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Abstract
Meat tenderness is one of the quality parameters that affect the tough muscle and changes
into soft meat, which is characterized by, increased the palatability, juiciness, and flavor
of the meat, the process is known as meat tenderization. According to literature reports,
meat can be tenderized by using different methods. The tenderize meat gives rise to
customer satisfaction and repeated buyers that improve the value of the meat industry as
well as the restaurants. The most widely used methods for tenderization of meat are
mechanical, electrical stimulation, application of exogenous proteolytic enzyme, and
thermal treatment methods. All these methods result in tenderization of meat that reduces
the cooking times, hardness of meat and chewiness of meat products, that can increase
meatiness, flavor, and overall palatability. Therefore, an attempt has been made to review
the different meat tenderization methods concerning their effectiveness, economic value,
and mode of action. The toughness of the meat is reduced during mechanical method by
disrupting the structure of the meat and weakening the protein network in muscles.
Whereas, in case of enzymatic treatment tenderization is achieved by hydrolyzing the
meat protein, which reduces the bonding between muscles and results in softening of the
meat.

1. Introduction
The quality of meat is multi-dimensional concept
where the value of meat and meat products are
determined based on different factors such as ethical and
social (organic vs. conventional and animal welfare),
symbolic and cultural (religion, e.g. pork or beef vs.
lamb; halal vs. non-halal), nutritional (health aspects),
organoleptic (texture, flavor and color) and functionality
(table cuts vs. processing) (Miller et al., 2001; Neethling
et al., 2017). Organoleptic (sensory) quality plays a
significant role regarding marketability basis while
others become more important once the meat is cooked
such as flavor and tenderness. After the slaughter of the
animal, rigor mortis shorten muscle protein fibers
causing the meat to become tough. After 48 hrs of rigor
mortis, biochemical changes take place in the meat that
results in tender or soft meat that satisfies the need of the
consumer, and the process is called tenderization. One of
the fundamental problems facing the meat industry is
tenderness of meat and meat product aspect to quality
basis (Koohmaraie, 1996). It is arguably qualities
characteristic which affecting consumer satisfaction and
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positive perception of meat. Among the meat quality
parameters, tenderness and juiciness are the most
important characteristics (Risvik, 1994; Kuypers and
Kurth, 1995; Wood et al., 1995; Ergezer and Gokce,
2011). There are two primary components of skeletal
muscle which determines the tenderness of the meat. The
one is contractile tissue, which is mainly the myofibrillar
fraction, and the other is connective tissue fraction,
which determines the fixed or “background
toughness” (Tarrant, 1998). The onset of rigor mortis
causes myofibrillar toughness in the carcass and
enzymatic break down contractile protein contractile
proteins in post slaughtered meat muscles causes
tenderization of the meat (Naveena et al., 2011). By their
specific behavior, collagen, the main constituent of
perimysium, and the myofibrillar system are the main
substances responsible for the hardness modifications
observed in the cooking of meat (Dransfield, 1977;
Lepetit et al., 2000; Purslow, 2005; Jacques Lepetit,
2008). However, many authors attribute to connective
tissue proteins, particularly those in the perimysium, a
significant role in meat texture (Lepetit and Culioli,
1994; Kuypers and Kurth, 1995; Purslow, 2005; Jacques
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Lepetit, 2008). To evaluating tenderness, sensory
analysis is one of the standard method and its replaced
by instrumental measurement of mechanical properties
Among this device Warner-Bratzle is used to measure
fiber shear resistance, while texture profile analysis
(TPA) provides functional correlations with sensorial
descriptors (Szczesniak et al., 1963; Purchas et al., 2004;
De Huidobro et al., 2005). A variety of chemical,
physical and mechanical methods have been introduced
for tenderizing meat. All these methods have advantages
and disadvantages based on their effect on meat during
tenderization. Traditional aging relies on endogenous
protease, and its effectiveness varies between animals
slaughtering and its time for consumption (Koohmaraie,
1994).

The present study aimed at evaluating the effects of
different methods (mechanical, chemical, and enzymatic)
on the meat tenderization. Physical and chemical
methods have been developed for assessing tenderness of
the meat. Physical methods include penetrating, biting,
measuring force for shearing, stretching, mincing, and
compressing. Those chemical methods have evolved the
determination of connective tissue, its solubility
(Mahendrakar et al., 1989) and enzymatic digestion.
The objective of this review is to add knowledge of
the different way of tenderization of meat and meat
product that plays an essential role in the meat industry,
in restaurants and as well as tenderization of meat using
at home in daily life.
2. Meat tenderization
Meat quality is defined by those traits that consumer
perceives as desirable which includes both visual and
sensory apart from safety, health and more intangible
traits such as ‘clean' and ‘green’ or welfare status of the
production system. There are several quality parameters
of meat among which tenderness is the most critical
organoleptic characteristics of meat that defined as the
toughness and resistance to cut. Meat tenderness is the
most difficult to predict, but it is essential for meat
quality and consumer acceptance, and it is referred to
mechanical properties of meat which related to the
strength of the structural components of the muscle fiber
such as the myofibrillar mass, sarcoplasmic proteins, and
connective tissue, that is evaluated by instrumental
method and sensory (Kerry et al., 2002). On the other
hand, toughness resulted from different factors that affect
the structural components of muscle by the opposing
action of tenderization. The toughness of meat is due to
various factors when the animal alive, such as
chronological age, genetic factor, and feeding
management and the second one is after slaughtering of
eISSN: 2550-2166

the animal due to the stiffness of muscle known as rigor
mortis. Meat tenderness depends on different factors
such as type of tissue, postmortem pH, and temperature
(Anderson et al., 2012). The tenderness of meat can be
measured by in general into two ways these are physical
methods such as measuring of force for shearing,
penetration, biting, mincing, stretching and compressing
the chemical method of measuring tenderness are the
determination of connective tissue, its solubility and
enzymatic digestion. Conventional methods for
tenderization includes modified chilling, extended aging,
altered carcass suspension, and pre-rigor skeletal
separations are not sufficient to guarantee tenderness.
The meat tenderization is also performed by mechanical,
enzymatic, electrical, thermal method, etc. which have
been discussed in this review. The review mainly focuses
on the effect of meat tenderization methods on
improving the quality of meat and to enhancing the
customer acceptability by providing customer
satisfaction and increase the meat industry marketing.
3. Methods of meat tenderization
3.1 Mechanical tenderization
Mechanical tenderization by applying a set of needle
or blades has been one of the technique for a long time
with the first patent granted for a blade tenderization
prototype at the start of the 20th century (Jamison, 1907).
Mechanical tenderization of meat and meat products are
practicable in Northern America (Gill et al., 2013) and
Europe (Tyszkiewicz and Jakubiec-Puka, 1995), it
involves accepted technique of blade or needle piercing
pounding, compressing and extrusion to improve the
tenderness of meat products (Pietrasik and Shand, 2004)
and enhancing the consumer palatability (Brooks et al.,
2000). This blade or needle makes to break up the tissue
or muscle fiber into shorter segments, that results in the
connective tissue leads to the release of myofibrillar
proteins. The mechanical method of tenderization gives
rise to the tenderness of beef muscle fiber by disrupting
the structure of the meat and causing a weakening in the
meat protein network that results in the extraction of
protein that can solubilize during cooking of meat
(Motycka and Bechtel, 1983). Many studies reported that
mechanical tenderization could reduce cooking time,
hardness, and chewiness of meat and meat products
(Jeremiah et al., 1999; Shackelford et al., 1989).
Mechanical tenderization is a vital part of
commercial beef processing and based on the tenderness
of meat consumers preference for the quality and overall
palatability and flavor of meat products; this method is
widely accepted in the hotel, restaurants, and distribution
trade rather than in meat industry (Miller, 1975).
© 2019 The Authors. Published by Rynnye Lyan Resources
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3.2 Electrical stimulation method of meat tenderization

3.3 Enzymatic method
Enzymes are biological catalysts that increases the
rate of reactions by reducing the reactions activation
energy, the absence of undergoing any well-ordered
change in their structures at the end of a reaction. When
the enzyme is pure, the reaction occurs at a much higher
rate, and the enzyme itself is not consumed in the
activity (Bodansky and Rose, 1922). Initially, in the
nineteenth century, the enzymes were recognized as a
eISSN: 2550-2166

proteolytically active constituent in the latex of tropical
papaya fruit. According to many studies, the structure of
myosin and actin filaments is affected by the plant
protease. There are five exogenous plant proteases such
as papain, bromelain, ficin, and proteases from
Aspergillus oryzae and Bacillus subtilis and can break
down the protein in muscle and hydrolyze collagen and
elastin which helps in meat tenderization (Rawdkuen et
al., 2013). Ketnawa et al. (2010), reported that collagen
of beef muscle and giant catfish skin is degraded by
bromelain proteolytic enzyme that derived from
pineapple and also according to Qihe et al. (2006)
studies high concentrations of plant protease can cause
meat deformation. During the aging, primarily an
enzymatic degradation by proteolytic enzymes in meat
are responsible for tenderization. However, when more
tenderization is necessary, the plant or microbial
enzymes can be exogenously added (Lantto et al., 2009).
The meat tenderization is achieved by using proteolytic
enzymes such as papain, ficin, and bromelain
exogenously at a commercial level for meat tenderization
(Gokoglu et al., 2017; Barekat and Soltanizadeh, 2018).
A proteolytic enzyme derived from ginger rhizome and
fruits of Cucumis trigonous Roxb plants are also used for
meat tenderization (Garg and Mendiratta, 2006; AbdelNaeem and Mohamed, 2016).
According to the Illanes (2008) report, the
proteolytic enzymes such as papain, bromelain and ficin
are not the only use in meat tenderization but also these
are the essential aspect to economic values, these
enzymes were accounted for approximately 5% of the
global sales of commercial proteases in 2008. Papain
(EC 3.4.22.2) bromelain (EC 3.4.22.3.2) and ficin (EC
3.4.22.3) are the well-known plant cysteine proteases
used in different industries such as food processing,
pharmaceutics and other industries
The present review will focus on mechanical,
physical, and exogenous enzymatic methods used to
improve the tenderness of intact meat cuts.
3.3.1 Papain

Papain is a vital plant proteolytic enzyme which is
derived from the latex of papaya fruit. Initially, the latex
is obtained by scoring and followed by drying and
known as the crude material. The aqueous extracts of
Carica papaya latex contain some cysteine proteinases
that can be separated by ion-exchange chromatography,
and fully active for can be obtained by covalent
chromatography using thiol-disulfide exchange (Baines
and Brocklehurst, 1979; Brocklehurst et al., 1981;
Baines and Brocklehurst, 1982; Mellor et al., 1993). The
matured papaya fruit naturally loses their functions of a
proteolytic enzyme, to achieve robust and dynamic
© 2019 The Authors. Published by Rynnye Lyan Resources
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Electrical stimulation is one of the methods of
changing tough muscle to soften by passing an electric
current through the body or carcass of the freshly
slaughtered animal. It is a proper application of high
voltage electrical stimulation will prevent the cold
shortening in leaner carcasses and consequently improve
meat tenderness. The tendering effects of electrical
stimulation will depend on several factors, such as the
intensity of the stimulation process as depicted in the
input electrical parameters, total electric input during
processing pH-temperature profile, and post-mortem
temperature. Given that several electrical stimulation
processing regimes are used worldwide (Devine et al.,
2004) and many factors will be involved, such as chilling
rate and carcass size, it is difficult to have a set of
parameters that have general use. However, it is much
easier to point out the factors that reduce the efficacy of
electrical stimulation. Electrical stimulation can reduce
the aging time of carcass by speed up the post mortem
change of the carcass (Strydom et al., 2005). During
slaughtering use of electrical stunning of animals
immediately before slaughter, the muscles are positively
affected by tenderness mainly through mechanically
fracturing of the gait, intermediate and shorter muscle
fiber of meat. Electrical stimulation of carcasses is
applied mostly to prevent excessive muscle contraction
during the onset of rigor mortis as a result of rapid
chilling (cold-shortening). This phenomenon may occur
when the muscle temperature drops below 10°C while
the muscles still contain sufficient energy (at pH > 6.0)
to drive contraction. By applying the cold temperature
immediately after slaughtering makes the sarcoplasmic
reticulum and mitochondria to retain calcium, which
increases the concentration of calcium in the sarcoma
and muscle fiber contraction that enhances the toughness
(Simmons et al., 2008). Electrical stimulation is well
known that in the form of an electric current leads to fast
post-mortem glycolysis rates and consequently, to an
accelerated pH decline. Therefore electrical stimulation
has been provided in the meat industry to perform fast
chilling conditions without side-effect on the excessive
muscle contraction.
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papain should better to use from the immature and green
papaya fruit. Papain is regarded as natural proteolytic
enzymes, which could break off the lycine,
phenylalanine, and arginine peptide bond in the muscle
protein upon tenderization mechanism (Menard et al.,
1990).
3.3.2 Bromelain
Bromelain can be extracted from the waste peel,
core, and stem fruit of the Bromeliaceae or pineapple
family, mostly from Ananascomosus Merr., sp. (Kelly,
1996; Chaurasiya and Hebbar, 2013). Bromelain has a
proteolytic enzyme of papain can breakdown
myofibrillar proteins and collagen and causes tenderness
in meat Different studies reported that bromelain and
papain were found useful on duck (Buyukyavuz, 2014),
beef (Chaurasiya et al., 2015; Ionescu et al., 2008; Istrati
et al., 2012), fish (Feng et al., 2017), pork and chicken
(Ketnawa et al, 2012). Bromelain, in general, produces a
better flavor than papain (Kim and Taub, 1991). Papain
causes the formation of a mushy texture and off-flavors
(Stefanek et al., 2002).
3.3.3 Ficin
A plant protease called Ficin is used in meat
tenderization (Marques et al., 2010), and also it is
important as an enhancer of the solubility of muscle
proteins (Ramezani et al., 2003). Ficin (E 3.4.22.3) is a
class of cysteine (with thiol function group) or sulfhydryl
protease from the genus Ficus. Different studies show
that the latex of Ficus glabrata and Ficus carica contains
cysteine endopeptidases and the crude extracted ficin
have been the protease enzymes. At the temperature
range of 45 to 55°C within a pH range of 5 to 8 can
obtain the maximum activity of ficin, and it requires
cysteine or other reducing agents for activation. The
enzymes have broad specificity with the acceptance of
hydrophobic amino acid residues.
3.3.4 Microbial enzymes
Proteolytic activity containing bacterial strains play
an important role in the meat tenderization process by
the degradation of meat proteins (Bekhit, 2010). The B.
subtilis species contains two major proteases, subtilisin,
and neutral protease. This bacterial strains approved by
the US Food and Drug Administration (FDA). The
bacterial proteases have become a popular choice
because of their higher specific activity and low
inactivation temperature. The Alkalophilic bacillus
specious, which produces the enzyme alkaline elastase,
can have the ability to break down the myofibrillar
proteins, collagen, and elastin in tenderized meat. The
pH of alkaline elastase 5.5-6.0 and the temperature range
10-50°C and also the. Comparing the bacterial proteases
eISSN: 2550-2166

in myofibrillar protein is lower than the plant protease;
however, the collagen degradation by hydrolysis activity
of bacterial proteases was found to be intermediate to
hydrolytic actions of papain and bromelain from A.
oryzae (Yeh et al., 2002) are commercially available
bacterial proteases reported that the proteases stable over
a wide range pH and below 70°C. These bacteria
produce Aspartic proteases and show the optimal activity
at pH range 2.5-6.0 and 75°C; its activity is reduced by
20% (Ashie et al., 2002).
3.4 Thermal treatment method
Thermal treatment is one of the most important ways
to change the components of muscle that control
toughness. The major components include myofibrillar
proteins and the connective tissue proteins, collagen, and
elastin. The cooking at a high temperature can denature
the protein that results in structural changes in the meat
such as the destruction of cell membranes, shrinkage of
meat fibers, shrinkage and solubilization of the
connective tissue, aggregation and gel formation of
myofibrillar and sarcoplasmic proteins (Tornberg, 2005).
Temperature and cooking time have a large effect on the
physical properties of meat and eating quality. At higher
temperatures, water is expelled from meat, accompanied
by denaturation of actin, indicating a strong correlation.
4. Conclusion

There are various methods of treatments available
for meat tenderization. Meat tenderness is mainly
associated with palatability and consumer satisfaction.
The effectiveness of each technique varies depending on
the type of muscle, and the technology advancement
contributes to the improvement of the methods. Meat
industry encounters critical challenges at all stages,
starting
from
slaughtering
to
consumption.
Technological interventions like use of exogenous
enzymes (like papain, bromelain, and ficin), mechanical
or blade tenderization, electrical stimulation, and thermal
method which are currently applied in the meat industry
are effective in improving tenderness.
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