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Abstract

The tenderness and quality of meat is very concerning for meat consumers. Meat tenderness relies on connective
tissue, and muscle proteolytic ability. The use of various chemical tenders is the subject of the majority of
research studies on the meat tenderness. However, there are certain drawbacks of these chemical tenders on one
or the other sensory characteristics of meat. Few natural tenderizers may be used to counteract these adverse
effects of chemical goods. Natural tenderizers are certain vegetables and fruits containing proteolytic enzymes
that are responsible for rough meat tenderization. The use of exogenous proteases to enhance the tenderness of
meat received tremendous interest in order to consistently produce meat tenderness as well as add value to low-
grade cuts. The overview elaborates the sources, characteristics, and uses of plant proteases for the tenderization
of meat. Furthermore, it highlights the impact of plant protease on the meat quality and effect on the meat
proteins. Plant enzymes (including papain, ficin and bromelain) have been thoroughly studied as tenderizers for
meat. The efficient use of such enzymes in raw meat calls for the determination of their enzyme kinetics and
features and an understanding of the effect of the meat surrounding ambient (pH, temperature) conditions upon
enzyme function. This allows for the creation of optimum conditions for tendering fresh meat and the removal or
mitigation of any harmful effects on other quality characteristics.
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Introduction

Consumer’s choice of meat is increasing day by day
because of the awareness of the quality of the meat,
especially red meat and purchasing mainly dependent
on it (Thorslund, 2016; Mullen et al, 2017).
Tenderness, juiciness and flavor are the three main
characteristics which affect the sensory attributes of
the meat (Aaslyng and Meinert, 2017; Picard and
Gagaoua, 2017). The consumer’s choice of purchasing
has been mainly dependent on the tenderness of the
meat (Mullen et al., 2017; Wang et al., 2017; Bhat et
al., 2018). The high level of difference in sensory
qualities represents the main cause of consumer
irritation with beef with the concern of tenderness as
the major anxiety (Ellies-Oury et al., 2016; Picard and

Gagaoua, 2017).

The tenderness of the meat is a result of several
causes which can be considered consecutively. The
“background toughness” is the appearances of the
muscle primarily its connective tissue (collagen), both
its amount and type (Veiseth, 2004). This depends on
appearances like sex, animal age, muscle type, species
and state of nutrition (Wheeler, 2000; Ahmad et al.,
2020). Various muscle fiber types vary in their
content of collagen and therefore muscles with typical
fiber type arrangement also vary in their tenderness
(Maltin, 2003). More collagen has been observed in
Slow-twitch muscles which are stated as less tender
(Nanda et al., 2020). Small fibers have a relationship
with muscles and fiber diameters have been declared

as more tender in cattle (Renand, 2001).

Tenderization of meat with exogenous proteases is
one of the best approaches. USDA permitted the five
exogenous protease enzymes (papain, bromelain,
ficin, Aspergillus oryzae protease, and Bacillus
GRAS

recognized as safe”. In which three of these enzymes

subtilis protease) that are “generally
(papain, ficin, and bromelain) are derived from plants
(Sullivan and Calkins, 2010). The most famous plant
proteases are bromelain (EC 3.4.22.32), papain (EC
3.4.22.2), and ficin (EC 3.4.22.3) from pineapple,

and fig respectively are used in,

papaya,
pharmaceutical, industrial processes, and other food
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processing. 5% of the worldwide sales of proteases is
represented by these three plant proteases enzymes

(Barberis et al., 2008).

Muscle protein can be digested by the use of these
enzymes during mixing. Collagen and elastin can be
hydrolyzed which support the meat tenderization
(Wada, 2002), noted that myosin and actin filaments
are affected by the use of plant thiol proteases
and ficin).

Rawdkuen (2011) also reported from the meat of beef

(bromelain, papain, Ketnawa and
collagen and giant catfish skin can be degraded by the
use of bromelain from pineapple peels. The muscles
of beef, quid and farmed giant catfish can also be
damaged by the Protease from Calotropisprocera
latex efficiently (Ketnawa and Rawdkuen, 2011). Plant
proteases are superior to bacterial borrowed enzymes
generally because of safety complication such as
pathogenicity and many other harmful effects. A
measured amount of these enzymes are used because
an excessive amount of enzymes would affect the

structure of the meat (Qihe et al., 2006).

Papain in meat tenderization

Papaya naturally found in tropical and subtropical
regions of the world but in Pakistan, province of
Punjab and Sind are rich in lavish green plantations
of papaya (Oad et al., 2001). Papain (EC 3.4.22.2) is
found in the fluid of pawpaw plant and it is a cysteine
protease which protects the plants from the attack of
the insects (Konno et al., 2004). The structure of the
papain is three dimensional (eddine Derardja et al.,
2019). Having a broad range of pH (4-8) as well as
excessive optimal temperature (over 60 °C) papain
showed a wide range of enzymatic activity. The
uniqueness of papaya proteinase I is generally based
on the site of substrate P-Two (the best site for the
better affinity of obligatory the enzymes just for
substrate union remaining n-end for the cleavage

sites) (Hong-Shum and Smith, 2011).

Artificial inhibitors and polypeptides in plotting the
active site of papaya proteinase proved that papaya
proteinase includes the accuracy for aromatic side

chains having amino acids, for example, the positions
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of Tyr and Phe at the P2 position in the protease
action two most important residues are Cys25 and
His159 inside the active site of the papain. (Norazmi
et al., 2020) Crude extracts comprise other proteases
comprises the crude extracts (papaya peptidase A and
chymopapain). Pure papaya proteinase shows the
optimum activity at the temperature 50-57 °C and pH
range from 5.8-7.0 while phosphoprotein is used as a

substrate (Grzonka et al., 2007).

The process and stableness of papaya proteinase are
conserved for several weeks during the storage at 4
°C. by oxidizing and reducing agent’s papain can also
be inactivated and activated by the use of oxidizing
and reducing agents respectively. During the partly
reversed of the thiol protein i.e sodium metabisulfite
and cysteine thiol is oxidized which lead to
inactivation (Grzonka et al., 2007). Bacterial enzymes
are lower than the Proteolytic enzymes that are linked
with safety problems such as disease. The vitality of
the meat can be reduced by dissolving the proteolytic
enzymes in muscle protein i.e elastin and collagen.
However, the accurate amount of enzyme should be
used, because dissolution can be occurred by using
the excessive amount (Rawdkuen et al., 2013). It is
recommended that to develop a flexible and effective
property for female papain with a concentration of
0.025%/3% (w / w) can be used who paid for the use
of effective ones (Khanna and Panda, 2007).

Thiol protease is also known as cysteine
endopeptidase. The emerald contains enzymes such
as endopeptidase, glycyl, chymo papain, caricain and
papain having a total enzyme content of 80%
(Azarkan et al., 2003). The basic amino acid bonds
are broken down by the use of these enzymes
(Llerena-Suster et al., 2011) that’s a reason papain is
used in the beverage industry, and in the process of
confirming the skin reduction (Huet et al., 2006) The
dose of papain recommended by the researchers for
meat tenderization is 0.6% which gives the better
quality and texture of meat. Texture and quality of the
meat may be affected by the use of high dose (Abdel-
and Mohamed,

physicochemical properties of camel burger patties

Naeem 2016). Sensory and
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are improved by the use of papain and ginger powder

(Akpan and Omojola, 2015).

The papaya extract also showed the anti-bacterial
activity against C. Albicans, E. coli, S. aureus, Listeria
monocytogens, S.dysenteria, P. fluorescens, P.
vulgaris, S. typhimurium, Pseudomonas aeruginosa
and S. marcescens (Ogunjobi and Ogunjobi, 2011;
Eshamabh et al., 2014; Tewari et al., 2014). It has been
reported that 90% of deaths associated to estimate
related to pathogens of Listeria monocytogenes
(19%), of Salmonella (28%), Norwalk virus (11%),
Campylobacter (6%) of Toxoplasma (24%) and
Escherichia coli O157: H7 (3%). According to
previous  studies, the results of Listeria
monocytogenes in chicken is varied from 20.6-24.1%
and in processed meat 0 to 15%. During processing,
many kinds of organisms and bacterial pathogens are
inserted into the meat that affects the nutritional
value of the food and cause of any damages in the
human body. This is the main reason for the
microbiological potential that improves lifespan

(Gudbjornsdottir et al., 2004).

The main reason of this study was to raise the life of
Kabila to stop Salmonella Typhimurium and the
characteristics of bags improved bromelain, papain,
and Ficini usually are thiol proteases (Barrett and
Chen, 2004), often called sulphydryl or thiol having a
molecular weight is in between 21 to 30 units
kilodaltons (kDa) and a studies of tenderization of the
meat showed that these wusually are low
endoproteinase and moisture can be attracted by the

certain substrates (Schwimmer, 1981).

Papainastic and Papainastic proteases are synthesized
in inactive plants occasionally, which involve the first
division as a part of the intramolecular polypeptide,
two C- and n-terminal circuits (Wiederanders, 2003)
papain enzyme model was used to study the
mechanism of cysteine protease activity (Cstorer and
Ménard, 1994) The activity of papain enzyme is
responsible for the formation of ions between His159
and Cis 25 pair residues (Cstorer and Ménard, 1994;

Grzonka et al., 2007).
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Cysteine proteins occur during the restoration of S-
acyl enzymes when the water molecule reacts with the
center and release of N-terminal and starts the new
cycle (Cstorer and Ménard, 1994). Sullivan and
Calkins (2010) also concluded that collagen is more
readily soluble in papain-treated samples as
compared to the other treatments (ficin and

bromelain).

Bromelain in meat tenderization

Bromelain is a proteolytic enzyme which is obtained
from the pineapple plant is used as a tenderization of
meat. Bromelain was used to tenderize the beef,
chicken meat and mutton (Bille and Taapopi, 2008;
Ketnawa and Rawdkuen, 2011). Anatomy of myosin
and actin filaments of myofibrillar proteins have been
impacted by the thiol proteases. the proteolytic
enzymes are used as a stimulated of fragmentation of
myofibrils and for the disturbance of the shape of the
intramuscular connective tissue in meat. Bromelain is
used to spit the peptide bonds of tyrosine, lysine,
glycine, and alanine at their carbonyl end. By
computation, bromelain is used to enhance the meat
tenderness and is recognized as (GRAS) generally
recognized as safe by the United States federal

agencies (Sullivan and Calkins, 2010).

The physicochemical properties of beef could be
changed by the tenderization process and its study is
necessary to coordinate with its nutritional values.
The structural components of body cells are made up
by the building block of proteins, amino acids, which
are non-essential and essential amino acids.
Dispensable or Non-essential amino acids are the
amino acids that are produced in the body.
Meanwhile, indispensable or essential amino acids
are the amino acids that cannot be prepared by our
body and we should get it from our diet (Muhammad-
Lawal and Balogun, 2007). Peraza-Mercado et al.
(2010) stated that harmful health effects occur in our
body if essential amino acids are not available in an

adequate form.

Zhao et al. (2012) concluded that when beef meat is

treated with papain or bromelain for 1 hour at 37°C

2021

all of the myofibrillar proteins (including AC and
MHC) are degraded into fragments whose molecular
weights are less than 20 kDa. Additionally, they also
said that bromelain and papain are thiol proteases,
and meat structure and myofibrillar is extensively
degraded by the strong activity towards the
myofibrillar proteins. When buffalo meat is
tenderized by the treatment with ammonium
hydroxide both collagen tissues and myofibrillar
proteins are fragmented (Naveena et al., 2011). The
firmness of meat is reduced when myofibrillar protein
is breakdown into small peptides with low molecular
weights. However, the final tenderization of meat
depends on the weakening and degree of alteration of

myofibrillar structures (Kemp et al., 2010).

Ketnawa and Rawdkuen (2011) reported that samples
treated with bromelain sowed high TCA-soluble
peptides content because of high muscle protein
hydrolysis. When meat is extracted with bromelain
extract then collagen is hydrolyzed into small
peptides. Ha, et al. (2012) showed that bromelain,
papain and zingibian preparations appear to have a
comparable hydrolysis profile to both topside
myofibril extracts and beef connective tissues.
According to Wada et al. (2002) the structure of AC
and MHC filaments of myofibrillar proteins was
affected by the thiol plant protease. Research proved
that bromelain was obtained from pineapple wastes
which contain peels, cores, and leaves. The bromelain
is also present in the fruits and stems of pineapple in
a large amount as compared with their waste
material. Bromelain is commercially available in the
market by the name of varieties such as McCormick
and Knorr in compare with papain and ficin.
Myofibril proteins in meat such as actomyosin and
nebulin titin are hydrolyzed efficiently by the
bromelain and papain, as expose by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) (Hage et al., 2012).

Sullivan and Calkins, 2010 reported bromelain
enhanced the tenderness and sensory properties of
meat as compared to other exogenous enzymes. The

tenderizing effect is formed on myofibrillar and
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myosin proteins of course dried sausage by the
addition of bromelain in it Aishima. Structural
changes in the protein of meat which is dealing with
pineapple juice with success relieve total reflection
infrared spectroscopy (Gurumallesh et al., 2019;

Naveena et al., 2004).

Ketnawa and Rawdkuen (2011) exhibit that extensive
the breakdown of peptides or proteins has occurred
on chicken and beef when bromelain is treated at up
to 20 %(w/w). In oyster meat, bromelain can proceed
as a high-quality hydrolysis agent for hydrochloric
acid and at the same time, offered higher adequacy
scores in the sensory assessment of oyster sauce
formation (Chuapoehuk and Raksakulthai, 1991).
Myofibril tissues are completely ruptured by the use
of purified bromelain in meat which showed high
meat tenderization by the use of scanning electron

microscopy analysis (Chaurasiya et al., 2015).

The fruit (ec 3.4.22.33, 25 units kilodaltons (kDa))
and stem (ec 3.4.22.32, 24.5 units kilodaltons (kDa))
in the Ananascomosus plant take out bromelain
which is present in the mixture of cysteine proteases.
Both of these enzymes (proteins) are hemoglobin A1c
(HbAu1c) polypeptides, however they're clinically non-
identical. Proteolytic activity is low in bromelain of
stem and showed not as much uniqueness for amide
bond differentiate with Pineapple (Ananas comosus)

(Chen and Barrett, 2004; Grzonka et al., 2007).

Several studies widely investigated the -catalytic
activity of the majority of the proteases with the assist
of different synthetic peptides. The bromelain has a
biological catalysts action spectra which is lower as
compared to papain with known protein breakdown
action on artificial peptides at a pH range 5.0-7.5 as
well as an optimal temp of 50°C (Grzonka et al.,
2007). The peptidase may have diverse uniqueness
that was accredited with a little string variations
(ALBEE et al., 1997). Pure bromeliase is stable when
stored at temperature -20°C (Buttle et al., 1990), and
cysteine is an important compound to activate the
bromelain (Napper et al., 1994). In the juice,

bromelain enzyme is present in soluble form. Further
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purification is done by the precipitation of enzymes in

processing. The main causes of meat over-
tenderization are the breakdown of collagen and
myofibrillar proteins by the action of bromelain. Best
results are seen in the adult beef processing by the use
of bromelain at 10 mg/100 g meat, at 4°C for 24
hours followed by raising the temperature at the
speed of 1°C/min, until it reaches 70°C. At a
controlled environment, most industries are using
bromelain which is important for the tenderization of
meat, assurance of the purity and microbiological
quality of meat. Bromelain is commercially accessible
in powdered form. It is estimated the United States
used 95% enzymes that are attained from plant
proteases i.e. bromelain and papain, while enzymes
that are derived from the microbial source aren't

widely used (Fillit et al., 2009).

Effect of Concentration

Bromelain action (0.29 /121.9 miligrams of animal
meat proteins) was observed to become more
effective in enhancing the tenderness of meat and also
observed that action was less active against the
myofibrillar proteins and more active towards the

collagen proteins (Ramanathan et al., 2020).

Larick and Foegeding (1986) in comparison with the
efficiency of commercially made, bromelain (.2
milligram), papain (1 mg), ficus protease (.06 ml), as
well as collagenase (0.2 ml) on the hydrolysis of
myofibrillar proteins and also collagen. Ramanathan
et al, (2020) observed that the efficiency of
solubilization of collagen was in the subsequent
order; papain < bromelain < ficin < collagenase, while
myofibrillar proteins activity was in the following
arrange; collagenase< papain < ficus protease<

Ananas comosus.

Calkins and Sullivan (2007) mentioned that the
collagen is hydrolyzed by the use of papain (9 ppm)
and bromelain (14.5 ppm), while in the subsequent
arrangement bromelain < ficus protease < papain.
Ramanathan et al. (2020) also reported the
bromelain is less effective tenderizer as compared to

papain and that the concentrations of both enzymes
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depend on the tenderizing effect. Clearly, there's not
any type of harmony between the results as well as it's
difficult to attain a common trend because levels of
enzyme can change in between the research studies. It
is essential to keep in mind that the usage of
peptidase concentration may dependent upon the
meat cut, storage temperature, and also using the

other interventions.

Alarcon-Rojo et al. (2019) reported that the sensory
properties and tenderness of semimembranosus (SM)
and longissimus lumborum (LL) muscles from old
cows are affected by the use of bromelain, papain
mixture, aging combination, and blade tenderization.
Additionally, they stated how the harmony had been
superior in cold boned longissimus lumborum in
comparison with hot boned longissimus lumborum.
But, their study showed the severe cold shortening
was caused during the freezing of hot-boned
longissimus lumborum samples (-39°C) as indicated
by the untreated control samples which showed the
very low sensory score. In the semimembranosus
muscle (SM) of young cattle kiwi-fruit juice-based
solution was injected and then smart stretch TM is

used for packing (M Taylor and L Hopkins, 2011).

It was observed that more significant tender meat is
produced by wusing sheer force. However, on
compressing the SM no effect was observed which
suggests that there wasn't any type of effect on the
connective tissues of the SM Investments Corporation

(Toohey et al., 2011).

Temperature Influences

By wusing an artificial substratum, (Larick and
Foegeding, 1986) stated that vitro protease activity is
minimal from 19-39°C for store-bought, Ananas
comosus, papain ficus protease, as well as collagenase
by using a synthetic substrate (Azocoll). The Temp
range had been >35-40°C for the ficin and bromelain;
39-60°C for collagenase; and >50°C for papain. The
activity of ficin, bromelain, along with papain is not
affected by heating at 70°C, but the activity of
collagenase has been removed due to the higher

deactivation of temprature for ficin as well as
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bromelain (7775°C), papain (90°C). Over tenderization
can be happened after cooking at the medium or rare
degree of doneness by the high residual activity. Just
like all the reactions which include these digestive
enzymes, it's always depends upon the enzyme
substrate percentage, temperature, as well as time.
Such factor must be measured throughout the
optimization and using a peptidase meat
tenderization process. The tenderness of bromelain
and papain treated meat is achieved by the cooking

methods.

Ramanathan et al. (2020) stated that the high actions
of tenderization and proteinase were achieved in
cooking food slowly rather than fast cooking on high
flame, and thus in slower cooking lower concentration
of bromelain and papain is used than in fast cooking
to produce tenderness at the same level. This means
that the concentration of enzymes which is injected in
the meat sample should be customized according to
the designed cooking method and the meat sample
that will be used.

Ficin in meat tenderization

Ficin is a well-recognized plant protease which is used
in tenderization of meat (Mardstica and Pastore,
2010). Ficin is a cysteine or sulthydral protease
usually obtained from Ficus carica (Fig tree) that
enhanced the solubility of muscle proteins (Ramezani
et al., 2003). Ficin is an enzyme that breakdown the
peptide bonds of non-terminal amino acids in
proteins present in the latex of Fig. trees (F. glabrata

and F. carica).

In 2008, the molecular weight of protein in ficin
which is obtained from F. racemosa has 44.5 KDa,
and maximum activity was shown at 60°C in the best
pH range of 4.5-6.5 due to these properties, ficins are
used in meat tenderization as a beneficial class of

plant proteases.

Conclusion
Consumer satisfaction and meat palatability is
Numerous

associated with meat tenderness.

proteases are derived from various sources i.e. plant,
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animal and microbes but plant proteases are used for
the best results to tenderize the meat. Different
researches showed that Papain, ficin and bromelain
are plant proteases which act as a tenderizer in meat
and meat products. The effective use of protease
concentration will dependent on the storage
temperature, meat cut, and by using the other
interventions. These factor needs to be measured
during the optimization and application of a protease
meat tenderizing procedure. The tenderness of
bromelain and papain treated meat is achieved by the
cooking methods. This means that the concentration
of enzymes which is injected in the meat sample
should be customized according to the designed
cooking method and the meat sample that will be

used.
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