.9 lg/ml respectively.
The ethanolic and hexanic extracts of E. cardamomum exhibited
5

moderate toxicities with IC50 of 156.9 and 128.2 lg/ml respectively
as seen in Fig. 5.
4. Discussion

Staphylococcus aureus strain has the ability to induce antibiotic
resistance owing to its capability to gain antimicrobial resistance
as the methicillin resistance via number of mechanisms (Craft
et al., 2019). In our current study, the methicillin-resistant Staphy-
lococcus aureus (MRSA) exhibited resistance to b- lactam antibi-
otics as cefaclor which belongs to the second generation
cephalosporins. In this sense, b-lactam resistance of MRSA strains
represents a serious burden for eradication of S. aureus infections
(Lee et al., 2018). Cefaclor resistance was found in 91.2% of clinical
MRSA isolates, while cefaclor resistance was detected in 25% of
strains isolated from healthy individuals (Alharbi 2020). On the
other hand, MRSA strain exhibited resistance to third generation



Table 4
Phytochemical active ingredients of Elettaria cardamomum ethanolic extract.

Phytochemical constituents Chemical formula Mol. weight RT(min.) % of Total

b Pinene C10H16 136.23 4.874 5.98
Sabinene C10H16 136.23 5.382 4.24
Myrcene C10H16 136.23 6.257 2.57
1,8-Cineole C10H18O 154.25 7.895 28.14
p-Cymene C10H14 134.21 8.754 1.21
p-Linalool C10H18O 154.25 10.357 4.52
a-Terpineol C10H18O 154.25 11.218 3.24
Nerol C10H18O 154.25 13.385 0.89
Linalyl acetate C12H20O2 196.29 15.571 2.87
a-Terpinyl acetate C12H20O2 196.29 16.173 41.24
Geranyl acetate C12H20O2 196.29 17.945 0.65
a-Farnesene C15H24 204.36 19.214 1.46
p-Cresol C7H8O 108.14 21.785 1.12
n-Hexadecanoic acid C16H32O2 256.42 25.564 1.87

Fig. 4. Phytochemical active components of Elettaria cardamomum ethanolic extract.
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cephalosporins used in the current study as ceftriaxone, cefatzio-
dime, cefixime and cefotaxime antibiotics. Our results were in
accordance with that of Naimi et al., 2017 who reported that the
clinical isolates of MRSA were less susceptible to cefixim, azithro-
mycin, ceftriaxone, and penicillin antibiotics (Naimi et al., 2017).
Furthermore, Gashe et al., 2018 reported resistance to third-
generation cephalosporins such as cefriaxone and cefazidime in
S. aureus isolates obtained from Jimma University Specialized
Teaching Hospital (JUSH), with resistance percentages of 23.4%
and 34% of the total number of isolates, respectively. The expres-
sion of the b-lactamase enzyme, which is capable of inactivating
antibiotics by hydrolyzing the b-lactam ring, is one of the key
mechanisms of b-lactam resistance in Staphylococci (Kim et al.,
2020). The other main mechanism of b-lactam resistance is the
acquirement of penicillin-binding protein (PBP 2a) gene which
6

has the potential to remain active in the presence of b-lactam
antibiotics so that enables the bacterial growth in presence of b-
lactam antibiotics (Foster 2019). Similarly, P. aeruginosa strain
showed resistance to the third generation cephalosporins tested
in the current study while exhibited an intermediate susceptibility
to cefatziodime antibiotic. Pseudomonas aeruginosa, on the other
hand, exhibited resistance to trimethoprim + sulfamethoxazole
(co-trimoxazole) antibiotics. These findings were inconsistent with
that of Maclean et al., 2022 who reported the sensitivity of all P.
aeruginosa strains isolated from Sodwana Bay at South Africa to
Bactrim (trimethoprim–sulfamethoxazole) antibiotic. The overex-
pression of multidrug efflux system enhance the intrinsic resis-
tance of P. aeruginosa strain to trimethoprim–sulfamethoxazole
antibiotics (Behzadi et al., 2021). Salmonella typhimurium exhibited
resistance to ceftriaxone antibiotic while showed an intermediate



Fig. 5. IC50 of different solvent extracts of Elettaria cardamomum against MCF7 cell
line.* Different letters indicated that values were significantly different (P � 0.05).
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susceptibility to cefatziodime, cefixime, cefotaxime and
trimethoprim + sulfamethoxazole antibiotics.

The microbiological resistance of the tested food poisoning bac-
terial strains, such as S. aureus, MRSA, P. aeruginosa, and S. typhi-
murium, to the antibiotics utilized in this study necessitates the
development of novel antimicrobial drugs to address the high rate
of antibacterial resistance (Manso et al., 2022). Furthermore, chem-
ical agents employed in food preservation have been linked to a
high occurrence of multidrug resistant strains, in addition to the
negative effects of these agents on humans and animals, necessi-
tating the development of novel antimicrobial agents (Miethke
et al., 2021). To achieve this goal, the antibacterial efficiency of dif-
ferent E. cardamomum extracts against food poisoning strains was
evaluated. E. cardamomum oil is well-known for its distinctive
aroma and is frequently utilized as a flavoring and fragrance agent
in the food and cosmetic industries (Anwar et al., 2016).

On the other hand, the Gram positive bacterial strain, S. aureus,
has the capability of releasing staphylococcal enterotoxins in food
which are characterized by their high thermostability (Mahros
et al., 2021). Moreover, the staphylococcal food poisoning disease
is considered one of the main culprits of foodborne outbreaks
results in causing severe gastroenteritis (Mourenza et al., 2021).
The antibacterial efficacy of the ethanolic extract of E. cardamo-
mum against S. aureus and the multidrug resistant strain (MRSA)
was significantly higher than that of the control (Norfloxacin).

Moreover, E. coli is a commensal bacterium that lives in the
human colon and frequently causes severe diarrhea (Boxall et al.,
2020). P. aeruginosa, on the other hand, causes diarrhea in
immune-compromised patients and is difficult to relief due to its
intrinsic resistance to various medications, whereas P. aeruginosa
can cause severe gastrointestinal illnesses if it is spread through
the food chain (Langendonk et al., 2021; Fakhkhari et al., 2022).
Salmonella typhimurium is another Gram negative bacterial strain
that causes enteric fever disease resulting in gastroenteritis and
septicemia (Gal-Mor et al., 2014). The ethanolic extract of E. car-
damomum was highly efficient against Gram negative microbes,
with suppressive zone widths of 11.91 ± 0.17 and 22.48 ± 0.36 m
m for P. aeruginosa and E. coli, respectively. In contrast, Salmonella
typhimurium expressed the highest sensitivity to E. cardamomum
ethyl acetate extract at the concentration of 10 mg/disk recording
zone diameter of 12.44 ± 0.19 mm. The remarkable efficacy of E.
7

cardamomum extracts against several etiological agents of food
poisoning illness demonstrates the potential for employing these
extracts in the bioformulation of safe and potentially efficient food
preservatives.

Accordingly, the high efficiency of E. cardamomum ethanolic
extract against majority of the tested food poisoning strains was
recorded so its MIC was evaluated. Minimum inhibitory concentra-
tions of E. cardamomum ethanolic extract were 0.250 and
0.500 mg/disk against S. aureus and E. coli strains recording clear
zone diameters of 16.83 ± 0.14 and 12.34 ± 0.18 mm respectively.
These findings were contrasted with that of Asghar et al., 2017 who
reported that MIC value of E. cardamomum oil against S. typhimur-
ium and S. aureuswas 10 mg/ml. Another study evaluated MIC of E.
cardamomum oil against E. coli and P. aeruginosa strains recording
values of 1.0 and 0.5 mg/ml respectively (Alam et al., 2021).
Accordingly, the substantial bioactivity of E. cardamomum extracts
in the current investigation, when compared to previous findings,
ensures the extraction procedure’s efficiency. A prior study con-
firmed the antibacterial efficiency of both cardamom seed and fruit
extracts against Fusobacterium nucleatum, Aggregatibacter actino-
mycetemcomitans, Prevotella intermedia and Porphyromonas gingi-
valis recording MIC of 0.25% [v/v], 0.5%, 0.125% and 0.062%
respectively while MBC were found to be 0.25% [v/v], 1.0%, 0.25%
and 0.062% respectively (Souissi et al., 2020). Chemical analysis
of the active ingredients of E. cardamomum ethanolic extract indi-
cated the presence of three main oxygenated monoterpenes com-
pounds, namely, a-terpinyl acetate, 1,8-cineole and b pinene,
recording relative percentages of 41.24, 28.14 and 5.98%, respec-
tively. Our results were coincident with that of Alam et al.
(2021b) who reported that a- terpinyl acetate and 1,8-cineole were
the main phytochemical compounds of E. cardamomum oil (Alam
et al., 2021a). Another previous study detected the chemical com-
position of cardamom essential oil using GC–MS and showed the
presence of 26 phytoactive compounds with a-terpinyl acetate
(38.4%), 1,8-cineole (28.71%), linalool acetate (8.42%), sabinene
(5.21%), and linalool (3.97%) as major phytochemical active con-
stituents (Asghar et al., 2017). These monoterpene compounds
were reported to possess antimicrobial effectiveness contributing
to the potential bioactivity of E. cardamomum extracts (Nazzaro
et al., 2013). The antibacterial activity of oxygenated monoterpe-
nes was previously reported to be mediated by their penetration
into the fatty acid acyl chains of membrane lipid bilayers, which
disrupted cell membrane permeability and fluidity (Tsuchiya
2015). Cytotoxicity assay revealed that the E. cardamomum ethyl
acetate extract exhibited the highest antiproliferative efficiency
while the aqueous extract showed the highest cytotoxic activity
against MCF7 cell line recording IC50 of 114.8 and 187.9 lg/ml
respectively. These findings were in accordance with that of
Manjunath and Mahurkar 2021 who demonstrated that cardamom
oil exhibited a significant anticarcinogenic activity against skin
cancer cell line recording IC50 of 166.63 lg/ml (Manjunath and
Mahurkar 2021). The major monoterpene component in E. car-
damomum extract is terpinyl acetate, which has been shown to
have anticancer properties (Chowdhury and Kumar 2020).
5. Conclusion

Antibiotic resistance profile of some etiological agents of food
poisoning illness revealed the high resistance of MRSA and P.
aeruginosa strains while E. coli showed susceptibility to all antibi-
otics used in the current study. The ethanolic extract of E. cardamo-
mum exhibited a remarkable antibacterial potency against the
tested strains highlighting the potentiality of utilizing these
extracts in biofacbrication of natural and effective food preserva-
tives. Moreover, the ethyl acetate of E. cardamomum extract
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showed the highest antiproliferative efficiency against MCF7 cell
line indicating the bioeffieicny of these extracts in formulation of
safe and natural antiproliferative agents. Collectively, Cardamom
extracts could be utilized for production of natural, eco-friendly,
safe and effective antimicrobial and anticarcinogenic agents owing
to their high content of oxygenated monoterpene compounds as
demonstrated by GC–MS analysis.
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