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Abstract

The purpose of this review is to demonstrate the findings on the use of natural compounds as preservatives in meat and
meat products as a healthier and safer alternative compared to the use of synthetic preservatives. Due to its biological
composition, meat and its derivatives are susceptible to spoilage, a process that can be delayed with the use of synthetic
food preservatives. However, it is known that some products can trigger undesirable effects on consumer health. In
recent years, there has been a greater demand for products obtained naturally or directly from a biological organism
without laboratory interference in their composition, in order to reduce risks to the consumer. The most promising
compounds belong to the groups of phenolic and flavonoid compounds, which have a proven, positive effect on
oxidation and microbial development. Findings on the use of natural compounds as preservatives in meat and meat
products demonstrate an alternative to increased shelf life without risking consumer health.

Keywords: Antimicrobial compounds; Natural antioxidants; Plant extracts; Preservatives.

Resumo

O objetivo desta revisdo ¢ demonstrar os achados sobre o uso de compostos naturais como conservantes em carnes ¢
produtos carneos como uma alternativa mais saudavel e segura em comparagdo ao uso de conservantes sintéticos.
Devido a sua composicdo bioldgica, a carne e seus derivados s@o suscetiveis a deterioragdo, processo que pode ser
retardado com o uso de conservantes alimentares sintéticos. No entanto, sabe-se que alguns produtos podem desencadear
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efeitos indesejaveis a satide do consumidor. Nos tltimos anos, tem havido uma maior demanda por produtos obtidos
naturalmente ou diretamente de um organismo bioldgico sem interferéncia em sua composigdo, a fim de reduzir os
riscos ao consumidor. Os compostos mais promissores pertencem aos grupos dos compostos fenodlicos e flavondides,
que tém efeito comprovado e positivo na reducdo de processos oxidativos ¢ de deterioragdo microbiana. Descobertas
sobre o uso de compostos naturais como conservantes em carnes ¢ produtos carneos demonstram uma alternativa para
aumentar a vida util sem colocar em risco a saide do consumidor.

Palavras-chave: Compostos antimicrobianos; Antioxidantes naturais; Extratos de plantas; Conservantes.

Resumen

El propdsito de esta revisién es demostrar los hallazgos sobre el uso de compuestos naturales como conservantes en la
carne y los productos carnicos como una alternativa mas saludable y segura al uso de conservantes sintéticos. Debido a
su composicion bioldgica, la carne y sus derivados son susceptibles al deterioro, proceso que puede retrasarse con el
uso de conservantes sintéticos para alimentos. Sin embargo, se sabe que algunos productos pueden desencadenar efectos
indeseables en la salud del consumidor. En los Gltimos afios ha habido una mayor demanda de productos obtenidos de
forma natural o directa de un organismo biolégico sin interferencia de laboratorio en su composicion, con el fin de
reducir los riesgos para el consumidor. Los compuestos méas prometedores pertenecen a los grupos de compuestos
fendlicos y flavonoides, que tienen un efecto probado y positivo sobre la oxidacion y el desarrollo microbiano. Los
descubrimientos sobre el uso de compuestos naturales como conservantes en la carne y los productos carnicos
demuestran una alternativa para aumentar la vida Util sin poner en peligro la salud del consumidor.

Palabras clave: Compuestos antimicrobianos; Antioxidantes naturales; Extractos de plantas; Conservantes.

1. Introduction

Meat production is one of the main agricultural activities in the world, involving numerous domestic species (Pighin et
al., 2016). According to the Organization for Economic Cooperation and Development - OECD / Food and Agriculture
Organization of the United Nations - FAO (2018), there is an estimation of an annual increase in meat production of 48 million
tons by 2027, reaching up to 367 million tons. Still, there is an expectation that by 2027 there will be a 15% increase in global
consumption and 3% in per capita consumption (OECD/FAO (2018). Such demand is related to population growth and also to
the high energy and nutritional density of meat, which has macro and micronutrients that are indispensable for the maintenance
of human health (Burin et al., 2016).

Due to their composition, meat and meat products are susceptible to deterioration, especially caused by microbial
development and lipid oxidation (Schaich, 2017; Yazgan et al., 2020). Therefore, several factors have been identified
contributing to the deterioration, designated as intrinsic and extrinsic factors. The nutrients and favorable pH, in addition to the
absence of natural antimicrobial factors can be observed (Anas et al., 2019). The extrinsic factors are those related to the
environment and conditions to which the meat is subjected. Variations in temperature, handling and storage conditions are
examples of these factors (Anas et al., 2019). In order to control these factors to optimize the shelf life of meat products and to
minimize deterioration processes, the use of preservative compounds has been studied over the years (Alirezalu et al., 2020).

Synthetic preservatives such as sodium metabisulfite, butyl hydroxyanisol (BHA), butyl hydroxytoluene (BHT) and
sodium nitrite (Paschoal et al., 2019; Beya et al., 2021) have long been employed in the food industry, with the aim of optimizing
the shelf life of meat products (Quadros et al., 2020). However, several studies have pointed out that the use of synthetic
preservatives may promote undesirable effects on the human organism due to the toxicity of such compounds (Liu & Mabury,
2020). For this reason, consumers are increasingly aware and demanding natural and minimally processed products, leading food
market and industry to seek alternatives in this sense. Likewise, researchers have explored the use of natural compounds, derived
mainly from plants, with antioxidant and antimicrobial characteristics as alternatives for the conservation of meat products
(Pateiro et al., 2018).

The antioxidant and antimicrobial capacities of a natural product are related to the high content of phenolic compounds,
represented by phenolic acids, flavonoids, anthocyanins and tannins. In this sense, some products derived from plants have

shown promising results in preventing or delaying deterioration in meat products, such as rosemary (Rosmarinus officinalis), red
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fruit species (Arctostaphylos sp., Vaccinium sp., Rubus sp., Ribes nigrum, Rubus chamaemorus, Fragaria ananassa, Vitis sp.),
mustard (Brassica juncea), oregano (Origanum vulgare), sage (Salvia officinalis), lotus (Nelumbo nucifera), curry (Murraya
koenigii L), green tea (Cammelia sinensis), cinnamon sticks (Cinnamomum zeylanicum B), ginger (Zingiber officinale), among
others (Kumar et al., 2015; Aziz & Karboune, 2018; Lorenzo et al., 2018). Considering that compounds with bioactive
metabolites are generally considered safe, the use of these compounds has been extensively explored by researchers (Beya et al.,
2021). Thus, the purpose of this review is to present the main processes responsible for the deterioration of meat and meat
products and to demonstrate the findings on the use of natural plant compounds as preservatives in meat and meat products as a
healthier and safe alternative to the use of synthetic preservatives.
Use the paragraph as a template (TNR font 10 — justified — space 1,5).

2. Meat composition and the deterioration process

Meat has nutrients of fundamental importance to the maintenance of human health, and this is due to its contents being
rich in proteins, fatty acids, vitamins and minerals (Burin et al., 2016).

The most abundant nutrient in meat is water, which directly influences its quality, as it is related to its texture, color and
flavor (Ribeiro et al., 2019). Meat proteins have a high biological value because they are easily digestible, in addition to providing
eight essential amino acids not synthesized by the human organism (Wood, 2017). Meat is also a source of fatty acids such as
unconjugated linoleic acid (CLA) (Pighin et al., 2016), which has been identified as an important ally in the prevention and
treatment of metabolic diseases such as obesity, cancer, diabetes and cardiovascular diseases (Fuke & Nornberg, 2017). In
addition to conferring nutritional attributes, fatty acids are also involved in the sensory characteristics of meat affecting its
juiciness and tenderness, but despite of this, this nutrient can serve as a substrate to trigger lipoperoxidation (Pighin et al., 2016;
Ribeiro et al., 2019). B-complex vitamins are essential to human health as they act as cofactors or precursors in enzyme systems.
Vitamin B12 is necessary for the synthesis of neurotransmitters and DNA, and the only natural sources of B12 vitamin are meat
and animal origin products (Wood, 2017).

Nutritional features depend on several factors such as genetics, feeding and handling of the animals, in addition to post-
mortem processes that occur during the conversion of the muscle into meat. Due to its complex nutritional composition, fresh
meat is a product highly susceptible to deterioration (Pighin et al., 2016). Proteins, polyunsaturated fatty acids, high water activity
and favorable pH are examples of factors that trigger oxidative and microbial processes (Anas et al., 2019; Yazgan et al., 2020).

Deterioration stems from a combination of physical, chemical, biochemical and microbiological processes, resulting in
the degradation of important nutrients and sensory changes. Additionally, the safety of the product for consumption may be
compromised, due to the possibility of developing pathogenic microorganisms and the production of toxic compounds (Jackson
& Penumetcha, 2019; Huang & Ahn, 2019; Campélo et al., 2019).

2.1 Lipid oxidation

Lipid oxidation is a factor that limits the quality and acceptability of meat and derivatives, as it triggers color changes,
unpleasant flavors and produces substances with great potential for toxicity (Ribeiro et al., 2019).

Animal origin products have large amounts of polyunsaturated fatty acids, making them prone to oxidation (Schaich,
2017; Yazgan et al., 2020). Lipids can undergo auto-oxidation, enzymatic oxidation and photo-oxidation through complex
reactions. In meat and meat products, auto-oxidation is the main process, which involves the stages of initiation, propagation and
termination (Figure 1) (Dominguez et al., 2019).
Initiation is a controversial and poorly defined process, although some reactions are consensus among researchers. It is known

that an oxygen molecule (O2) and a fatty acid do not react spontaneously with each other, as they have different states of rotation
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(Berdahl et al., 2010). Therefore, oxygen must be activated, resulting in singlet oxygen (*O), a biologically relevant reactive
species, hydrogen peroxide (H20.), superoxide anion (O ¢ -) or hydroxyl radical (OH ). The formation of these free radicals
occurs through reactions of hydrogen abstraction mediated by metallic ions, light, radiation or other means. From this, the
formation of an intermediate compound occurs, which consists of a free, highly reactive lipid radical. When other O, molecules
are present, hydroperoxyl radicals are formed. These radicals have the ability to extract a hydrogen molecule from a lipid, which
generates another carbon-centered radical, initiating the propagation phase (Berdahl et al., 2010; Dominguez et al., 2019; Di
Mascio et al., 2019).

Figure 1 - Overview of the different stages of lipid oxidation.
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Source: Guyon et al. (2016).

In propagation, a reaction results in the conversion of the hydroperoxyl radical to hydroperoxide. This radical is easily
decomposed at high temperatures or in the presence of metals, producing byproducts such as aldehydes, short-chain
hydrocarbons, alcohols, esters, acids and ketones. Thusly, the release of disgusting and rancid aromas occurs. The alkoxy and
hydroxyl radicals can continue the propagation phase by extracting a hydrogen from a lipid and forming another carbon-centered
radical (Berdahl et al., 2010; Hematyar et al., 2019).

The last phase of lipid oxidation corresponds to its termination. In this phase, two radicals react with each other and
after that, the formation of stable products occurs through the action of antioxidants. However, this action is not always efficient
and capable of containing the radicals generated in the oxidation process, which can lead to the formation of new reactive
compounds (Hematyar et al., 2019; Dominguez et al., 2019).

Lipid oxidation is a major cause of rejection and drop in product quality (Campélo et al., 2019). In addition to the altered
sensory aspect, toxic compounds can be formed during this process, such as a and -unsaturated carbonyl compounds, acrolein,
crotonaldehyde, 4-hydroxy-trans-2-nonenal and 4-hydroxy-trans-2-hexenal, malonaldehyde and cholesterol, associated with the
development of inflammatory diseases, cancer, atherosclerosis and early aging (Vieira et al., 2017).

In addition to the changes that occur naturally between the compounds, some steps involved in meat processing can
cause the formation of oxidizing species (Dantas et al., 2015). Cutting, mixing, grinding, meat filling in casings, heat treatment,
salting and curing, smoking, fermentation and drying also produce a large number of oxidizing species (Dantas et al., 2015). The

packaging conditions of the meat can also be crucial to the lipid oxidation process. When packaged in the presence of oxygen,
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there is a greater formation of oxidizing species, which reduces its shelf life (Duran & Kahye, 2020).
Excessive amounts of oxidizing species are related to various diseases such as Alzeheimer, Parkinson's, atherosclerosis,
diabetes, autism, heart failure, chronic fatigue, fatty liver, chronic fatigue syndrome, obesity and depression, reinforcing the need

to contain the oxidation process (Jackson & Penumetcha, 2019; Huang & Ahn, 2019).

2.2 Oxidation of proteins and pigments

Meat and meat products are rich in proteins (Guyon et al., 2016). This nutrient is responsible for meat texture, water
retention and color (Bao & Ertbjerg, 2019). The component responsible for meat pigment is a water-soluble protein called
myoglobin, which can also be found in the form of oxymyoglobin or metmyoglobin (Ribeiro et al., 2016).

Just like lipid oxidation, the oxidation of meat proteins depends on several factors, such as the type of muscle that it
originates from, processing, as well as intrinsic and extrinsic factors (Guyon et al., 2016). Thus, the oxidation of proteins can be
triggered by oxidative modification of an amino acid, by cleavage of the peptide mediated by free radicals and by the formation
of the cross-linked protein, due to the reaction with lipid peroxidation products (Ribeiro et al., 2019).

The oxidation of proteins does not only cause damage to texture and color. There is a decrease in digestibility and
nutritional losses of essential amino acids profile (Guyon et al., 2016). The amino acids most prone to undergo oxidation are
cysteine, tyrosine, tryptophan, histidine, proline, arginine, lysine, methionine and phenylalanine, depending on their positions
within the peptide chain (Guyon et al., 2016; Jongberg et al., 2017).

During the oxidation process, several changes occur, including the cleavage of peptide bonds, modification of amino
acid side chains and formation of derivatives of covalent intermolecular reticular proteins (Jongberg et al., 2017). The reaction
products are usually protein hydroperoxides and carbonyl groups, and crosslinking depends on the formation of disulfide and
dithyrosine between neighboring peptide chains (Jongberg et al., 2017). Such products may contain reactive groups that
contribute to damaging the membrane and many cellular functions (Ribeiro et al., 2019).

Pigment oxidation occurs through changes in the iron ion present in myoglobin. Under normal conditions, the meat has
a purple-red color, however, when exposed to high concentrations of oxygen, the iron ion (Fe?*) is reduced, changing the color
to bright red, due to the conversion of myoglobin to oxymyoglobin (Ribeiro et al., 2019). On the other hand, when the meat is
exposed to low oxygen concentrations, the Fe?* ion is deoxygenated and there is a transformation into deoxymyoglobin. This
form is unstable and triggers an oxidation reaction when it comes in contact with oxygen again, which results in metmyoglobin,

turning the meat brown, due to the presentation of iron in its oxidized form (Fe®*) (Ribeiro et al., 2019).

2.3 Microbial deterioration

Microbial deterioration of meat leads to losses in quality due to changes in organoleptic features, reducing the shelf life.
Microbial contamination can also offer a risk to consumer health, which is a major concern for the food industry and food safety
authorities (Campélo et al., 2019).

Since it is a food of high biological value due to its composition rich in proteins, essential amino acids, B vitamins and
minerals such as iron, magnesium and zinc, meat and meat products are an excellent source for development of bacteria, fungi
and yeasts. In aerobic conditions, some deteriorating microorganisms can develop, leading to adverse changes in sensory
characteristics, such as appearance, odor, texture and taste (Anas et al., 2019).

Pathogenic bacteria are the most important group of microorganisms that cause the deterioration of meat products.
Inappropriate handling after slaughter, contamination by gastrointestinal content, contamination of surfaces and utensils and
even the lack of hygiene of the slaughterhouse employees, can contribute to the transfer of microorganisms that lead to bacterial
deterioration of the meat (Sohaib et al., 2016). The investigation of contaminant microorganisms in the meat due to failure in
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slaughter procedure has been carried out with the objective of verifying the sanitary hygienic control of the slaughterhouses
(Gabaron et al., 2020). When assessing the presence of contamination-indicating microorganisms in carcasses of colonial
chickens and verifying the possible points of contamination during the stages of the slaughter process, Gabaron et al. (2020) did
not identify the presence of Salmonella spp (Gabaron et al., 2020). Regarding Escherichia coli, coagulase negative
Staphylococcus and Klebsiella spp. the authors observed counts within the limit established by current legislation (Gabaron et
al, 2020). Likewise, Santos and Ferreira (2017) carried out a microbiological assessment of environmental air, utensils, handling
surfaces and the hands of handlers in a pig slaughterhouse (Barbieri et al., 2019). The authors observed the presence of aerobic
mesophiles and enterobacteria in ambient air samples and on handling surfaces, suggesting the possibility of cross-
contamination, and the presence of enterobacteria on the hands of the handlers (Santos & Ferreira, 2017).

The deboning process exposes meat to the environment, equipment and utensils, thus facilitating cross-contamination
by pathogenic microorganisms (Voloski et al., 2016). On the meat surface, the bacteria most commonly found on the meat
surface are Escherichia coli, Salmonella spp., Staphylococcus epidermidis, and Bacillus cereus (Sohaib et al., 2016).

Another procedure related to the microbial deterioration process is the packaging. When done in the presence of oxygen,
the growth and biochemical activity of aerobic microorganisms occurs (Voloski et al., 2016). However, it is worth mentioning
that microbial deterioration can be triggered under different conditions of handling and storage, by different types of bacteria
(Anas et al., 2019). In aerobic conditions and temperatures from 1 to 25°C, there is a stimulus for the growth of Pseudomonas
spp., Acinetobacter spp., Moraxella spp. Brochothrix, Flavobacterium, lactic acid bacteria, Micrococcus, Psychrobacter,
Pseudomonas, Staphylococcus and several genera of the Enterobacteriaceae family (Sohaib et al., 2016; Ghabraie et al., 2016;
Anas et al., 2019). Lactic acid bacteria (LAB) depend on pH, water activity, O, and carbon dioxide (CO) to develop (Anas et
al., 2019). They are mainly represented by heterofermentative species of mesophilic lactobacilli such as Lactobacillus casei spp.,
L. paracasei spp., L. rhamnosus spp. and L. plantarum spp. Pediococcus spp., Leuconostoc spp. and Micrococcus spp (Barbieri
et al., 2019; Pereira et al., 2020). In addition to sensory changes in meat, these bacteria are considered the main producers of
biogenic amines (BA), compounds originated from the decarboxylation of amino acids through microbial activities. It is also
known that BA can cause toxic effects in humans, with symptoms as headache, heart palpitations, vomiting, diarrhea, depending
on individual sensitivity (Barbieri et al., 2019), evidencing the importance of controlling the development of LAB in meat
products.

Another group of microorganisms that may be present in meat are fungi. These are found in low proportions in meat
and meat products, as they have less ability to compete for nutrients, compared to bacteria (Sohaib et al., 2016). According to
Sohaib et al. (2016), the main yeasts isolated from the meat surface are Candida mesenterica, Candida saitoana, Cryptococcus
albidus, Cryptococcus laurentii, Cryptococcus luteolus, Rhodotorula glutinoso and Rhodotorula mucilaginosa (Sohaib et al.,
2016). Despite the difficulty of competing for nutrients, some species of fungi have been associated with meat deterioration,
especially species capable to grow in the temperature range of -10 to -2 ° C, water activity of 0.80 and wide pH range, such as
Acremonium, Alternaria, Aspergillus, Cladosporium, Epicoccum and Penicillium (Sohaib et al., 2016). Black spots on the
product surface are characteristic of the so-called “black mold” and are more commonly caused by Cladosporium

cladosporioides, Cladosporium herbarum and Penicillium hirsutum (Sohaib et al., 2016).

3. Synthetic Preservatives in Meat and Meat Products

The use of preservatives is a strategy used by food industry to increase the shelf life of food, containing the deterioration
process (Ribeiro et al., 2019). They are usually synthetic additives that promote technological functions and should be used
taking into account the maximum permitted levels and conditions established by the FAO / WHO Committee of Specialists in

Food Additives, by the Food Chemicals Code or by the European Union, as specified in Brazilian regulation (Brasil, 2019).
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Sodium metabisulfite (MBS), butyl hydroxyanisol (BHA), butyl hydroxytoluene (BHT) and sodium nitrite are the main
preservatives used by the food industry to obtain a longer shelf life of products (Paschoal et al., 2019, Beya et al., 2021).

Although the use of preservatives is effective to extend shelf-life of meat and meat products, its application has been
questioned, due to possible toxicity associated to this compounds (Pateiro et al., 2018). Undesirable effects also include DNA
damages and mutations, elevation in blood lipids and cholesterol levels and formation of potentially mutagenic nitrosamines.
Such reactions can lead to the development of cancer, hives, rhinitis, changes in vision and respiratory problems (Ribeiro et al.,
2019).

MBS is an additive used mainly for its antimicrobial action and has been strongly related to damage to the cardiovascular
system (Natskoulis et al., 2018; Noorafshan et al., 2014). Noorafshan et al. (2014) carried out a study to evaluate the effects of
MBS on the cardiovascular system of rats for an eight-week period. The authors observed a 20% reduction in the total volume
of ventricular tissue in animals treated with MBS compared to the control treatment (P <0.02). Capillary volume and length were
reduced by 43% on average in rats treated with MBS compared to animals that received control treatment (P <0.02) (Noorafshan
et al., 2014). Cytotoxicity of MBS has also been reported. Yoo et al. (2018) during an in vitro assay, with human A549 alveolar
epithelial cells incubated with MSB at a concentration of 50 to 500 pg / ml, isolated and associated with propylene glycol (PG)
at a concentration of 31.25 to 1000 pg / ml. The authors also carried out an in vitro test with rats exposed to the inhalation of
these compounds. The cytotoxicity and subacute inhalation toxicity of each chemical and its mixtures were evaluated. It was
observed that MBS above 100 pug /mL induced significant cytotoxicity and when associated with PG, the cytotoxicity of the
mixture was increased. Inhalation of MBS and PG caused specific clinical signs, including nasal sounds, sneezing and eye
irritation, which were not found in the single exposure of MS. Total protein concentration and lactate dehydrogenase activity in
broncho alveolar lavage increased. Adverse effects were observed in the nasal cavity, with squamous cell metaplasia identified
in front of the nasal cavity in all high-exposure groups, which completely recovered 7 days after the end of the exposure,
demonstrating the toxicity of the interaction of the compounds (Yoo et al., 2018).

The assessment of the toxic effects of BHA has shown to be related to hormonal and neurological changes (Liu &
Mabury, 2020). Kang et al. (2005), when evaluating BHA's estrogenic and androgenic activity, administering it to immature rats
aged 20 days for three consecutive days, observed a reduction in the absolute and relative weights of the uterus (Kang et al.,
2005). Park et al. (2019) conducted an in vitro study with human astrocyte cells incubated in the presence of BHA 100 uL for
48 hours (Park et al., 2019). The authors observed a cytotoxic effect of astrocytes by promoting the accumulation of cytosolic
calcium and the stress of the endoplasmic reticulum in the cells (Park et al., 2019).

The toxic effects of BHT are also frequently studied (Liu & Maburi, 2020). An in vitro study with Ishikawa cells
demonstrated that BHT can suppress the basal expression of estrogen-responsive genes (Alofe et al., 2019). Another study
developed from a diet containing 0.05% or 0.5% BHT offered to C3H mice over 10 months, promoted the development of liver
tumors (Witschi, 1986).

The toxicity of sodium nitrite was demonstrated in a study developed by Ozen et al. (2014), who evaluated the effects
of the preservative by administering it to Swiss mice daily for 8 months (Ozen et al., 2014). The authors observed
histopathological changes, damage to nitrosative tissue and lipid peroxidation in the liver and kidneys, in addition to inducing
chromosomal aberrations (Ozen et al., 2014).

Considering these findings, there is a significant interest in natural additives as an alternative for the preservation of

meat and meat products (Lorenzo et al., 2018).
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4. Natural Compounds with Preservative Properties

Natural preservatives are defined as products obtained directly from a biological organism without laboratory
interference in their composition (Campélo et al., 2019). They are a source of bioactive compounds that can act in the prevention
of the deterioration process of meat and meat products, safely preserving its sensory and nutritional features (Aminzare et al.,
2019).

In this context, plants have been used as a raw material for obtaining preservatives, due to their composition rich in
metabolites that promote antioxidant and antimicrobial effects. In addition, compounds obtained from plants are considered
nutritionally safe and easily degraded (Mostafa et al., 2018). For its use in food, plants must go through an extraction process,
due to the large amount and diversity of metabolites presented (Panja, 2018).

The classification of natural compounds obtained from plants depends on the part of the plant used (Table 1).

Table 1. Classification of natural compounds obtained by plants.

Type of product Definition Examples of products Conventional methods of use
Herb Originating from the leaves of Rosemary, oregano, basil, Spices, teas, cosmetics and
erbs
plants. coriander, bay leaf, marjoram. herbal medicines

Originating from different parts . . .
) . Cinnamon, pomegranate, thyme, Spices, teas, cosmetics and
Spices of the plants (fruits, seeds, bark, o
cloves, nutmeg. herbal medicines
roots and shoots).

Essential oil of coriander seeds,
o Substances produced through the thyme, cloves (sprouts), sage, ) o
Essential oils . . Herbal cosmetics and medicines
secondary metabolism of plants. rosemary, oregano, cinnamon,

coriander.

Source: Adapted from Campélo et al. (2019).

Herbs refer to the leaves of plants, whereas spices are characterized as a product of different parts of the plant, with the
exception of leaves. Essential oils are derived from aromatic plants that have bioactive compounds normally produced by the
secondary metabolism of plants, produced by all parts of the plant and stored in cells, cavities, channels and trichomes (Campélo
etal., 2019).

Traditional methods for extracting compounds from herbs and spices are infusion, decoction, maceration, percolation,
reflux extraction and Soxhlet extraction (Panja, 2018). There are also advanced methods such as extraction of pressurized liquids,
extraction of supercritical fluid, extraction assisted by microwave, extraction assisted by ultrasound, extraction assisted by
enzymes and extraction of pulsed electric field (Panja, 2018). Different solvents can be used in the extraction process, such as
acetone, methanol, pure ethanol, 70, 80, and 90% ethanol, dimethyl sulfoxide and distilled or deionized water (Aminzare et al.,
2019).

For essential oils, vaporization and hydrodistillation are the most used methods for commercial extraction, however new
technologies have been studied, among them ultrasound-assisted extraction, ohmic-assisted extraction, pulsed electric field
extraction and micro-assisted extraction. waves. These techniques can be combined with each other to obtain essential oils in a

more ecological way, reducing the extraction time (Roohinejad et al., 2017).
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4.1 Antioxidant and antimicrobial capacity of a natural preservative

The antioxidant capacity of natural preservatives is related to their content in phenolic compounds, mainly phenolic
acids, phenolic diterpenes, flavonoids and volatile oils (Aminzare et al., 2019). Some phenolic compounds can prevent the
production of free radicals and the spread of oxidizing species, while eliminating other free radicals and chelate prooxidants
(transition metals). The redistribution of the reaction potential within an antioxidant molecule is related to the phenol ring with
resonant double bonds in its structure (Figure 2), which redistributes the reaction potential. This potential in oxidizing species is
very high, but when transferred to an antioxidant, its level drops in large proportions, thus interrupting the self-oxidation process
(Kumar et al., 2015; Huang & Ahn, 2019). While phenolic acids capture free radicals, flavonoids eliminate free radicals and
chelated metals (Fe?*, Fe3* and Cu?*), influencing the antioxidant potential of the compounds according to their structure and
pattern of functional groups (Kumar et al., 2015).

The mechanism of antimicrobial action of natural extracts and essential oils does not seem to be fully understood,
however, substances contained in these products can affect microbial cells by different mechanisms (Aziz & Karboune, 2018).
The hydrophobicity of the compounds present in natural extracts is one of the most important factors, as it allows them to cross
the cell wall and the cytoplasmic membrane of microorganisms, breaking the structure of their different layers of polysaccharides,
fatty acids and phospholipids, causing the permeabilization of membrane and its electrochemical disturbance (Hassoun & Coban,
2017). Another proposed mechanism is the effect on the phospholipid bilayer of the cell membrane, when there is the inhibition
of enzymatic systems that are responsible for the regulation of energy and synthesis of structural compounds of bacteria,
compromising their genetic material and resulting in the formation of fatty acid hydroperoxides (Calo et al., 2015; Aziz &

Karboune, 2018; Pateiro et al., 2018).

Figure 2 - Synthetic and natural antioxidants with at least one phenol ring with a -OH group in bond, necessary for the

stabilization of free radicals.
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9


http://dx.doi.org/10.33448/rsd-v10i14.21422

Research, Society and Development, v. 10, n. 14, €10101421422, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i14.21422

4.2 Natural compounds in the preservation of meat and meat products

Natural products have been used for many years as teas, spices and foods, due to the presence of compounds with
therapeutic effects, such as antioxidants, antimicrobial, antifungal, antitumor and anti-inflammatory drugs (Aminzare et al.,
2019). The use of bioactive compounds extracted from plants, whether essential oils and/or aqueous, alcoholic or hydroalcoholic
extracts, isolated or applied together with coating films, becomes of interest to delay the deterioration of meat and meat products

because they represent alternatives for the use of synthetic preservatives (Table 2) (Lachno et al., 2019).
4.2.1 Essential oils as preservatives in meat and meat products

Essential oils are compounds found in plants, acting in important biological functions such as those related to the
defense mechanism in microorganisms, insects and animals (Reis et al., 2020). Due to their rich composition in bioactive
compounds, capable of triggering a preservative action, essential oils have been used for several decades by the pharmaceutical

and cosmetic industry (Reis et al., 2020). Currently, its application has been explored in the conservation of meat products.

Table 2 — Main natural compounds obtained from plants for preservation of food products.

Plant Special metabolite Mechanism of action Reference

Polyphenols and catechins

o . (galocatechin, epicatechin, o o .
Camellia sinensis . . . . Antioxidant and antimicrobial Shah et al., 2018
epigallocatechin, epicatechin and

epigallocatechin gallate)

) S Carnosic acid, carnosol and o
Rosmarinus officinalis Antioxidant Vergara et al., 2021
rosmanol

Polyphenols, flavonoids, tannins Antioxidant, antimicrobial and
Curcuma longa o ) Huet al., 2017
and ascorbic acid antifungal

Curcumin, zingerone, shogaol and

Zingiber officinale ) Antioxidant and antimicrobial Hamad et al., 2016
gingerol
Cinnamomum o . ) .
) Polyphenols Antioxidant and antibacterial Raeisi et al., 2019
zeylanicum

) Carvacrol, thymol, p-cymene and Antioxidant, antibacterial and )
Origanum vulgare . Cui et al., 2019
y-terpenene anti-inflammatory

Source: Authors.

There is a great diversity of plants regarding their preservative action on meat and meat products. Among the main

species, rosemary (Rosmarinus officinalis), is a plant with recognized antioxidant and antimicrobial action (Aziz & Karboune,
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2018). Rosemary essential oil has bioactive compounds in its composition such as monoterpene hydrocarbons (camphene,
verbenene, a-pinene, B-pinene, limonene), oxygenated monoterpenes (1,8-cineole, linalool, camphor, borneol, verbenone) and
sesquiterpenes (B-caryophyllene), associated with its preservative effects (Jafari-Sales & Pashazadeh, 2020). Sirocchi et al.
(2017) investigated the effect of rosemary essential oil combined with modified atmosphere conditions on beef stored under
refrigeration. Based on microbiological data, the authors were able to observe a delay in the deterioration process, which extended
the shelf life of beef by approximately 10 days under storage conditions with a high level of O2 at 4°C. Similarly, Badia et al.
(2020) evaluated the effects of using rosemary and oregano essential oils on the development of LAB in vacuum-packed sausages
stored under refrigeration conditions. The authors observed that all treatments delayed the development of LAB and obtained
empirical models that relate the shelf life of the sausage and the growth rate of LAB with the concentration of essential oils,
opening the premise for further studies to assess the influence of essential oils on the shelf life of different meat industry products.
No sensory changes related to the addition of essential fundamentals were observed. (Sirocchi et al., 2017; Badia et al., 2020).

The oregano essential oil has polyphenols, carvacrol, thymol, p-cymene and y-terpenene in its composition, giving this
product characteristics related to the control of the oxidation reaction and microbial growth, which justifies its possible
application as a food preservative (Cui et al., 2019; Ulusoy et al., 2018). Ulusoy et al. (2018) evaluated the preservative effect
of oregano essential oil on cured, salted and dried goat meat samarella, a typical food from Cyprus. It was possible to observe a
delay in microbial development in the samples with the addition of 5% of oregano essential oil after the traditional drying method,
under the exposure of solar radiation (Ulusoy et al., 2018). Al-Hijazeen et al. (2018), demonstrated the preservative effect of
oregano essential oil in association with tannic acid, when added in different concentrations to chicken meat subsequently cooked
and stored under refrigeration. The authors observed that the concentrations of 200 ppm of oregano essential oil together with
10 ppm of tannic acid presented a delay in the oxidation process and smaller alterations in the sensory characteristics of the
chicken meat (Al-Hijazeen et al., 2018). Thus, it was possible to verify that the essential oil of oregano is a promising product
for application as a natural preservative for the meat industry (Ulusoy et al., 2018; Al-Hijazeen et al., 2018).

Ginger (Zingiber officinale) contains up to 3% of essential oil and is composed of curcumin, zingerone, shogaol and
gingerol, which provides a spicy flavor and therapeutic effect, the latter obtaining antimicrobial and antioxidant action (Saranya
et al., 2016, Rashid et al., 2017). Studies still claim proteolytic action, which can give meat tenderness (Rashid et al., 2017).
Considering chicken meat in their study, Hamad et al. (2016) added different levels of ginger essential oil and evaluated the
microbiological characteristics of chilled meat (Hamad et al., 2016). The authors observed that the samples containing ginger oil
at concentrations of 1250 and 6250 pg /mL, showed lower microbial development at 5 £ 2°C during 15 days of storage,
demonstrating the preservative effect of this natural product. Sensory changes in odor were observed in samples treated with
ginger essential oil, which presented an odor suggestive of the spice (Hamad et al., 2016). Hartanti et al. (2018) evaluated the
preservative effects of ginger essential oil alone or in association with lemon grass essential oil in chicken meat stored under
refrigeration conditions. In this study, the association of oils was more efficient in delaying microbial development than the
application of isolated oils. The authors found that chicken meat samples containing concentrations of 0.2% ginger essential oil
+ 2% lemongrass essential oil had an extended shelf life of 9 days, stored at 2-7°C (Hartanti et al., 2018).

Cinnamon (Cinnamomum zeylanicum) has polyphenols, such as vanillic, caffeic, gallic, protocatechoic, p-oceanic and
ferulic acid in its composition, which confer antioxidant and antibacterial action to the plant. This justifies its application as a
natural preservative in food products (Raeisi et al., 2019). Lyu et al., (2017) in order to demonstrate the effectiveness of using
cinnamon essential oil as a natural preservative, evaluated the effects of gamma radiation combined with the product on the
quality of Northern Snakehead fish fillets (Channa argus). The authors noted that microbial growth was retarded with increased
radiation doses and cinnamon oil concentration. It was also possible to observe the same trend in relation to the increase in the
radiation dose and concentration of cinnamon oil in the delay of the meat oxidation process during 8 days of storage at 4°C (Lyu
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et al.,, 2017). Similarly, Raeisi et al. (2019) observed the effect of cinnamon essential oil and rosemary essential oil by
incorporating both at a concentration of 5mg/ml, in edible coatings of alginate for chicken meat (Raeisi et al., 2019). Treatments
were applied alone or in associations. The combination of oils delayed the oxidation process of chicken meat during storage for
15 days under refrigerated conditions, demonstrating a great potential of the products as natural preservatives to increase the
shelf life of chicken meat. In sensory evaluations, it was observed that the addition of essential oils improved the aroma of the

samples and delayed the unpleasant odor resulting from the oxidation process during the storage period (Raeisi et al., 2019).

4.2.2 Vegetable extracts as preservatives in meat and meat products

Natural bioactive compounds can also be found in vegetable herbs and spices or even in their residues, which after the
extraction process, have a known antioxidant and antimicrobial action (Munekata et al., 2020). Thus, the application of plant
extracts in food preservation has been explored. In this context, plant extracts have been used in several meat products without
generating losses in quality and increasing the shelf life of the products (Ribeiro et al., 2019).

As already mentioned, rosemary (Rosmarinus officinalis) is one of the most studied plants regarding its antioxidant and
antimicrobial action in foods (Aziz & Karboune, 2018). In addition to essential oils, its extract could also be explored for its
preservative potential in meat and meat products (Pires et al., 2017; Alves et al., 2020). Pires et al. (2017) evaluated the storage
capacity of chicken meat hamburgers with the addition of rosemary and green tea extracts in comparison with the synthetic
antioxidant BHA (Pires et al., 2017). The addition of natural antioxidants did not affect the physicochemical and color parameters
of chicken burgers. After 120 days at -18°C, the sample containing 480mg of rosemary extract / kg remained without signs of
oxidative rancidity. The result was statistically similar to the sample containing 20mg BHA/kg, suggesting that rosemary extract
can be used as a natural preservative to replace BHA (Pires et al., 2017). Several other studies were carried out using rosemary
extract, alone or in combination, as a meat preservative and its derivatives. Considering fish meat in their study, Alves et al.
(2020) evaluated different natural antioxidants. Rosemary extract, oregano extract and basil extract at concentrations of 10% in
brine were added to evaluate the conservation capacity of tilapia fillets. The authors observed that the samples containing the
addition of extracts maintained their quality for 21 days, while the control treatment already showed signs of oxidative rancidity
during this time (Alves et al., 2020).

Green tea (Camellia sinensis) is a plant that has an abundant amount of phenolic compounds, with known antioxidant
and antimicrobial activities. Its technological application in food has shown promising results (Aziz & Karboune, 2018; Lorenzo
& Munekata, 2016). In a study evaluating the antimicrobial potential of green tea in duck meat preservation, Suradi et al. (2019)
observed that the 5% concentration of green tea showed better conservation in the face of microbial deterioration, maintaining
the physicochemical characteristics of duck meat, with the exception of color (Suradi et al., 2019). Mosavinezhad et al. (2020)
also found the preservative effects of green tea, considering chicken meat, by observing that the samples treated with Camelia
sinensis at 0.5% had better physicochemical parameters, less evidence of oxidative rancidity, microbial deterioration and sensory
alterations, demonstrating that the application of green tea extract as a preservative in duck and chicken meat can be efficient
(Mosavinezhad et al., 2020).

Turmeric is a spice derived from the rhizome of the Curcuma longa plant, which has about 235 chemical and bioactive
constituents, mainly represented by phenolic and terpenoid compounds, such as polyphenols, flavonoids, tannins and ascorbic
acid, which give the product antioxidant, antimicrobial and antifungal properties (Tanvir et al., 2017;.Hu et al., 2017). In a study
evaluating the effect of turmeric extract as a natural preservative in fresh lamb sausage, packaged in modified atmosphere with
fat replacement during storage at 2°C, Carvalho et al. (2020) observed an improvement in the antioxidant capacity of lamb
sausages, with a delay in the lipid oxidation process and generation of related volatile compounds, without great influence on
the physicochemical characteristics, except for a yellowish color. Thus, they were able to demonstrate that the use of turmeric
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extract can be a strategy to increase the shelf life of lamb sausages (Carvalho et al., 2020). Bojorges et al. (2020), also with the
objective of evaluating the use of turmeric extract as a food preservative, developed an alginate coating with the addition of the
extract as an active ingredient and applied it to pork loin, beef loin and chicken breast meats stored at 4° C. It was possible to
observe an important antioxidant effect during storage, with change only in the color in the physicochemical characteristics.
Thus, they could observe that the addition of turmeric extract as an active ingredient in an edible alginate coating can be a good
alternative for meat preservation (Bojorges et al., 2020). Aulia et al. (2019) demonstrated the effectiveness of turmeric by adding
its extract, at a concentration of 5%, to the meat of Lalawak fish (Barbodes balleroides), obtaining a lesser total bacterial count
of the product during 6 days of storage. This suggests that turmeric extract at 5% concentration has the ability to retard bacterial
growth in fish meat (Aulia et al., 2019). Similarly, Arshad et al. (2019) demonstrated the effectiveness of turmeric by using the
spice powder together with the application of gamma irradiation (2 kGy) on chicken meat (Arshad et al., 2019). The authors did
not detect total bacterial and coliform colony forming units in the groups treated with turmeric and gamma radiation for 14 days.
The treatment with only turmeric powder showed an antioxidant effect during the storage period. Thus, it was possible to verify
that the use of spice powder can also trigger a preservative effect during the storage of chicken meat (Arshad et al., 2019).
Ginger extract (Zingiber officinale) is rich in pungent compounds and has shown positive effects created by agents such
as antineoplastic, antispasmodic and antiemetic agents, enzyme inhibitors, anti-hemorrhagic agents, antifungal agents, neural
cell protectors, antirheumatics, microbicides, anti-inflammatory and antioxidants (Sousa et al., 2013). In addition to the
aforementioned preservative effects of ginger essential oil, the use of the plant extract as a food preservative was also studied.
Considering the use of meat from cull chickens for the production of sausages, added with ginger extract, Reshi et al. (2017)
observed an improvement in physicochemical and microbiological quality, with acceptable changes in sensory characteristics,
during 15 days of storage at 4°C, considering that the use of ginger extract can be an alternative for the conservation of sausages
made from chicken meat. Similarly, Draszanowska et al. (2020) evaluated the use of ginger when comparing the addition of its
rhizome in a formula containing 1% water and 1.5% of peeled and grated rhizome with the addition of sodium ascorbate, a
synthetic preservative used by the food industry in canned pork meat (Draszanownska et al., 2020). It was observed that during
days 0, 20 and 40, there was a similar antioxidant effect between the samples with the addition of ginger rhizome and the samples
with the addition of sodium ascorbate, demonstrating that the application of ginger as a preservative for canned pork meat can

be promising (Draszanownska et al., 2020).

5. Final Considerations

Oxidation processes and microbial development are the main factors that influence the deterioration of meat and its
products. The use of compounds obtained from plants for the preservation of these products has been a thoroughly researched
option in relation to synthetic products, due to the lower risk of toxicity and damage to consumers' health.

Several studies have shown promising results in the use of compost extracted from herbs and spices, especially essential
oils. These products can be good substitutes for synthetic preservatives due to their compositions rich in metabolites with
antioxidant and antimicrobial characteristics, in addition to their history of effectiveness when applied in meat products
technology. Therefore, one can consider a tendency to increase the consumption of meat and meat products with natural

preservatives, as they are safer and more efficient to contain the deterioration process.
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