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Abstract

Processed meat products play a vital role in our daily dietary intake due to their rich protein content and the
inherent convenience they offer. However, they often contain synthetic additives and ingredients that may pose health
risks when taken excessively. This review explores strategies to improve meat product quality, focusing on three key
approaches: substituting synthetic additives, reducing the ingredients potentially harmful when overconsumed like

salt and animal fat, and boosting nutritional value.

To replace synthetic additives, natural sources like celery and beet powders, as well as atmospheric cold plasma
treatment, have been considered. However, for phosphates, the use of organic alternatives is limited due to the low
phosphate content in natural substances. Thus, dietary fiber has been used to replicate phosphate functions by
enhancing water retention and emulsion stability in meat products. Reducing the excessive salt and animal fat has
garnered attention. Plant polysaccharides interact with water, fat, and proteins, improving gel formation and water
retention, and enabling the development of low-salt and low-fat products. Replacing saturated fats with vegetable oils

is also an option, but it requires techniques like Pickering emulsion or encapsulation to maintain product quality.

These strategies aim to reduce or replace synthetic additives and ingredients that can potentially harm health.
Dietary fiber offers numerous health benefits, including gut health improvement, calorie reduction, and blood glucose
and lipid level regulation. Natural plant extracts not only enhance oxidative stability but also reduce potential
carcinogens as antioxidants. Controlling protein and lipid bioavailability is also considered, especially for specific

consumer groups like infants, the elderly, and individuals engaged in physical training with dietary management.

Future research should explore the full potential of dietary fiber, encompassing synthetic additive substitution,
salt and animal fat reduction, and nutritional enhancement. Additionally, optimal sources and dosages of
polysaccharides should be determined, considering their distinct properties in interactions with water, proteins, and

fats. This holistic approach holds promise for improving meat product quality with minimal processing.

Keywords: nitrite, phosphate, sodium chloride, animal fat, nutrition, meat product
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Introduction

Meat products such as ham, sausage, and jerky are consumed worldwide because they not only supply high-
quality proteins but are also convenient to use. As consumers demand high-quality meat products, various studies

have been conducted to improve the quality properties of meat products [1,2].

Various quality factors are present in meat products and synthetic additives such as nitrites and phosphates are
added to improve the quality of meat products [3,4]. Owing to consumer concerns regarding the health hazards of
synthetic food additives, consistent efforts have been made to develop natural sources that can replace synthetic food
additives [5-7]. Sodium chloride (NaCl) is an essential ingredient in meat products because it enhances flavor and
solubilizes myofibrillar proteins, which is important for forming a gel that effectively holds water and fat as well as
possesses the desired texture [6,8]. However, high sodium intake is considered a detrimental factor for health [9].
Therefore, the reduction of NaCl in meat products without deterioration of quality is required [10]. Fat is an important
component in comminuted meat products. The addition of fat to comminuted meat products improves their flavor,
juiciness, and texture [11]. However, the replacement of animal fat in meat products is required because the intake of

animal fat containing high saturated fatty acids can lead to obesity and cardiovascular diseases [11-13].

Protein gels contain various compounds that can be used as carriers of them [14]. Therefore, enhancing the
nutritional value of meat products by the addition of health-beneficial compounds has recently attracted attention.
Many studies have attempted to replace synthetic additives, salts, and animal fat with natural sources that have
substances beneficial to health as well as the function of each object [15-17]. In addition, researchers have attempted

to control the digestibility of proteins and fats in meat products for improving the nutritional quality.

Therefore, the objective of this review was to report recent studies conducted to improve the quality of meat

products. In addition, future research directions for improving the quality of meat products are discussed.

Replacement of synthetic additives
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Various synthetic additives such as nitrite, phosphate, and antioxidants are used to produce meat products [3].
Among these, synthetic antioxidants have been effectively replaced by natural extracts containing phenolic

compounds. In this review, we discussed the replacement of nitrite and phosphate in meat products.

Nitrite

Nitrite is a multifunctional additive used in meat products. The addition of nitrite to meat products results in a
cured color and flavor, reduces lipid oxidation, and inhibits the growth of microorganisms, including Clostridium

botulinum [18,19]. Generally, replacing synthetic nitrite with natural nitrite is required.

The general method for replacing synthetic nitrite is the use of extracts or homogenates of natural plants after the
conversion of endogenous nitrate in plant to nitrite [18]. Various natural nitrite sources containing nitrate or nitrite
(pre-converted from nitrate), such as celery, beet, and spinach powders, have been reported. However, there are reports
of a lack of microbial safety in meat products containing natural nitrite sources [20]. The production of nitrite from
natural sources is limited, because it is determined by the nitrate content of the plant. Therefore, a large amount of
natural nitrite must be added to reach the level required to ensure the safety of meat products. However, the addition
of natural nitrite sources in meat products is limited to preventing undesirable effects of plant flavor on the flavor of
meat products [18-21]. Therefore, studies have been conducted to develop natural nitrite sources that have no
undesirable effects on the sensory quality of meat products. Recently, arugula extract (pre-conversion of nitrate to
nitrite) [1] and radish derivatives (pre-conversion of nitrate to nitrite) [23] were tested as natural nitrite sources in
fermented sausage and restructured cooked ham, respectively. No undesirable effects on the sensory quality of meat

products with a curing effect similar to that of sodium nitrite have been reported (Table 1) [1, 23].

A new concept using atmospheric cold plasma to replace synthetic nitrite has been reported [24,25]. Plasma is an
ionized gas containing reactive oxygen and nitrogen species [26, 27]. The reactive nitrogen species in the plasma can
produce nitrite by reacting with water molecules [28]. Therefore, atmospheric cold plasma has been used as a new
technology to produce natural nitrite sources because nitrite can be generated in natural substances with plasma
treatment, regardless of the nitrate content. Marcinkowska—Lesiak et al. [29] reported that plasma-activated milk
powder (treated with cold plasma and then freeze dried) contains 1,306 ppm of nitrite. Pork sausages have been
effectively cured using plasma-activated milk powder with reduced lipid oxidation, aerobic bacterial growth, and

desirable sensory quality [29]. Jo et al. [17] also observed that 4,870 ppm of nitrite was generated in winter mushroom

4



91
92
93

94
95
96
97
98
99
100
101

102
103
104
105
106
107
108
109

110

111
112
113
114
115
116

powder with cold plasma treatment, and ground ham cured by plasma-treated winter mushroom powder exhibited
physicochemical properties similar to those of ground ham cured with sodium nitrite. Jo et al. [26] reported no toxicity

in plasma-treated winter mushroom powders.

The curing molecule in meat products is nitric oxide degraded from nitrite via sequential chemical reactions [18].
In muscles, NO can be endogenously generated from l-arginine through the action of NO synthase. Luo et al. [30]
observed that nitrosylmyoglobin, a pigment for cured color, was formed in pork batter after the addition of L-arginine
and Lactobacillus fermentum and reported that it was caused by NO generation from L-arginine by the action of NO
synthase in Lactobacillus fermentum. Liu et al. [31] reported that the activity of nitric oxide synthase continued for 3
d postmortem. In addition, nitrosylmyoglobin was formed in pork batter owing to ultrasound treatment because
ultrasound treatment increased the calcium concentration in the cytoplasm and then activated calmodulin, which is a

protein that activates NO synthase [32].

As explained above, various methods have been reported to replace synthetic nitrite, such as the use of natural
nitrite sources, atmospheric cold plasma technology, and NO synthase systems. However, the antimicrobial activity
of the reported methods as substitutes for synthetic nitrites has not been suggested (Table 1). An important role of
nitrite in meat products is to control pathogenic bacteria, including Clostridium botulinum. Therefore, future studies
on the development of synthetic nitrite substances should investigate their antimicrobial activities against pathogenic
bacteria. However, care should be undertaken when using nitrite in meat products because it can form carcinogenic
nitroso compounds [33]. Therefore, methods for inhibiting nitrosamine formation in meat products must be

continuously developed.

Phosphate

Phosphates are multifunctional additives that are found in meat products. Various inorganic phosphates with chain
structures are permitted in the manufacturing of meat products. Although acidic phosphates, such as sodium acid
pyrophosphate (NazH.P»Oy), can be used as curing accelerators, the most phosphate used in meat products are alkaline
phosphates such as sodium pyrophosphate (NasP.O;) and sodium tripolyphosphate (NasP3O10) because of their
multifunctional roles and relatively high solubility compared to other phosphates [34]. Although inorganic phosphates

have low toxicity, an inorganic phosphate intake of less than 1,000 mg/day is recommended [35, 36].
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Unlike nitrite, the use of organic phosphate to replace synthetic phosphate (inorganic phosphate) is limited,
because natural substances possess low content of phosphate. Therefore, synthetic phosphate in meat products has
been replaced by substances with functions similar to those of phosphate in meat products. Alkaline phosphates
generally used in meat products improve the water-holding capacity, emulsion stability, textural properties, and

oxidation stability by increasing pH, dissociating actomyosin, increasing ionic strength, and chelating metal ions [36].

Dietary fiber is considered an alternative to phosphate in meat products. Dietary fiber has excellent water- and
fat-binding capabilities [37]. Therefore, it has been used to improve the water holding capacity and emulsion stability
of phosphate-free meat products [6, 38]. Yuan et al. [38] found a decrease in cooking loss and an increase in emulsion
stability with the inhibition of lipid oxidation in phosphate-free frankfurters with the addition of seaweed dietary fiber
(Table 2). In addition, the addition of winter mushroom powder (44.5% dietary fiber) to phosphate-free beef patties
resulted in a decrease in cooking loss and inhibition of lipid oxidation by increasing the pH of the batter and water
and fat binding [6, 39]. However, the addition of dietary fiber sources as phosphate alternatives to meat products did
not increase the solubility of myofibrillar proteins, which is an action of phosphate, and result in a decrease in the
hardness of gel products [6, 17]. Therefore, methods are needed to improve the solubility of myofibrillar proteins and
the formation of desirable gel structures in phosphate-free meat products using dietary fiber sources. Pinton et al. [40]
used ultrasound treatment with bamboo fiber in a phosphate-free meat emulsion and found that the emulsion stability
and textural properties were improved because of the improvement in water-holding capacity and the increase in
myofibrillar protein solubility by a modification in the protein structure. In addition, Jeong et al. [2] reported that hot-
boned pork had high solubility of myofibrillar protein, and pork gel manufactured using hot-boned pork and winter

mushroom powder without phosphate showed quality properties similar to those of pork gel containing phosphate.

An activity of phosphate in meat products is a dissociation of actomyosin formed in the postmortem muscle [34,
41]. High-pressure treatment improves the solubility of myofibrillar proteins by dissociating actomyosin [41, 42].
Guan et al. [42] reported that the stability of pork emulsions was improved when high-pressure processing and soy
protein isolate hydrolysates were used. However, Jeong et al. [43] reported that the strength of pork gel manufactured
from pork treated with high pressure was lower than that of the gel containing phosphate, although the actomyosin
content in pork and the solubility of myofibrillar proteins decreased and increased, respectively, with high-pressure
processing at 200 MPa. A previous study found that phosphate in meat products not only increased solubilized proteins
but also enhanced the stability of the gel structure through phosphate group-mediated interactions between proteins

6
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[44]. Therefore, the low gel strength with low structural stability in meat gels may be caused by phosphate-free systems,
although the water-holding capacity, emulsion stability, and protein solubility were improved using dietary fiber and

techniques such as ultrasound and high pressure.

Reduction of the ingredients potentially harmful when

overconsumed

NacCl

NaCl is an essential ingredient in meat products, especially comminuted meat products, because it provides
desirable textural properties and flavor in gel products. The addition of NaCl to meat products increases their ionic
strength and consequently solubilizes myofibrillar proteins [10]. Solubilized myofibrillar proteins act as emulsifiers
and form aggregated elastic gels that effectively hold water and fat [45]. In addition, CI~ increase net charges in
myofibrillar proteins and increase the water-holding capacity of meat products [39]. Generally, an addition of NaCl
at a level of 1.5-2.5% is required to obtain meat products of desirable quality. However, a high intake of Na* can
cause various diseases, such as hypertension and cardiovascular damage [8]. Therefore, efforts to reduce Na* levels
in meat products are ongoing. Many studies have investigated the effects of other chloride salts, such as potassium
chloride (KCI), calcium chloride, and magnesium chloride as substitutes for NaCl in meat products. Among the
chloride salts, KCI has similar properties to NaCl in terms of increased solubility of myofibrillar proteins and water-

holding capacity in meat products [46]. However, the bitter taste of KCI limits its widespread applications.

Various quality factors, such as the solubility of myofibrillar proteins, water-holding capacity, emulsion capacity
and stability, gel-formation capacity, salty flavor, and microbiological safety, deteriorate in low-salt meat products
[39, 47]. Recently, plant polysaccharides have attracted attention as substances for improving the quality of low-salt
meat products. Plant polysaccharides can be categorized into anionic, cationic, and neutral types based on their surface
charges and can directly interact with water, fat, and proteins [48]. Gao et al. [49] observed that the addition of konjac
glucomannan to low-salt myofibrillar protein gels increased gel strength by unfolding myofibrillar proteins and

promoting disulfide bonds in the gel matrix (Table 3). Zhao et al. [50] applied ultrasound-treated carrageenan to a
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low-salt chicken meat paste. They also reported that carrageenan improved the solubility of myofibrillar proteins
through the interaction between carrageenan and protein, and the water-holding capacity through the interaction
between carrageenan and water molecules. The application of ultrasound with plant polysaccharides in low-salt meat
products not only improves the solubility of myofibrillar proteins but also improves microbiological safety, which can
be a problem in low-salt meat products [50, 51]. Gao et al. [51] found that the combination of guar gum and ultrasound
treatment in low-salt chicken myofibrillar protein emulsions synergistically improved emulsion stability by increasing

emulsion viscosity and reducing droplet size.

The use of non-meat proteins in meat products improves their quality because of their emulsion and gel-forming
capacities. Li et al. [52] observed a decrease in cooking loss and an increase in the hardness of low-salt pork
myofibrillar protein gels when soy protein isolate was added with high hydrostatic pressure treatment. The use of
chicken bone powder, a byproduct, to improve low-salt pork batter was investigated by Zhan et al. [53]. They found
that the Ca?* ions released from chicken bone transformed the conformation of myofibrillar proteins and consequently
increased the hardness and chewiness with a decrease in the cooking loss of pork gel. However, the fat in the pork gel

was not effectively holed by chicken bone powder [53]

Quality deterioration of low-salt meat products is primarily caused by the low solubility of myofibrillar proteins.
The solubility of myofibrillar proteins in raw meat is an important processing property. Defective meat, such as PSE,
has lower solubility of myofibrillar proteins, and consequently, its use results in quality deterioration of meat products
[54, 55]. Therefore, the selection of raw meat with high myofibrillar protein solubility is extremely important to
manufacture low-salt meat products. Various techniques have been developed to predict meat quality [56,57]. The
selection of raw meat with proven quality using prediction techniques can effectively improve the quality of low-salt

meat products.

Animal fat

Animal fat is a common ingredient in emulsion-type meat products. The addition of animal fat improves the
processing yield, textural properties, and flavor of meat products, and 20-30% fat cooperates with emulsion-type meat

products. However, excessive intake of animal fat containing saturated fatty acids in the human diet can cause various
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diseases, such as obesity, cardiovascular diseases, and cerebrovascular diseases [58]. Therefore, along with increasing
interest in low-fat meat products, researches have focused on the maintaining of the overall quality while reducing fat

content [11-13].

Reducing fat in meat products induces quality deterioration in terms of texture and flavor. Therefore, substances
that compensate for the low quality of low-fat meat products are required. Plant polysaccharides are promising
substitutes for fats. Bohrer et al. [59] found that a reduction in fat from 20% to 5% in beef batter resulted in decreased
hardness and chewiness (Table 4). They applied microcrystalline cellulose as a fat substitute in beef batter containing
5% fat and observed the improvement of textural properties compared to those of beef batter with 20% fat [59].
Pietrasic and Soladove [60] used pea starch to improve the quality of low-fat bologna and reported that cooking loss
decreased and hardness and chewiness increased. Sodium alginate was investigated as a fat replacement in frankfurters,
in which the fat content was reduced from 18% to 3% with the addition of a sodium alginate solution [61]. Kang et al.
[61] reported that sodium alginate in reduced-fat frankfurters led to the unfolding of the myofibrillar protein, transit
of the-helix into other secondary structural forms, and formation of a network with a myosin tail, and found an increase

in the cooking yield and hardness of reduced-fat frankfurters.

Vegetable oils are considered healthier lipids than animal fat because they contain more unsaturated fatty acids
than animal fat. However, the addition of vegetable oils to meat products results in quality deterioration because the
added oils are not effectively retained in the gel structures of the meat products. Recently, the use of structured or
solidified oils, such as protein- or polysaccharide-based emulsions and Pickering emulsions, as alternatives to animal
fat has increased [62, 63]. Zhao et al. [62] found that frankfurters containing a 7% pork back fat and 7% quinoa protein
emulsion (protein:soybean oil, 3:1) had textural properties similar to those of frankfurters containing 14% pork back
fat. In addition, the sensory properties of reduced fat (pork back fat) frankfurters do not differ from those of high-fat
frankfurters [62]. Rezaee and Aider [63] used a Pickering emulsion manufactured using canola oil, canola protein,
and xanthan as replacements for animal fat. The replacement of beef fat at 50% by a Pickering emulsion in the gel of
mechanically separated meat showed no differences in cooking yield, firmness, or elasticity of the gel [63]. In addition,
lipid oxidation in gels containing Pickering emulsions was inhibited during storage compared with gels containing

animal fat [63].
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Reinforcement of nutritional value

In previous sections, we discussed strategies to reduce or replace synthetic additive and ingredients in meat
products that could potentially harm human health. There are also direct methods for enhancing the nutritional value
of meat products by adding natural ingredients that exhibit health benefits.

Dietary fiber, as a substitute for synthetic additives or saturated fats, can also be integrated into meat products to
promote better health. Incorporating dietary fiber into meat products has the potential to lower the calorie content per
serving, aiding in weight management [64]. Notably, dietary fiber plays a positive role in human gut health. As dietary
fiber remains undigested by human enzymes in the small intestine, it passes through the digestive tract intact, reaching
the colon and supporting the growth of beneficial gut microbiota. Moreover, sufficient fiber intake can add bulk to the
stool, aiding in maintaining regular bowel movements and preventing constipation [65]. Furthermore, research has
indicated that dietary fiber may contribute to preventing chronic diseases by reducing serum lipid levels and blood
pressure as well as regulating blood glucose concentrations to manage diabetes [66]. Among the various types of
dietary fiber that are incorporated into meat products, carrageenan is often used for its stability under cold and freeze—
thaw conditions and water-binding properties, and oat, soy, pea, psyllium, cellulose, and vegetable fibers are suitable
choices for enhancing meat products [64, 67]. Dietary fibers such as pectin, glucans, cellulose derivatives, inulin,
chitosan, and gums have emerged as natural emulsifiers, effectively stabilizing lipid droplets through their surface-
active properties at the oil-water interface and enhancing viscosity in the continuous phase [66]. Incorporating these
natural emulsifiers not only bolsters the stability of meat products but also presents potential health benefits through
improved emulsion properties. However, further investigations are required to explore the direct effects of dietary
fiber addition to meat products on human health.

Interestingly, the primary nutrients in meat that can potentially cause adverse health effects are protein and fat.
This susceptibility arises from the excessive oxidation of fats and proteins during processing, storage, and cooking,
resulting in the formation of carcinogens [68,69]. Consequently, studies have been conducted to mitigate oxidation
and reduce potentially carcinogenic compounds by altering the raw meat characteristics or incorporating natural
antioxidants. The presence of saturated fatty acids and cholesterol in meat products has raised concerns among
consumers regarding health issues and cardiovascular diseases [58]. As a result, verifying the fatty acid profiles of
meat has garnered attention. A study conducted an examination of the fatty acid composition of grain- and grass-fed
beef rich in saturated fatty acids reported that grass-fed beef exhibited a reduction of 2,773 mg in total saturated fatty

acids compared with grain-fed beef [70]. Additionally, grass-fed beef has an elevated content of n-3 polyunsaturated
10
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fatty acids, which offer enhanced health benefits. The authors noted that grass-fed beef provided heightened protection
against cardiovascular diseases. Furthermore, Zhang et al. [71] explored the influence of probiotics in feed and
revealed the augmented presence of arachidonic acid, eicosapentaenoic acid, and gamma-linolenic acid in sheep meat,
leading to an improved fatty acid composition. The increased content of unsaturated fatty acids contributes to a
reduction in low-density-lipoprotein cholesterol, commonly referred to as 'bad' cholesterol, while concurrently
elevating high-density lipoprotein cholesterol. High-density lipoprotein cholesterol facilitates the removal of excess
cholesterol from the bloodstream, thereby reducing the risk of cardiovascular disease [72]. Moreover, n-3 fatty acids
are recognized for their anti-inflammatory properties and potential to enhance brain function [71]. Consequently, a
higher n-3 fatty acid content has the potential to increase the nutritional value of meat products.

Although increasing the presence of unsaturated fatty acids in meat products imparts health advantages, it also
introduces potential concerns related to lipid oxidation. Lipid oxidation is primarily driven by processes such as free-
radical chain reactions, metal ion-catalyzed oxidation, and photooxidation, ultimately yielding oxidative byproducts
that can have adverse health implications, such as mutagenic and genotoxic effects [73]. Given the inherent antioxidant
properties of plant extracts, the incorporation of natural antioxidants has been shown to prevent oxidative progress in
meat products [74,75]. In a study by Kim et al. [76], the introduction of loquat leaf extract into restructured beef jerky
effectively inhibited lipid and protein oxidation during storage through the radical scavenging and chelating capacities
of the extract. Lee et al. [77] compared 25 natural extracts and highlighted the potency of Nelumbo Nucifera Gaertner
extract in reducing lipid oxidation in pork sausages during storage. However, a different perspective emerged from
the studies by Bae et al. [74] and Yoon et al. [75], where the use of plant extracts as natural curing agents paradoxically
led to an increase in lipid oxidation during storage due to a reduction in residual nitrite content due to the incorporation
of antioxidants. Hence, there is a crucial need to comprehensively understand the effects and underlying mechanisms
of action of plant extracts in processed meat products, specifically their effects on oxidation.

Antioxidants play a significant role in inhibiting the generation of potential carcinogens in meat products. As part
of the processing, meat products often undergo curing and smoking. However, when these products are cooked at high
temperatures, the formation of carcinogenic compounds such as polycyclic aromatic hydrocarbons (PAHS), N-nitroso
compounds, and nitrosamines can be triggered [78]. PAHs are hydrocarbon molecules characterized by multiple
benzene rings. Although lighter PAHs with two or three rings (such as naphthalene, fluorine, and acenaphthene) are
less toxic owing to their volatility, more stable and heavy PAHSs (such as pyrene, chrysene, and fluoranthene) tend to

exhibit greater toxicity [68]. In addition, nitrosamines often arise in meat products through reactions between nitric
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oxide or nitrite and nitrozable substrates such as secondary amines [69]. The primary mechanism of inhibiting the
generation of PAHs and N-nitroso compounds is the ability of antioxidants to scavenge free radicals [68,79]. Cho et
al. [80] demonstrated that the addition of a 0.4% Perilla frutescens extract to pork patties hindered both lipid oxidation
and PAH formation. Similarly, Shen et al. [81] found that adding 2.5% green tea extract to roasted ducks substantially
suppressed PAH formation by 79.7%, owing to its abundant phenol content. Deng et al. [82] reported that the inclusion
of apple polyphenols (0.03%) in dry-fried bacon reduced N-nitrosomethyl phenylamine formation and mitigated lipid
and protein oxidation. By incorporating natural antioxidants, the production of harmful oxidative byproducts and
reactive species can be minimized, and the consumption of these antioxidants can also yield additional health benefits
for individuals by reducing oxidative stress and promoting the overall well-being.

As meat is a protein-rich food, assessing its nutritional value often involves evaluating protein quality through
amino acid composition and protein bioavailability. Although meat exhibits excellent protein digestibility in the
human body, digestibility can be altered during processing or storage. This is particularly important for specific groups
such as infants, older adults, and patients, where low digestibility might be a challenge, necessitating efforts to enhance
protein digestibility in meat and meat products to optimize post-intake utilization and digestion efficiency [83].
Enhanced protein digestibility in meat is frequently achieved through both thermal and nonthermal treatments. High-
temperature cooking (>100 °C) during processing can lead to reduced digestibility, owing to muscle fiber shrinkage
and protein coagulation. In contrast, mild cooking temperatures (60—80 °C) promote digestibility by facilitating protein
unfolding [84]. As a result, studies exploring methods such as sous-vide cooking [85,86], application of pressure
during heating to induce meat protein dissociation [87], and optimization of conventional cooking techniques (stewing,
grilling, roasting, frying, etc.) have been undertaken [88-90]. Nonthermal treatments may involve conventional aging
and nonthermal technologies [91]. Conventional aging enhances the in vitro protein digestibility of beef [92], and a
recent study by Lee et al. [93,94] revealed that pre-freezing prior to aging can further accelerate beef protein
degradation, leading to even greater in vitro protein digestibility. Non-thermal technologies induce changes in native
intra-/intermolecular interactions, altering secondary, tertiary, and quaternary structures, thereby affecting the
digestive properties of meat [83]. Non-thermal methods such as high-pressure processing [91], pulsed electric field
[95], and ultrasound [96] have also been reported to enhance protein digestibility in meat. However, it is important to
approach non-thermal techniques with caution, as alterations in protein oxidation and denaturation can be substantial,

even in the absence of heat-induced changes, necessitating careful investigation of the appropriate conditions [83].
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In addition, the enhancement of the attributes of meat products can involve the modification of lipid digestibility.
A notable challenge in reducing animal fat content is the potential deterioration of sensory qualities. Given that fats
considerably contribute to the sensory appeal of meat products, a novel approach has been proposed to reduce the
digestion and absorption rates of fats without directly decreasing their content [66]. In this approach, lipid
encapsulation is widely used, involving the direct emulsification of lipid sources with stabilizing agents such as
biopolymers and low-molecular-weight surfactants [97,98]. The reduction in lipid digestibility and digestion rates
using post-encapsulation is mainly attributed to hindered diffusion and limited access of lipases to lipid droplets [66].
Santiaguin-Padilla et al. [99] examined the encapsulation of pork fat in meat emulsions with pectin and observed a
20% reduction in triglyceride degradation during in vitro digestion. Similarly, Cofrades et al. [100] employed 1%
methylcellulose in pork lard emulsions and reported an 18% decrease in the extent of lipolysis after encapsulation.
Diao et al. [101] used glycerolysis of triacylglycerol in pork lard to transform it into diacylglycerol with lower fat
accumulation in the human body. The lipid digestibility of lard emulsion enriched with diacylglycerol surpassed that
of conventional pork lard; however, the researchers observed that a higher diacylglycerol content could potentially
reduce fat accumulation in the body after absorption [101]. Although many studies have focused on the encapsulation
of lipid sources with functional ingredients in food emulsions [63, 98, 102], the application of encapsulated fats in

meat products and the resulting changes in lipid digestibility should be further investigated in the future studies.

Summary

Meat products can supply high-quality protein to humans and are very important in the meat industry in terms of
promoting the added value of fresh meat. Improvement in the quality of meat products is required in various aspects
to meet consumer needs.

After reviewing recent literature, we identified three strategies for improving meat product quality: replacement
of synthetic additives, reduction of unhealthy ingredients, and reinforcement of the nutritional value of meat products.
We observed that the substances containing dietary fiber used in all three strategies had various functions. To replace
synthetic additives, natural plant powders can be converted into natural nitrite sources by cold plasma treatment.
Natural plant powders have been shown to replace phosphate in meat products because of their water- and fat-binding
abilities. Plant polysaccharides improve the quality of low-salt meat products by improving the water-holding capacity
and emulsion stability through interactions between polysaccharides and water, protein, or fat. Emulsions of vegetable

oils, proteins, and polysaccharides have shown a good ability to substitute animal fat in meat products. In addition,
13



338
339
340
341
342
343
344
345
346
347
348

349

350
351

352

dietary fiber has various biological functions that prevent various diseases in the human body. Therefore, the addition
of dietary fiber substances to meat products improves their quality by replacing nitrite and phosphate, reducing salt
and fat, and reinforcing nutritional values. However, the use of dietary fiber sources in meat products has mostly been
conducted for one objective such as synthetic additive replacement or the reduction of unhealthy ingredients.

In future studies, we believe that the effect of dietary fiber sources in meat products must be investigated for their
multifunctional roles as both substitutes for synthetic additives and partial substitutes for salt and animal fat, as well
as for nutritional value improvement. In addition, polysaccharides have different properties in terms of surface charge
and activity of water, proteins, and fat molecules. Therefore, optimal sources and dosages for the quality of meat
products must be determined. This is an appropriate method to improve the quality of meat products with minimal

processing.

Acknowledgement

This work was supported by research fund of Chungnam National University.

14



353

354
355
356

357
359

360

361
362

363
364
365

366
367
368

369
370

371
372

373
374

375
376

377
378
379

380
381

References

1. Serdaroglu M, can H, Sari B, Kavusan HS, Yilmaz FM. Effects of natural nitrite sources from arugula and barberry
extract on quality characteristic of heat-treated fermented sausages. Meat Sci. 2023;109090.
https://doi.org/10.1016/j.meatsci.2022.109090

2. Jeong HG, Jo K, Lee S, Yong HI, Choi YS, Jung S. Characteristics of pork emulsion gel manufactured with hot-
boned pork and winter mushroom powder without phosphate. Meat Sci. 2023; 109070.
https://doi.org/10.1016/j.meatsci.2022.109070

3. Sebranek JG. Basic curing ingredients. In Ingredients in meat products (pp. 1-23). Springer, New York, NY. 2009

4. Honikel KO. The use and control of nitrate and nitrite for the processing of meat products. Meat Sci. 2008;78: 68-
76. https://doi.org/10.1016/j.meatsci.2007.05.030

5.Jung S, Lee CW, Lee J, Yong HI, Yum SJ, Jeong HG, et al. Increase in nitrite content and functionality of ethanolic
extracts of Perilla frutescens following treatment with atmospheric pressure plasma. Food Chem. 2017;237:191-
197. https://doi.org/10.1016/j.foodchem.2017.05.095

6. Jeong HG, Jung DY, Jo K, Lee S, Choi YS, Yong HI, et al. Alternative of phosphate by freeze- or oven-dried winter
mushroom powder in beef patty. Food Sci Anim Resour. 2021;41:542-553.
https://doi.org/10.5851/kosfa.2021.e18

7. Lee S, Choi YS, Jo K, Jeong HG, Yong HI, Kim TK, et al. Processing characteristics of freeze-dried pork powder
for meat emulsion gel. Food Sci Anim Resour. 2021;41:997-1011. https://doi.org/10.5851/kosfa.2021.e51

8. Desmond E. Reducing salt: A challenge for the meat industry. Meat Sci. 2006;74:188-196.
https://doi.org/10.1016/j.meatsci.2006.04.014

9. Ruusunen M, Puolanne E. Reducing sodium intake from meat products. Meat Sci. 2005;70:531-541.
https://doi.org/10.1016/j.meatsci.2004.07.016

10. Jeong HG, Kim J, Lee S, Jo K, Yong H, Choi YS et al. Differences in pork myosin solubility and structure with
various chloride salts and their property of pork gel. J Anim Sci Technol. https://doi.org/10.5187/jast.2023.e7

11. Bhrer BM, lzadifar M, Barbut S. Structural and functional properties of modified cellulose ingredients and their
application in reduced-fat meat batters. Meat Sci. 2023;195:109011.
https://doi.org/10.1016/j.meatsci.2022.109011

12. Jayarathna GN, Jayasena DD, Mudannayake DC. Garlic inulin as a fat replacer in vegetable fat incorporated low-
fat chicken sausages. Food Sci Anim Resour. 2022;42:295-312.

15


https://doi.org/10.1016/j.meatsci.2022.109090
https://doi.org/10.1016/j.meatsci.2007.05.030
https://doi.org/10.5851/kosfa.2021.e51
https://doi.org/10.1016/j.meatsci.2004.07.016
https://doi.org/10.5187/jast.2023.e7
https://doi.org/10.1016/j.meatsci.2022.109011

382
383
384

385

386
387
388

389
390

391
392
393

394
395

396
397
398

399
400
401

402
403
404

405
407
408
409

410
411

412
413

13. Kang ZL, Xie JJ, Li YP, Song WJ, Ma HJ. Effects of pre-emulsified safflower oil with magnetic field modified
soy 11S globulin on the gel, rheological, and sensory properties of reduced-animal fat pork batter. Meat Sci.
2023;198:109087.

14. Xiong YL. Muscle proteins. In Proteins in food processing (pp100-118). CRC Press, New York, NY. 2000.

15. Bae SM, Heong DH, Gwak SH, Kang S, Jeong JY. Effects of Dongchimi powder as a natural nitrite source on
quality properties of emulsion-type sausages. Food Sci Anim Resour. 2023;43:502-511.
https://doi.org/10.5851/kosfa.2023.e12

16. Yoon J, Bae SM, Jeong JY. Effects of nitrite and phosphate replacements for clean-label ground pork products.
Food Sci Anim Resour. 2023;43:232-244. https://doi.org/10.5851/kosfa.2022.e71

17. Jo K, Lee S, Jo C, Jeon HJ, Choe JH, Choi YS et al. Utility of winter mushroom treated by atmospheric non-
thermal plasma as an alternative for synthetic nitrite and phosphate in ground ham. Meat Sci. 2020;166:108151.
https://doi.org/10.1016/j.meatsci.2020.108151

18. Jo K, Lee S, Yong HI, Choi YS, Jung S. Nitrite sources for cured meat products. LWT-Food Sci Technol.
2020;129:109583. https://doi.org/10.1016/j.1wt.2020.109583

19. Van der Veken D, Poortmans M, Dewulf L, Fraeye I, Michiels C, Leroy F. Challenge tests reveal limited outgrowth
of proteolytic Clostridium Botulinum during the production of nitrate-and nitrite-free fermented sausages. Meat
Sci. 2023;200:109158. https://doi.org/10.1016/j.meatsci.2023.109158

20. Sebranek JG, Jackson-Davis AL, Myers KL, Lavieri NA. Beyond celery and starter culture: Advances in
natural/organic  curing  processes in  the United States. Meat Sci. 2012;92:267-273.
https://doi.org/10.1016/j.meatsci.2012.03.002

21.Jung S, Kim HJ, Park S, Yong HI, Choe JH, Jeon HJ et al. The use of atmospheric pressure plasma-treated water
as a source of  nitrite for emulsion-type  sausage. @ Meat  Sci. 2015;108:132-137.
https://doi.org/10.1016/j.meatsci.2015.06.009

22.Jin SK, Kim GD. Effects of nitrite-rich and pigment-rich substitutes for sodium nitrite on the quality characteristics
of  emulsion-type  pork  sausages during cold storage. Meat Sci. 2023;201:109193.
https://doi.org/10.1016/j.meatsci.2022.109090

23. Guimaraes AS, Guimaraes JS, Rodrigues LM, Fontes PR, Ramos AdLS, Ramos EM. Assessment of Japanese
radish derivatives as nitrite substitute on the physicochemical properties, sensorial profile, and consumer
acceptability of restructured cooked hams. Meat Sci. 2022;192:108897.
https://doi.org/10.1016/j.meatsci.2022.108897

24. Jayasena D, Kang T, Wijayasekara K, Jo C. Innovative application on cold plasma technology in meat and its
products. Food Sci Anim Resour. 2023. https://doi.org/10.5851/kosfa.2023.e31

16


https://doi.org/10.5851/kosfa.2023.e12
https://doi.org/10.5851/kosfa.2022.e71
https://doi.org/10.1016/j.meatsci.2020.108151
https://doi.org/10.1016/j.lwt.2020.109583
https://doi.org/10.1016/j.meatsci.2023.109158
https://doi.org/10.1016/j.meatsci.2012.03.002
https://doi.org/10.1016/j.meatsci.2015.06.009
https://doi.org/10.1016/j.meatsci.2022.109090
https://doi.org/10.1016/j.meatsci.2022.108897
https://doi.org/10.5851/kosfa.2023.e31

414
415
416

417
418
419

420
421

422
423

424
425
426

427
428
429

430
431

432
433
434

435
436
437

438
439

440
441

442
443

444
445
446

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

Lee HJ, Heo Y, Kim HJ, Baek KH, Yom DG, Sethukali AK et al. Bactericidal effect of combination of atmospheric
pressure plasma and nisin on meat products inoculated with Escherichia coli O157:H7. Food Sci Anim Resour.
2023;43:402-411. https://doi.org/10.5851/kosfa.2022.e73

Jo K, Lee S, Yong HI, Choi YS, Baek KH, Jo C et al. No mutagenicity and oral toxicity of winter mushroom
powder treated with  atmospheric  non-thermal plasma. Food Chem. 2021;338:127826.
https://doi.org/10.1016/j.foodchem.2020.127826

Jo K, Lee J, Lee S, Lim Y, Choe YS, Jo C et al. Curing of ground ham by remote infusion of atmospheric non-
thermal plasma. Food Chem. 2020;309:125643. https://doi.org/10.1016/j.foodchem.2019.125643

Lee J,Jo K, Lim Y, Jeon HJ, Choe JH, Jo C et al. The use of atmospheric pressure plasma as a curing process for
canned ground ham. Food Chem. 2018;240:430-436. https://doi.org/10.1016/j.foodchem.2017.07.148

Marcinkowska-Lesiak M, Wojtasik-Kalinowska I, Onopiuk A, Stelmasiak A, Wierzbicka A, Poltorak A. Plasma-
activated milk powder as a sodium nitrite alternative in pork sausages. Meat Sci. 2022;192:108880.
https://doi.org/10.1016/j.meatsci.2022.108880

Luo H, Li P, Zhang H, Diao X, Kong B. Nitrosylmyoglobin formationin meat by Lactobacillus fermentum
AS1.1880 is due to its  nitric oxide synthase activity. Meat Sci. 2020;166:108122.
https://doi.org/10.1016/j.meatsci.2020.108122

Liu R, Li YP, Zhang WG, Fu QQ, Liu N, Zhou GH. Activity and expression of nitric oxide synthase in pork
skeletal muscles. Meat Sci. 2015;99:25-31. https://doi.org/10.1016/j.meatsci.2014.08.010

Ledes YSV, Lorenzo JM, Seibt ACMD, Pinton MB, Robalo SS, Mello RDO et al. Do ultrasound form
spontaneously nitrous pigments in nitrite-free  pork meat batter? Meat Sci. 2023;203:109231.
https://doi.org/10.1016/j.meatsci.2023.109231

Deng S, Shi S, Xia X. Effect of plant polyphenols on the physicochemical properties, residual nitrites, and N-
nitrosamine formation in dry-fried bacon. Meat Sci. 2022;191:108872.
https://doi.org/10.1016/j.meatsci.2022.108872

Long NHBS, Gal R, Buiika F. Use of phosphates in meat products. African J Biotechnol. 2011;10:19874-19882.
https://doi.org/ 10.5897/AJBX11.023

Ritz E, Hahn K, Ketteler M, Kuhimann MK, Mann J. Phosphate additives in food-a health risk. Dtsch Arztebl Int
2012;109:49-55. https://doi.org/10.3238/arztebl.2012.0049

Molina RE, Bohrer BM, Mejia SMV. Phosphate alternatives for meat processing and challenges for the industry:
A critical review. Food Res Int. 2023;166:112624. https://doi.org/10.1016/j.foodres.2023.112624

Williams BA, Mikkelsen D, Flanagan BM, Gidley MJ. “Dietary fibre”: moving beyond the “soluble/insoluble”
classification for monogastric nutrition, with an emphasis on humans and pigs. J Animal Sci Biotechnol.
2019;10:45. https://doi.org/10.1186/s40104-019-0350-9

17


https://doi.org/10.5851/kosfa.2022.e73
https://doi.org/10.1016/j.foodchem.2020.127826
https://doi.org/10.1016/j.foodchem.2019.125643
https://doi.org/10.1016/j.foodchem.2017.07.148
https://doi.org/10.1016/j.meatsci.2022.108880
https://doi.org/10.1016/j.meatsci.2020.108122
https://doi.org/10.1016/j.meatsci.2014.08.010
https://doi.org/10.1016/j.meatsci.2023.109231
https://doi.org/10.1016/j.meatsci.2022.108872
https://doi.org/10.5897/AJBX11.023
https://doi.org/10.3238/arztebl.2012.0049
https://doi.org/10.1016/j.foodres.2023.112624

447
448
449

450
451

452
454

455
456
457

458
459
460

461
462

463
464
465

466
467
468

469
470

471
472
473
475
476

477
478

38. Yuan D, Xu 'Y, Kong B, Cao C, Zhang F, Xia X, et al. Application of seaweed dietary fiber as a potential alternative
to  phosphates in frankfurters with  healthier profiles. Meat Sci. 2023;196: 109044.
https://doi.org/10.1016/j.meatsci.2022.109044

39. Jo K, Lee J, Jung S. Quality characteristics of low-salt chicken sausage supplemented with a winter mushroom
powder. Korean J Food Sci Anim Resour. 2018;38:768-779. https://doi.org/10.5851/kosfa.2018.e15

40. Pinton MB, Lorenzo JM, Seibt ACMD, Santos BAD, Rosa JLD, Correa LP, et al. Effect of high-power ultrasound
and bamboo fiber on the technological and oxidative properties of phosphate-free meat emulsions. Meat Sci.
2022;193:108931. https://doi.org/10.1016/j.meatsci.2022.108931

41. Jo K, Lee S, Jeong HG, Lee DH, Yoon S, Chung Y, et al. Utilization of electrical conductivity to improve
prediction accuracy of cooking loss of pork loin. Food Sci Anim Resour. 2023;43:113-123.
https://doi.org/10.5851/kosfa.2022.e64

42. Guan H, Diao X, Liu D, Han J, Kong B, Liu D, et al. Effect of high-pressure processing enzymatic hydrolysates
of soy protein isolate on the emulsifying and oxidative stability of myofibrillar protein-prepared oil-in-water
emulsions. J Sci Food Agric. 2020;10:3910-3919. https://doi.org/10.1002/jsfa.10433

43. Jeong SKC, Lee S, Jo K, Choi YS, Jung S. Quality properties of pork gel manufactured by the pork treated with
high hydrostatic pressure without phosphate. Food and Life 2023;1:29-38. https://doi.org/10.5851/f1.2023.e3

44. Chen J, Ren Y, Zhang K, Qu J, Hu F, Yan Y. Phosphorylation modification of myofibrillar proteins by sodium
pyrophosphate affects emulsion gel formation and oxidative stability under different pH conditions. Food &
Function. 2019;10:6568-6581. https://doi.org/10.1039/C9FO01397K

45. Gao Y, Luo C, Zhang J, Wei H, Zan L, Zhu J. Konjac glucomannan improves the gel properties of low salt
myofibrillar protein through modifying protein conformation. Food Chem. 2022;393:133400.
https://doi.org/10.1016/j.foodchem.2022.133400

46. Aprilia GHS, Kim HS. Development of strategies to manufacture low-salt meat products-a review. J Anim Sci
Technol. 2022;64:218-234. https://doi.org/10.5187/jast.2022.e16

47. Kim TK, Yong HI, Cha JW, Kim YJ, Jung S, Choi YS. Effects of protein functionality on myofibril protein-
saccharide graft reaction. Food Sci Anim Resour. 2022;42:849-860. https://doi.org/10.5851/kosfa.2022.e36

48. Yang X, Li A, Li X, Sun L, Guo Y. An overview of classifications, properties of food polysaccharides and their
links to applications in improving food textures. Trends in Food Sci Technol. 2020;102:1-15.
https://doi.org/10.1016/j.tifs.2020.05.020

49. Gao Y, Luo C, Zhang J, Wei H, Zan L, Zhu J. Konjac glucomannan improves the gel properties of low salt
myofibrillar protein through modifying protein conformation. Food Chem. 2022;393:133400.
https://doi.org/10.1016/j.foodchem.2022.133400

18


https://doi.org/10.1016/j.meatsci.2022.109044
https://doi.org/10.5851/kosfa.2018.e15
https://doi.org/10.1016/j.meatsci.2022.108931
https://doi.org/10.5851/kosfa.2022.e64
https://doi.org/10.1016/j.meatsci.2023.109231
https://doi.org/10.5851/fl.2023.e3
https://doi.org/10.1039/C9FO01397K
https://doi.org/10.1016/j.foodchem.2022.133400
https://doi.org/10.1016/j.lwt.2022.114230
https://doi.org/10.1016/j.lwt.2022.114230
https://doi.org/10.5851/kosfa.2022.e36
https://doi.org/10.1016/j.tifs.2020.05.020
https://doi.org/10.1016/j.foodchem.2022.133400

479
480
481

482
483
484

485
486
487

488

490

491

492
493

494
495

496
497

498
499
500

501
502

503
504

505
506

507
508

509
510

50.

Sl

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Zhao X, Zhou C, Xu X, Zeng X, Xing T. Ultrasound combine with carrageenan and curdlan addition improved
the  gelation  properties of low-salt chicken meat  paste. LWT  2022;172:114230.
https://doi.org/10.1016/j.Iwt.2022.114230

Gao T, Zhao X, Li R, Bassey A, Bai Y, Ye K et al. Synergistic effects of polysaccharide addition-ultrasounds
treatment on the emulsified properties of low-salt myofibrillar protein. Food Hydrocoll. 2022:123;107143.
https://doi.org/10.1016/j.foodhyd.2021.107143

Li YP, Kang ZI, Sukmanov V, Ma HJ. Effects of soy protein isolate on gel properties and water holding capacity
of low-salt pork myofibrillar protein under high pressure processing. Meat Sci. 2021;176:108471.
https://doi.org/10.1016/j.meatsci.2021.108471

Zhang J, Zhu L, Li H, Tang H, Yang H, Zhao K et al. Effects of micro-/nano-scaled chicken bones on heat-induced
gel properties of low-salt pork batter: physicochemical characteristics, water distribution, texture, and
microstructure. Food Chem. 2022;373:131574. https://doi.org/10.1016/j.foodchem.2021.131574

Suliga P, Abie SM, Egelandsdal B, Alvseike O, Johny A, Kathiresan P et al. Beyond standard PSE testing: An
exploratory study of bioimpedance as a marker for ham defects. Meat Sci. 2022;194:108980.
https://doi.org/10.1016/j.meatsci.2022.108980

Seo JK, Ko J, Park J, Eom JU, Yang HS. Effect of pig breed and processing stage on the physicochemical
properties of dry-cured loin. Food Sci Anim Resour. 2021;41:402-415. https://doi.org/10.5851/kosfa.2021.e5

Jo K, Lee, S, Jeong HG, Lee DH, Kim HB, Seon KH, et al. Prediction of cooking loss of pork belly using quality
properties of pork loin. Meat Sci. 2022;194:108957. https://doi.org/10.1016/j.meatsci.2022.108957

An J, Li Y, Zhang C, Zhang D. Rapid nondestructive prediction of multiple quality attributes for different
commercial meat cut types using optical system. Food Sci Anim Resour. 2022;42:655-671.
https://doi.org/10.5851/kosfa.2022.e28

Forouhi NG, Krauss RM, Taubes G, Willett W. Dietary fat and cardiometabolic health: evidence, controversies,
and consensus for guidance. BMJ. 2018;361:k2139. https://doi.org/10.1136/bmj.k2139

Bohrer BM, lzadifar M, Barbut S. Structural and functional properties of modified cellulose ingredients and their
application in reduced-fat meat batter. Meat Sci. 2023;195:109011. https://doi.org/10.1016/j.meatsci.2022.10901

Pietrasik Z, Soladoye OP. Use of native pea starches as an alternative to modified corn starch in low-fat bologna.
Meat Sci. 2021;171:108283. https://doi.org/10.1016/j.meatsci.2020.108283

Kang ZL, Wang TT, Li YP, Li K, Na HJ. Effect of sodium alginate on physical-chemical, protein conformation
and sensory of low-fat frankfurters. Meat Sci. 2020;162:108043. https://doi.org/10.1016/j.meatsci.2019.108043

Zhao S, Yuan X, Yang L, Zhu M, Ma H. The effects of modified quinoa protein emulsion as fat substitutes in
frankfurters. Meat Sci. 2023;202:109215. https://doi.org/10.1016/j.meatsci.2023.109215

19


https://doi.org/10.1016/j.lwt.2022.114230
https://doi.org/10.1016/j.foodhyd.2021.107143
https://doi.org/10.1016/j.meatsci.2021.108471
https://doi.org/10.1016/j.foodchem.2021.131574
https://doi.org/10.1016/j.meatsci.2022.108980
https://doi.org/10.5851/kosfa.2021.e5
https://doi.org/10.1016/j.meatsci.2022.108957
https://doi.org/10.5851/kosfa.2022.e28
https://doi.org/10.1136%2Fbmj.k2139
https://doi.org/10.1016/j.meatsci.2022.10901
https://doi.org/10.1016/j.meatsci.2020.108283
https://doi.org/10.1016/j.meatsci.2019.108043
https://doi.org/10.1016/j.meatsci.2023.109215

511
512
513

514
515

516
517

518
519

520
521

522

524

525
526

527
528
529

530
531
532

533

535

536
537

538
539
540

541
542
543

63.Rezaee M, Aider M. Study of the effect of canola proteins-xanthan based Pickering emulsion as animal fat replacer

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

in a food matrix produced from mechanically separated meat. Meat Sci. 2023;204:109283.
https://doi.org/10.1016/j.meatsci.2023.109283

Kim H, Paik HD. Functionality and application of dietary fiber in meat products. Food Sci Anim Resour.
2012;232:695-705. https://doi.org/10.5851/KOSFA.2012.32.6.695

Biswas AK, Kumar V, Bhosle S, Sahoo J, Chatli MK. Dietary fibers as functional ingredients in meat products
and their role in human health. Int J Livest Prod. 2011;2:45-54. https://doi.org/10.5897/1JLP.9000007

Lee S, Jo K, Jeong SKC, Choi YS, Jung S. Strategies for modulating the lipid digestion of emulsions in the
gastrointestinal tract. Crit Rev Food Sci Nutr. 2023:1-16. https://doi.org/10.1080/10408398.2023.2215873

Talukder S. Effect of dietary fiber on properties and acceptance of meat products: a review. Crit Rev Food Sci
Nutr. 2015;55:1005-1011. https://doi.org/10.1080/10408398.2012.682230

Babaoglu AS. Assessing the Formation of Polycyclic Aromatic Hydrocarbons in Grilled Beef Steak and Beef
Patty with Different Charcoals by the QUEChERS Method with Gas Chromatography-Mass Spectrometry. Food
Sci Anim Resour. 2023. https://doi.org/10.5851/kosfa.2023.e38

XieY, Geng Y, Yao J, Ji J, Chen F, Xiao J, Hu X, Ma L. N-nitrosamines in processed meats: Exposure, formation
and mitigation strategies. J Agric Food Res. 2023:100645. https://doi.org/10.1016/j.jafr.2023.100645

Nogoy KMC, Sun B, Shin S, Lee Y, Li XZ, Choi SH, Park S. Fatty acid composition of grain-and grass-fed beef
and their nutritional value and health implication. Food Sci Anim Resour. 2022;42:18-33.
https://doi.org/10.5851/kosfa.2021.e73

Zhang Y, Yao D, Huang H, Zhang M, Sun L, Su L, Su L, Zhao L, Guo Y, Jin, Y. Probiotics increase intramuscular
fat and improve the composition of fatty acids in Sunit sheep through the AMPK signaling pathway. Food Sci
Anim Resour. 2023. https://doi.org/10.5851/kosfa.2023.e37

Bergeron N, Chiu S, Williams PT, M King S, Krauss RM. Effects of red meat, white meat, and nonmeat protein
sources on atherogenic lipoprotein measures in the context of low compared with high saturated fat intake: a
randomized controlled trial. Am J Clin Nutr. 2019;110:24-33. https://doi.org/10.1093/ajcn/nqz035

Dominguez R, Pateiro M, Gagaoua M, Barba FJ, Zhang W, Lorenzo JM. A comprehensive review on lipid
oxidation in meat and meat products. Antioxidants. 2019;8;429. https://doi.org/10.3390/antiox8100429

Bae SM, Gwak SH, Yoon J, Jeong JY. Effects of lemon extract powder and vinegar powder on the quality
properties of naturally cured sausages with white kimchi powder. Food Sci Anim Resour. 2021;41:950-966.
https://doi.org/10.5851/kosfa.2021.e48

Yoon J, Bae SM, Gwak SH, Jeong JY. Use of green tea extract and rosemary extract in naturally cured pork
sausages  with  white  kimchi  powder. Food Sci  Anim  Resour.  2021;41:840-854.
https://doi.org/10.5851/kosfa.2021.e41

20


https://doi.org/10.1016/j.meatsci.2023.109283

544
545
546

547
548
549
550

552

553
555
556

557
558

559
560
561

562
563
564

565
566

567
568
569

570
571
572
573

575

576
578

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Kim SM, Kim TK, Kang MC, Cha JY, Yong HI, Choi YS. Effects of loquat (Eriobotrya japonica Lindl.) leaf
extract with or without ascorbic acid on the quality characteristics of semi-dried restructured jerky during
storage. Food Sci Anim Resour. 2022;42:566. https://doi.org/10.5851/kosfa.2022.e19

Lee J, Sung JM, Cho HJ, Woo SH, Kang MC, Yong HI, Kim TK, Lee H, Choi YS. Natural extracts as inhibitors
of microorganisms and lipid oxidation in emulsion sausage during storage. Food Sci Anim Resour. 2021;41:1060.
https://doi.org/10.5851/kosfa.2021.e58

Bouvard V, Loomis D, Guyton KZ, Grosse Y, El Ghissassi F, Benbrahim-Tallaa L, Guha N, Mattock H, Straif K.
Carcinogenicity of consumption of red and processed meat. Lancet Oncol. 2015;16:1599-1600.
https://doi.org/10.1016/S1470-2045(15)00444-1

Lu J, Li M, Huang Y, Xie J, Shen M, Xie M. A comprehensive review of advanced glycosylation end products
and  N-Nitrosamines in thermally processed meat products. Food Control. 2022;131:108449.
https://doi.org/10.1016/j.foodcont.2021.108449

Cho J, Barido FH, Kim HJ, Kwon JS, Kim HJ, Kim D, Hur SJ, Jang A. Effects of extract of perilla leaves on the
quality characteristics and polycyclic aromatic hydrocarbons of charcoal barbecued pork patty. Food Sci Anim
Resour. 2023;43:139-156. https://doi.org/10.5851/kosfa.2022.e67

Shen X, Huang X, Tang X, Zhan J, Liu S. The Effects of different natural plant extracts on the formation of
polycyclic aromatic hydrocarbons (PAHS) in roast duck. Foods. 2022;11:2104.
https://doi.org/10.3390/foods11142104

Deng S, Shi S, Xia X. Effect of plant polyphenols on the physicochemical properties, residual nitrites, and N-
nitrosamine formation in dry-fried bacon. Meat Sci. 2022;191:108872.
https://doi.org/10.1016/j.meatsci.2022.108872

Lee S, Choi YS, Jo K, Yong HI, Jeong HG, Jung S. Improvement of meat protein digestibility in infants and the
elderly. Food Chem. 2021;356:129707. https://doi.org/10.1016/j.foodchem.2021.129707

Bhat ZF, Morton JD, Bekhit AEDA, Kumar S, Bhat HF. Thermal processing implications on the digestibility of
meat, fish and seafood proteins. Compr Rev Food Sci Food Saf. 2022;20:4511-4548.
https://doi.org/10.1111/1541-4337.12802

Baugreet S, Gomez C, Auty MA, Kerry JP, Hamill RM, Brodkorb A. In vitro digestion of protein-enriched
restructured beef steaks with pea protein isolate, rice protein and lentil flour following sous vide processing.
Innov Food Sci Emerg Technol. 2019;54:152-161. https://doi.org/10.1016/j.ifset.2019.04.005

Bhat ZF., Morton JD, Zhang X, Mason SL, Bekhit AEDA. Sous-vide cooking improves the quality and in-vitro
digestibility of Semitendinosus from culled dairy cows. Food Res Int. 2020;127:108708.
https://doi.org/10.1016/j.foodres.2019.108708

Ku SK, Kim J, Kim SM, Yong HI, Kim BK, Choi YS. Combined effects of pressure cooking and enzyme treatment
to enhance the digestibility and physicochemical properties of spreadable liver sausage. Food Sci Anim
Resour. 2022;42:441. https://doi.org/10.5851/kosfa.2022.e14

21



579
580
581

582
583
584

585
586
587

588
590

591
592

593
594

595
596
597

598
599
600

601
602
603

604
605
606

607
608
609

610
611
612
613

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Feng Q, Jiang S, Feng X, Zhou X, Wang H, Li Y, Wang J, Tang S, Chen Y, Zhao, Y. Effect of different cooking
methods on sensory quality assessment and in vitro digestibility of sturgeon steak. Food Sci Nutr. 2020;8:1957-
1967. https://doi.org/10.1002/fsn3.1483

Kaur L, Maudens E, Haisman DR, Boland MJ, Singh H. Microstructure and protein digestibility of beef: The
effect of cooking conditions as wused in stews and curries. LWT. 2014;55:612-620.
https://doi.org/10.1016/j.lwt.2013.09.023

Rakotondramavo A, Rabesona H, Brou C, de Lamballerie M, Pottier L. Ham processing: effects of tumbling,
cooking and high pressure on proteins. Eur Food Res Technol. 2019;245:273-284.
https://doi.org/10.1007/s00217-018-3159-4

Xue S, Wang C, Kim YHB, Bian G, Han M, Xu X, Zhou G. Application of high-pressure treatment improves the
in vitro protein  digestibility of gel-based meat product. Food Chem. 2020;306:125602.
https://doi.org/10.1016/j.foodchem.2019.125602

Lee S, Jo K, Lee HJ, Jo C, Yong HI, Choi YS, Jung S. Increased protein digestibility of beef with aging in an
infant in vitro digestion model. Meat Sci. 2020;169:108210. https://doi.org/10.1016/j.meatsci.2020.108210

Lee S, Jo K, Jeong HG, Yong HI, Choi YS, Kim D, Jung S. Freezing-then-aging treatment improved the protein
digestibility of beef in an in vitro infant digestion model. Food Chem. 2021;350:129224

Lee S, Jo K, Jeong HG, Choi YS, Jung S. Changes in beef protein digestibility in an in vitro infant digestion model
with prefreezing temperatures and aging periods. Heliyon. 2023;9.
https://doi.org/10.1016/j.foodchem.2021.129224

Bhat ZF, Morton JD, Mason SL, Bekhit AEDA. Pulsed electric field operates enzymatically by causing early
activation of calpains in beef during ageing. Meat Sci. 2019;153:144-151.
https://doi.org/10.1016/j.meatsci.2019.03.018

Luo M, Shan K, Zhang M, Ke W, Zhao D, Nian Y, Wu J, Li C. Application of ultrasound treatment for improving
the quality of infant meat puree. Ultrason sonochem. 2021;80:105831.
https://doi.org/10.1016/j.ultsonch.2021.105831

Hur SJ, Lee SY, Lee SJ. Effect of biopolymer encapsulation on the digestibility of lipid and cholesterol oxidation
products in  beef during in vitro human  digestion. Food @ Chem.  215;166:254-260.
https://doi.org/10.1016/j.foodchem.2014.06.009

Infantes-Garcia MR, Verkempinck SHE, Saadi MR, Hendrickx ME, Grauwet T. Towards understanding the
modulation of in vitro gastrointestinal lipolysis kinetics through emulsions with mixed interfaces. Food Hydrocoll.
2022;124:107240. https://doi.org/10.1016/j.foodhyd.2021.107240

Santiaguin-Padilla AJ, Pefia-Ramos EA, Pérez-Gallardo A, Rascén-Chu A, Gonzalez-Avila M, Gonzalez-Rios H,
Gonzélez-Noriega JA, Islava-Lagarda, T. In vitro digestibility and quality of an emulsified meat product
formulated with animal fat encapsulated with pectin. J Food Sci. 2019;84:1331-1339.
https://doi.org/10.1111/1750-3841.14626

22



614 100. Cofrades S, Saiz A, Pérez-Mateos M, Garcimartin A, Redondo-Castillejo R, Bocanegra, A, Benedi J, A lvarez
615 MD. The influence of cellulose ethers on the physico-chemical properties, structure and lipid digestibility of
616 animal fat emulsions stabilized by soy protein. Foods. 2022;11:738. https://doi.org/10.3390/foods11050738

617  101. Diao X, Guan H, Kong B, Liu D, Zhang Y. In vitro digestion of emulsified lard-based diacylglycerols. J Sci Food
618 Agric. 2021;101:3386-3393. https://doi.org/10.1002/jsfa.10968

619 102. Chen XW, Zhang H, Li XX, Sun SD. Edible HIPE-Gels and oleogels formed by synergistically combining natural

620 triterpenoid  saponin  and  citrus  dietary  fiber.  Carbohydr  Polym.  2023;305:120499.
621 https://doi.org/10.1016/j.carbpol.2022.120499
622

23



623
624
625

626
627

628

629
630

Tables

Table 1. Recent studies for the replacement of synthetic nitrite in meat products.

Ingredients/tech Meat
nolodies product Effects Mechanism Reference
g type
Arugula extract Fermented  Development of cured Nitrite converted Serdaroglu et al.
(pre-converted  sausage ;"lgr o op i ff,‘t’mtendogenous [1]
. eduction of lipi nitrate
:]I:?mer;ltrate to oxidation
Itri
Celery powder Pork Improyement of color Nitrite converted Jin and Kim
(pre-converted emulsion Undeiltfable texture fr‘ct)mt endogenous [22]
from nitrateto ~ sausage properties fitrate
nitrite)
Radish Restructure  Development of cured Nitrite converted Guimaraes et al.
derivatives (pre- d cooked IC\?IOT tesirable 1 fr,‘t’mt endogenous  [93]
converted from ham o undesirable flavor nitrate
nitrate to nitrite)
Milk powder Pork Development of cured .Gene.ration of nitrite  Marcinkowska-
(cold plasma sausage color . in milk by cold Lesiak et al.
treated) Inhibition of lipid plasma treatment, [29]
oxidation Addition of more
Inhibition of total aerobic  protein
bacteria growth
Desirable texture property
Winter Ground Development of cured Generation of nitrite  Jo et al. []_7]
mushroom ham color in winter mushroom
Inhibition of lipid homogenate by cold
B?Q’S\Ig]? t$2212 d) oxidation plasma treatment
L-arginine and Pork meat Generatign of nitrosyl- Prgduction ofnitric  Luo et al. [30]
Lactobacillus batter myoglobin, oxide
fermentum increase in red color
Ultrasound Pork meat Generati(?n of nitrosyl- Prgduction of nitric  |Ledes et al. [32]
treatment batter myoglobin, oxide from L-

increase in red color

arginine in pork
meat using
ultrasound
treatment
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Table 2. Recent studies for the replacement of inorganic phosphate in meat products.

Ingredients/tech Meat
no?o i product Effects Mechanisms Reference
g type
Seaweed Frankfurter - Decrease in cooking ~ Improvement of Yuan et al. [38]
dietary fiber loss water holding
- Increase in emulsion  capacity
stability Increase of
+ Improvement in antioxidant activity
textural properties
+ Inhibition of lipid
oxidation
Winter Beef patty - Decrease in cooking  Increase of pH Jeong et al. [6]
mushroom loss Improvement of
+ Inhibition of lipid water holding
powder oxidation capacity
+ Reduced hardness Increase of
antioxidant activity
Hot-boned pork  Pork gel * Decrease in cooking  Increase of pH Jeong et al. [2]
with winter loss Improvement of
+ Reduced hardness water holding
mushroom capacity
pOWder Increase of
antioxidant activity
Low actomyosin
content
Bamboo fiber Meat * Increase in emulsion  Increase of pH Pinton et al.
and ultrasound  emulsion ;tablhty g Imft’“’;’lefl‘é?m of [40]
+ Improvement in water holding
treatment textural properties capacity
Modification of
protein structure
Soy protein Pork + Increase in emulsion ~ Improved Guan et al. [42]
isolate emulsion activity and stability interaction
+ Inhibition of lipid between lipids and
hYd rOI_ysateS oxidation proteins
with high + Decrease in droplet Increase of
pressure size antioxidant activity
processing
High pressure Pork gel * Increase in Actomyosin Jeong et al. [43]
processing myofibrillar protein dissociation
solubility

- Low gel strength
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Table 3. Recent studies for the reduction of sodium chloride.

Ingredients/tec Meat
hn%lo ies product Effects Mechanisms Reference
g type
Konjac Beef - Increase in the gel Unfoldir}g of . Gao et al. [49]
glucomannan  myofibrillar strength ?Y"ﬁbtf,‘”af Emtems
: romotion o
protein gel disulfide bonds in
0.3 :\)/l the gel matrix
NaC
Carrageenan Chicken - Decrease of cooking Increase in . Zhao et al. [50]
with ultrasound meat paste loss myofibrillar protein
(1.0% + Improvement of solubility via
V70 texture properties ultrasound treatment
NaCl) and interaction
between
carrageenan and
proteins
Improvement in
water holding
capacity by the
hydrogen bond
between
carrageenan and
water molecule
Guar gum Chicken * Improvement Of Increase in emulsion ~ Gao et al. [51]
with ultrasound  myofibrillar emulsion stability E‘SSOS?,Y e dronet
. eduction of drople
protein size
emulsion
(1.0%
NaCl)
Soy protein Pork + Decrease of cooking Improvement of Lietal. [52]
isolate with myofibrillar }oss Cof galtg,r and fat )
high pressure  protein gel e olding capactty
) exture properties
processing (1.0%
NaCl)
Micro-/nano- Pork batter * Decrease of cooking Promotion of Zhang et al. [53]
scaled chicken  (0.5% }OSS hand protein ‘t).rdefgy
+ Increase of hardness aggregation by
bone NaCl) and chewiness conformational

transition of protein
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Table 4. Recent studies for the reduction of animal fat.

Ingredients/te  Meat .
gredie Effects Mechanisms Reference
chnologies product type
Microcrystalli  Beef batter Improvement in texture  Increase in water Bohrer et al.
ne cellulose (5% fat) properties holding and gel [59]
rigidity
Pea starch Bologna * Improvement in Increase in water Pietrasik and
(18% fat) cooking yield holding capacity Soladoye [60]
Improvement in Gel forming ability
hardness and chewiness
Sodium Frankfurter - Improvement in Increase in water Kang et al. [61]
alginate (10% fat) cooking yield holding capacity
* Improvement in Interaction between
hardness myosin tail and
alginate
Quinoa Frankfurter - No differences in Increase in water Zhao et al. [62]
protein (50% fat cooking yield, texture holding capacity
. properties, and sensorial Interaction between
emUIS!OrT replacement properties quinoa protein and
(prOtem - ) water molecules
soybean oil, Conformation of
3:1, V/V) uniform and
compact gel
structure
Canola Mechanicall ~ - No differences in Specific Rezaee and
proteins- y Separated cooking yield and mechanisms were Aider [63]
xanthan based meat gel textural properties not reported
Pickeri 50 gf (firmness and elasticity)
IC el’_l ng ( o fat - Increase in unsaturated
emulsion replacement fatty acid composition

)

- Decrease in lipid

oxidation
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