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1. Introduction 

    In recent years, manufacturers of meat 

products have encountered a growing 

demand in consumers for better-quality 

and healthier meat products, especially for 

fully natural, less processed and ready-to-

use products with precise labeling of 

additives. These products may contain 

natural and organic components and no 

preservatives to cause the regular allergic  

 

 

reactions [1]. Meat and meat products are 

rich in nutrients and spoiling substances 

and are thus highly prone to microbial 

contamination. In general, most fresh meat 

and meat products have a water activity 

(aw) higher than 0.85 and a pH close to the 

range of pH needed by the spoilage 

bacteria to survive in the meat [2]. The 

improper storage and processing of these  

 

 

 

Meat and meat products are highly prone to microbial deterioration 

since they are rich in essential nutrients and perishable in nature and 

if they are not properly preserved, public health problems may occur. 

Recently, in order to increase the microbial quality of meat and meat 

products, novel ingredient systems that are associated with natural 

and organic foods, are applied. Many studies have demonstrated the 

antimicrobial activity of plant-origin natural antimicrobials in meat 

and meat products. Nevertheless, advanced technologies can improve 

the microbial stability and the sensory quality of meat products 

containing natural extracts and essential oils through different 

techniques. This paper first reviews the microbial deterioration of 

meat and meat products and their traditional storage techniques and 

then discusses the manner and extent of the use of herbal extracts 

and essential oils in these products. 
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products can therefore cause a quality 

deterioration and involve public health 

risks. [3-4]. 

 

    Various meat and meat product spoilage 

epidemics with different degrees of 

severity occur every year in different parts 

of the production chain, such as in the 

preparation, storage and distribution of 

products. In addition to lipid oxidation and 

autolytic enzymatic spoilage, microbial 

deterioration also plays a major role in the 

process of quality deterioration; this 

process can then lead to substantial 

economic and ecological damage [2]. 

 

    The microorganisms predominantly 

involved in the spoilage of meat and meat 

products include Pseudomonas, 

Acinetobacter, Brochothrix thermosphacta, 

Lactobacillus spp., enterobacter, molds 

and yeasts, which have negative effects on 

the taste, odor and ultimate quality of the 

product. Moreover, in recent years, food-

borne diseases have caused economic and 

health problems in several different 

countries. Food-borne diseases are not 

restricted to a certain age group or country 

[5]. An estimated 76 million cases of food-

borne diseases are reported in the US every 

year, 325,000 of which get hospitalized 

and 5000 of which are ultimately fatal [5-

6]. These cases lead to the incurrence of 

huge medical costs, estimated at 6.6 to 

37.1 billion dollars in the US alone [5, 7]. 

    The improper storage and processing of 

meat and meat products leads to diseases 

caused by various microorganisms such as 

Clostridium spp., Salmonella spp., 

Campylobacter jejuni, Escherichia coli, 

O157:H7, Listeria monocytogenes and 

Aeromonas hydrophila. Vegetative 

microorganism cells are destroyed in heat-

treated meat products (such as the Bologna 

sausage, known in Europe as a Lyoner) 

during the heating process; however, these 

processes do not destroy the spores of 

pathogenic bacteria such as Bacillus and 

Clostridium spp. present in foods. Spores 

are able to survive and do not become 

inactive until worse conditions emerge. In 

the absence of competing microflora, 

spores germinate and grow in favorable 

conditions and cause the spoilage of 

cooked products. Using other barriers such 

as storage at a low temperature and the use 

of more efficient preservatives is therefore 

vital to preventing this problem [8]. During 

the past years, multiple synthetic additives 

have been used to prolong refrigerated 

storage [9], which is the most common 

method of storing meat and meat products 

[4]. Various studies have shown that 

synthetic additives cause different 

carcinogenic and toxic changes, which 

have led to consumers' growing concern 

and desire to use healthier meat products 

containing natural instead of synthetic 

preservatives [1]. Natural additives are also 

required to improve the quality of meat 

products without leaving any undesirable 

residue [10]. 

 

2. Microorganisms responsible for 

deterioration of meat and meat products 

 

    Various microorganisms can cause 

spoilage of meat and meat products and 

serious poisoning. [3-4, 11]. Bacteria, 

followed by molds and yeasts, are mainly 

to blame for the spoilage of meat and meat 

products and diseases caused by their 

consumption.  
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     Pseudomonas, Acinetobacter, 

Brochothrix thermosphacta bacteria, 

Moraxella, enterobacter, Lactobacillus 

spp., Leuconostoc spp, Brochothrix spp., 

molds and yeasts are the main spoilage 

microorganisms. The proliferation of these 

microorganisms in large quantities decays 

meat and meat products and deteriorates 

their quality [3, 12], possibly due to the 

deterioration of the products’ proteins and 

fats and the resulting bad odor and flavor, 

discoloration, inappropriate texture, gas 

production, sludge and change in pH [2, 

13].  

    Spoilage microorganisms do not 

normally cause disease unless consumed in 

large quantities and thus upsetting the 

gastrointestinal tract. The degree of 

spoilage in these products depends on a 

number of factors, including hygiene, 

storage temperature and acidity [2]. 

 

     Russell et al. (1995) proposed that the 

best pH conducive to the growth of 

spoilage bacteria in meat and meat 

products is between 5.5 and 7 [14].  

 
    Another study reported the most 

common and serious pathogens isolated 

from meat and meat products to include 

Campylobacter jejuni, Salmonella serotype 

Typhimurium, Escherichia coli O157:H7, 

other intestinal Enterohemorrhagic 

Escherichia coli (EHEC), Listeria 

monocytogenes, Arcobacter butzleri, 

Mycobacterium avium subsp.  

 
    Paratuberculosis and Aeromonas 

hydrophila [15]. The microbial 

deterioration of meat and meat products 

therefore counts as a major limitation in 

this industry, and proper storage is 

essential for producing products with the 

highest quality [3].  

 

3. Conventional storage methods 

preventing from microbial deterioration 

in meat and meat products 

 

    The growing modern-day consumer’s 

demand for cooked, refrigerated and ready-

to-use meat products has forced producers 

to combat the many challenges of meeting 

this demand, including the microbial 

deterioration of the products [11]. Many 

factors affect the consumer acceptance and 

longevity of fresh meat products, including 

microbial proliferation, color and lipid 

oxidation, which should be controlled in 

order to manufacture products with the 

highest quality and degree of safety [16-

17]. Various thermal and non-thermal 

storage methods are used either alone or in 

combination to prevent or reduce the 

proliferation of spoilage and pathogenic 

microorganisms in meat and meat products 

[12, 15]. 

    In general, storage methods such as 

refrigeration and freezing provide lower-

than-optimal temperatures for microbial 

growth and can thus prevent the growth 

and proliferation of microorganisms and 

reduce the rate of decay [2, 18]. Moreover, 

the water activity (aw) of meat and meat 

products can be controlled through 

methods such as drying or the addition of 

chemicals or a combination of these two, 

thereby preventing the growth and 

proliferation of microorganisms. Salt is 

usually added to meat products for the 

same purpose [2]. Cell structure 

modification in high pressure processing 

and some of its combinations, such as cell 

walls, ribosome and enzymes, contribute 

effectively to the inactivation of spoilage 
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and pathogenic bacteria [19]. Radiation 

can also alter the genetic structure and 

thereby the normal functioning of the cell 

and destroy it. 

    Various meat and meat product 

packaging methods exist that function 

mainly through controlling the micro-

environments of microorganisms and thus 

limiting their growth and proliferation. 

Thermal storage methods such as 

commercial heating and microwave 

heating tend to generally stop the growth 

and proliferation of microorganisms or else 

inactivate the pathogenic microflora. 

Chitosan is also used in the composition of 

anti-microbial films and affects gram 

positive or gram negative bacteria, molds 

and yeasts. Through creating a positive 

charge on the cell surface, Chitosan causes 

leakage in the cell membrane [20]. A wide 

range of synthetic additives are also used 

in the meat production industry to prevent 

the growth and proliferation of spoilage 

and pathogenic microorganisms, leading to 

further longevity of the product at 

refrigerator temperature ranges [4, 9, 21].  

    The synthetic additives often used in the 

meat production industry include chloride, 

sulfate, nitrate, lactic acid, ascorbic acid 

and sorbic acid [2]. Certain commercial 

storage techniques such as maturation and 

fermentation have become challenging due 

to consumers’ growing demand for low-

salt products, which has led to the 

industry's growing need for more efficient 

meat storage techniques [22]. Meanwhile, 

due to their carcinogenic and toxic effects 

on health, the use of certain synthetic 

additives such as nitrate salt is still a 

controversial issue. Some countries have 

restricted or banned the use of harmful 

additives [23]. Modern-day consumers 

therefore prefer to use natural additives 

rather than synthetic ones [1, 4, 21-22].  

    The focus of research has thus shifted to 

finding natural food additives with a wide 

range of antimicrobial properties and 

potentially improving the quality and 

longevity of meat products [3]. 

 

4. Antibacterial effects of herbal extracts 

and essential oils on meat and meat 

products    

 

    Only a few food preservatives currently 

used still contain herbal extracts and 

essential oils; however, larger amounts of 

these natural substances are required to 

produce similar effects in foods compared 

to when examined under in-vitro 

conditions. For instance, for one type of 

sausage, the concentration of herbal 

essential oil required to produce similar 

effects as synthetic additives is 10 times 

higher [24-25]. The herbal essential oils of 

oregano, rosemary, thyme, clove, lemon 

balm, ginger, coriander and marjoram have 

so far shown better antimicrobial effects in 

meat and meat products compared to other 

plants [3-4, 11, 26-30]. Many studies have 

been conducted on the aromatic chemical 

compounds extracted from plants and 

effective on spoilage and pathogenic 

microorganisms present in meat and meat 

products. Many of these tests have 

demonstrated the positive effects of these 

compounds on meat and meat products 

[23], particularly the effect that they have 

as a natural agent on spoilage and 

pathogenic bacteria [31]. 
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    The main factors that can affect the 

antibacterial activity of essential oils in 

meat and meat products include proteins 

and fats, water, antioxidants, pH, salt, and 

external factors such as temperature, 

packaging and microorganism 

characteristics [24, 25]. According to 

Reglero et al. (2008), the addition of 

essential oils in sufficient concentrations 

and as a complement does not alter the 

odor, taste and color characteristics of food 

products [32]. However, the addition of 

high concentrations of herbal essential oils 

and extracts to food products for their 

antimicrobial and antioxidant properties 

may cause negative sensory changes in the 

food [33]. 

    In general, bacterial sensitivity to the 

antibacterial effects of extracts and 

essential oils increases with the drop of 

pH, oxygen and temperature. At a low pH, 

the hydrophobicity of essential oils 

increases, enabling them to easily dissolve 

in the lipid layer of the bacterial cell 

membrane. Moreover, high levels of fat 

and protein in food products such as meat 

products protect bacteria against herbal 

essential oils, since essential oils dissolved 

in the lipid phase of food products have a 

smaller effect on the bacteria present in the 

water phase of the product. The lower 

water content of food model products 

compared to In vitro conditions helps 

prevent the progress of antibacterial agents 

toward the target area in the bacterial cell.  

    Carbohydrates provide reportedly less 

bacterial protection compared to lipids and 

proteins [24- 25]. 

 

5. Mechanisms of the antibacterial 

effects of herbal extracts and essential 

oils 

 

    Various studies have investigated the 

mechanisms of the antibacterial effects of 

the phenolic compounds present in herbal 

extracts and essential oils; however, given 

the large number of chemical compounds 

in these extracts, their antibacterial effects 

cannot be attributed to a specific 

mechanism; rather, these extracts and 

essential oils serve different purposes in 

bacterial cells. These mechanisms do not 

act in isolation; instead, some are affected 

by the others [24]. The potential 

antibacterial mechanisms of essential oils 

and extracts include mainly: 

 1- The effects exerted by phenolic 

compounds, which depend on their 

concentrations; at low concentrations, 

phenols act by affecting enzymatic 

activity, particularly the activity of energy-

producing enzymes; at high concentrations, 

these compounds cause protein 

denaturation. 

 2- Changes in the permeability of 

microbial cells and ultimately the loss of 

the macro compounds in essential cellular 

molecules such as ribosome and sodium 

glutamate. 

 3- Interference in the normal activity of 

the cell membranes (electron transfer, 

nutrient exchange, protein synthesis, 

nucleic acids and enzymatic activity) and 

changes in the structure and functioning of 

the membrane [34]. 

   

67 
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  Among the main properties of essential 

oils and their constituents is 

hydrophobicity, which enables the 

permeation of these essential oils in the 

bacterial cell membrane lipids and the 

mitochondria, thereby impairing their 

structure and causing further permeability,  

    which then causes the leakage of ions 

and other cell content. Although this 

limited leakage is tolerable for the bacteria, 

it affects their bio-viability, and the leaking 

of large amounts of the cell content or ions 

and essential molecules causes cell death 

[24, 35]. 

 

6. Factors affecting the antimicrobial 

properties of herbal extracts and 

essential oils 

 

    Antimicrobial properties depend a lot on 

factors such as the geographical location 

and climatic conditions of cultivation, 

harvest season, environmental stresses in 

the region and the type of extraction. For 

instance, savory essential oil has higher 

antimicrobial activities during the 

flowering season. These factors change the 

biological characteristics of essential oils 

through changing the type and amount of 

their chemical compounds [34]. In general, 

the higher amount of phenolic compounds 

in an essential oil, the higher will be its 

antibacterial properties against food 

pathogens. These compounds include 

Carvacrol, Eugenol and Thymol; Similar to 

other phenolic compounds, the 

mechanisms of effect of these compounds 

may also include disrupting the 

cytoplasmic membrane, disrupting the 

proton electromotive force and coagulation 

of the cell content [24- 25]. The chemical 

structure of extracts or essential oils also 

affects their mechanisms of effect. The 

presence of the hydroxyl group is vital to 

phenolic compounds such as Carvacrol and 

Thymol. The relative position of the 

hydroxyl group in the phenolic ring has 

little effect on its antibacterial properties.  

     For instance, Thymol has the same 

antibacterial effect on Bacillus cereus, 

Staphylococcus aureus and Pseudomonas 

aeruginosa as that of Carvacrol. In one 

study, however, Carvacrol and Thymol 

were found to have different effects on 

gram positive and gram negative species of 

bacteria. The composition of the essential 

oils also affects the proteins in the cell 

membrane [24]. 

    Most studies on the antimicrobial effects 

of essential oils and extracts have been 

limited to In vitro bacteria culture media 

and very few have focused on their 

application in the food industry [34].  

    Furthermore, due to their interaction 

with the compounds in foods, the 

effectiveness of essential oils and extracts 

is higher in culture media than in actual 

food products. Factors such as pH, fat and 

protein, water activity (aw), temperature, 

the presence of other preservatives, and 

even physical properties and type of 

packaging affect the effectiveness of the 

essential oil in the food model. In meat 

products, the amount of fat contained in 

the product has a huge effect on the 

effectiveness of the extract, and high levels 

of fat reduce the antimicrobial effects of 

essential oils against most microorganisms.  

    Overall, the concentration of extract 

used in food products is higher than the 

concentration used for samples under in-
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vitro conditions; for instance, it is 10 times 

higher in the case of pork liver sausage, 50 

times in soups and 25-100 times in soft 

cheeses. On the other hand, using high 

concentrations of extracts and essential oils 

in meat and meat products leads to adverse 

organoleptic changes. To avoid this issue, 

combination methods (combination of the 

extract and essential oil with other 

antimicrobial compounds or non-thermal 

storage methods), encapsulation of 

essential oils and the addition of the 

extracts and essential oils to edible 

antimicrobial films are highly preferred 

these days [24, 36]. 

 

7. Gram negative and gram positive 

bacterial sensitivity to essential oils 

 

    The majority of studies conducted on the 

effect of herbal extracts and essential oils 

on spoilage organisms and pathogens in 

food products support the claim that these 

substances have a slightly greater effect on 

gram positive than on gram negative 

bacteria [24]. The lower sensitivity of gram 

negative bacteria to the essential oils’ 

antibacterial effects may be due to the 

external membrane of the cell wall in this 

group of bacteria, which limits the 

permeation of the hydrophobic 

components of extracts into the bacterial 

cell. In some exceptional cases, the 

sensitivity of gram positive bacteria has 

not been higher; for instance, Aeromonas 

hydrophila is highly sensitive to essential 

oils. Moreover, some extracts and essential 

oils such as oregano, clove and cinnamon 

have equal antimicrobial effects on both 

bacteria groups [24]. 

    Each component of an extract and 

essential oil acts in different degrees 

against gram positive or gram negative 

bacteria. The chemical compounds in 

extracts and essential oils obtained from a 

specific plant species may be different 

depending on the geographical region or 

stage of harvest from which they have been 

taken. The difference in the effects of these 

essential oils and extracts on gram negative 

and gram positive bacteria may be due to 

the changes in their chemical compounds.  

    Extracts and essential oils are an 

aromatic mixture of volatile lipophilic 

compounds, which include phenolic and 

terpene compounds, aliphatic alcohols, 

aldehydes, ketones, acids and 

isoflavonoids. The most important 

antimicrobial compounds in extracts and 

essential oils include carvacrol, thymol, 

citral, eugenol and their precursors. Studies 

on the chemical compounds in extracts and 

essential oils have demonstrated that plants 

with a high percentage of compounds such 

as citral (lemon and Myrtle), eugenol 

(pepper, clove, bay and cinnamon) and 

cinnamic aldehyde (cinnamon) have 

stronger antimicrobial effects [34, 36-37].  

    Among gram negative bacteria, 

pseudomonads have the lowest sensitivity 

to the antimicrobial   effects    of    extracts    

and essential oils [24]. 

 

8. Conclusion 

 

    Meat and meat products are seriously 

affected by microbial deterioration and 

their quality and safety are threatened with 

improper manipulation and storage. Many 

chemical compounds derived from plants 
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can be effectively used along with 

synthetic additives in meat and meat 

products as natural antimicrobial 

substances. The main agents responsible 

for the antimicrobial properties of herbal 

extracts are phenolic compounds such as 

carvacrol, thymol and eugenol; however, 

the application of these natural extracts is 

limited by their intense scent, which can 

have adverse sensory effects on the 

product. Modern technologies that can be 

used to improve the microbial and sensory 

quality of meat and meat products include 

the encapsulation of extracts in 

nanoemulsions and their application as part 

of the hurdle technology (together with 

Modified Atmosphere Packaging [MAP], 

EDTA, Nisin, Lysozyme, etc). Extracts 

and essential oils are added directly to the 

meat batter used to manufacture meat 

products for their antimicrobial effects. 
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