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Abstract This study investigated the use of Bacillus sub-

tilis protease powder (CTC E-ssentialsTM MT-70N) as a

carabeef tenderizer. The effect of the bacterial protease on

the characteristics of carabeef was determined, and its

effectiveness was compared to a commercial meat tender-

izer containing papain. Only B. subtilis protease showed

significant enzyme activity (80–190 U/g), while the com-

mercial meat tenderizer had no activity (0 U/g). Results

from the shear force device revealed that 0.35% B. subtilis

protease was the optimal concentration required to induce

significant tenderization in carabeef (282 g/cm2) and reduce

carabeef toughness by 80%. Proximate analysis showed that

carabeef treated with B. subtilis protease had significantly

higher crude protein (37%) than the negative control (34%)

and carabeef-treated commercial meat tenderizer (31%).

Sensory evaluation revealed that carabeef treated with

0.35% B. subtilis protease is more tender than untreated

carabeef and those treated with the commercial meat ten-

derizer. Moreover, the carabeef was not over-tenderized

and is palatably acceptable. Hence, B. subtilis protease can

be used as a meat tenderizer in place of available com-

mercial tenderizers containing plant-derived proteases.

Keywords Sensory evaluation � Carabao beef � Bacillus
subtilis � Protease assay � Meat tenderizer

Introduction

Quality and overall acceptability of beef products are

mostly judged by consumers based on tenderness (Neely

et al. 1998). In these times when consumer acceptance for

‘‘enhanced’’, processed, and ‘‘meal-ready’’ meat products

are increasing, the tenderness of such products becomes

even more significant (Ashie et al. 2002). Hence, it is

important to develop a commercially applicable method

that ensures a consistently tender beef product for con-

sumer acceptance. And by improving beef tenderness, it

will make the entire carcass more valuable, thus, allowing

purveyors to sell consistently tender products, earn more

profit, and meeting the demands of consumers (Pietrasik

and Shand 2004). Carabeef is particularly in demand,

especially in Islamic nations, because it is cheaper and its

production meets halal standards. Thus, it is expanding in

the markets of the Middle East, North Africa, and South-

east Asia (USDA 2012).

Of all the attributes of eating quality (i.e., appearance,

juiciness, odor, taste, and tenderness/texture), tenderness is

rated the most important factor affecting beef palatability

and much research has been focused on improving ten-

derness (Vasanthi et al. 2007). Proteolytic enzymes derived

from plants, such as papain, bromelain, and ficin, which

have been widely used as meat tenderizers in America and

Europe (Maqsood et al. 2018), are now being used in Asia,

including the Philippines. In a recent study by Maqsood
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et al. (2018), these plant proteases can effectively tenderize

camel meat, which is known as one of the toughest kinds of

meat.

However, due to their broad substrate specificity, plant

enzymes often over-tenderize meat. Over-tenderization

leads to unpalatability and mushy texture. Hence, the ideal

meat tenderizer would be a protease that specifically acts

on connective tissue proteins (i.e., collagen and elastin)

either at refrigeration or cooking temperatures (Gerelt et al.

2000). The tenderizer should also exhibit high activity at

meat pH and room temperature but can be easily inacti-

vated during cooking to avoid over-tenderization (Zhao

et al. 2012). Such specificity is a characteristic of microbial

proteases. Aside from acting specifically on collagen and

elastin in meat, microbial proteases are milder meat ten-

derizers than their plant counterparts. Thus, the over-ten-

derization of meat can be avoided.

It is noted by Singh et al. (2009) that B. subtilis is

generally recognized as safe (GRAS) organism by Food

and Drug Administration (FDA) and is one of the most

widely used bacteria for large-scale production of recom-

binant enzymes. Currently, there are no studies that have

explored the use of bacterium-derived proteases for

improving the tenderness of water buffalo (i.e., carabao)

meat. It is the main objective of the study to evaluate the

efficacy of manufactured protease powder obtained from

Bacillus subtilis (Ehrenberg) Cohn as an alternative to

plant proteases in tenderizing carabeef. Specifically, this

study aims to (1) identify the most suitable concentration of

B. subtilis protease needed to sufficiently tenderize car-

abeef; (2) compare the degree of meat tenderness treated

with B. subtilis protease versus a commercial meat ten-

derizer containing papain; (3) determine the physico-

chemical and proximate composition of carabeef treated

with the most effective B. subtilis protease concentration;

and (4) evaluate the sensory properties and acceptability of

oven-roasted carabeef tenderized by B. subtilis protease.

Materials and methods

Protein concentration and protease activity

Protein concentration was determined using the Lowry

method. Enzyme activity of B. subtilis protease (CTC

E-ssentialsTM MT-70N) and commercial meat tenderizer

(containing iodized salt, sugar, papain, calcium stearate,

and soybean oil according to the product’s ingredients

section) at different pH and temperature levels were tested

using protease activity assay with casein as a substrate

(Cupp-Enyard 2008). The protein samples were subjected

to different pH levels (i.e., 6, 6.5, 7, 7.5, and 8) and tem-

perature (i.e., 35 �C, 40 �C, 45 �C, 50 �C, and 55 �C) levels

and their activity on casein were determined. Protease

efficacy was evaluated by determining the amount of tyr-

osine liberated in the assay and comparing this with a tyr-

osine (Sigma-Aldrich, St. Louis, Missouri, United States)

standard curve.

Determination of protease concentration

for carabeef tenderization

Carabeef loin (longissimus dorsi muscles) on both sides of

the carcasses were sampled from four male carabaos aging

7 years old. Samples were bought from a local market in

Calauan, Laguna. These bought samples already underwent

and passed rigor mortis. Then, samples were transported

immediately to the lab. The carabeef loin was tempered

overnight at 4 �C, and cut into equal pieces

(5 9 4 9 4 cm3). Meat samples were rubbed with 0.15,

0.25, 0.35 or 0.45 g B. subtilis protease per 100 g of meat

and were forked uniformly. Forking ensures that the

enzyme will get through the inner portions of the meat. In

this study, the efficacy of B. subtilis protease in tenderizing

carabeef was compared with commercial meat tenderizer

containing papain (1.1 g/100 g meat). Untreated meat

samples served as the control. In both set-ups, meat sam-

ples were also forked. The application of 1.1 g commercial

meat tenderizer per 100 g of meat was based on the man-

ufacturer’s directions.

For three consecutive days (i.e., Tuesday, Wednesday,

and Thursday), six meat samples were randomly assigned

to each treatment and were held for 30 or 60 min at room

temperature after forking. Each treatment had three repli-

cates. An oven (WCG540XG, White-Westinghouse, USA)

was preheated to 149 �C (DOT2 ProAccurate�, CDN,

Portland, Oregon, USA) and the meat samples were roasted

to an internal temperature of 71 �C (IRM200 ProAccu-

rate�, CDN, Portland, Oregon, USA). Roasting ensures

that the meat is cooked evenly on all sides. After cooking,

the meat samples were allowed to rest for 10 min and were

subjected to Warner–Bratzler shear force device (235 6 9,

Salter Brecknell, Fairmont, Minnesota, USA) to measure

their tenderness. The results of the tenderness measurement

were used to identify the most suitable concentration of B.

subtilis protease and the holding time needed to achieve the

best level of meat tenderness. This information was then

used in the succeeding tests.

An alternative application of the enzymes to the meat

was also done through injection. In this set-up, the enzymes

were dissolved in distilled water, injected uniformly into

the meat, and held at room temperature for 60 min. Dis-

tilled water and dissolved commercial meat tenderizer were

used as controls. The volume of the enzyme injected was

10% of the total mass of the meat samples (Liu et al. 2011).
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Physicochemical tests

Warner–Bratzler shear force device (235 6 9, Salter

Brecknell, Fairmont, Minnesota, USA) was used to mea-

sure cooked meat tenderness. A cork borer was used to get

cylindrical samples of the cooked meat, parallel to the

longitudinal axis of the muscle fibers. Three to four meat

sample cores (1.27 cm in diameter) were taken from each

cooked meat sample, wherein each core was perpendicu-

larly sheared once (AMSA 2015). The shear force value

will be computed using the value obtained from the shear

force device and the diameter of the cork borer (Beattie

et al. 2004). Carabeef color before and after roasting was

assessed by the L* (lightness), a* (redness), b* (yellow-

ness) system using a chroma meter (CR-410, Konica

Minolta, Tokyo, Japan) to determine the colorimetric index

of chromaticity. The standardization of the chroma meter

was done using a white calibration plate.

Proximate analysis

Untreated carabeef and those treated with commercial meat

tenderizer or B. subtilis protease providing the best degree

of meat tenderness were analyzed for their proximate

composition. The proximate composition including mois-

ture, fat, protein (6.25 9), and ash was measured following

AOAC (2000) protocols.

Sensory evaluation

Ten trained sensory panelists were asked to evaluate the

cooked meat samples in terms of color, aroma, flavor,

tenderness, bitterness, juiciness, and general acceptability

for three consecutive days. Each trait was scored on a

7-point scale from 1 to 7 (McGee et al. 2003). Range of

scores are as follow: Color (1-very dark, 7-very brown);

Aroma (1-very undesirable, 7-very desirable); Flavor (1-

very weak meaty flavor, 7-very full meaty flavor); Ten-

derness (1-very tough, 7-very tender); Bitterness (1-no

perceptible bitter flavor, 7-very strong bitter flavor);

Juiciness (1-very dry, 7-very juicy); and General Accept-

ability (1-very unacceptable, 7-very acceptable).

The chosen panelists were veteran sensory analysts from

the Philippine Carabao Center and Institute of Animal

Science, College of Agriculture and Food Science,

University of the Philippines Los Baños (UPLB), Laguna.

The panel was comprised of animal science professors and

researchers who had undergone systematic training that

developed their ability to detect and express differences in

cooked meat samples. Their training involved evaluating

descriptors (e.g., tenderness) of carabeef at varying levels

of doneness.

Before undergoing sensory evaluation, the panelists

were briefed about the study so they can make informed

decisions. When they agreed to participate, they signed a

consent form but were free to withdraw anytime from the

study. This is in line with the guidelines provided by IFST

(2015). Guidelines published by the AMSA (2015) were

also used.

Meat samples were frozen and thawed overnight. After

cooking, the samples were kept warm (60 �C, ASTM

E1871 2010) by wrapping them in aluminum foil, placing

them in a plastic container, and putting them in a thermal

bag before evaluation. The samples were then cut into

small equal pieces (i.e., 5 cm 9 2 cm 9 1 cm) and placed

in individual saucers with assigned three-digit random

numbers. Selection of sliced meat samples from the steak

was randomized to better accommodate variability in ten-

derness within a treatment (AMSA 2015). There were four

saucers, and each contained one meat sample that repre-

sented one of each treatment (i.e., control, commercial

meat tenderizer, 0.35% protease at 30 and 60 min cook

time). The saucers were also arranged randomly on a tray

before serving arbitrarily to the panelists. Samples were

evaluated from left to right and all the quality attributes

were scored sequentially before proceeding with the next

treatment sample. Sensory evaluation was done in three

sessions, and all four treatment samples were evaluated by

each panelist in each session.

Statistical analyses

All tests were done in triplicates. Statistical analysis of data

obtained was done using Statistical Tool for Agricultural

Research (STAR). The normality of the data was determined

first using the Shapiro–Wilk test. Normally distributed data

undergone a parametric test, i.e., one-way analysis of vari-

ance (ANOVA) in a completely randomized design (CRD).

Otherwise, data were subjected to a non-parametric test, i.e.,

the Mann–Whitney–Wilcoxon test. Tukey’s test or Least

Significant Difference (LSD) test was used to determine

significant differences among the various treatments. P val-

ues less than 5% were considered significant.

Results and discussion

Protein concentration of protease samples

The protein content of B. subtilis protease and commercial

meat tenderizer were determined to establish if the

enzymes contain potentially proteolytic protein. The B.

subtilis protease had a protein content of 35.36 lg/g, which
is far greater than the amount of protein found in the

commercial meat tenderizer (1.42 lg/g) used in this study.
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Sathiya (2013) was able to obtain a protein concentration

of 3600 lg/mL B. subtilis crude protease and 4700 lg/mL

from B. subtilis purified protease by cultivating the bac-

terium in dyes synthetic medium as its protease production

medium at 37 �C for 48 h. Even so, B. subtilis protein

content can still vary depending on the pH, temperature, and

time of incubation (Younis et al. 2009), which may apply to

other bacteria as well.

Protease assay at varying pH and temperature

pH

The pH at which the enzyme had the greatest activity was

determined to identify the pH at which the enzyme is most

active to effectively tenderize meat. As shown in Table 1,

the enzyme activity of B. subtilis protease was greatest at

7.5 (136.71 U/g). In contrast, the commercial meat ten-

derizer did not exhibit enzyme activity (0 U/g) in all pH

levels tested. Hence, the commercial meat tenderizer did

not contain any proteolytic enzyme. Other ingredients of

the commercial meat tenderizer used in this study include

iodized salt, sugar, calcium stearate, and soybean oil. The

1.42 lg/g protein found in the commercial meat tenderizer

can be attributed to the soybean oil present.

In this study, the optimum pH for the B. subtilis protease

is 7.5. At pH 8, its enzyme activity started to decline. Yang

et al. (2000) reported B. subtilis Y-108 protease activity of

only 20.2 U/mL at pH 6 at 30 �C. Padmapriya and Wil-

liams (2012) isolated neutral B. subtilis protease that had

an enzyme activity of 340 U/mL at pH 7 at 37 �C. More-

over, Sathiya (2013) reported that crude B. subtilis protease

had a proteolytic activity of 77 U/mL at 37 �C, while

purified B. subtilis protease had an activity of 533.55 U/mL

also at 37 �C. These results suggest that B. subtilis protease
activity, aside from pH and temperature, can also depend

on the composition of the enzyme production medium,

strain of the bacterium, and the purity of the enzyme.

Temperature

Enzyme activity of B. subtilis protease and the commercial

meat tenderizer were also assessed at varying temperatures

(Table 1). Since the B. subtilis protease is most active at

pH 7.5, its activity was tested at various temperatures at pH

7.5. B. subtilis protease enzyme activity was highest at

50 �C (188.87 U/g), and the activity subsequently

decreased at 55 �C (169.82 U/g). Still, there was no activity

(0 U/g) from the commercial meat tenderizer at the tem-

peratures tested.

Bacterial protease inactivation can be attributed to the

cardinal temperature wherein the bacteria can grow and

survive (Budde et al. 2006). It was noted by Budde et al.

(2006) that B. subtilis’ growth range is between 11 and

52 �C. Beyond this, the bacterium’s proteins will lose its

configuration and start to denature. Similarly, B. subtilis

Y-108 protease was most active at 50 �C but was rapidly

inactivated at higher temperatures. The protease activity

was completely inactivated at 60 �C (Yang et al. 2000).

Like any protein, enzymes have a heat threshold. At tem-

peratures greater than 70 �C, most microbial alkaline pro-

teases start to denature. This means that heat cleaves the

bonds that hold the active conformation of the enzyme and

unwinds it to a random configuration. Thus, the enzyme is

unable to bind to the substrate and loses its activity (Ellaiah

et al. 2002).

Physicochemical properties of roasted carabeef

Meat tenderness

Shear force value (SFV) is the amount of force required to

shear through roasted meat. Greater SFV means that meat

is tougher and vice versa. Figure 1a shows the SFVs of

carabeef treated with the commercial meat tenderizer and

various concentrations of B. subtilis protease held at room

temperature for 30 min. In this set-up, statistical analyses

revealed that the SFV of all carabeef samples rubbed with

B. subtilis protease was significantly lower than the nega-

tive control. Although at 0.15%, the SFV value was not

significantly lower than the commercial meat tenderizer.

Furthermore, no significant difference in SFV was

observed in carabeef treated with commercial meat ten-

derizer and negative control. This means that the com-

mercial meat tenderizer was not effective in tenderizing

carabeef for 30 min.

Table 1 Enzyme activity of the commercial meat tenderizer and B.

subtilis protease at different pH and temperature

Enzyme activity (U/g)

Commercial

meat tenderizer

B. subtilis

protease

pH

6 0 81.62

6.5 0 101.5

7 0 126.09

7.5 0 136.71

8 0 115.34

Temperature (�C) at pH 7.5

35 0 105.14

40 0 117.97

45 0 168.32

50 0 188.87

55 0 169.82
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Figure 1b shows the SFVs of carabeef treated with the

commercial meat tenderizer and various concentrations of

B. subtilis protease held at room temperature for 60 min.

As shown in this figure, all carabeef samples rubbed with

B. subtilis protease had significantly lower SFV than the

negative control and the commercial meat tenderizer. B.

subtilis protease at 0.15% and 0.25% rendered the carabeef

significantly tender, while 0.35% and 0.45% rendered the

Fig. 1 a Mean shear force

values of carabeef rubbed with

the commercial meat tenderizer

and B. subtilis protease held at

room temperature for 30 min.

b Mean shear force values of

carabeef rubbed with the

commercial meat tenderizer and

B. subtilis protease held at room

temperature for 60 min. c Mean

shear force values of carabeef

injected with the commercial

meat tenderizer and B. subtilis

protease held at room

temperature for 60 min. Mean

shear force value with the same

superscript are not significantly

different at P C 0.05
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carabeef very tender in terms of SFV. Meat is considered

tender if SFV is between 346.5 and 462 g/cm2. Below

these values, meat is considered very tender (Wulf et al.

1998). Still, the commercial meat tenderizer did not render

carabeef significantly tender when compared to the nega-

tive control.

From the results shown in Fig. 1b, 0.15% and 0.35% B.

subtilis protease concentrations were chosen for carabeef

treatment through injection (Fig. 1c). Both the commercial

meat tenderizer and 0.15% B. subtilis protease treatments

did not have significantly lower SFV than the negative

control. In contrast, carabeef injected with 0.35% B. sub-

tilis protease solution was significantly more tender than

that of the other treatments.

Although not significant, a decrease in SFV can still be

observed between the negative control and commercial

meat tenderizer. This can be attributed to the salts present

in the commercial meat tenderizer. Salt can contribute to

the softening of the meat. It has been cited by Duranton

et al. (2012) that salt tenderizes meat by protein denatu-

ration. As they have stated, chloride ions unfold proteins

and reveal its charged binding sites allowing further

hydration to occur, which is linked to tenderization. In their

study, salt significantly decreased shear force in their meat

samples. Additionally, calcium from calcium stearate can

activate calpains (Gerelt et al. 2005; Ji and Takahashi

2006). Calpains are endogenous enzymes found in meat

that also have proteolytic activity causing meat tenderiza-

tion (Koohmaraie and Geesink 2006).

Thus far, carabeef tenderization using microbial pro-

tease has not been reported. For comparison, Qihe et al.

(2006) reported a marked decrease in toughness in beef

treated with Bacillus sp. EL31410 protease. Sullivan and

Calkins (2010) also reported that beef treated with B.

subtilis protease showed improvement in tenderness. Col-

lagen and elastin structures are significant factors that

affect meat tenderness (Qihe et al. 2006). Meat tenderness

is dependent on the amount, type, and extent of inter-

molecular cross-linking of these meat proteins (Ashie et al.

2002). According to Rawdkuen et al. (2013), Bacillus

protease is capable of digesting muscle proteins (i.e., col-

lagen and elastin) in meat. Rawdkuen and Benjakul (2012)

also stated that Bacillus protease causes deformation and

disruption of the intramuscular connective tissue structure

in beef, which decreases the meat’s toughness.

Using the mean SFVs, the percentage differences of the

commercial meat tenderizer, 0.15% and 0.35% of B. sub-

tilis protease to the negative control were determined. B.

subtilis protease at 0.25% and 0.45% were not tested for

economic reasons and because these two concentrations

did not have significantly lower SFV than 0.15% and

0.35% B. subtilis protease, respectively. For carabeef

samples that were rubbed, forked, and held for 30 min, the

meat toughness was decreased by 3.42% by the commer-

cial tenderizer, 10.83% and 23.19% by the 0.15% and

0.35% B. subtilis protease, respectively. Carabeef that were

rubbed, forked and held for 60 min, decreased the meat

toughness by 8.02% by the commercial tenderizer, 31.09%

and 79.01% by the 0.15% and 0.35% B. subtilis protease,

respectively. On the other hand, carabeef treated through

injection decreased meat toughness by 0.9% using the

commercial meat tenderizer, 6.39% using 0.15% B. subtilis

protease solution, and 73.96% using 0.35% B. subtilis

protease solution. Based on these values, rubbing and

forking was considered the most effective way to apply B.

subtilis protease on meat samples in this study. Forking

after rubbing ensures that the enzyme is also in the meat

and not just on its surface. According to Singh et al. (2019),

this is a more effective method of introducing an enzyme to

meat because of its direct application. In contrast, appli-

cation by injection will require dilution of the enzyme and

may lead to seepage after injection. Nonetheless, an

injection can still be used as an alternative way of applying

the enzyme.

Both 0.35% and 0.45% B. subtilis protease concentra-

tions sufficiently tenderized carabeef. Since the 0.45% B.

subtilis protease concentration was not significantly lower

than the 0.35% B. subtilis protease concentration, 0.35%

was chosen in the succeeding tests for economic reasons.

Sixty minutes holding time resulted in more tender car-

abeef than when held for only 30 min (P\ 0.0001).

Meat color

Degree of lightness (L*), redness (a*), and yellowness (b*)

of carabeef treated with the commercial meat tenderizer and

0.35% B. subtilis protease before and after roasting was

determined. Statistical analyses showed that none of the L*,

a*, and b* values across treatments were significantly dif-

ferent in both raw and roasted carabeef (P[ 0.05). Hence,

the carabeef samples had the same level of freshness and

doneness, respectively, and application of B. subtilis pro-

tease to carabeef did not significantly alter the color mea-

surements of the meat, whether raw or roasted.

Proximate composition of roasted carabeef

Table 2 shows the proximate composition of roasted car-

abeef treated with commercial meat tenderizer and 0.35%

B. subtilis protease. The moisture and ash content of the

samples were not significantly different among treatments.

However, the crude fat in the negative control obtained

significantly lower values with that of the commercial meat

tenderizer and B. subtilis protease, while crude fat of the

carabeef samples treated with commercial tenderizer was

not significantly lower than B. subtilis protease. Moreover,
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crude protein in carabeef treated with B. subtilis protease

had a significantly higher value than the two other treat-

ments, but these two treatments were not significantly

different from each other.

In a proximate analysis done by Macalood et al. (2013),

samples containing protease do contain significantly higher

amounts of crude protein. Moreover, proteases are capable

of recovering significant quantities of protein hydrolysate

(Abdulazeez et al. 2013). Hence, the B. subtilis protease

had contributed to the higher crude protein of the sample.

Additionally, Oliveros et al. (2007) mentioned that the

level of meat trimming can plausibly explain the differ-

ences in proximate composition, especially crude fat. This

is because the amount of lipid in meat cuts is dependent on

the quantity of untrimmed deep muscle fat and superficial

fat that persists after cutting and trimming (Aberle et al.

2001).

Sensory evaluation

Table 3 shows the median sensory scores by 10 experi-

enced panelists for carabeef treated with commercial meat

tenderizer and 0.35% B. subtilis protease for three con-

secutive days. Since the 7-point scale is an ordinal scale

(Lim et al. 2009), median scores were used for analysis

instead of the means because ordinal scale values cannot be

added or divided.

The color was depicted slightly brown by the panelists for

all treatments. Thus, none of the treatments were signifi-

cantly different from each other in terms of color. The aroma

was desirable for roasted carabeef treated with commercial

meat tenderizer and slightly desirable for carabeef treated

with B. subtilis protease. According to the product specifi-

cation provided by CTCGroup Philippines, B. subtilis pro-

tease exudes an odor similar to fermentation. The significant

difference in aroma can be attributed to the fermented odor

exuded by the B. subtilis protease. The panelists evaluated

the samples from all treatments to have slightly full meaty

flavor and were not significantly different.

The panelists perceived carabeef samples treated with

commercial meat tenderizer or B. subtilis protease for

30 min to be slightly tough, while carabeef samples treated

with B. subtilis protease for 60 min was described as

slightly tender. Statistical analysis of tenderness showed

that carabeef treated with B. subtilis protease for 60 min

was significantly tender than the other treatments. This

coincides with the results of Qihe et al. (2006) and Sullivan

and Calkins (2010) that described beef treated with

Bacillus protease have greater sensory scores for tender-

ness than their control.

There was no perceptible bitter flavor among samples,

and they were graded between slightly dry to neither juicy

nor dry. Consequently, bitterness and juiciness among

treatments were not significantly different. Overall, the

general acceptability of the treatments was deemed slightly

Table 2 Proximate

composition of roasted carabeef

treated with commercial meat

tenderizer and B. subtilis

protease

Parameters Negative control Commercial tenderizer 0.35% B. subtilis protease

Moisture (%) 63.49a 63.94a 63.08a

Crude fat (%) 0.6b 00.93a 00.98a

Crude protein (%) 33.52b 31.31b 36.83a

Ash (%) 00.83a 00.83a 00.81a

*Mean values with the same superscripts in the same row are not significantly different (P C 0.05)

Table 3 Sensory characteristics of roasted carabeef rubbed with the commercial tenderizer and B. subtilis protease

Parameters Sensory scores

Negative control Commercial tenderizer 0.35% protease (30 min) 0.35% protease (60 min)

Color 5a 5a 5a 5a

Aroma 6a 6a 5b 5b

Flavor 5a 5a 5a 5a

Tenderness 3b 3b 3b 5a

Bitterness 1a 1a 1a 1a

Juiciness 4a 3a 3a 4a

General acceptability 5a 5a 5a 5a

*Median scores with the same superscript in the same row are not significantly different (P C 0.05)
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acceptable and was not significantly different across

treatments.

It is noticeable that our analytical results (i.e., SFV) for

tenderness did not coincide with the sensory evaluation

done in this study. However, this is not uncommon, as

several studies have similar results. According to Deste-

fanis et al. (2008), the relationship between sensory eval-

uations and shear force measurements of beef tenderness

can be highly variable. They concluded that SFV may not

necessarily reflect consumer preference and product

acceptability. In a study by Van Wezemael et al. (2014),

the correlation between sensory analysis and SFV was even

lower compared to what was reported by Destefanis et al.

(2008). Their findings supported the results of Powell et al.

(2011) who reported that consumers’ rating on beef ten-

derness is independent of SFV.

Van Wezemael et al. (2014) explained that the degree of

juiciness can influence evaluations of tenderness, leading to

a low correlation between sensory evaluation and shear

force measurements. In our study, the juiciness of the B.

subtilis protease treated carabeef for 30 min is rated a score

of 3, which is slightly dry. This could explain why the

30 min B. subtilis protease-treated carabeef sample was

also rated as slightly tough. Moreover, even though all of

our meat samples in this study have the same level of

acceptability, Verbeke et al. (2010) reported that qualita-

tive research results are strongly subjective and that there is

only a marginal correlation between sensory evaluations

and instrumental measurements. Hence, consumer evalua-

tions of tenderness and satisfaction may not necessarily

agree with shear force measurements or analytical data

(Van Wezemael et al. 2014).

Conclusion

This study investigated the efficacy of B. subtilis protease

in tenderizing carabeef. Using 350 g/cm2 as standard for

meat tenderness, results revealed that the optimal B. sub-

tilis protease concentration that can sufficiently tenderize

carabeef is 0.35% (280 g/cm2). At this concentration, the

toughness of carabeef was reduced by 80%. Carabeef

treated with 0.35% B. subtilis protease for an hour was

significantly more tender than the untreated carabeef and

carabeef treated with a commercial meat tenderizer. Mea-

surement of meat tenderness and sensory evaluation of

carabeef treated with the commercial meat tenderizer val-

idated that commercial meat tenderizer used in this study is

not an effective meat tenderizing agent as it lacked prote-

olytic enzymes. In conclusion, B. subtilis protease is an

effective meat tenderizer that can be used in households

and the food industry without causing over-tenderization.
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