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Abstract
Fresh and processed meat products provide a variety of nutritional and health benefits, as well as distinct eating

satisfaction. The most important aspects of meat preservation, quality, and safety are to prevent microbiological deterioration
and lipid oxidation reactions, as well as to protect the meat from deterioration in taste and texture. Synthetic preservatives
were widely used in the meat industry to check lipid oxidation and control the growth of spoilage and harmful microbes,
hence extending the shelf-life, quality, and safety of meat products. Consumer demands for a more ethical, healthful, and
ecologically friendly food supply to feed the world’s growing population have prompted this shift in focus. A summary of
research on the direct inclusion of natural preservation agents into meat and meat products, to enhance shelf life is
presented. The development of edible packaging materials incorporating natural preservatives is accelerating, and this
review paper highlights the applicability of few selected preservatives in a variety of meat products.
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Highlights
 Phytochemicals have diverse biological activities like antioxidants and antimicrobials.
 Phytochemcials improve the quality, and safety of meat products.
 Phytochemcials influence the sensory acceptability of meat products.
 Phytochemcials enhance the shelf life of meat and meat products.
 Phytochemicals could be used as best food preservatives alternative to synthetic counterparts.
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Introduction
Meat and meat products are perishable

foods due to their high nutritional content,
moisture content, and neutral pH. These foods
must be properly preserved to ensure quality
and safety and prevent human illness and
disease epidemics. Oxidation and microbial
degradation are the limiting factors in the quality
and acceptability of meat products that
deteriorate the taste,  colour, texture, and
nutritional content (Das et al., 2020). In recent
years, meat product manufacturers have seen
an increase in consumer demand for higher-

quality, healthier meats, particularly totally
natural, less processed,  and ready-to-use
products with specific additive labeling.
Multiple synthetic additives have been utilised
in recent years to inhibit the limiting factors and
extend the shelf life of meat and meat products
during refrigerated storage. Various studies
have demonstrated that synthetic chemicals
such as butylated hydroxytoluene (BHT) and
butylated hydroxyanisole (BHA) produce
various carcinogenic and toxic reactions,
leading to an increase in customer concern and
desire for healthier meat products that use
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natural rather than synthetic preservatives
(Aminzare et al., 2016). The meat industry was
inclined to explore natural alternatives that have
high antibacterial and/or antioxidant qualities
to satisfy customer demands and restore public
confidence in the safety of food items. To
improve the shelf-life and safety of food
products, plant extracts and essential oils,
enzymes, peptides, chitosan, bacteriocins,
fermented substances can all be utilized as
potential alternatives to synthetic antibacterial
agents. Vitamins, herbs, spices, and plant
extracts contain antioxidant components and
may be used as natural antioxidant agents to
inhibit lipid oxidation in food products (Aziz
and Karboune, 2018).  Some natural anti-
oxidants/antimicrobials have been discovered
to not only be capable of extending the shelf-
life of meat products, but also to be effective as
preventative medication against a variety of
human ailments (Shah et al., 2014; Das et al.,
2020). Therefore, many investigations have
been carried out in an effort to substitute natural
preservatives for synthetic preservatives in meat
and meat products.

Lipid oxidation in meat and meat products
Lipo-peroxidation in meat and meat

products is impacted by various factors,
including fatty acid composition, presence of
high amounts of salt pro-oxidant agents and
myoglobin found in muscles;  the
polyunsaturated fatty acids contained in the
phospholipids, as well as the - tocopherol
content, are the main targets of oxidative
rancidity (Ribeiro et al. ,  2019). The
development of off-flavor, discoloration,
formation of hazardous chemicals, loss of
nutrients, and drip losses occur as a result of
oxidative rancidity of meat and meat products,
shortening the shelf life; further, making it
unsuitable for human consumption. Lipid
oxidation is a multi-step process; involving
numerous processes, that interact with one
another. Unsaturated fatty acids react with
molecular oxygen via a free radical process and
produce hydroperoxides, the earliest oxidation
products. Hydroperoxides, unlike other lipid-

derived compounds, are highly unstable,
odourless, and do not contribute any aroma.
They breakdown quickly, producing a huge
variety of secondary chemicals such as
hydrocarbons, aldehydes, ketones, alcohols,
esters, and acids, which contribute to the
emergence of off-flavors and off-odors in meat
(Domínguez et al. ,  2019). Aldehydes,
particularly hexanal, are the principal cause of
off-odors in oxidised meat. Lipid oxidation
leads to protein oxidation and discolours meat
by oxidising heme pigments and reduces
protein solubility and water holding capacity.
Protein oxidation reduces protein solubility and
water holding capacity, both of which are critical
for meat processing. Lower protein holding
capacity makes the meat dry due to higher
moisture loss during heating (Huang and Ahn,
2019). Cooked meats are more prone to lipid
oxidation than raw meat, as higher temperatures
trigger the release of oxygen and heme, iron,
resulting in the generation of free radicals which
are responsible for the development of off-odors
and off-flavors. These flavours are referred to
be ‘warmed-over flavor’ because they become
more noticeable after the meat has been
reheated. This is a huge challenge for the
industry, because consumers are increasingly
valuing ready-to-eat convenience i tems
(Amaral et al., 2018). Lipid oxidation and
myoglobin oxidation in meat products are
interlinked, and both reactions appear to be able
to influence one another. The oxidation of
oxymyoglobin produces metmyoglobin and
H2O2, which are required for lipid oxidation.
Aldehyde lipid oxidation products, on the other
hand, modify myoglobin redox stabil ity,
resulting in increased oxymyoglobin oxidation
and the development of a covalent adduct with
myoglobin (Chaijan, 2008). Lipid hydrolysis
can occur enzymatically or non-enzymatically
in meat. Lipolysis is the enzymatic hydrolysis
of fats that is mediated by specific enzymes
such as lipases, esterases, and phospholipase.
Lipases breakdown the glycerides during
lipolysis, forming free fatty acids, which are
responsible for the off-flavor commonly,
referred to as rancidity. Phospholipase A1 and
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phospholipase A2 are the most important
enzymes involved in meat lipid breakdown
(Dave and Ghaly, 2011). Therefore, the meat
and poultry industry is aiming actively to
minimize oxidative rancidity and improve
nutritional quality by incorporating antioxidants
from natural sources as a substitute to the
currently used conventional antioxidants.

Microbial deterioration of meat and meat
products

Meat and meat products are highly
perishable foods with high nutritive content that
support rapid microbial growth. Micro-
organisms are the most common cause of
degradation of the quality of meat products. The
spoilage microbes decompose fat, carbo-
hydrate, and protein in meat, causing off-
flavors, slime formation, and discoloration,
making the meat unfit to consume (Das et al.,
2019). The wide range of microflora (bacteria,
yeasts and moulds), including pathogens are
primarily found in the animal’s digestive system
and skin. The microflora in meat is influenced
by several factors like pre-slaughter husbandry
practices, animal age at slaughter, handling
during slaughtering, evisceration,  and
processing, preservation methods, packaging,
consumer handling, and storage (Ajaykumar
and Mandal, 2019). Microorganisms colonise
and proliferate on meat surfaces in stages, the
first of which includes the attachment of
bacterial cells (Donlan, 2002). Acinetobacter,
Pseudomonas, Brochothrix, Flavobacterium,
Psychrobacter, Moraxella, Campylobacter,
Clostridium,  Listeria,  Salmonella,
Staphylococcus,  Micrococcus,  lactic acid
bacteria (LAB), and Enterobacteriaceae and
also mould species such as Cladosporium,
Penicillium, Mucor, Geotrichum and yeast
species (Candida and Cryptococcus) are the
commonest microbial genera isolated from
fresh meat (Odeyemi et al., 2020). Microbial
development within the pH range of 5.5–7.0
caused slime production, structural component
degradation, off-flavors, and visual changes in
meat. One of the most important factors

influencing microbiological safety is water
activity (aw). The word “water activity” (aw)
refers to the water that helps microorganisms
flourish. Pathogen development is inhibited at
aw of 0.85. Reducing water activity can prevent
the growth of gram negative bacteria (that can
withstand an aw of 0.94-0.97) in processed and
cured meats (Addis, 2015). Sliminess, souring,
and greening are the three types of spoilage in
meat products. Sliminess on the surface of meat
is caused by species of genus Pseudomonas,
Acinetobacter,  Moraxella,  Alcaligenes,
Streptococcus,  Leuconostoc,  Bacillus,
Micrococcus.  Lactobacil lus spp.  and
Leuconostoc are responsible for the color
change in meat products. Oxidative rancidity
in meat is caused by Pseudomonas,
Achromobacter spp., and yeast. Aerobic growth
of moulds causes stickiness, whiskers, black
spot, and white spot in meat products. Under
anaerobic conditions, facultative bacteria are
responsible for souring, putrefaction, and
different taints. Therefore, different natural
antimicrobial agents are being incorporated into
the meat products to inhibit spoilage and
enhance the meat preservation methods.

Natural antioxidants in meat and meat
products

Antioxidants are the chemicals/substances
added to fresh and processed meat and meat
products to reduce lipid oxidation, prevent the
formation of off-flavors, and increase colour
stability. They are classified as natural or
synthetic antioxidants in the meat industry.
Synthetic antioxidants such as butylated
hydroxytoluene (BHT) and butylated
hydroxyanisole (BHA) were widely employed
to delay, retard, or prevent lipid oxidation by
scavenging chain-carrying peroxyl radicals or
reducing the generation of free radicals. The
toxicological and carcinogenic consequences
of synthetic antioxidants have been established
and hence, natural products were preferred over
synthetic ones in the meat industry (Kumar
et al. , 2015). Natural antioxidants include
phenolic components such as flavonoids  and
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phenolic acid, vitamins, and volatile chemicals
found in various fruits, plants, herbs, and spices.
Polyphenolic compounds (tocopherols,
flavonoids, phenolic acids) are the active
components of natural antioxidants. These
phenolic compounds can function as reducing
agents, free radical terminators, metal chelators,
or singlet oxygen quenchers (Shahidi and
Ambigaipalan, 2015). Plants have been
identified as a potential source of useful
bioactive compounds and considered as natural
antioxidants to enhance the chemical quality
of meat and meat products. To limit lipid
oxidation and the development of secondary
breakdown products, antioxidant additives have
been incorporated in meat and meat products.
Ascorbic acid (vitamin C), alpha-tocopherol
(vitamin E), beta-carotene (vitamin A
precursor), many flavonoids, and other phenolic
components are all linked to the total antioxidant
capacity of extracts of various plant materials
such as culinary herbs, spices, vegetables, fruits,
and oilseed products (Aminzare et al., 2016).
Plant extracts are derived from plant materials
utilising a variety of solvents and extraction
techniques. These extracts are high in phenolic
acids and can be used instead of synthetic
ant ioxidants . Diphenyl -1-picry lhydrazyl
(DPPH), superoxide anion scavenging assay,
phosphomolybdate assay (total antioxidant
capacity), hydrogen radical scavenging assay,
hydrogen peroxide scavenging activity, 2,2-
azinobis-3-ethylbenzthiazoline-6-sulphonic
acid (ABTS) radical scavenging activity, and
reducing power can all be used to determine
the antioxidant properties of plant extracts. A
large number of plant sources have been
examined as natural antioxidants in meat. These
antioxidants were harvested from leaves, roots,
stems, fruits, seeds, and bark, among other plant
components (Shah et al., 2014).

Natural antimicrobials in meat and meat
products

Antimicrobials are different chemicals that
either kill or slow the growth of microbes. They
are directly added into the products or coated

on the surface or incorporated into the
packaging material to inhibit the microbial
growth in meat and meat products. Essential
oils derived from plants (e.g., basil, thyme,
oregano, cinnamon, clove, and rosemary),
enzymes derived from animals (e.g., lysozyme,
lactoferrin), bacteriocins derived from bacteria
(nisin, natamycin), organic acids (e.g., sorbic,
propionic, citric acid), are the most common
natural antimicrobial compounds used in meat
products. Flavonoids, thiosulfinates, gluco-
sinolates, phenolics, organic acids,  and
saponins are antimicrobial components of
plants. However, phenols, which comprise
terpenes, isoflavonoids, aliphatic alcohols,
aldehydes, ketones, and acids are the major
components having antibacterial activity. Plant
essential oils’ antimicrobial activity is attributed
to their chemical composition, specifically the
presence of hydrophilic functional groups such
as hydroxyl groups in phenolic components
and/or lipophilicity in certain essential oil
components. Gram-positive bacteria are more
resistant to the phenolic components of the plant
essential oils’ than Gram-negative bacteria
(Lucera et al., 2012). Essential oils can be
regarded as healthy additives to use in meat and
meat products because they are plant extracts
with antibacterial, antioxidative, and flavorful
qualities. If essential oils are used in meat
products, they can help to lower the risk of
foodborne illness and slow the oxidation of
lipids in the meat (Arshad and Batool, 2017).
Biopreservation of meat products using
bacteriocins extends the inhibitory activity
spectrum to Gram-negative bacteria and
enhances the safety and quality of meat products
(Amin, 2012).

Use of natural antioxidants and natural
antimicrobials for meat, meat products

Natural plants are a major subject matter to
focus to find novel sources of natural
antioxidants and antimicrobials, and their
application in meat products is becoming
increasingly vital. Realini et al. (2014) observed
that 0.15% w/w of acerola fruit extract increased
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the color stability and decreased the rancid
flavours, and extended the shelf–life of salted
beef patties. Active packaging material coated
with citrus extract was found to be effective in
limiting lipid oxidation and an increase in the
tenderness of the cooked turkey meat was
observed in the studies (Contini et al., 2014).
Andrés et al.  (2017) showed that in vitro
antioxidant activity was highest in grape and
olive pomace aqueous extracts, which
substantially reduced discolouration as well as
lipid and protein oxidation and retained the
microbiological quality in raw lamb patties
during chilling. Cuong and Chin (2018) found
that the addition of 0.25% annatto (Bixa
orellana L.) seed powder extended the shelf-
life of pork patties. Annatto seed powder
possessed antioxidant properties, had less lipid
degradation, and increased the redness of pork
patties due to the presence of bixin and nor-
bixin pigments. Krkic’ et al. (2013) observed a
better odor and flavor profile with less oxidative
changes in dry fermented sausages incorporated
with essential oils of oregano (Origanum
vulgare) and coated with chitosan after a long
time of storage. Lorenzo and Pateiro (2013)
compared the physico-chemical effect and
oxidative stability of the natural antioxidants,
such as green tea, chestnut, and grape seed
extracts with that of synthetic antioxidant (BHT)
in pig liver pate. The studies revealed lower
TBARS values and reduced lipid oxidation
during the storage period. Similar results were
obtained by Doolaege et al. (2012) in pig liver
pate with the addition of rosemary extract.
Almeidan et al. (2015) considered jabuticaba
peel extract as a promising natural additive in
Bologna-type sausages. Jabuticaba peel
contains phenolic compounds such as
anthocyanins and flavonols, which are capable
of complexing free radicals and inhibiting the
oxidative reactions caused by free radicals,
delaying or preventing lipid oxidation reactions,
and extending the shelf life of the sausages. The
effect of different phytochemicals on various
quality changes of meat and meat products is
summarized and presented in Table 1.

Ding et al. (2015) studied the effects of
ground litchi flower on lipid peroxidation and
protein degradation of pork meatballs during
freezing. The studies revealed superior textural
character, color profile, and water-holding
abil ity of meatballs due to increased
myofibrillar protein levels. The main phenolic
acid and flavonoid of the litchi flower were
gentisic acid and epicatechin, respectively.
Thus, the polyphenol-rich litchi flowers could
be a useful natural antioxidant for reducing lipid
and protein oxidation in frozen cooked meats.
Oleynikov (2020) reported that the antioxidant
of oregano extract enhanced the shelf life and
quality of ground beef and also showed positive
results on color stability indexes. Skandamis
et al. (2002) studied the effect of oregano
essential oil on the behaviour of Salmonella
Typhimurium in beef fillets stored under aerobic,
vacuum packaging, modified atmosphere
packaging environment. They observed a
reduction in microbes in meat, predominantly,
Lactic acid bacteria and Salmonella
Typhimurium in both the packaging methods.

Thus, vacuum packaging or modified
atmosphere packaging combined with oregano
essential oil may be a more efficient option for
controlling meat deterioration and increasing
safety, as these collective hurdles may have a
synergistic impact. Munekata et al. (2015)
conducted studies on the effect of peanut skin
extract in chicken meat patties and sheep patties
to evaluate the antioxidant activity and physico-
chemical properties. Phenolic compounds such
as proanthocyanidins, flavanols, stilbenes, and
polymers are significant antioxidant
compounds found in peanut skin.  The
application of peanut skin extract to cooked
chicken patties effectively reduced l ipid
oxidation and retained redness, despite a modest
darkening of the samples. Zhang et al. (2013)
assessed the effect of antioxidant activity of
sage (Salvia officinalis) in Chinese-style sausage
during refrigeration. The results showed lower
TBARS values and protein carbonyls indicating
retarded lipid and protein oxidation. Therefore,
sage has been shown to improve the oxidative

Phytochemicals in meat quality and safety 101



Table 1. Effect of different phytochemicals on safety and quality of meat and meat products

Meat and
meat products

Chicken
nuggets

Chicken
nuggets

Chicken
burger

Sheep meat
nuggets

Frankfurters

Pork nuggets

Buffalo veal
slices

Pork nuggets

Phytochemicals

Dragon fruit peel
powder

Drumstick flower
extract

Pomegranate peel

Litchi pericarp
extract

Cacao pod husk
flour

Kordoi fruit juice
and bamboo shoot
extract

Grape seed extract

Black cumin and
arjuna fruit extract

Level
used

3%

2%

20%,
30%

1.5%

1.5%

4%,
6%

0.2%

1.5%,
1%

Impact on meat and
meat products

 Improved emulsion stability and
cooking yield

 Decreased hardness, gumminess
and chewiness

 Improved the redmess values
 Decreased lipid peroxidation,

odour scores and microbial load

 Reduced the redness, hardness,
gumminess and chewiness

 Improved the oxidative stability
and odour scores

 No significant changes in sensory
attributes

 Decreased the acid, peroxide and TBA
values of their lipids

 Retarded the growth of total molds and
yeasts, total bacterial, psychrophilic
bacteria and spore-forming

 Improved the appearance, odor,
texture,  and taste

 Increased the phenolic contentü
Inhibited the lipid peroxidation

 Improved the product quality,
stability and safety

 Higher water content, hardness
and adhesiveness

 Decreased springiness

 Retarded quality deterioration
and lipid peroxidation

 Improved the microbiological
characteristics

 Improved flavor

 Decreased microbial count
 Improved sensory characteristics
 Better antioxidant activity

 Improved the flavour and overall
acceptability scores

 Lowered mean total aerobic plate
count

 Inhibited lipid oxidation and
microbial growth

References

Madane
et al. (2020)

Madane
et al. (2019)

Aly (2019)

Das
et al. (2016)

Delgado-
Ospina
et al.(2021)

Thomas
et al. (2016)

Singh
et al. (2018)

Chauhan
et al. (2018)

Table 1., Cont. ...

Indian Journal of Animal Health,  Special Issue, December,  2021102



Cont. Table 1.

Meat and
meat products

Phytochemicals Level
used

Impact on meat and
meat products

References

Table 1., Cont. ...

Goat meat
nuggets

Sheep meat
nuggets

Raw ground
pork

Chicken
patties

Cooked pork
patties

Pork patties

Chicken
mortadella

Chicken fillets

Chicken
sausage

Sheep
sausages

Litchi pericarp
powder

Litchi pericarp
extract

Terminalia arjuna
fruit extract

Plum peel and pulp
microparticles

Light and dark
roasted coffee

Ethanol extract of
tomato powder

Moringa seed flour

Nanoemulsions of
curcumin with
cinnamon essential
oil, garlic essential
oil and sunflower oil

Sugarcane fibre

Oregano extract

2%

1.5%

1%

2%

1 g/kg

1%

3%

40 nm,
9 nm,
130nm

3%

6630.98
and

 Improved redness value and
colour

 Softened the texture
 Improved the products

physicochemical quality
 Enriched the product with

dietary fibre, phenolic content
 Resistant to lipid oxidation

 Increased phenolic content
 Inhibited lipid peroxidation
 Improved product quality and

safety

 Improved the oxidative
stability

 Improved the colour and
odour scores

 Lowered rancid odour
development

 Improved antioxidant activity
 Increased redness and

springiness
 Improved textural parameters

 Inhibited lipid oxidation

 Increased the redness value
 Lowered bacterial counts
 Inhibited lipid oxidation

 Increased lipid stability
 Smoothened the texture
 Increased the lightness

 Retarded microbial spoilage
 Best water holding capacity

and texture
 Higher sensory scores

 Increased the cooking yield
 Decreased lipid oxidation
 Increased the hardness and

springiness

 Improved lipid and protein
stability

Verma
et al. (2020)

Das
et al. (2016)

Chauhan
et al. (2019)

Basanta
et al. (2018)

Jully
et al. (2016)

Kim and
Chin (2017)

Auriema
et al. (2019)

Abdou
et al. (2018)

Fang
et al. (2019)

Fernandes
et al. (2018)
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Cont. Table 1.

Meat and
meat products

Phytochemicals Level
used

Impact on meat and
meat products

References

Cooked
sausage

Chicken meat
nuggets

Carabeef
nuggets

Lotus rhizome

Gooseberry pulp
powder and seed
coat powder

Pomegranate rind
powder

8038.20
mg/kg

>1%

0.5%,
1%

4%

 Better antioxidant potentiality
 Higher sensory scores

 Increased darker and red color
 Improved emulsion stability

and viscosity
 Reduced cooking loss
 Decreased color and juiciness

scores
 Improved springiness and

chewiness

 Decreased coliform count
 Increased moisture content
 Improved sensory attributes

 Increased crude fiber and
antioxidant activity

 Acceptable sensory score

Ham
et al. (2017)

Mayank
et al. (2019)

Habib
et al. (2018)

stability of Chinese-style sausage while having
no adverse effects on the sensory attributes.

Bostan and Isin Mohan (2011) investigated
the microbiological quality and shelf-life of
sausage treated with chitosan. The results
indicated that in terms of slowing down the
growth of aerobic mesophilic bacteria and
psychrotrophic bacteria, chitosan concen-
trations of 0.25% were sufficient, whereas
larger concentrations (0.5% and 1.0%) were
required for lactic acid bacteria and yeast-mold,
respectively. Therefore, chitosan can be utilised
as an alternative natural preservative in
sausages, according to the findings. Studies by
Mastromatteo et al. (2011) showed that lemon
alkott, a citrus extract, and thymol, a spice
extract, have the greatest sensorial scores and
the modified atmosphere packaging (MAP)
methods in pork back fat sausages had an
antibacterial effect, and low carbon dioxide
levels resulted in less colour fluctuation during
storage. Furthermore, both thymol alone and
in combination with MAP improved the shelf
life of reduced pig back-fat content sausages.
Souza et al. (2009) evaluated the combined

effect of essential oil of oregano and acetic acid
against Staphylococcus aureus in meat pieces.
The findings of this study demonstrated the
effect of applying O. vulgare essential oil and
acetic acid at sub-inhibitory concentrations.
The effective combination of essential oils and
organic acids could provide a more natural and
appealing alternative to the meat industry,
implying an extra barrier to prevent infections
and spoilage microorganisms from growing
and surviving in foods. Similar works by
Busatta et al. (2007) reported that satisfactory
performance was accomplished with a low
concentration of oregano essential oil as an
antibacterial agent against numerous
microorganisms, resulting in a longer product
shelf-life with just a little change in the original
taste criteria. Min et al. (2010) reported that
antimicrobial gelatine films such as Nisaplin
film and Guardian films effectively inhibited
the growth of Listeria monocytogenes in turkey
bologna during the storage period. A schematic
diagram of effect of different phytochemicals
on the safety and quality of meat and meat
products is presented in Fig. 1.
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Fig. 1. Schematic diagram on effect of different phytochemicals on safety and quality of meat
           and meat products

Conclusion
Oxidation and microbial spoilage are the

major problems reducing the shelf life of meat
and meat products. To limit these reactions,
synthetic chemicals were utilised. However, in
response to the rising consumer demand for
natural bioactive molecules to replace synthetic
chemicals, numerous studies have been
conducted to identify new and natural sources
of antioxidant and antimicrobial chemicals.
Various chemical compounds originating from
plants that can be employed as natural
antioxidants and antimicrobials in meat and
meat products have been isolated from various
plant components such as leaves, stems, roots,
fruits, bark, and seeds. Plants rich in
polyphenols that are employed as food
preservatives are the best alternative to their
synthetic counterparts. The amount of
polyphenolic-rich plants necessary in the meat
system for effective antibacterial  and
antioxidant activities is frequently too large to
be organoleptically acceptable. To improve the
antioxidant qualities of meat and meat products,
future research should focus on novel
technologies such as high-pressure processing,
pulsed electric fields, and ultrasound mixed with
natural antioxidants. Another new trend is the
use of antimicrobial in edible films and coatings

in combination with various packaging
techniques to extend the shelf life of meat and
meat products. Meat and meat products can be
sprayed with antimicrobials, or meat can be
dipped in them. Because all-natural chemicals
have the potential to be fully innocuous to
human health, there is a growing market for
natural antimicrobials to be employed as
preservatives. Thus, investigations on analysing
synergistic effects and optimization using plant-
based natural preservatives are needed to
increase our understanding of how to make
meat products with extended shelf life and no
synthetic preservatives while maintaining
senility.
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