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RESUMEN

La contaminación alimentaria continúa siendo un problema crítico de salud pública a nivel mundial, im-
pactando significativamente tanto a la industria alimentaria como a los consumidores. Aunque se han utilizado 
aditivos sintéticos para enfrentar este desafío, sus efectos perjudiciales potenciales sobre la salud humana y la 
creciente preferencia de los consumidores por eliminar o sustituir estos compuestos por alternativas naturales, 
han llevado a un interés creciente entre los investigadores en identificar alternativas naturales y seguras que 
mejoren la seguridad alimentaria y la salud pública.

En este contexto, la moringa, el jengibre y el olivo han emergido como opciones prominentes debido a 
sus perfiles de seguridad naturales y su potencial como suplementos alimenticios. Estas plantas se destacan 
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particularmente por sus propiedades antimicrobianas, antioxidantes y antiinflamatorias, especialmente contra 
los patógenos ESKAPE, grupo de seis especies bacterianas (Enterococcus faecium, Staphylococcus aureus, 
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa y Enterobacter spp.) reconocidas 
como bacterias críticas por su alta resistencia a los antibióticos y su virulencia, representando una amenaza 
significativa en entornos hospitalarios, siendo los principales causantes de infecciones nosocomiales.

Además, estudios independientes han resaltado las propiedades anticancerígenas de estas plantas. Sin em-
bargo, a pesar de las amplias actividades biológicas atribuidas a la moringa, el jengibre y el olivo, existe una 
brecha significativa en la literatura con respecto a sus efectos combinados en la seguridad alimentaria, especial-
mente en lo que respecta a los productos cárnicos. Este estudio tiene como objetivo subrayar la importancia de 
estas tres plantas en la mejora de la seguridad alimentaria, con un enfoque particular en su aplicación potencial 
en la industria cárnica.
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ABSTRACT

Food-borne pathogens remain a critical global public health issue, significantly impacting both the food 
industry and consumers. While synthetic additives have been employed to address this challenge, their potential 
side effects on human health, along with a growing consumer preference for their elimination or replacement 
with natural alternatives, have spurred increased interest among researchers in identifying safe, natural options 
that enhance food safety and public health.

In this context, moringa, ginger, and olive have emerged as prominent options due to their natural safety 
profiles and potential as food supplements. These plants are particularly notable for their antimicrobial, an-
tioxidant, and anti-inflammatory properties, especially against ESKAPE pathogens, a group of six species 
(Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomo-
nas aeruginosa, and Enterobacter spp.). These pathogens are recognised for their multidrug resistance and 
virulence ability, posing a significant threat in hospital settings as the primary causative agents of Healthcare 
Associated Infections (HAIs).

Furthermore, independent studies have highlighted the anticancer properties of these plants. However, des-
pite the extensive biological activities attributed to moringa, ginger, and olive, a significant gap exists in the 
literature regarding their combined effects on food safety, particularly concerning meat products. This review 
aims to underscore the importance of these three plants and extracts in enhancing food safety, with a specific 
focus on their potential application in the meat industry.
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1. INTRODUCTION

The discovery of antibiotics constituted a 
revolutionary advance in the treatment of infec-
tious diseases, thereby establishing the founda-
tions of modern medicine. However, the exces-
sive and misuse of antibiotics has resulted in the 
development of resistance to these drugs over 
time. The slowdown in the development of new 
antibiotics and the increasing resistance repre-
sent significant challenges in the treatment of 
diseases in the present era. The emergence of 
antimicrobial resistance can restrict the range of 

available treatment options, potentially leading 
to even relatively straightforward infections be-
coming fatal (Vasconcelos et al., 2018; Miller 
& Arias, 2024). The World Health Organiza-
tion (WHO) has highlighted the prevalence of 
antibiotic-resistant bacteria globally and under-
scored the necessity for a One Health approach 
to address the antibiotic resistance crisis (WHO, 
2015; Denissen et al., 2022). 

The term ‘ESKAPE pathogens’ is an acro-
nym that refers to a specific group of pathogens 
that includes Enterococcus faecium, Staphylo-
coccus aureus, Klebsiella pneumoniae, Acine-
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tobacter baumannii, Pseudomonas aeruginosa 
and Enterobacter spp. (Santajit & Indrawattana, 
2016; Miller & Arias, 2024). ESKAPE bacteria 
are a major cause of nosocomial infections due 
to their multidrug resistance and virulence. This 
poses a serious burden to healthcare systems 
worldwide and increases mortality rates (Mulani 
et al., 2019). The ESKAPE pathogens also rep-
resent a significant threat in terms of multidrug 
resistance in food products. The microbiota of 
meat and meat products can serve as a reservoir 
for food-borne pathogens, contributing to the 
transmission of multidrug resistant bacteria from 
agricultural environments to human consumers 
(Denissen et al., 2022; Conceição et al., 2023).

The high protein content of meat and meat 
products contributes them susceptible to micro-
bial spoilage. Consumer preference and shelf life 
of these products are significantly influenced by 
their composition, susceptibility to oxidation, and 
microbial diversity. The incorporation of bioactive 
compounds derived from plant extracts has been 
demonstrated to detain these oxidative processes, 
thereby enabling meat to retain its freshness and 
extend its shelf life (Zhang et al., 2016). Process-
ing conditions can alter the lipid composition 
of meat, thereby increasing its susceptibility to 
oxidation (Munekata et al., 2020; Velázquez et 
al., 2021). The increase and spread of pathogenic 
bacteria with multidrug resistance on food prod-
ucts such as meat represents a significant public 
health concern, prompting a heightened interest 
in the development of novel antimicrobial agents 
(Vasconcelos et al., 2018; Li et al., 2020). It is 
crucial to comprehend the resistance mechanisms 
of these bacteria to facilitate the development of 
novel antimicrobial agents or alternative strate-
gies for combating these significant public health 
concerns (Santajit & Indrawattana, 2016). The 
use of traditional herbal compounds obtained 
from plant extracts such as Moringa (Moringa 
oleifera LAM), Ginger (Zingiber officinale Ro-
scoe) and Olive (Olea europaea L.) offers more 
effective, more economical and generally less 
side-effect antimicrobial additive options than 

existing medications (Mao et al., 2019; Seleshe 
& Kang, 2019; Romero-Márquez et al., 2023). It 
is not only the plant extracts of these plants that 
have been demonstrated to be effective against 
a wide range of microorganisms; their oils and 
derivative compounds have also been shown to 
have antimicrobial properties. These have been 
used for hundreds of years to combat pathogens 
such as bacteria, fungi and viruses (Vasconcelos 
et al., 2018).

Moringa oleifera is a tropical crop that is 
relatively unknown in developed countries, yet 
has been widely cultivated in Africa, Central 
and South America, Sri Lanka, India, Mexico, 
Malaysia, Indonesia, and the Philippines since 
ancient times (Trigo et al., 2023). The leaves, 
seeds, and seed oil of Moringa oleifera have 
been demonstrated to possess a range of phar-
macological and nutritional properties, as well 
as antioxidant and antimicrobial (Table 1) abili-
ties of their components (Sharma et al., 2020).

The ginger (Zingiber officinale Roscoe) has a 
long history of consumption as a spice and herb-
al medicine. Recently, studies have demonstrated 
that ginger possesses a range of biological ac-
tivities, including antioxidant, anti-inflammatory, 
antimicrobial (Table 1), and anticancer proper-
ties (Mao et al., 2019; Ballester et al., 2022).

The olive, its oil and the leaves of the olive 
tree are notable for their high nutritional value. 
Olive is an important product in the Mediter-
ranean Basin, with a production capacity of 
98% worldwide. Olive has a long history of 
use in traditional medicine in the European 
Mediterranean islands and in countries such as 
Spain, Italy, France, Greece, Israel, Morocco, 
Tunisia and Turkey (El & Karakaya, 2009). 
Furthermore, compounds derived from olive 
leaf extract have been demonstrated to possess 
antimicrobial (Table 1), antioxidant, antiviral, 
anti-atherogenic, cardioprotective and antihy-
pertensive properties (Borjan et al., 2020).

In this review, we explore the latest ad-
vancements in therapeutic strategies utilising 
moringa, ginger, and olive herbal extracts to 
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Table 1. Overview of recent studies on the antimicrobial effects of Moringa, Ginger, and Olive extracts.

Plant Solvent Microorganism

Minimum 
inhibitory 

concentration 
(MIC) mg/mL

Minimum 
bactericidal 

concentration 
(MBC) mg/

mL

References

Moringa 
oleifera Methanol Salmonella 

Typhimurium 1.23 El‐Fakharany et al., (2024)

Moringa 
oleifera Methanol Escherichia coli 22.50 El‐Fakharany et al., (2024)

Moringa 
oleifera Methanol Staphylococcus aureus  1.25 El‐Fakharany et al., (2024)

Moringa 
oleifera Methanol Streptococcus 

pneumoniae 0.06 Seleshe & Kang, (2019)

Moringa 
oleifera Chloroform Escherichia coli 0.12 Seleshe & Kang, (2019)

Moringa 
oleifera Chloroform Salmonella 

Typhimurium 0.12 Seleshe & Kang, (2019)

Moringa 
oleifera Chloroform Staphylococcus aureus  0.12 Seleshe & Kang, (2019)

Moringa 
oleifera Chloroform Listeria monocytogenes 0.12 Seleshe & Kang, (2019)

Moringa 
oleifera Chloroform Bacillus Cereus 0.12 Seleshe & Kang, (2019)

Ginger 
essential 
oil

Escherichia coli 2.00 4.00 Wang et al., (2020)

Ginger 
essential 
oil

Staphylococcus aureus  1.00 2.00 Wang et al., (2020)

Ginger Acetone Staphylococcus aureus  2.50 Akullo et al., (2020)

Ginger Acetone Escherichia coli 2.50 Akullo et al., (2020)

Ginger Acetone Candida albicans 2.50 Akullo et al., (2020)

Olive Ethanol Staphylococcus aureus 20.00 30.00 Sánchez-Gutiérrez et al., (2021)

Olive Ethanol Yersinia enterocolitica 20.00 30.00 Sánchez-Gutiérrez et al., (2021)

Olive Ethanol Listeria monocytogenes 40.00 50.00 Sánchez-Gutiérrez et al., (2021)

Olive Ethanol Escherichia coli 30.00 40.00 Sánchez-Gutiérrez et al., (2021)

Olive Ethanol Salmonella 
Typhimurium 40.00 50.00 Sánchez-Gutiérrez et al., (2021)

Olive Water Staphylococcus aureus 2.50 5.00 Sánchez-Gutiérrez et al., (2021)

Olive Water Yersinia enterocolitica 5.00 10.00 Sánchez-Gutiérrez et al., (2021)

Olive Water Listeria monocytogenes 30.00 40.00 Sánchez-Gutiérrez et al., (2021)

Olive Water Escherichia coli 40.00 50.00 Sánchez-Gutiérrez et al., (2021)

Olive Water Salmonella 
Typhimurium 40.00 60.00 Sánchez-Gutiérrez et al., (2021)
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combat ESKAPE pathogens, a critical public 
health issue, particularly concerning the hy-
giene and safety of meat products.

2. ESKAPE PATHOGENS ON MEAT

2.1. Meat Characteristics Favouring Bacte-
rial Growth

Meat and meat products are highly suscep-
tible to microbial contamination due to their 
nutrient-rich composition and favourable phys-
icochemical properties. The abundance of pro-
teins, essential amino acids, vitamins (particu-
larly B-group), and minerals (such as iron and 
zinc) provide an optimal growth medium for 
bacteria (Zhou et al., 2010). Additionally, the 
high-water activity (aw > 0.95) and near-neutral 
pH (5.5-6.5) in fresh meat further support the 
proliferation of both spoilage microorganisms 
and foodborne pathogens (Toldrá et al., 2016).

Processing methods such as mincing and 
vacuum packaging can disrupt the meat’s natu-
ral structure, facilitating bacterial colonisation by 
altering oxygen availability and redox potential 
(Xu et al., 2021). Of particular concern are mul-
tidrug-resistant bacteria, including Staphylococ-
cus aureus and Enterobacter spp., which have 
been detected in meat products, posing signifi-
cant food safety challenges (Ramatla et al., 2017; 
EFSA, 2022).

Given these risks, there is increasing inter-
est in natural preservation strategies, such as 
plant-derived antioxidants and antimicrobials, to 
enhance meat safety and shelf life (Selani et al., 
2021). These approaches not only inhibit microbi-
al growth but also reduce oxidative deterioration, 
addressing two major factors in meat spoilage.

2.2. The Presence and Impact of ESKA-
PE Pathogens in Meat and Meat Products

The presence of antimicrobial-resistant bac-
teria in meat and meat products represents a 
significant challenge (Conceição et al., 2023). 

The probability of occurrence of cross-contami-
nation and recontamination at almost every step 
of food production chains serves to increase the 
presence of antimicrobial-resistant bacteria in 
foods. In particular, bacteria exhibit alterations 
in their bacterial genetic structures and can ac-
quire resistance mechanisms by horizontal gene 
transfer, which accelerate the development of 
antibiotic resistance (Hernández-Cortez et al., 
2017; Collineau et al., 2019; Conceição et al., 
2023). This situation also presents significant 
challenges to the treatment of foodborne infec-
tions, threatening the safety of the food sup-
ply and posing a serious public health concern. 
Furthermore, scientific studies indicate that 
antimicrobial resistance genes carried by food-
borne bacteria can reach the human intestine 
through nutrition and be transferred to the resi-
dent microbiota there (Bouchami et al., 2020; 
Conceição et al., 2023). This has a significant 
impact on the development and dissemination 
of antibiotic resistance in pathogenic bacteria. 

In accordance with data obtained from hos-
pital-based surveillance studies, a specific group 
of nosocomial pathogens has been classified as 
‘ESKAPE pathogens’ (Rice, 2008). However, 
ESKAPE pathogens comprise complex ecosys-
tems of the same diverse bacteria found in the 
same niches, beyond the clinical context, in food 
production, agricultural, soil or aquatic environ-
ments. These bacteria include not only strains 
that infect patients but also common commensal 
and environmental bacteria that potentially serve 
as conduits for the spread of Complex antibi-
otic Resistance gene Locus (CRL) (Djordjevic 
et al., 2013). Other important sites for antibiotic 
resistance genes include microorganisms in hos-
pital wastewater, aquaculture and other aquatic 
environments, food animal manure ponds and 
the gastrointestinal tract of mammals. These host 
a large number of bacteria and are important 
environments where genetic information is ex-
changed on mobile elements through Late Gene 
Transfer (LGT) (Forsberg et al., 2012; Djordje-
vic et al., 2013). 
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Antimicrobial-resistant bacteria, espe-
cially methicillin-resistant S. aureus, ESBL-
producing Enterobacteriaceae, and vancomy-
cin-resistant Enterococcus spp., along with 
other ESKAPE bacteria, are transmitted from 
animals to humans through the consumption 
of meat and meat products (Conceição et al., 
2023). S.aureus, especially methicillin-resistant 
(MRSA) and vancomycin-resistant (VRSA) 
strains, are increasingly gaining importance as 
foodborne zoonotic agents (Cong et al., 2020). 
Studies have revealed that these resistant strains 
have been detected in chicken carcasses, ready-
to-eat chicken sandwiches, and raw buffalo 
milk (Elshebrawy et al., 2025). The mecA and 
vanA/vanB genes carried by these bacteria are 
generally carried via mobile genetic elements. 
This poses the risk of transferring resistance 
genes to other bacterial species in the environ-
ment through horizontal gene transfer (Cong 
et al., 2020; Elshebrawy et al., 2025). In this 
context, three resistance genes of critical pub-
lic health importance were identified in Acine-
tobacter species isolated from beef, pork and 
duck meat: blaOXA-58 (carbapenem resistance), 
mcr-4.3 (colistin resistance) and tet(X3) (tige-
cycline resistance) (Puente et al., 2025).

Recent studies suggest that meat and meat 
products may contribute to the spread of ES-
KAPE pathogens (Conceição et al., 2023).

3. ANTİMİCROBİAL AND ANTİOXİDANT 
EFFİCACY OF PLANT EXTRACTS TO 
COMBAT ESKAPE PATHOGENS

3.1. Moringa (Moringa oleifera) and Meat 
Matrices: Pathogen Inhibition and Quality 
Preservation

Moringa (M. oleifera) is a widely cultivated 
plant species belonging to the Moringaceae 
family, native to the Indian subcontinent. It is 
the best-known of the 13 species within this 
family (Milla et al., 2021; Rode et al., 2022). It 
is a rapidly growing tropical crop with a global 

distribution, due to its high nutritional value 
and minimal water and agricultural input re-
quirements (Trigo et al., 2023). The leaves of 
moringa are a rich source of vitamins A and C, 
while the seeds and seed oil possess a range of 
pharmacological and nutritional properties (Se-
leshe & Kang, 2019; Sharma et al., 2020; Rode 
et al., 2022). Additionally, moringa is referred 
to as the “miracle tree,” “long-living tree,” or 
“horseradish tree” due to its roots’ resemblance 
to horseradish in taste (Klimek-Szczykutowicz 
et al., 2024). 

Moringa is a key ingredient in herbal medi-
cines and cosmetics, due to its valuable proper-
ties (Karim et al., 2015; Klimek-Szczykutowicz 
et al., 2024; Peñalver et al., 2024) and also has a 
significant importance in the food industry, where 
it is used in the production of a wide range of 
products, including cakes, cereals, oatmeal, bread, 
biscuits, dairy products, soups, salads and tea.

Moringa’s bioactive compounds, includ-
ing flavonoids (such as myricetin, quercetin, 
and kaempferol) and phenolic acids (primarily 
chlorogenic acid), have demonstrated protec-
tive effects against various chronic diseases, 
such as cardiovascular disease, diabetes, and 
cancer (Sharma et al., 2020; Abd El-Hack et 
al., 2022). These compounds exert beneficial ef-
fects through their antioxidant, anti-inflamma-
tory, antidiabetic, antimutagenic, and anticancer 
properties (Sharma et al., 2020; Trigo et al., 
2023). The antimicrobial properties of moringa 
leaves, flower essence, and seeds and their im-
pact on the shelf life and organoleptic proper-
ties of meat and poultry products (Madane et 
al., 2019; Abdallah et al., 2023). 

Moringa extracts exhibit diverse biological 
activities, including antimicrobial, antifungal, 
and antioxidant effects against foodborne patho-
gens (Seleshe & Kang, 2019; Klimek-Szczyku-
towicz et al., 2024). Notably, they demonstrate 
antimicrobial activity against key pathogens 
such as Salmonella typhimurium, Staphylococ-
cus aureus, Enterococcus faecalis, Escherichia 
coli, Klebsiella pneumoniae, Listeria monocy-
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togenes, and Bacillus cereus, all of which have 
significant risks to human health through food 
contamination (Ndhlala et al., 2014; Seleshe & 
Kang, 2019; Sharma et al., 2020; Jahan et al., 
2022; El‐Fakharany et al., 2024). Notably, Mor-
inga’s bioactive compounds exhibit enhanced 
bioavailability compared to those of other plants, 
primarily due to their glycosylated form, which 
facilitates faster absorption in epithelial cells 
than alkylated compounds (Gheorghita et al., 
2023). Research by Muthukumar et al. (2023) 
confirmed Moringa’s potent antioxidant proper-
ties, effectively inhibiting lipid oxidation in pork 
meatballs. Similarly, Abdallah et al. (2023) re-
ported strong antimicrobial activity of Moringa 
extract in refrigerated ground meat, significantly 
reducing counts of Enterobacteriaceae, E. Coli 
O157:H7, S. typhimurium, and S. aureus. Im-
portantly, the treatment preserved the meat’s 
organoleptic properties while slightly improving 
tenderness and juiciness compared to controls. 

The threat posed by ESKAPE pathogens to 
meat safety and hygiene remains a significant 
and persistent challenge in the food industry. 
This growing concern has driven increased 
research into natural alternatives, particularly 
focusing on plant-derived antioxidants and 
antimicrobial compounds (Trigo et al., 2023). 
Among these, Moringa oleifera has emerged as 
a particularly promising natural antimicrobial 
agent, with demonstrated benefits for both meat 
quality and animal productivity (Safwat et al., 
2014; Mahfuz & Piao, 2019). A key advantage 
of Moringa’s bioactive compounds lies in their 
superior bioavailability compared to other plant 
sources. This enhanced absorption is primar-
ily due to their glycosylated molecular struc-
ture, which facilitates more efficient uptake by 
epithelial cells compared to alkylated forms 
(Gheorghita et al., 2023). Additionally, Moringa 
extracts show cytotoxic effects against human 
cancer cell lines, including colon epidermal 
adenocarcinoma (Caco-2), hepatocellular car-
cinoma (HepG2), and breast cancer (MCF-7). 
These effects are mediated through cell cycle 

arrest and apoptosis induction, particularly in 
HepG2 cells, highlighting their potential an-
ticancer properties (Mansour et al., 2019; El‐
Fakharany et al., 2024). Further research has 
explored the biosynthesis of silver nanoparti-
cles using Moringa extracts, which also exhibit 
antimicrobial, antifungal, and anticarcinogenic 
activities (Mohammed et al., 2022; Ahmed et 
al., 2023). Collectively, these findings under-
score the therapeutic and food safety potential 
of Moringa-derived compounds.

3.2. Bioactive Compounds of Ginger (Zingib-
er officinale) and Their Role in Meat Quality 
and Safety 

Ginger (Zingiber officinale Roscoe) is a 
member of the Zingiberaceae family and is one 
of the most widely used spices globally (Wen 
et al., 2020). In addition to its use as a spice for 
over 3,000 years, due to the strong aroma of the 
rhizomes, ginger is also employed as a tradition-
al herbal medicine due to its anti-inflammatory, 
anti-cancer and antibacterial properties (Semwal 
et al., 2015; Kiyama, 2020; Ivane et al., 2022). 
Ginger contains a plethora of active ingredients, 
including phenolic and terpene compounds. The 
phenolic compounds present in ginger primarily 
include gingerols, shogaols, and paradols (Fig-
ure 1). Furthermore, kaempferol, rutin and other 
phenolic compounds have also been identified 
(Mao et al., 2019; Ivane et al., 2022).

It is a well-established finding from scientific 
research that ginger and its active compounds 
demonstrate anti-biofilm, antibacterial, antifun-
gal and antiviral properties (Moon et al., 2018; 
Çobur & Bülbül, 2021; Utama-Ang et al., 2021). 
Furthermore, it exhibits potent antioxidant and 
anticancer properties due to the presence of its 
bioactive compounds (De Lima et al., 2018; 
Çobur et al., 2021). The lipophilic essential oil 
content of ginger gives it mechanical properties 
that inhibit the growth of microorganisms by 
disrupting the integrity of the cell wall and cyto-
plasmic membrane (Mao et al., 2019). Further-
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more, the components present, including shogaol 
and zingerone, exert a significant influence on 
biological activities such as apoptosis, DNA 
damage, epigenetic regulation and inflammation 
(Kiyama, 2020). The anti-inflammatory effects 
of ginger are associated with the inhibition of 
protein kinase B (Akt) and nuclear factor-κB 
(NF-κB) signalling pathways, upregulation of 
anti-inflammatory cytokines and downregulation 
of pro-inflammatory cytokines. Ginger nanopar-
ticles have been identified as a potential thera-
peutic agent for inflammatory bowel diseases 
(Ueno et al., 2014; Mao et al., 2019). A study on 
the anti-inflammatory effects of ginger nanopar-
ticles revealed that these nanoparticles are not 
toxic to intestinal epithelial cells and enhance 
intestinal repair in various mouse colitis models. 
Furthermore, they have been shown to prevent 
colitis-related cancer (Zhang et al., 2016). Evi-
dence indicates a reduction in pro-inflammatory 
cytokine levels, including tumour necrosis factor 
α (TNF-α), interleukin 6 (IL-6) and IL-1β, ac-
companied by an increase in anti-inflammatory 
cytokines, such as IL-10 and IL-22 (Zhang et 
al., 2016).

6-shogaol

Figure 1. Chemical structure of 6-gingerol and 
6-shogaol (Zimmermann-Klemd et al., 2022).

The pH environment of meat products is 
conducive to the growth of bacteria, yeast, and 
mould. Furthermore, meat spoilage occurs as 
a result of biochemical reactions involving 
microbial degradation and oxidation of lipids. 
Besides, such unfavourable alterations occur in 
the organoleptic characteristics of meat (Naqvi 
et al., 2022).

A substantial body of research has been con-
ducted to clarify the impact of ginger and its de-
rivatives on a range of meat products. The anti-
oxidant capacity of ginger was demonstrated to 
be high, and lipid peroxidation was reduced in 
a study on pork burgers. Moreover, it has been 
demonstrated that the substance can extend the 
product’s shelf life by suppressing the growth 
of potential meat contaminants, including En-
terobacteriaceae, Enterococcus spp., E. coli 
and Pseudomonas spp. (Mancini et al., 2017).

In their study, Karpińska-Tymoszczyk et 
al. (2022) examined the changes in the phys-
icochemical and organoleptic properties of pork 
meatballs during the storage process with the 
addition of ginger. From a physicochemical 
perspective, the addition of ginger resulted in a 
reduction in lipid oxidation in the meat. From 
an organoleptic standpoint, there was a notable 
decrease in texture and an improvement in the 
ease of chewing. Furthermore, it enhanced the 
brightness of the meat (Karpińska-Tymoszczyk 
et al., 2022).

In their study, Abdel-Naeem et al. (2022) 
found that camel meat has become a less pre-
ferred meat product due to its texture. To address 
this issue, ginger and papain were employed to 
reduce the hardness of the meat. Consequently, 
a notable decline in shear-force values was ob-
served, accompanied by a considerable reduc-
tion in the population of pathogenic bacteria, 
including E. coli, S. Typhi, Enterobacter spp., 
Klebsiella spp., and P. aeruginosa, on the meat 
(Abdel-Naeem et al., 2022).

In another study, the impact of fermented 
ginger on the shelf life of chicken meat was 
investigated. The findings revealed that it sig-

6-gingerol
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nificantly enhanced the antibacterial activity 
against S. Typhimurium (97%), L. monocy-
togenes (97%), and S. aureus (100%), while 
also decreasing the microbial load (p < 0.05), 
this resulted in a notable reduction in the shelf 
life of the meat (Muhialdin et al., 2020).

Furthermore, in studies combining various 
ingredients, such as thyme and ginger nanopar-
ticles or ginger and rosemary, it was observed 
that chickens and rabbits exhibited enhanced 
growth performance, a reduction in the total 
bacterial load in the intestinal tract, and an im-
provement in meat quality (Elazab et al., 2022; 
Hassan et al., 2024).

The evidence suggests that ginger enhances 
the nutritional value of meat products while 
also functioning as a potent antioxidant that 
mitigates oxidative degradation (Felfoul et al., 
2017). Furthermore, it enhances food safety by 
reducing the microbial load of meat and im-
proves the sensory properties of meat. The in-
corporation of ginger into animal nutrition has 
been demonstrated to enhance the quality of 
meat products by influencing the fatty acid pro-
file of the animals. These findings suggest that 
ginger can be employed as a natural additive in 
the meat industry, with the potential to enhance 
product quality and promote consumer health 
(Shaukat et al., 2023; Zhang et al., 2023).

3.3. Polyphenolic Compounds from the Olive 
(Olea europaea): Antimicrobial, Antioxidant 
and Functional Applications in Meat Prod-
ucts 

Olive tree (Olea europaea L.) and its de-
rivatives are the basic element of the Medi-
terranean diet with their valuable polyphenol 
content (Grubić Kezele & Ćurko-Cofek et al., 
2022). Spain, Greece and Italy are among the 
leading countries in olive and olive oil pro-
duction (Skodra et al., 2021). Olives and their 
derivatives have anti-inflammatory, antimicro-
bial and antioxidant activity in terms of health-
promoting properties (Melguizo-Rodríguez et 

al., 2022). Its various biological activities are 
generally bioactive compounds it contains; 
mainly oleuropein, tyrosol and hydroxytyrosol 
(Marcelino et al., 2019; Melguizo-Rodríguez 
et al., 2022; Grubić Kezele & Ćurko-Cofek, 
2022).

Oleuropein, the main phenolic component 
found in olive tree leaves and olive fruit, has a 
strong antioxidant property as well as an anti-
inflammatory and apoptosis-inducing role (Ne-
diani et al., 2019) (Figure 2). The main phenolic 
components of extra virgin olive oil are tyrosol 
and hydroxytyrosol, and they have high bioac-
tive properties (Gervasi et al., 2024) (Figure 2).

Oleuropein

Hydroxytyrosol

Figure 2. Chemical structure of Oleuropein and 
Hydroxytyrosol (Soni et al., 2006).

3.4. Biological properties of the olive tree on 
meat products

Olives contain phenolic substances that 
have been demonstrated to enhance a range of 
biological processes, including fat oxidation 
and the organoleptic properties of food (Soni et 
al., 2006). It is a well-established finding from 
scientific studies that olives and their deriva-
tives possess antimicrobial properties (Elnahas 
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et al., 2021; Melguizo-Rodríguez et al., 2022). 
Furthermore, the oleuropein, hydroxytyrosol 
and tyrosol present in olives have been dem-
onstrated to possess anticancer properties and 
exhibit antimicrobial, antiviral and antioxidant 
activity (Fabiani, 2016; Owen et al., 2000; 
Bisignano et al., 1999). 

In the study conducted by Sánchez-Gutié-
rrez et al. (2021), olive leaves were used with 
different solvents against foodborne pathogens. 
The results demonstrated that the extract ex-
hibited antimicrobial properties against several 
strains of bacteria, including S. aureus (CECT 
5193), Salmonella typhimurium (CECT 704), 
E. coli (CECT 8295), L. monocytogenes (CECT 
4032), and Yersinia enterocolitica (CECT 754). 
In this context, it has been proposed that olive 
leaf extract could be employed in the food in-
dustry (Sánchez-Gutiérrez et al., 2021).

The study by Ibrahim et al. (2022) evaluated 
the effectiveness of Moringa extract and olive leaf 
extract in improving the quality and shelf life of 
chicken burgers. The findings demonstrated that 
Moringa extract had notably stronger antioxidant 
and natural antimicrobial activities compared to 
olive leaf extract. While olive leaf extract was 
more effective in reducing protein hydrolysis, 
Moringa extract better preserved the organolep-
tic properties of the burgers, including taste and 
texture. Both extracts contributed to extending 
the shelf life by inhibiting microbial spoilage, but 
Moringa extract stood out for its superior overall 
impact, underscoring its potential as a more effec-
tive natural preservative in meat products.

To enhance animal performance and refine 
the fatty acid profile of meat, olive cake was 
incorporated into the diet of pigs, and the re-
sulting outcomes were assessed. Consequently, 
olives enhanced the fatty acid profile of meat 
and its nutritional value (Caparra et al., 2023).

Saleh et al. (2020) evaluated the impact of 
varying concentrations of olive leaf extract on 
the shelf life of raw poultry meat, organoleptic 
properties of meat and microbiological quality 
of meat. The findings indicated that olive leaf 

extracts reduced microbial growth and conse-
quently extended the shelf life of meat. Fur-
thermore, the researchers demonstrated that the 
meat maintains its organoleptic properties.

The evidence from scientific studies in-
dicates that olives and olive oil induce early 
apoptosis and, over time, lead to the death of 
cancer cells (Mijatovic et al., 2011; Lopez de 
las Hazas et al., 2017). Consequently, olives 
and its derivates could potentially serve as a 
natural anticarcinogen, helping to neutralise 
carcinogenic substances commonly found in 
food (Gorzynik-Debicka et al., 2018). Thanks 
to the polyphenol compounds it contains, it re-
duces the promotion of colon cancer by reduc-
ing oxidative stress in cellular DNA and pre-
vents the formation of inflammatory responses 
by inhibiting lipoxygenase expression (Escrich 
et al., 2007). The most significant polyphenols 
present in the composition of the substance in 
question are oleuropein and hydroxytyrosol. 
These polyphenols typically exert their effects 
on cancer cell lines through caspase (casp) 
activation, which encompasses pro-apoptotic 
Bcl-2 family members. Additionally, in the 
context of breast cancer, they act through p53 
activation and the inhibition of pro-prolifera-
tion protein NFκB and cyclin D1. These find-
ings are supported by the results of Rigacci & 
Stefani (2016).

4. CONCLUSİONS

Bacterial contamination in foods, particular-
ly in meat, is a significant public health concern 
due to its impact on the shelf life, quality, and 
organoleptic properties of meat products. Lipid 
oxidation is the primary cause of spoilage in 
meat, which not only diminishes the product’s 
nutritional value but also degrades its sensory 
characteristics. ESKAPE pathogens, a group of 
highly antibiotic-resistant bacteria, represent a 
major threat during this process.

Studies in the literature suggest that natu-
ral antimicrobial and antioxidant compounds 
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found in moringa, ginger, and olive are effec-
tive against ESKAPE pathogens in meat and 
meat products. However, there is a notable lack 
of research on the combined use of these three 
plant extracts and their collective impact on 
pathogens responsible for food spoilage. Ad-
ditionally, the anti-inflammatory effects of these 
plants are not fully understood.

In this review, we highlight the potential of 
combining moringa, ginger, and olive extracts in 
future studies, which could address existing gaps 
in the literature and advance our understanding 
of their synergistic effects on food safety.
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