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Abstract: This study aimed to isolate and identify the Bacillus licheniformis bacteria that
produces the enzyme collagenase. Due to the selective nature of this enzyme in breaking
down and degrading collagen, it was used to tenderize aged buffalo meat. The bacterial
isolates were screened using a selective medium and then grown on collagen-agar medium
to identify enzyme-producing isolates. Thirteen enzyme-producing isolates were obtained
based on the formation of a transparent corona around the colony. Biochemical assessments
of the bacterial isolates were carried out using the ABIS online program. The isolates BLi—
BLo, BL12 and BL13 were found to be related to B. licheniformis with a percentage match of
98%, while BL1o and BL; were related to Bacillus pumilus and Bacillus subtilis with a
percentage match of 95% and 95.3%, respectively. The enzyme activity of the isolates
varied, with the highest activity reaching 200.71 units.ml! for isolate BLi>. The enzyme of
this isolate was chosen to complete the other tests. The optimal time required to obtain the
highest enzymatic activity was found to be 20 h, which amounted to 210.25 units.ml"!, with
a specific activity of 135.64 units.ml"'. The enzyme was partially purified using ammonium
sulphate at a saturation rate of 20-70% as it showed an enzymatic activity and specificity of
355.81 units.ml™! and a specific activity of 423.58 units.ml™!. Partially purified collagenase
was used to tenderize aged buffalo meat. The results showed that treating aged buffalo meat
with the enzyme solution for different immersion durations improved the pH, water-holding
capacity (WHC) and cooking yield, with an increase in the concentration of hydroxyproline
and a significant percentage of soluble collagen; the treated samples showed the best
properties with a 60-min immersion duration.
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Introduction

Bacillus species are Gram-positive, motile,
aerobic or facultatively anaerobic bacilli,
some of which may be anaerobic. This genus
includes >280 species (>390 synonyms)
3(Parte, 2018) and is of great importance in
the field of biotechnology for its ability to
grow in different culture media, especially the
poor, as well as its production of many

75

important metabolic products such as
enzymes, proteins and polysaccharides. The
United States Food and Drug Administration
(FDA) classified Bacillus and
Bacillus licheniformis as safe for use in

medicines and nutritional supplements (Jin et

subtilis

al., 2016). Biotechnologists have focused
their attention on B. licheniformis because it
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possesses many features such as the ability to
produce antibiotics and vitamins as well as
proteins, which has been widely used to
produce commercial enzymes (Schroeter et
al., 2013). Several studies indicated the
possibility of obtaining collagenase from
bacterial sources, including Achromobactin
spp. and strains of Clostridium histolyticum,
perfringens  and Vibrio
alginolyticus. Moreover, many researchers
could extract enzymes from different Bacillus
species  (Quaglia &  Gennaro, 2003;
Watanabe, 2004; Bassetto et al., 2016).
Buffalo meat is characterised by a
lower fat mass and higher muscle mass
compared to beef and pig meat. The Food and
Agriculture Organization (FAO) stated that
the buffalo is a unique animal and an
important asset that holds great promise for
meat production. It is also characterised by its
rapid adaptation to tropical and subtropical
environments, the flexibility of its diet due to
its ability to convert and digest low-quality
feed, its high metabolic efficiency and its
resistance to diseases; in addition, its
consumption is not prohibited by religion
(Antonio, 2005; Wanapat et al., 2013).
Several studies showed that buffalo meat is
hard, dark, rough and tough, with a high
collagen content. These traits impart poor
sensory characteristics to the meat because
most buffalo meat comes from dairy farms;
when these animals become uneconomical,
they are sold to slaughterhouses and used to
produce meat (Kandeepan et al., 2009;
Naveena et al., 2011; Singh et al., 2018).
Tenderness is one of the most
important palatability characteristics for
consumers, being the first characteristic that
an individual feels when chewing meat. This
characteristic is affected by several factors,
including the age and type of the animal, the
effectiveness of internal enzymes, and the
amount and solubility of collagen. Many
techniques have been used to speed up the

Clostridium
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tenderization process but enzymatic methods
are the most common and effective in
tenderizing solid meat to improve its quality,
increase consumer demand and address the
issue of toughness (Anandh, 2013).

Collagen is the main protein in connective
tissues, especially in aged animals, due to its
characteristic resistance to many proteolytic
enzymes. Therefore, studies have focused on
breaking down collagen using collagenase as
it is a highly specialized enzyme that works
on collagen by disengaging the o-triple helix
and weakening the connective tissue network
(Sorushanova et al., 2018; Al-Abadi & Al-
Temimi, 2022).

Based on the above information, it would
be valuable to take advantage of the ability of
microorganisms to produce enzymes as well
as the abundance of buffaloes and the health
and nutritional advantages of their meat.
Therefore, this study aimed to isolate and
identify  collagenase-producing
licheniformis and partially purify the enzyme
and use it to tenderize the meat of aged
buffaloes.

Bacillus

Materials & Methods
Culture medium

A selective culture medium (Bacillus
medium) was prepared according to the
components of Himedia Co., comprising 4 g
of L-glutamic acid, 2 g of citric acid, 0.5 g of
potassium hydrogen phosphate, 0.5 g of ferric
ammonium citrate and 0.5 g of magnesium
phosphate. A total of 7.5 g of this mixture
was added to 20 g of glycerol and the volume
was topped up to 1 L with distilled water,
following which the pH was adjusted to 7.4
and the solution was sterilised at 121°C for 15
min.

Collagen-agar plates

A medium consisting of 1% collagen and 2%
agar was prepared according to the method
described by Liu ef al. (2010) to distinguish
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collagenase-producing isolates based on the
hydrolysis of collagen.

Culture and screening of isolates

Bacterial isolates were collected by taking
swabs and parts of the skin, meat and bones
of livestock in Basrah Governorate, Republic
of Iraq. The samples were transferred to test
tubes containing sterile Bacillus medium and
incubated for 24h under anaerobic conditions.
The process was repeated three times, with a
predominance of B. [licheniformis. After
activating the bacterial isolates for 24 h,
collagen-agar plates were inoculated using a
loop by planning method and incubated at
37°C for 24-48 h under anaerobic conditions.
The process was repeated to obtain single
isolates. Mercuric chloride precipitation
reagent was prepared (15 g of HgClz and 20
ml of concentrated HCI in a total volume of
100 ml made up with distilled water), and a
drop was added to the samples.

Biochemical tests

Biochemical tests were carried out on the
isolates that had the highest collagenase
activity. The isolates were tested for Gram
positivity, motility, haemolysis, growth at 45
°C, growth at 65 °C, growth at pH 5.7, growth
in 7% NaCl medium, anaerobic growth,
growth in  0.001% lysozyme, casein
hydrolysis,  gelatin  hydrolysis,  starch
hydrolysis, B-galactosidase ONPG, catalase,
oxidase, urase, arginine dihydrolase (ADH),
indole production, citrate utilisation, nitrate

reduction, Voges—Proskauer (VP), L-
arabinose, cellobiose, fructose, gructose,
inositol, lactose, D-mannitol, D-mannose,

maltose, ribose, salcin, sorbitol, sucrose and
D-xylose. After completion of the
biochemical tests, the bacterial isolates were
identified using the ABIS online program
(Stoica & Sorescu, 2017).

Collagenase production

The production medium was prepared
according to the method of Savita &
Arachana (2015) with minor modifications.
Briefly, 2 g of glucose, 1 g of collagen, 0.005
g of CaClp, 0.05 g of NaH2PO4 and 0.05 g of

KoHPOs4 were mixed, and the volume was
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topped up to 100 ml with distilled water. The
medium was inoculated with 3% of the
selected bacteria and incubated at 37 °C for
18 h in a shaker at 150 rpm. After completing
the incubation at a speed of 4000 rpm at 4 °C
for 10 min, the supernatant was collected,
representing the crude collagenase enzyme.
Estimation of enzymatic activity

The enzymatic activity was estimated
according to the method described by
Bergeyer (1974) with some modifications,
wherein 0.05 ml of the crude enzymatic
extract was mixed with 250 ml of substrate
(5% bovine tendon collagen from Sigma, UK,
dissolved in 0.02 M of sodium phosphate
buffer at pH 7) and incubated at 37 °C for 30
min. The mixture was then centrifuged at
4000 x g for 10 min at 4 °C. Thereafter, 0.2
ml of the filtrate was mixed with ninhydrin
solution (4% ninhydrin solution in 200 mmol
phosphate buffer) in a ratio of 1:1. The
solution was heated at 100 °C in a water bath
for 20 min and then cooled to laboratory
temperature with ice water, following which 5
ml of 1-propanol was added. An absorbance
measurement was conducted at 570 nm. The
activity was estimated based on the standard
curve of the amino acid leucine. Enzymatic
activity was defined as the amount of enzyme
needed to convert a micromolar of the
substrate into a product within 1 min under
reaction conditions.

Protein concentration estimation

The Bradford (1976) method was used to
estimate protein concentration.

Determining optimal enzymatic activity
The optimal enzymatic activity of collagenase
was determined in the production medium
through incubation for different durations that
ranged from 0 to 24 h at 37 °C, according to
Savita & Arachana (2015). Enzymatic activity
was estimated every 2 h.

Partial enzyme purification

The crude enzyme was precipitated by
gradually adding solid ammonium sulphate
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crystals to the crude extract with continuous
stirring at a temperature of 4 °C for 2 h at a
saturation ~ temperature of  20-70%.
Centrifugation was carried out at 10000 % g
for 20 min at 4 °C. The precipitate was
collected and re-dissolved using 0.02 M of
sodium phosphate buffer at pH 7. The dialysis
process was carried out against distilled water
at a temperature of 4 °C for 24 h, with water
being replaced every 6 h (Adinarayana et al.,
2003).

Applications

The partially purified collagenase enzyme
was evaluated and compared to a standard
collagenase enzyme (for general use, Type I,
0.25-1 FALGPA units.ml"' > 125CDU.mg"!,
supplied by Sigma, UK) in the tendering
process as a control.

Buffalo meat

Buffalo meat was obtained from a breeder in
the Qarmat Ali area, Basrah Governorate,
Republic of Iraq. Samples were taken from
buffaloes aged 7-10 years immediately after
slaughter, and the round muscle was used in
the study.

Chemical content of buffalo meat

The chemical content of buffalo meat
(moisture, protein, fat and ash) was estimated
as previously described (AOAC, 2016).

Collagenase (EC.3.4.24.3)
Collagenase was prepared at a concentration
of 0.1% by dissolving 0.1 g of the enzyme in
distilled water and topping up the volume to
100 ml with distilled water.

Preparation of meat samples

After washing and removing the fatty parts,
the meat samples were cut into slices of 1.5
cm thickness and approximately 100 g
weight. The slices were treated by the
immersion method with enzymatic solutions
of both partially purified and standard
collagenase enzyme for immersion durations
of 0, 15, 30, 45 and 60 min at 45 °C,
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following which qualitative tests
performed on the samples.

Physical and chemical properties of meat
pH

The pH was measured according to the
method described by Feng et al. (2020).

Briefly, 10 g of ground meat was mixed with

WEre

100 ml of distilled water for 10 s using an
electric mixer, and the pH was measured
using a pH meter (Sartorius, Germany).
Water-holding capacity (WHC)

The method of Zhao et al. (2012) was
implemented with some minor modifications.
Briefly, 4 gm of the meat samples was
immersed in the enzymatic solutions at the
concentrations and immersion durations
mentioned above. After treatment, the
samples were taken out, the surface moisture
was scanned, and the samples were re-
weighed. The WHC was expressed as a
percentage according to the equation:

M untreated — M treated

% Water Loss = 100 X ( M untreated
u

M=Meat

Cooking loss

Cooking loss was measured according to
Habtu er al. (2020). Meat samples were
weighed before and after cooking for
immersion times of 0, 15, 30, 45 and 60 min,
and cooking loss expressed as a
percentage.

was

Determination of hydroxyproline

he concentration of hydroxyproline was
estimated according to the method described
by Moon (2018) with minor modifications.
Two grams of meat was hydrolysed using 40
ml of 6 N HCI for 18 h. After the
decomposition process was completed, the
solution was filtered, and 50 ml of distilled
water was added to it. The absorbance of the
solution was measured at 540 nm and the
concentration  of  hydroxyproline
calculated based on the standard curve of
hydroxyproline. Total collagen was calculated

was
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by multiplying the concentration of
hydroxyproline by 7.14, expressed as mg.g’!
of meat.

Percent soluble collagen

The soluble collagen content was determined
according to Abdeldaim & Ali (2013). Five
grams of the enzyme-treated meat was placed
in a closed 250 ml beaker and transferred to a
water bath. The temperature was raised to
boiling point for 30 min. When the cooking
was completed, the meat samples were cut
into small pieces and 50 ml of cold distilled
was added, mixed for 2 min and centrifuged
at 2000 rpm. The solution was collected, and
acid hydrolysis was carried out for 18 h. The
concentration of hydroxyproline in the
precipitate and the filtrate was measured
throughout the process. Collagen solubility
was calculated as:

% Soluble Collagen
= 7.14 x % Hydroxyproline Concentration

Statistical analysis

The experiment was designed using a
completely randomised design (CRD), and
the averages were compared according to
LSD at a significance level of P < 0.05, with
three replicates per treatment. Values or
diagrams with the same superscripts indicate
that there is no significant difference at P <
0.05.

Results & Discussion
Isolation and screening of microorganisms

Table (1) shows the bacterial isolates obtained
from different isolate sources through growth
on selective Bacillus medium under anaerobic
conditions to target Bacillus licheniformis, as
the repetition of the activation process on
selective medium and the dominantly
anaerobic conditions ensured the
predominance of the target bacteria. The
bacterial isolates were screened using the
collagen-agar medium. The presence of a
transparent circle around the bacterial colony
indicated the ability of the bacterial isolate to
produce the collagenase enzyme as it is
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formed as a result of the decomposition of
collagen by collagenase. Thirteen isolates
showed this ability to degrade collagen in the
culture medium. Biochemical tests were
conducted on the selected isolates as shown in
table (1). The results showed that 11 isolates
were positive for Gram staining, mobility,
growth at 45°C, growth at pH 5.7, growth in
NaCl medium, growth under anaerobic
conditions, and growth at 0.001% lysozyme,
as well as for the cationic hydrolysis of
casein, gelatine, starch, ONPG, catalase,
ADH, citrate consumption, nitrate reductase,
and PV. Moreover, different growth
capacities appeared in the fermentation
medium to which L-arabinose, cellobiose,
fructose, glucose, glycerol, lactose, mannitol,
mannose, ribose, sucrose, and xylose were
added. The isolates were negative for
haemolysis, growth at 65 °C, oxidase, urase,
and inositol. Isolate BLio was positive for
haemolysis, did not grow under anaerobic
conditions, could not hydrolyse starch, and
was negative for VP. Isolate BLi1 was
positive for haemolysis, negative for growth
under anaerobic conditions, positive for starch
hydrolysis, negative for ADH, and positive
for inositol. All the data obtained from the
biochemical tests and presented in table (1)
were entered into the ABIS online program.
The results showed that isolate BL;—BLo,
BLi; and BLi3 were related to B.
licheniformis with a match percentage of
98%, while isolate BLjp was related to B.
pumilus with a percentage of 95% and isolate
BLi1 was related to B. subtilis with a
percentage of 95.3%. Several researchers
have used the ABIS online program to
identify bacterial strains. Saeed (2020)
identified Bacillus bacteria and observed a
match of 92.2% with B. subtilis, 92.5% with
Bacillus megaterium and 87% with B.
licheniformis. Dumitru et al. (2021) used the
ABIS online program to identify B.
megaterium with a concordance rate of
91.8%. Banoon & Ali (2018) identified some
strains of B. licheniformis using VITEK-2.

Enzymatic activity
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The enzymatic activity of collagenase of the
selected 13 isolates was examined using
colorimetric methods and is shown in table
(1). The estimation was based on the
ninhydrin method through its interaction with
amino acids or peptides formed by the
decomposition of collagen by the enzyme.
The highest enzymatic activity belonged to
isolate BL12> (200.71 units.ml"), while the
isolate BLio showed an activity of 14.37
units.ml”!. The variation in the enzymatic
activity of the isolates may be attributed to
different bacterial strains, the time and
conditions of fermentation, and the nature of
the  production medium. Collagenase
extracted from isolate BLi> was used in the
subsequent tests. The optimum time for the
highest enzymatic activity of collagenase was
determined during the incubation duration of
0-24 h in the production medium as shown in
fig. (1). The enzymatic activity rose after 10 h
of incubation to 60.8 units.ml”! and reached
the maximum activity at an incubation
duration of 20 h, with an efficiency of 210.25
units.ml™! and a specific efficiency of 135.65

Enzymatic Activity u/ml
= = = N
(o) w ] [8,] co =
o o o o o o
| | | | | |

w
o
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units.ml”!. The enzymatic activity gradually
decreased as the incubation duration increased
further. This increase in enzymatic activity
may be attributed to the fact that the enzyme
was produced in the stationary growth phase
with the availability of the substrate, which
led to an increase in the effectiveness. As for
the decrease in enzymatic activity with the
progression of the incubation, it may be
attributed to the depletion of the substrate or
the saturation of the active sites of the
enzyme. Savita & Arachana (2015) found that
the highest activity of collagenase enzyme
extracted from Bacillus KM369985 was 600
units.ml! at 72 h of incubation. Tran &
Nagano (2002) observed that the best
incubation time for collagenase production
from B. subtilis CN2 was 14 h. Sartika et al.
(2019) showed that the highest activity of
collagenase extracted from Bacillus sp. 6-2
reached 1.7 units.ml! in 30 h. The difference
in enzymatic activity in previous studies may
be attributed to the bacterial strain, the
medium and conditions of fermentation used,
and the size of the inoculum.

o
G
-
¢
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Fig. (1): Optimal collagenase enzyme activity for the isolate (BL12) at varied incubation times
(0—24 h). The different letters indicate that there are significant differences at p<0.05.
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Table (1): The biochemical characteristics and enzymatic activity of bacterial isolates.

Abbreviation (BL: Bacterial Isolates).

No. Biochemical Isolates
examinations  BL1 BL2 BL3 BL4 BL5 BL6 BL7 BLS8 BL9 BP10 BS11 BL12 BL13
1 Gram Stain + + + + + + + + + + + + +
2 Motility + + + + + + + + + + + + +
3 Hemolysis - - - - - - - - - + + - -
4 Growth at + + + + + + + + + + + + +
45°C
5 Growth at - - - - - - - - - _ _ - _
65°C
6  Growth at + + + + + + + + + + + + +
pHS5.7
7  Growth at + + + + + + + + + + + + +
7% NaCl
Medium
8 Anaerobic + + + + + + + + + - - + +
Growth
9 Growth in + + + + + + + + + + + + +
Lysozyme
0.001%
10  Casein + + + + + + + + + + + + +
hydrolysis
11 Gelatin + + + + + + + + + + + + +
Hydrolysis
12 Starch + + + + + + + + + - + + +
hydrolysis
13 ONPG + + + + + + + + + + + + +
14 Catalase + + + + + + + + + + + + +
15  Oxidase - - - - - - - - - _ - - _
16 Urase - - - - - - - - - - - - B
17  Arginine + + + + + + + + + + - + +
dihydrolase
ADH
18  Indole - - - - - - - - - - - - B
production
19  Citrate + + + + + + + + + + + + +
Utilization
20 Nitrates + + + + + + + + + + + + +
reduction
21 VP + + + + + + + + + - + + +
22 L-Arabinose + + + + + + + + + + + + +
23 Cellobiose + + + + + + + + + + + + +
24 Fructose + + + + + + + + + + + + +
25  Glucose + + + + + + + + + + + + +
26  Glycerol + + + + + + + + + + + + +
27  Insitol - - - - - - - - - + _ -
28 Lactose + + + + + + + + + + + + +
29  D-mannitol + + + + + + + + + + + + +
30 D-Mannose + + + + + + + + + + + + +
31 Maltose + + + + + + + + + + + + +
32  Ribose + + + + + + + + + + + + +
33  Salcin + + + + + + + + + + + + +
34 Sorbitol + + + + + + + + + + + + +
35 Sucrose + + + + + + + + + + + + +
36 D-Xylose + + + + + + + + + + + + +
37  Enzymatic 96.44" 38.76° 78.33° 139.66" 151.11' 95.45" 23.77° 55.89¢ 110.12% 14.73° 25.97°  200.71 80.55¢
Activity
Type of B. licheniformis B. B. B. licheniformis
Isolate pumilus  subtilis
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The enzyme was partially purified from
isolate BL12 using ammonium sulphate at 20—
70% saturation. A rise in enzymatic activity
was observed, and the specificity reached
355.81 units.ml! and 423.58 units.ml™!. The
increase in enzymatic activity upon partial
purification may be attributed to the
precipitation process that resulted in the
removal of  contaminating  proteins,
polysaccharides and compounds that impede
the binding of the substrate with the active
site of the enzyme. Another reason might be
the competition of pollutants with the
substrate for binding to the active site. Liu et
al. (2010) noted that the activity of
collagenase partially purified with ammonium
sulphate from Bacillus cereus MBLI13
reached 51,563 unit.ml!. The enzyme was
partially purified from isolate BLi> using
ammonium sulphate at 20-70% saturation. A
rise in enzymatic activity was observed, and
the specificity reached 355.81 units.ml”! and
423.58 units.ml”!. The increase in enzymatic
activity upon partial purification may be
attributed to the precipitation process that
resulted in the removal of contaminating
proteins, polysaccharides and compounds that
impede the binding of the substrate with the
active site of the enzyme. Another reason
might be the competition of pollutants with

the substrate for binding to the active site. Liu
et al. (2010) noted that the activity of
collagenase partially purified with ammonium
sulphate from Bacillus cereus MBLI3
reached 51,563 unit.ml.

Chemical content of buffalo meat

Table (2) shows the chemical composition of
buffalo meat (percentage of moisture, protein,
fat and ash). The moisture percentage was
77.85%, protein amounted to 18.75%, and the
percentage of fat and ash was 1.89% and
0.97%, respectively. These results
similar to those of several researchers who
studied the chemical composition of buffalo
meat. Ziauddin et al. (1994) found that the
chemical composition of aged buffalo meat
included 79.69%, 17.81%, 0.44%, and 0.98%
moisture, protein, fat and ash, respectively.
Naveena et al. (2004) reported that the
moisture content and protein in buffalo meat
was 76.51% and 20.08%, respectively. Gecgel
et al. (2019) assessed the chemical content of
buffalo meat and reported values of 48.6—
59.73% moisture, 15.12-17.65% protein,
18.90-30.02% fat and 2.48-3.56% ash.

WEre

Table (2): Chemical content of aged buffalo meat.

Treatment Chemical content
Moist.% Protein% Fat% Carbohydrate% Ash%
Buffalo Meat
77.85+0.1 18.75+0.3 1.89+0.1 0.54+ 0.02 0.97+0.01

pH

Table (3) shows the change in the pH of
buffalo meat treated with partially purified
collagenase compared with 0.1% standard
collagenase at different immersion durations.
A gradual increase in pH values was
observed, reaching a maximum of 6.07 and
6.14, respectively, at 60 min of immersion.
The gradual rise in pH values may be
attributed to the ability of collagenase to
degrade collagen in the connective tissues of
meat, causing an increase in the WHC as a
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result of the association of water with the
active hydrophilic groups present in the
protein and leading to an increase in pH
values. These results agreed with a number of
studies. Naveena et al. (2004) indicated that
there were significant differences in the pH
values of buffalo meat treated with enzyme
extracts compared to untreated samples.
Naveena et al. (2011) also noted an increase
in pH values when treating buffalo meat with
concentrations of  0.1-1%
hydroxide. Detected an increase in the pH

ammonium
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values of beef with increasing immersion compared to standard collagenase for
durations in 0.1% of collagenase standard and different immersion durations.
collagenase purified from bighead fish The results showed an increase in WHC
intestines, reaching 5.9 and 5.8, respectively, starting from 12.63% at an immersion
at an immersion duration of 120 min, as well duration of 0 min and reaching 14.29% and
as an increase in the protein’s ability to retain 14.46% at immersion durations of 60 min for
water, causing the sample to retain its quality meat treated with both purified and standard
and tenderness (Al-Temimi, 2014). collagenase, respectively. These results
The ability of meat to retain moisture is one agreed with a study by Naveena et al. (2004),
of the important requirements of meat which indicated that the WHC was directly
producers due to its association with flavour, affected by the pH as a decrease in pH
appearance and juiciness. Fig. (2) shows the negatively affected the active groups present
ability of aged buffalo meat to retain water in the protein, which hindered its ability to
when treated with 0.1% purified collagenase bind water.

Table (3): Change in pH values of aged buffalo meat when treated with enzymatic solutions
of collagenase.

Immersing Time (min.)

Treatments
0 15 30 45 60
Partial Purified Collagenase ~ 5.67°+0.2  5.71°+0.1 5.83%+0.2 5.95+0.3 6.07°+0.1
Standard Collagenase 5.67°40.2  5.76°+0.3 5.89°+0.1 6.04°+0.2 6.14°+0.1

The different letters indicate that there are significant differences at p<0.05

Zhao et al. (2012) found that the water loss from 25.3% to 40.20% when treated with
capacity of meat between the control sample different concentrations of ammonium
and the sample treated with collagenase hydroxide and sodium chloride.
amounted to 1%, while the loss percentage In this study, the increase in the WHC can
increased to 5.8% and 8% for samples treated be attributed to the ability of water to
with bromelain and papain, respectively, penetrate into the meat tissues as a result of
indicating that collagenase improves WHC. It the decomposition of the triple helical
was also shown that meat treated with structure of collagen, causing an increase in
collagenase retained a fresher appearance and the binding of water with the hydrophilic
colour compared to samples treated with active groups in the protein and leading to a
bromelain and papain. Irurueta et al. (2008) significant improvement in WHC. Badr
indicated that the WHC of buffalo meat cuts (2008) indicated that hydrolysed collagen
or minced meat ranged from 23.73% to derived from connective tissues has an
39.76%, while Naveena et al. (2011) reported excellent ability to bind water, which
that the WHC of buffalo meat cuts ranged improves the tenderness of cooked meat.

&3
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Fig. (2): WHC of aged buffalo meat treated with enzymatic solutions at a
concentration of 0.1% at different immersion durations. The different letters

indicate that there are significant differences at p<0.05.

Cooking loss percentage

Fig. (3) shows the cooking loss percentages of
aged buffalo meat treated with enzymes at a
concentration of 0.1% for immersion
durations of 0, 15, 30, 45 and 60 min. The
results showed a gradual decrease in weight
loss percentage for both enzymes across
cooking durations, with the values for the last
immersion duration reaching 25.71% and
25.65%, respectively. The decrease in the rate
of loss may be attributed to two important
factors. The first is the role of the collagenase
enzyme, which caused breakage of the triple
helical structure of collagen in connective
tissues, leading to the penetration of water
between the tissues in association with active

&4

hydrophilic groups. Second, the tendering
process with enzymes led to a rise in the pH
of the meat, which led to an increase in the
WHC, thereby reducing the volume of the
extracted liquid. Naveena et al. (2004)
indicated that the decrease in pH during the
tendering process leads to the reduction of the
active hydrophilic groups in the protein,
causing an increase in the rate of loss during
cooking. These results agreed with Al-
Temimi (2014), who noticed a decrease in the
cooking yield of aged beef treated with
collagenase extracted from the inner viscera
of a bighead fish and standard collagenase.
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Fig. (3): The percentage of cooking loss of aged buffalo meat treated with enzymatic solutions
at a concentration of 0.1% at different immersion durations.

The different letters indicate that there are significant differences at p<0.05

Determination of hydroxyproline and

soluble collagen

Table (4) shows the
hydroxyproline in aged buffalo meat treated
with collagenase at a concentration of 0.1%
for immersion durations of 0-60 min. The
results showed a gradual increase in
hydroxyproline concentrations with the
progression of immersion periods in the
enzymatic solutions, reaching a maximum
concentration at the highest immersion period
of 60 min, in which standard collagenase
showed clear superiority compared to
partially purified collagenase.

concentration of

&5

Geles et al. (2003) reported that collagen
constitutes 80% of the connective tissues in
meat, making its targeting and estimation
important factors in tenderizing. The results
of the current study showed a significant
increase in the percentage of soluble collagen
with the progression of immersion durations
for both enzymes. The high percentage of
soluble collagen may be attributed to the high
specificity and selectivity of the collagenase
enzyme in the degradation of collagen,
breaking of bonds and dismantling the o-
helical structure of collagen.
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Table (4): Hydroxyproline concentration for aged buffalo meat treated with enzymatic
solutions at a concentration of 0.1% at different immersion duratios.

Immersing Time (min.)

Enzymes
2 0 15 30 45 60
i Purified 0.0531°+0.02 0.0561°+0.01 0.0595%+0.02 0.0609°+0.03 0.0618°+0.01
> Collagenase
Q
—‘i Standard 0.0531°+0.01 0.0571°+0.02 0.0611%+0.02 0.0619°+0.02 0.0630°+0.01
T  Collagenase
® Purified 35.43*+0.01 37.5%+0.01 39.7°40.03  40.63°+0.03  41.23%+0.03
% ??o Collagenase
EE- Standard
e S 35.43%+0.03  38.1°+£0.03  40.77°+0.01  41.3°+0.01  42.03°+0.01
© Collagenase

The different letters indicate that there are significant differences at p<0.05

These results are in agreement with Zhao et
al. (2012) that collagenase is one of the
enzymes specialized and selective in its work,
and it is highly effective in degrading
collagen, especially when tenderizing meat
compared to other enzymes. Abdeldaiem &
Ali (2013) showed that the increase in
collagen hydrolysis in the connective tissue
leads to an increase in the water holding
capacity and an increase in the tenderness of
meat during cooking. These results are in
agreement with Al-Temimi (2014) who
observed an increase in the concentration of
soluble collagen for aged beef treated with
collagenase purified from the
intestines of standard Bighead fish compared
to papain enzyme and distilled water.

enzyme

Conclusions

Thirteen bacterial isolates were obtained and
identified as B. licheniformis, B. pumilus and
B. subtilis. All isolates showed the ability to
produce collagenase with different levels of
enzymatic activity. The collagenase from
isolate BL12 was selected for subsequent
experiments. The enzyme was partially
purified using ammonium sulphate and used
to tenderize aged buffalo meat. Treatment

86

with partially purified collagenase showed
promising results in tenderizing aged meat by
improving its physicochemical properties.
The results regarding pH, WHC, cooking
yield and hydroxyproline acid concentration
were not significantly different for both
enzymes. However, the standard collagenase
was significantly superior with regard to the
percentage of soluble collagen.
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