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Abstract

The increasing prevalence of  multidrug-resistant  (MDR) pathogens has become a  critical 
global health challenge, rendering conventional antibiotics less effective. Traditional medicinal 
systems have  long employed spices  for  their  antimicrobial  properties,  prompting modern 
research  to  investigate  their  potential  against  drug-resistant  infections.  Key  spices  such 
as Curcuma  longa  (turmeric), Cuminum  cyminum  (cumin), Syzygium  aromaticum 
(clove), Cinnamomum  spp.  (cinnamon), Nigella  sativa (black  seed), Zingiber 
officinale (ginger), and Allium sativum (garlic) have demonstrated significant efficacy against 
various MDR pathogens. This review consolidates and analyzes published research on the 
antimicrobial activity of these spices against MDR human pathogens, providing a foundation 
for future therapeutic development. A comprehensive literature review synthesized data from 
multiple high-impact studies to evaluate the current evidence on spice-derived antimicrobial 
agents.  Relevant  studies  were  systematically  reviewed,  extracting  and  summarizing  key 
findings to highlight the mechanisms of action, bioactive compounds, and potential clinical 
applications of these spices. The reviewed evidence supports the potential of spice-derived 
phytochemicals as alternative or adjunct therapies against MDR infections, warranting further 
investigation into their pharmacological optimization and clinical use.
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1. Introduction

The  emergence  of  antimicrobial  resistance  (AMR)  among  microorganisms  has  been 

documented  since  the  early  use  of  antimicrobial  substances.  Following  the  discovery  of 

penicillin and sulfa drugs, antibiotics became widely utilized in medicine, but their misuse, 

overuse, and inappropriate prescribing have accelerated the development of resistant strains 

(Uddin et al., 2021; Patangia et al., 2022). Microorganisms exhibiting resistance to three or 

more antibiotic classes are classified as multidrug-resistant (MDR), posing a significant threat 

to global health (Catalano et al., 2022).

Among  the  most  concerning  MDR  pathogens  are  the  ESKAPE  group  (Enterococcus 

faecium, Staphylococcus  aureus, Klebsiella  pneumoniae, Acinetobacter  

baumannii, Pseudomonas aeruginosa, and Enterobacter spp.), which are major contributors to 

nosocomial  infections.  Clinically  significant  MDR isolates  include  methicillin-resistant S.  

aureus (MRSA),  vancomycin-resistant  enterococci  (VRE),  and  carbapenem-

resistant Enterobacteriaceae (Koulenti,  Fragkou  &  Tsiodras,  2020).  The  World  Health 

Organization (WHO) has warned that without immediate intervention, the post-antibiotic era, 

where common infections become untreatable, may soon become a reality (Basak, Singh & 

Rajurkar, 2016).

Conventional  antibiotics  such as  penicillin  and cephalosporin  are  increasingly  ineffective 

against MDR pathogens (Meade, Slattery & Garvey, 2020). This has spurred research into 

alternative  therapeutic  strategies,  including  plant-derived  compounds  with  antimicrobial 

properties (Liu, 2021). Traditional medicine has long employed medicinal plants for infection 

treatment, with many demonstrating efficacy due to their bioactive phytochemicals (Mans & 

Irving, 2019; Anand et al., 2020). Notably, spices—aromatic plant parts used for flavoring and 

preservation—contain  secondary  metabolites  that  may  counteract  microbial  resistance 

mechanisms (Khare et al., 2021).

Spices,  widely  recognized  for  their  distinctive  flavors  and  aromatic  properties,  serve  as 

fundamental components in curry formulations  (Singh & Ningthoujam, 2025). Spices such 

as Curcuma  longa  (turmeric), Cuminum  cyminum  (cumin), Syzygium  aromaticum  (clove), 

and Zingiber  officinale (ginger)  exhibit  broad-spectrum  antimicrobial  activity,  including 

against MDR strains (Zhang et al.,  2019).  Their bioactive components (e.g.,  polyphenols, 
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flavonoids,  and alkaloids) disrupt bacterial  efflux pumps, cell  wall  synthesis,  and biofilm 

formation.  Some spice extracts demonstrate lower minimum inhibitory concentrations (MICs) 

than  standard  antibiotics,  suggesting  their  potential  as  adjunct  or  replacement  therapies 

(Tamokou, Mbaveng & Kuete, 2017). Therefore, spices have also been investigated for their 

potential as food preservatives (Sulieman et al., 2023). Another approach is nano-formulated 

phytochemicals derived from spices that can overcome delivery challenges while exhibiting 

antimicrobial efficacy against multidrug-resistant (MDR) pathogens. Their incorporation into 

traditional Indian diets may further enhance therapeutic potential (Chakravorty et al., 2020).

This  review  consolidates  evidence  on  spice-derived  antimicrobials,  highlighting  their 

mechanisms and therapeutic potential against MDR pathogens.

This review aims to:

1. Systematically evaluate the antimicrobial potential of medicinal spices against MDR 

pathogens

2. Analyze the mechanisms by which spice-derived phytochemicals overcome microbial 

resistance

3. Assess  the  therapeutic  viability  of  spice  compounds as  alternatives  or  adjuncts  to 

conventional antibiotics

The diminishing efficacy of β-lactams, cephalosporins, and other mainstay antibiotics against 

MDR pathogens (Meade, Slattery & Garvey, 2020) has necessitated exploration of alternative 

treatment  strategies.  Traditional  medicinal  systems  have  long  utilized  plant-derived 

compounds, with contemporary research validating their antimicrobial potential (Liu, 2021; 

Mans & Irving, 2019). Notably, spices - the aromatic seeds, bark, roots, or fruits of plants used 

for seasoning - contain bioactive metabolites that may disrupt microbial resistance mechanisms 

(Khare et al., 2021).

Emerging evidence suggests that spices such as Curcuma longa (turmeric), Cuminum cyminum 

(cumin), and Syzygium aromaticum (clove) demonstrate potent activity against MDR strains 

through multiple mechanisms, including efflux pump inhibition and biofilm disruption (Zhang 

et  al.,  2019).  Their  bioactive  components,  particularly  polyphenols  and flavonoids,  often 

exhibit  lower  minimum  inhibitory  concentrations  than  conventional  antibiotics  against 
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resistant  pathogens.  This  review  synthesizes  current  knowledge  on  spice-derived 

antimicrobials, evaluating their potential to address the growing AMR crisis.

2. Methodology

2.1.  Literature Search Strategy

The  authors  conducted  a  comprehensive  systematic  review  of  the  scientific  literature  to 

evaluate the antimicrobial potential of spices against multidrug-resistant (MDR) pathogens. 

Our search encompassed peer-reviewed articles published from 2012 to 2025, with the majority 

(95%) from 2014-2025, retrieved from the PubMed/MEDLINE, ScienceDirect, SpringerLink, 

Nature Portfolio, Taylor & Francis Online, Hindawi and NCBI databases.

2.2.  Search Protocol

The search strategy employed the following key terms and their combinations:

Primary terms: "spices", "herbal antimicrobials", "plant-derived antimicrobials"

Resistance terms: "multidrug resistant pathogens", "antimicrobial resistance", "MDR"

Mechanism terms: "efflux pump inhibitors", "biofilm disruption", "resistance modulation"

2.3.  Inclusion Criteria

1. Original research articles and review papers published in English

2. Studies  demonstrating  measurable  antimicrobial  effects  against  clinically  relevant 

MDR pathogens

3. Research focusing on spice-derived compounds and their mechanisms of action

4. Publications with clearly defined methodology and results

2.4.  Visual Representation

Scientific illustrations were created using BioRender.com to:

 Depict molecular mechanisms of action

 Visualize key phytochemical structures
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 Summarize resistance modulation pathways

2.5.  Quality Assessment

Selected studies were evaluated based on:

1. Sample size adequacy

2. Reproducibility of methods

3. Statistical significance of results

4. Clinical relevance of findings

3. Multidrug-Resistant Human Pathogens: A Global Health Crisis

The escalating burden of antimicrobial resistance presents a critical challenge to global public 

health.  Recent  epidemiological  data  indicate  that  drug-resistant  infections  contribute  to 

approximately 700,000 annual deaths worldwide, with projections suggesting this number 

could rise to 10 million by 2050 if current trends continue (Dadgostar, 2019; Antimicrobial 

Resistance Collaborators, 2022). The clinical impact of these pathogens is particularly severe 

in healthcare settings, where they account for nearly 40% of nosocomial infections (WHO, 

2021). 

Table 2: MDR human pathogens

Sr. 

No.

Diseases Resistant Antibiotics References 

1. Mostly skin infections, 

osteomyelitis, pneumonia, 

meningitis, empyema and lung 

abscess 

Methicillin, amoxicillin, 

oxacillin, cephalosporins 

and resistant to almost all 

classes of antibiotics 

(Algammal et al., 

2020;  Vestergaard, 

Frees and Ingmer, 

2019; Assis, 

Nedeljković and 

Dessen, 2017)

2. Urinary tract infections, 

bacteraemia, hospital acquired 

infections, sepsis, surgical site 

infections, meningitis

Amoxicillin, cefuroxime, 

ceftriaxone and other 

common antibiotics

(Benavides et al., 

2022; Hon et al., 

2022)
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3. Pneumonia, bloodstream 

infections, surgical site infections 

and urinary tract infections

Aminoglycosides, 

quinolones, beta-lactams, 

ciprofloxacin, and other 

common antibiotics 

(Heimesaat et al., 

2019; Pang et al., 

2019; Kunz Coyne et 

al., 2022; Botelho, 

Grosso and Peixe, 

2019)

4. Hospital acquired infections, 

surgical site infections, 

bacteraemia, urinary tract 

infections and root canal 

infections

Macrolides, penicillins, 

vancomycin, 

cephalosporins

(Esmail, Abdulghany 

and Khairy, 2019; 

Farman et al., 2019;

El-Telbany et al., 

2021)

5. Pneumonia, septicaemia, burn and 

urinary tract infections, 

meningitis, pyogenic liver abscess

Carbapenems, penicillins, 

cephalosporins, 

Ciprofloxacin, amikacin

 (Farhadi et al., 2021; 

Awoke et al., 2021; 

Popa et al., 2021)

6. Septicaemia, endocarditis, 

pneumonia, urinary tract 

infections, wound, meningitis.

Aminopenicillins, 

cephalosporins, 

chloramphenicol, 

tetracyclines

(Almaghrabi et al., 

2018; Weinberg et al., 

2020; Jiang et al., 

2021)

7. Candidemia, disseminated and 

abdominal candidiasis, hospital 

acquired infections

Fluconazole, echinocandin (Dhasarathan et al., 

2021; Murphy and 

Bicanic, 2021)

8. Respiratory tract infections, eye 

infections, wound infections, 

urinary tract infections, 

gastrointestinal tract infections

Penicillins, carbapenems, 

cephalosporins

(Li et al., 2022; 

Korytny et al., 2016; 

Algammal et al., 

2021)

9. Extra oral infections, endocarditis, 

dental caries

Bacitracin, penicillin, 

tetracycline, cotrimoxazole

(William et al., 2012; 

Jiang et al., 2017; 

Nagasawa et al., 

2020;

Yadav et al., 2015)

10. Nosocomial infections, 

endocarditis, surgical site 

Methicillin, clindamycin, 

fusidic acid, 

(Eladli et al., 2019; 
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infections, central venous line 

associated bloodstream infections

fluoroquinolones, 

trimethoprim/sulfamethox

azole, oxacillin, 

gentamycin, and 

erythromycin 

Lee et al., 2018;

Xu et al., 2020;  

European Centre for 

Disease Prevention 

and Control, 2018)

Spices

Following  spices  in  Table  3,  according  to  a  number  of  research  studies,  have  shown 

effectiveness against MDR human pathogens:

Table 3: Spices and their antimicrobial effects on MDR human pathogens.

Sr. 

No

Spice MDR human 

pathogens against 

which spice acts

Mechanisms of 

action

References 

1 Curcuma 

longa

Turmeric 

Acinetobacter 

baumannii, MRSA, 

Enterobacteriaceae, 

Candida albicans, 

E. faecalis, P. 

aeruginosa, S. 

marcescens, S. 

mutans, P. mirabilis, 

S. epidermidis

It involves the 

disruption of 

structures like 

membrane 

morphology, 

depleting protein 

motive forces, 

altering the fatty 

acids of 

membranes, 

causing the 

production of 

reactive oxygen 

species, disrupts 

the normal 

protein 

(Zhang et al., 2019; 

Etemadi et al., 2021; 

Adamczak, 2020; 

Betts et al., 2016; 

Betts and Wareham, 

2014)
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functioning, and 

also inhibits the 

nucleic acid 

synthesis.

2 Cuminum 

cyminum

Cumin 

Escherichia coli, 

Staphylococcus 

aureus, Candida 

albicans, 

Pseudomonas 

aeruginosa and 

Klebsiella 

pneumoniae

It inhibits the 

efflux pump 

activity.

(Tshabalala, 

Kabelinde, 

KAPTCHOUANG 

TCHATCHOUANG, 

et al., 2021)

3 Cinnamomum 

spp.

P. aeruginosa, S. 

enteritidis, E. coli, 

E. faecalis, K. 

pneumoniae and 

various strains of S. 

aureus

Phenolic 

compounds 

exhibit strong 

antibacterial 

activity by 

destroying cell 

membrane 

morphology, 

altering 

membrane fatty 

acids causing 

reactive oxygen 

damage.

(Zhang et al., 2019)

4 Nigella sativa

Black cumin

Proteus mirabilis, P. 

aeruginosa, A. 

baumannii, S. 

epidermidis, S. 

aureus, and MRSA.

Thymoquinones 

present in N. 

sativa seeds has 

shown to inhibit 

the efflux pump 

mechanism of 

microbes and 

(Aziz, Salih and 

Hamachawash; 

Abdallah, 2017; Jahan 

et al., 2018)
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also inhibit the 

penicillin 

binding protein 

responsible for 

Staphylococcus 

resistance 

mechanism

5 Syzygium 

aromaticum

Clove 

P. aeruginosa, S. 

aureus, Salmonella 

enteritidis, E. coli, 

Enterococcus 

faecalis, Proteus 

mirabilis, Klebsiella 

pneumonia, 

Pseudomonas 

aeruginosa, 

Vancomycin 

resistant S. aureus, 

ESBL, metallo-beta 

lactamase and AmpC 

beta-lactamase 

producing gram-

negative and gram-

positive bacterial 

pathogens

Eugenol 

produces cell 

cytotoxicity 

because of 

production of 

reactive oxygen 

species that 

cause the 

disruption of cell 

membrane and 

ultimately cell 

death. It is also 

active against 

bacterial 

enzymes such as 

histidine 

carboxylase, 

protease, ATPase 

and amylase.

(Zhang et al., 2019; 

Vijayalakshmi, 2020; 

Tshabalala et al., 2021; 

Jahan et al., 2018;  

Marchese et al., 2017)

6 Zingiber 

officinale

Ginger 

Bacillus spp., E. 

coli, Enterococcus 

spp., E. faecalis, P. 

aeruginosa

6-gingerol of 

ginger is known 

to interfere with 

R-plasmid 

transfer ability. 

6-gingerol and 6-

(Zhang et al., 2019 

Karuppiah and 

Rajaram, 2012; 

Aghazadeh et al., 

2016; Oyedemi et al., 
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shogaol interfere 

with the plasmid 

DNA transfer 

and replication 

process thus 

causing the 

inhibition of 

bacterial 

conjugation.

2019)

7 Allium 

sativum

Garlic 

E. coli, P. 

aeruginosa, Proteus 

sp., S. aureus, 

Bacillus sp., 

Enterobacter sp.

Allicin inhibits 

various enzymes 

of microbes such 

as RNA 

polymerase, 

alcohol 

dehydrogenase, 

DNA gyrase and 

also inhibits the 

DNA and protein 

synthesis.

(Aziz, Salih and 

Hamachawash, 2019; 

(Ramos et al., 2021; 

Bruns et al., 2017;

Jubair et al., 2021)

8 Myristica 

fragans 

Nutmeg 

E. coli, E. 

aerogenes, K. 

pneumoniae, P. 

stuartii, E. cloacae, 

P. aeruginosa, S. 

aureus, P. mirabilis, 

E. faecalis

Eugenol and 

other flavonoids 

present in 

nutmeg are 

responsible for 

antimicrobial 

activity. Have 

intracellular 

target by acting 

on efflux pumps. 

(Marchese et al., 2017; 

Dzotam et al., 2018) 

9 Ocimum S. aureus, K. Phytochemicals 

cause the 

(Ojokoh, 2019), 
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gratissimum

Clove basil

pneumoniae inhibition of 

growth of 

microbes by 

enhancing the 

permeability of 

cell membrane 

and cell wall. 

Among them 

eugenol is the 

main phenolic 

bioactive 

component that 

causes the 

production of 

reactive oxygen 

species, 

alteration in 

membrane fatty 

acids. 

Pandey, 2017; 

(Marchese et al., 2017)

10 Elettaria 

cardamomum

Cardamom 

S. aureus,

P. aeruginosa,  

E. coli

C. albicans

Various bioactive 

components such 

as flavonoids, 

quinones, 

polyphenols 

cause the change 

in cell 

morphology, 

cytoplasm 

displacement due 

to alteration in 

membrane 

(Radhakrishnan et al., 

2015; Chaudhary et 

al., 2019; Yassin et al., 

2022)

https://doi.org/10.65749/pjfs.2026.30.3.0018


Fatima.M. Antimicrobial potential

PAK. J. FOOD SCI., 30(3): 48-83

DOI: https://doi.org/10.65749/pjfs.2026.30.3.0018

© 2026, An Official Journal of Pakistan Society of Food Scientists and Technologists
59

structure.

Figure 2: Spices against MDR human pathogens

Curcuma longa (Turmeric)

Turmeric is the product of the plant Curcuma longa, which belongs to the family Zingiberaceae, 

which is widely cultivated and used in Asian countries. It is being the heart of many cuisines, 

is considered a golden spice, and has been used in many Asian countries since ancient times. It 

is not only used as a spice but also for various clinical purposes due to the presence of many 

bioactive components such as curcumin (Ahmad et al., 2020). In ancient times, it was used to 

treat skin diseases, wounds, respiratory ailments, eye infections, digestive and dental disorders 

(Rolfe et al., 2020).

Turmeric has various phytochemicals, including curcuminoids, of which curcumin is the well-

studied, a polyphenol, and has been shown to target multiple signalling molecules and works 

at the cellular level (Hewlings and Kalman, 2017). 

Curcuma longa, due to the presence of curcumin along with other bioactive components, also 

exhibits antimicrobial properties against multidrug-resistant bacteria, including Acinetobacter  

baumannii,  MRSA,  Enterobacteriaceae,  Candida  albicans,  E.  faecalis,  P.  aeruginosa,  

Streptococcus  marcescens, Streptococcus mutans,  Proteus  mirabilis, and  Staphylococcus 

epidermidis are the main targets of curcumin according to many research studies (Table 3). 

Spices:
Tumeric, 
Cloves, 

Cinnamon, 
etc.

E. coli

MRSA

A. 
baumanii

P. 
aeruginosa

K. 
pneumonia E. faecalis

C. 
albicans

S. 
epidermidis

P. mirabilis

S. mutans
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Research has been done which includes the effect of turmeric extract alone and in synergy with 

other  antimicrobial  agents,  which  enhances  its  effects.  The  curcumin  being  a  phenolic 

compound of turmeric, showed the antimicrobial activity against multidrug resistant S. aureus, 

according  to  the  work  of  Zhang  et  al.  (2019),  The  Combination  of  curcumin  and 

epigallocatechin  gallate has  shown  activity  against  MDR  A.  baumannii.  The  addition  of 

epigallocatechin gallate to curcumin reduced the MIC value up to 3-7 fold, according to Betts 

and Wareham, (2014). The epigallocatechin gallate is the phenolic compound of green tea and 

shows  synergy  with  curcumin  of  Curcuma longa.  According  to  Adamczak  et  al.,(2020), 

curcumin has strain-specific activity and shows antimicrobial activity against the multidrug-

resistant isolates of S. aureus (MRSA), , E. coli, Streptococcus haemolyticus, and P. mirabilis.

Curcumin,  when  in  combination  with  polymyxin  B,  has  shown  synergy  against  MDR 

pathogens. According to the research work of  Betts et al. (2016), the complete cell death of 

the tested MDR strains was observed between 4 and 6 hours when they used the combination 

of  curcumin  and  antibiotic  polymyxin  B.  The  tested  MDR  strains  were  Gram-positive 

(Enterococci,  S.  aureus,  and Streptococci)  and Gram-negative  (A.  baumannii,  E.  coli,  P.  

aeruginosa, and S. maltophilia) bacterial isolates associated with traumatic wound infections. 

The MIC was reduced to 3 to 10 folds. Turmeric aqueous extract in combination with chitosan, 

an antimicrobial substance found in the membranes of various organisms, showed a strong 

inhibitory effect against biofilm-forming multidrug-resistant isolates of P. aeruginosa (Etemadi 

et al., 2021). Curcumin works best when in synergy with other compounds, specifically with 

antibiotics.
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Figure 3: Antimicrobial effects of curcumin against MDR pathogens

Curcumin  of  turmeric,  being  a  phenolic  compound,  shows  antioxidant  activity  against 

microorganisms.  The  phenolic  activity  usually  involves  the  disruption  of  structures  like 

membrane morphology, depleting protein motive forces, altering the fatty acids of membranes, 

causing the production of reactive oxygen species, disrupting the normal protein functioning, 

and also inhibiting the nucleic acid synthesis (Zhang et al., 2019). In A. baumannii, curcumin 

causes the disruption of core metabolic pathways that are involved in folic acid synthesis and 

inhibits cell division (Betts et al., 2016). It inhibits the polymerization of FtsZ protofilaments 

and causes a disturbance in GTPase activity in the cytoskeleton of B. subtilis, S. aureus, and E. 

coli. Curcumin also stimulates apoptosis-like responses in E. coli (Adamczak, 2020). Hence, 

curcumin is mainly involved in the disruption of FtsZ protofilament activity that is necessary 

for  bacterial  cytokinesis;  bacterial  cell  proliferation  is  inhibited  due  to  the  inhibition  of 

assembly of the Z ring. By utilizing this mechanism of inhibition of MDR human pathogens, 

curcumin can be used as a potential antimicrobial. But, despite much evidence of its safety and 

efficacy, it has not yet been approved as a good therapeutic agent due to its low bioavailability 

(Siviero et al., 2015).
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Cuminum cyminum (Cumin)

Cuminum cyminum seeds have a long history that goes back 5000 years to ancient Egyptian 

civilization,  where  cumin  seeds  were  used  as  a  spice  for  foods  and  as  preservatives  in 

mummification. Cumin is included in household remedies where cumin seeds are used for 

indigestion, diarrhoea, skin disorders, asthma, leprosy, etc. (Chaudhry et al., 2020). The wide 

range of applications of cumin is attributed to its bioactive components, such as phenols,  

terpenes, and flavonoids (Srinivasan, 2018).

Among the MDR human pathogens, S. aureus is the main target of cumin. Among other MDR 

human  pathogens,  biofilm-forming  microorganisms  like  Aeromonas  hydrophila,  and  an 

inhibitory effect against E. coli has been observed. Cumin aldehyde, cumin methanol extract, 

and cumin seed oil are usually used to check the inhibitory effect. Bioactive components of 

cumin inhibit the growth of S. aureus by specifically targeting the LmrS efflux pump that is 

associated with multidrug resistance. According to  Kakarla et al. (2017),  6.25 mg/mL of 

cumin-methanol extract inhibited the growth of E. coli cells that had the LmrS efflux pump 

gene.  Cumin  inhibits  the  activity  of  the  LmrS  efflux  pump  by  modulating  its  structure 

(Lincomycin resistant gene of S. aureus). Tshabalala et al.(2021) showed that E. coli (EcFmS1 

and EcFpL1) was the most resistant bacterial isolate being inhibited by cumin. Nowadays, the 

MDR human pathogen S. aureus is the most problematic and is not treated by any antibiotic. 

Cumin is such a remarkable antimicrobial that it can destroy the resistance mechanism of S.  

aureus.  The inhibitory effect of cumin against the efflux pump should be utilized for the 

effective treatment  strategy against  MDR human pathogens,  specifically  against  MDR  S.  

aureus.

Cinnamomum (Cinnamon)

Cinnamon belongs to the family Lauraceae, which contains different species of Cinnamomum. 

Cinnamon is an important spice obtained from the inner bark of tree, and used by people all  

around the globe. Like many other spices it is also used as medicine. The use of this spice as a 

medicine dates back to thousands of years, being a part of Ayurvedic and Chinese traditional 

medicine (Nabavi et al., 2015). The leaves and barks are usually used to treat various disorders. 

Cinnamon  has  antibacterial,  antioxidant,  antifungal,  antidiabetic,  nematicidal,  anti-

inflammatory, anticancer, and insecticidal effects due to various bioactive components present 
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in it  (Vasconcelos, Croda, and Simionatto, 2018).  Cinnamomum verum is usually used for 

medicinal purposes and is called as the true cinnamon tree or Ceylon cinnamon tree. Various 

resinous  compounds  are  the  characteristics  of  cinnamon;  these  compounds  are 

cinnamaldehyde, cinnamate, and cinnamic acid (Mollazadeh and Hosseinzadeh, 2016). 

The main bioactive components of cinnamon are polyphenols and cinnamaldehyde, along with 

secondary metabolites such as tannins, flavonoids, glycosides, and steroids. The composition 

and  concentration  of  these  metabolites  vary  depending  on  the  type  of  extract  and 

the Cinnamomum species (Ribeiro-Santos et al., 2017).

Cinnamon’s bioactive compounds exhibit significant antibacterial activity against multidrug-

resistant  (MDR)  human  pathogens.  Research  has  demonstrated  the  efficacy  of  different 

cinnamon extracts against MDR strains, including P. aeruginosa, Salmonella enteritidis, E. 

coli, E. faecalis, K. pneumoniae, and various S. aureus strains (Table 3).

For  instance,  Jahan  et  al.  (2018)  reported  that  methanol  and  ethyl  acetate  extracts 

of Cinnamomum zeylanicum bark inhibited biofilm-forming MDR P. aeruginosa isolates, with 

a  minimum  inhibitory  concentration  (MIC)  of  500  μg/mL.  Similarly, Cinnamomum 

cassia extracts  exhibited  strong  activity  against  MDR S.  aureus (18  mm inhibition  zone) 

and S. enteritidis (16 mm inhibition zone), with an MIC of 0.8 mg/mL (Zhang et al., 2019). 

Another study found that cinnamon extracts (MIC = 100 mg/mL) inhibited S. aureus, E. coli, P. 

mirabilis, and E. faecalis, though such a high MIC value may limit its clinical applicability 

(Vijayalakshmi, 2020).

Further research by Idris and Habibu (2021) compared ethanolic, hexane, and dichloromethane 

extracts  of Cinnamomum  verum,  revealing  varying  MIC  values  against S.  aureus, P. 

aeruginosa, and K. pneumoniae. Notably, dichloromethane and hexane extracts showed greater 

efficacy, with MIC values as low as 5 mg/mL for S. aureus. Among Cinnamomum species, C. 

cassia appears to be the most potent.

The  antibacterial  mechanisms of  cinnamon’s  phenolic  compounds  include  disrupting  cell 

membrane integrity, altering fatty acid composition, inducing oxidative stress, and inhibiting 

nucleic acid synthesis (Zhang et al., 2019). Additionally, flavonoids and tannins contribute to 

antimicrobial activity by binding to bacterial cell walls, inactivating enzymes, and disrupting 

membrane  function  (Wang  et  al.,  2020).  However,  while  some  studies  suggest  broader 

https://doi.org/10.65749/pjfs.2026.30.3.0018


Fatima.M. Antimicrobial potential

PAK. J. FOOD SCI., 30(3): 48-83

DOI: https://doi.org/10.65749/pjfs.2026.30.3.0018

© 2026, An Official Journal of Pakistan Society of Food Scientists and Technologists
64

mechanisms involving alkaloids and saponins (Idris and Habibu, 2021), these compounds are 

not typically prominent in Cinnamomum species, as noted in comprehensive reviews (Wang et 

al., 2020).

Given  cinnamon’s  potential  against  MDR  pathogens,  further  research  should  focus  on 

optimizing extraction methods and evaluating synergistic effects with conventional antibiotics 

to enhance clinical relevance.

Nigella sativa (Black Seed)

Nigella sativa, commonly called black seed, belongs to the Ranunculaceae family, is the most 

popular and significant medicinal plant (Ahmad et al., 2021). It is a precious herb used in food 

as well as in traditional medicine . It is cultivated all over the world, including Asian countries 

and many European countries (Hossain et al., 2021). It has long been a part of Islamic medicine, 

Unani,  Ayurveda  medicine,  Chinese  traditional  medicine,  and  other  medicinal  systems 

(Mekhemar,  Hassan, and Dörfer,  2020).  Black cumin is widely accepted among Muslims 

because it can treat every ailment except death. It is a remarkable natural remedy for various 

illnesses and pathologies, such as in the treatment of asthma, cough, inflammation, eczema, 

flu-like  conditions  (Dalli  et  al.,  2021), hypertension,  pyrexia,  conjunctivitis,  and 

gastrointestinal dysfunction (Bakal, Bereswill and Heimesaat, 2017).

Phytochemical analysis of black cumin revealed that over a hundred of phytochemicals are 

present in it, including alkaloids, sterols, saponins, and essential oils (Yimer et al., 2019). These 

phytochemicals  are  responsible  for  their  antioxidant,  anti-inflammatory,  antimicrobial, 

antidiabetic,  diuretic,  anticancer,  spasmolytic,  hepatoprotective,  bronchodilator,  renal 

protective,  and  immunomodulatory  properties.  One  of  the  bioactive  components  is 

thymoquinone,  which  is  present  in  30-40% of  N.  sativa.  Thymoquinone  has  good  anti-

inflammatory and antioxidant properties  (Mekhemar, Hassan and Dörfer, 2020); therefore, 

black seed is used to cure a number of diseases, from healing wound infections to curing 

periodontal diseases.  

According to various published research studies, the black seed is able to act against a number 

of  MDR human pathogens,  which includes  P. mirabilis,  P.  aeruginosa,  A.  baumannii,  S.  

epidermidis, S. aureus, and MRSA (Table 3).
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Ethanolic extract of N. sativa showed MIC values of 1.5 mg/mL, 3.12 mg/mL, 25 mg/mL, 6.25 

mg/mL, and 25 mg/mL against  P. mirabilis, P. aeruginosa, K. pneumoniae, E. coli,  and  A. 

baumannii, respectively (Dhanasekaran, 2019). Thymoquinone, one of the components of N. 

sativa, was alone used against the biofilm formation.  Thymoquinone significantly inhibited 

biofilm  formation  in S.  epidermidis (ATCC  12228), K.  pneumoniae,  and S.  aureus,  with 

reductions of 41%-59%, 31%-45%, and 58%-81%, respectively, after 24 hours. The inhibitory 

effect persisted at 48 hours, though slightly diminished, with reductions of 30%-51%, 21%-

34%, and 44%-67% for the same strains, respectively. (Dera et al., 2021). N. sativa oil extracts 

also affected strains of MRSA, the diameter of the zone of inhibition ranged from 10 mm to 31 

mm (Aziz, Salih and Hamachawash, 2019). The phytochemical compounds present in N. sativa 

seeds are responsible for their antimicrobial properties against MDR human pathogens. These 

compounds give phenolic toxicity to microbes by oxidized enzymes, thus causing the inhibition 

of enzymes, disrupting membrane structure, inhibiting the cell wall synthesis by binding and 

inhibiting protein synthesis, and thus interrupting peptidyl transferase activity (by binding to 

50s subunit) (Dhanasekaran, 2019). Thymoquinones, saponins, terpenes, and alkaloids all are 

responsible for causing inhibition in the growth of microbes (Abdallah, 2017). Thymoquinone 

present in N. sativa seeds has shown to inhibit the efflux pump mechanism of microbes and 

also  inhibits  the  penicillin  binding  protein  responsible  for  Staphylococcus resistance 

mechanism. Thymoquinone has also shown to be inhibitory in biofilm formation, preventing 

the adhesion of microbes to surfaces (Dera et al., 2021). Thus, more research is needed on N. 

sativa seeds,  specifically  its  bioactive  component  thymoquinone,  that  has  shown  to  be 

promising against MDR human pathogens.

Syzygium aromaticum (Clove) 

S.  aromaticum belongs  to  the  family  Myrtaceae,  having  flowering  called  cloves  and  is 

commonly used as a spice  (Mbaveng and Kuete, 2017). The history of the usage of cloves 

marks  back  to  the  ancient  Chinese  Han  dynasty.  Clove  possesses  antioxidant,  anti-

inflammatory, carminative, antimicrobial, cardiovascular, antiparasitic, and insect- repellent 

properties, and these properties are attributed to the bioactive component eugenol in cloves 

(Sellamuthu, 2014).

The antimicrobial properties, specifically against multidrug resistant human pathogens are 

explored with the help of research that involves the use of different clove extracts and essential 
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oils.  The antimicrobial activity against MDR pathogens is usually due to the main active 

component called eugenol (Ashrafudoulla et al., 2020).

According to the research studies, cloves have shown strong antimicrobial activity against 

multidrug-resistant human pathogens, which include biofilm-forming P. aeruginosa, S. aureus,  

S. enteritidis, E. coli, E. faecalis, P. mirabilis, K. pneumonia, P. aeruginosa,  Vancomycin-

resistant S. aureus (VRSA), ESBL, metallo-beta lactamase (MBL) and AmpC beta-lactamase 

producing gram-negative and gram-positive bacterial pathogens (Table 3).

According to the research work of  Zhang et al. (2019) , the ethanolic extract of clove was 

effective  against  drug-resistant  S.  aureus and  S.  enteritidis.  The  diameter  of  the  zone  of 

inhibition was 15 mm for S. aureus and 8 mm for S. enteritidis. One study showed that ethanolic 

clove extract with MIC 100 mg/mL possessed strong antibacterial activity against MDR E.  

coil, E. faecalis, S. aureus, and P. mirabilis with a diameter of zone of inhibition of 16 mm, 17 

mm, 13 mm, and 13 mm, respectively (Vijayalakshmi, 2020). The highest zone of inhibition 

against MDR E. coli  (EcFwS1) was observed with clove extract. The zone was 18 mm in 

diameter  (Tshabalala et  al.,  2021).  Another study reported that  ESBL, MBL, and AmpC-

producing strains of E. coli, K. pneumoniae, Enterobacter spp., Citrobacter spp., Proteus spp.,  

P. aeruginosa and A. baumannii were inhibited by ethanolic clove extract. The MIC of clove 

extract was 100 mg/mL, which gave a diameter of zone of inhibition of 17 mm against E. coli, 

16 mm against K. pneumoniae, 18 mm against Citrobacter strains, 19 mm against Proteus spp., 

14 mm against P. aeruginosa, and 18 mm against A. baumannii (Faujdar, Bisht and Sharma, 

2020). Clove inhibited P. aeruginosa biofilm formation with 500 μg/mg of methanolic extract 

and 1000 μg/mg of ethyl acetate extract of clove  (Jahan et al., 2018). One of the research 

projects showed that clove flower extract inhibited the most resistant bacterium, P.  mirabilis, 

which bacterium involved in causing diabetic foot ulcer. The effect of clove flower extract 

matched the one caused by antibiotic cefepime and showed a better effect than cefepime in 

reducing  the  wound  infection. The  ethanolic  extracts  of  clove  work  best  against  MDR 

microbes.

The key polyphenol components isolated from clove are hydroxyphenyl propenes, phenolic 

acid and flavonoids, and in these, the major bioactive component eugenol have phenol ring. 

The hydroxyl group of phenolic components gets bind to proteins and prevents various enzyme 

functioning  (Marchese  et  al.,  2017).  Eugenol  produces  cell  cytotoxicity  because  of  the 
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production of reactive oxygen species that cause the disruption of the cell membrane and, 

ultimately, cell death. It is also active against some of the bacterial enzymes such as histidine 

carboxylase, protease, ATPase, and amylase (Marchese et al., 2017). A recent study reported 

that clove extract inhibits the quorum-sensing controlled gene expression and thus inhibits the 

biofilm formation in P. aeruginosa (Jahan et al., 2018). Various bioactive components present 

in  clove  flower  extract  work  by  different  mechanisms  of  action,  including  the  loss  of 

electrolytes, resulting in cell death. Bicyclic alcohol makes an unsuitable environment for 

bacterial growth. The bioactive components of clove showed such mechanisms and results 

against MDR human pathogens that the replacement of antibiotics can be easily done by such 

an efficient spice.

Zingiber officinale (Ginger)

Zingiber officinale is a member of the Zingiberaceae family. Commonly known as ginger and 

ginger rhizome is used as a spice for flavouring purposes in many Asian countries and is now 

popular all over the world as well. Ginger is known good domestic remedy for colds and coughs 

(Azadpour et al., 2016). In the nineteenth century, ginger was used to treat cough and asthma. 

It  was  used  for  multiple  diseases  such  as  asthma,  heart  palpitation,  dyspepsia,  swelling, 

rheumatism, and for the treatment of loss of appetite (Shahrajabian, Sun and Cheng, 2019). It 

has  good antibacterial,  antioxidant,  anti-inflammatory,  antidiabetic,  anticancer,  and strong 

antimicrobial  properties  against  gram-positive  and  gram-negative  bacteria  (Mathai  et  al., 

2017). It contains about 400 different compounds. The bioactive compounds include tannins, 

flavonoids,  terpenoids,  saponins,  and  steroids (Abdalla  and  Abdallah,  2018). The  main 

constituents of ginger are gingerol, shogaol and essential oils. Similar to other spice-derived 

essential oils, ginger essential oil has been extensively studied and is widely recognized for its 

potent antimicrobial properties (Aziz, Salih and Hamachawash, 2019).

According to many research studies, extracts of ginger have shown to be effective against the  

following MDR human pathogens;  Bacillus spp., E. coli, Enterococcus spp., E. faecalis, P.  

aeruginosa (Table 3). 

The ginger extract caused the inhibition of eight drug resistant bacteria at a concentration of 

100 mg/mL, and the diameters of the zone of inhibition were between 10-15 mm. Similarly, 

gentamicin-resistant enterococci isolates were sensitive to the ethanol extracts of ginger (Zhang 
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et al., 2019). An active component of ginger, 6-gingerol, was effective against E. faecalis with 

MIC  8 mg/mL that was four-fold lower than erythromycin. 6-gingerol and 6-shogaol inhibited 

the transfer of R-plasmid in R- plasmid harbouring  E. coli,  and MRSA, according to the 

research work of Oyedemi et al., (2019).    

Figure 4: R-plasmid conjugation process inhibited by ginger

Ethanolic extract  of ginger rhizome was effective against  MDR  Bacillus spp.,  E.  coli,  P.  

aeruginosa. The DIZ values were 16 mm, 15 mm, and 14 mm against Bacillus spp., E. coli, P.  

aeruginosa, respectively.  The MIC values  ranged from 67-  75 μg/mL of  crude ethanolic 

extracts of ginger rhizome (Karuppiah and Rajaram, 2012). Ginger extract has shown to be 

effective against Candida strains that were resistant to fluconazole. The MIC noted against C. 

albicans was 10 mg/mL (Aghazadeh et al., 2016).

The bioactive components present in the ginger are responsible for inhibiting pathogens.  6-

gingerol of ginger is known to interfere with R-plasmid transfer ability. 6-gingerol and 6-

shogaol interfere with the plasmid DNA transfer and replication process, thus causing the 

inhibition of bacterial conjugation and transfer of R- plasmid (Oyedemi et al., 2019). Like any 

other spice, it is necessary to study the antimicrobial effect of ginger against many other MDR 

human pathogens so that ginger can be used in commercial treatment.
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Allium sativum (Garlic)

Allium sativum, commonly, known as garlic, is a bulb that belongs to the family Liliaceae 

(Patiño-Morales et al., 2021). It is a popular food spice worldwide specifically in southeast 

Asia and Italy. It is cultivated all over the world according to its vast consumption (Bhatwalkar 

et al., 2021). Mankind has used garlic for over 7000 years for medicinal purposes (Valenzuela-

Gutiérrez et al., 2021). The wide use of A. sativum in household and traditional medicine is due 

to its numerous properties. It has been used against asthma, candidiasis, and cold (Adenola and 

Adeleke,  2021),  moreover;  it  has  shown effects  against  a  high  level  of  cholesterol,  and 

hypertension  (Magryś, Olender and Tchórzewska, 2021; Chan  et al.,  2020). The bioactive 

components present in garlic, responsible for its potent antimicrobial properties are organo-

sulphure  compounds,  flavonoids,  fatty  acids,  allicin  (Haider  et  al.,  2020).  Allicin  is  the 

characteristic compound of garlic responsible for its odour on maceration (Jubair et al., 2021). 

Garlic has shown to be effective against these MDR human pathogens E. coli, P. aeruginosa,  

Proteus sp., S. aureus, Bacillus sp., Enterobacter sp. (Table 3).

When garlic ethanol extracts were used, the zones of the diameter of inhibition were 15 mm, 

11 mm, 15 mm, 11 mm, 7.5 mm, 12.6 mm, and 13.5 mm against E. coli, Enterobacter sp. P.  

aeruginosa, Proteus sp., Klebsiella sp., S. aureus, Bacillus sp. respectively at MIC 50 μg/mL 

(Aziz, Salih and Hamachawash, 2019). Aqueous extract of garlic was effective against  A. 

baumannii in doses of 5 and 10 mg/mL; four MDR strains showed DZI between 14 and 20 

mm. The extract  worked in a dose-dependent way. Ethanolic extract  was more effective. 

According to the work of Bruns et al., (2017), A. sativum aqueous extract inhibited the efflux 

pump activity in E. coli cells harbouring the EmrD-3 efflux pump genes from Vibrio cholerae. 

A. sativum worked at  MIC 20 mg/mL, while  10 mg/mL of  A. sativum extract  showed a 

modulatory effect to be direct upon EmrD-3 and 20 mg/mL had an indirect modulatory effect 

on the efflux pump.

Allicin is the compound responsible for its potent antimicrobial activity. Allicin inhibits various 

enzymes of microbes such as RNA polymerase, alcohol dehydrogenase, and DNA gyrase and 

also inhibits the DNA and protein synthesis, moreover, it also inhibits biofilm formation (Jubair 

et al., 2021). A. sativum also acts on efflux pumps and modulates their activities. These efflux 

pumps are one of the significant contributions in multiple drug resistance of microbes. Thus, 

the mechanism of allicin can be utilized to control MDR human pathogens by using A. sativum.
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Figure 5: Results, Antimicrobial effects of spices against MDR human pathogens

Conclusion 

Antimicrobial drug resistance has reached up-to an alarming level. With the misuse and overuse 

of antibiotics, multidrug resistant human pathogens have developed resistance mechanisms that 

cannot be treated with antibiotics and are one of the novel strategies to combat MDR human 

pathogens  including  using  traditional  plants  and  spices.  Spices  are  known  to  possess 

phytochemicals that can directly inhibit the resistance mechanisms. ESKAPE is the group of 

bacteria that are at the top list of MDR human pathogens, to combat this group and other MDR 

human pathogens, spices such as turmeric, cumin, clove, cinnamon, ginger, black cumin, garlic, 

and many others have shown satisfactory results when used in the form of different extracts. 

These spices have various antimicrobial compounds such as allicin, thymoquinone, curcumin, 

cinnamaldehyde, and various phenolic compounds that act on microbial cell and inhibit the 

mechanism of  resistance  or  cause  its  death  by  disrupting  membrane  structure,  inhibiting 

enzymes,  inhibiting  cell  division  and  interfering  with  biochemical  pathways.  The  direct 

mechanism for controlling multidrug resistance by spices is a fortune in this era, but limited  

research has been done on it. So, there is a need of more research to check the effectiveness of 
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spices on a large number of MDR human pathogens. Moreover, the synergistic effects of 

mentioned spices with other different antimicrobial compounds specifically with antibiotics 

should be checked.
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