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The purpose of this study is to determine the effect of bromelain produced from pineapple
crowns on the quality of beef round cuts. The beef was treated with bromelain at the following
condition; the pH of beef was 5.6, the immersion temperature was 60ºC, the concentration of
bromelain solution was 0.17% and the immersion time was 10 minutes. Bromelain decreased
the hardness, water holding capacity (WHC), moisture content and a* value of beef. On the
other hand, bromelain increased the pH, cooking loss, and L* and b* values of beef. Bromelain
treatment to beef cut samples significantly (P <0.05) increased the essential and non-essential
amino acids content of beef. This indicated that beef treated with bromelain had a desirable
effect on the beef quality.
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Introduction
Bromelain is a proteolytic enzyme found
naturally in pineapple plant (Hebbar et al., 2008). It
has been used widely as a meat tenderiser (Omojasola
et al., 2008). For instance, bromelain had been used
to tenderise beef (Ketnawa and Rawdkuen, 2011),
mutton (Bille and Taapopi, 2008), chicken meat
(Koide et al., 2010) and pork (Ieowsakulrat et al.,
2011). Bromelain, the plant thiol proteases affects
the structure of myosin and actin filaments of
myofibrillar proteins. Gerelt et al. (2000) reported
that proteolytic enzymes not only accelerate the
fragmentation of myofibrils but also may disrupt the
structure of intramuscular connective tissue in meat.
According to Godfrey and Reichelt (1983), bromelain
cleaves peptide bonds at the carbonyl end of lysine,
alanine, tyrosine and glycine. In addition, bromelain
is recognised by the United States federal agencies as
generally recognised as safe (GRAS) to improve the
meat tenderness (Sullivan and Calkins, 2010).
Brahman is a tropically adapted Bos indicus breed
developed from the cattle of Indian origin. It is one
of the numerous cattle breeds in South Africa adapted
to tropical and subtropical conditions. The Brahman
breed is well known for its rusticity and maternal
ability (Soria et al., 2010). Besides, it is able to
withstand extreme climates (adaptability) and excels
in crossbreeding programs (Pico et al., 2004). There
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are many advantages of using Brahman crossbreed
cattle in different parts of the world. Unfortunately,
there are some widely known undesirable palatability
attributes which reduce the value of cattle with
Brahman background. Among the most important
of these undesirable attributes is the reputation for
inadequate tenderness (Riley et al., 2005). According
to Maiti et al. (2008), Brahman breed is tougher than
Hereford breed.
Tenderisation process could alter the physico–
chemical properties of beef. Li and Zan (2011) reported
that there is a need to study the physico–chemical
properties of beef to correlate with its nutritional
values. Amino acids are the building blocks of protein
which function as the major structural components of
body cells. There are two different types of amino
acids which are essential and non–essential amino
acids. Non–essential or dispensable amino acids are
the amino acids that the body can create out of other
chemicals found in the body. Meanwhile, essential
or indispensable amino acids are the amino acids
that cannot be created and therefore, the only way
to get them is through food (Muhammad–Lawal
and Balogun, 2007). Peraza–Mercado et al. (2010)
stated that failure to get enough essential amino acids
can cause detrimental health effects. This study was
undertaken to determine the effect of bromelain on
the quality of beef round cuts. The beef was treated
with bromelain at the following condition; the pH of

1591

Nadzirah et al./IFRJ 23(4): 1590-1599

beef was 5.6, the immersion temperature was 60ºC,
the concentration of bromelain solution was 0.17%
and the immersion time was 10 minutes.
Materials and Methods
Materials
The crowns of pineapple variety N36 from
maturity index 2 (all scales green with tinge of
yellow between the scales at the base, the bracts
are dry and whitish) were obtained from Peninsula
Plantation Sdn Bhd, Simpang Renggam, Johor,
Malaysia. The beef round cuts from the 3–year–old
bull of Brahman species were obtained from MZR
Livestock (M) Sdn Bhd, Rantau Panjang, Selangor,
Malaysia. Food grade chemicals and analytical grade
chemicals were purchased from Merck Chemical
Company and Sigma Chemical Company. Custom–
made cation exchange resin column and continuous
diafiltrator were purchased from Agilent and Isetake,
respectively.
Production of bromelain powder
The production of bromelain powder was carried
out following method as described by Nadzirah et al.
(2012). Initially, the pineapple crowns were crushed
in a food processor with the addition of purified water
at a ratio of 1:1 to produce pineapple crown extract.
The extract was filtered through a double layered
muslin cloth to remove the solid parts. The filtrate
was then collected and purified by a preparative
High Performance Liquid Chromatography (HPLC)
(Agilent 1200 Series, USA) using a cation exchange
resin column of 21.2 mm internal diameter and 250
mm length. The eluents used were acetate buffer (25
mM, pH 4.0) and 1M NaCl solution and the flow
rate used was 6 ml/min. Bromelain was detected
at 280 nm wavelength. The purified bromelain was
dialysed by a continuous diafiltrator using a hollow
fiber membrane having a molecular weight cut-off of
10 kDa to remove salt as a result of the purification
process. Purified water was used for buffer exchange.
Finally, the bromelain solution was dried using
a freeze dryer (Christ alpha 1-4LD Plus model,
Belgium). The drying process which was carried out
at -55ºC took about a week to produce a completely
dried bromelain powder.
Tenderisation of beef using bromelain solution
Beef round was cut into cubes of approximately
2 cm3. The beef cubes were randomly divided into
two groups. One group was treated with bromelain

solution according to the feasible optimum condition
obtained by Zainal et al. (2013) whereby the pH of
beef was 5.6, the immersion temperature was 60ºC,
the concentration of bromelain solution was 0.17%
and the immersion time was 10 minutes. Meanwhile,
the other one group was not treated and served as
control. Analysis on the beef cubes was performed
in triplicate.
Determination of hardness
Beef hardness was determined following method
as described by Zainal et al. (2013). The beef hardness
was measured by a texture analyser (model TAX–T2i
Stable Micro Systems, England) using a P2N needle
probe with a load cell of 10 kg applied at a cross head
speed of 60 mm/min. The immersion depth of beef
cube was 5 mm. The beef hardness was expressed in
gram (g).
Determination of water holding capacity
The water holding capacity (WHC) was
determined following method as described by Özalp
and Karakaya (2009). 8 g of grinded beef sample was
put into a tube. Then, 12 ml of 0.6M NaCl solution
was added into the tube. The tube was subsequently
placed into a chiller at 5°C for 15 minutes. After
that, the tube was centrifuged at 1977 x g for 15
minutes at 5°C. The supernatant was poured into a
measuring cylinder and the volume was recorded.
The WHC was calculated according to Ketnawa and
Rawdkuen (2011) and expressed in percentage (%)
as the following equation:

Determination of moisture content
The moisture content was determined using oven
method as described by Ruiz (2001). The moisture
content was calculated as the percent loss in weight
after drying.
Determination of pH
The pH was determined by a pH meter (Model HI
110 series, Hanna devices, USA) at room temperature
(27ºC). The pH meter was initially calibrated with
pH 7 and pH 4 buffers before being used in pH
determination (Wardy et al., 2009).
Determination of cooking loss
The beef samples were weighed accurately just
before cooking. After cooking, the samples were
cooled and weighed immediately. The cooking loss
was calculated according to Sultana et al. (2009)
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and expressed in percentage (%) as the following
equation:
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Table 1. Analysis for amino acids content

Determination of colour
Colour were determined by the L*, a*, b* colour
space (also referred to as CIELAB) using a portable
chromameter (CR–400 Minolta, Osaka, Japan) with
D65 illuminant and 8 mm aperture size according
to the method by Ergezer and Gokce (2011). It was
calibrated using a white standard tile. The expression
of colour was characterised as L* (lightness) and
a*, b* (chromaticity coordinates). The chromaticity
coordinates represent colour directions as follows:
+a* (red direction), –a* (green direction), +b* (yellow
direction), –b* (blue direction).
Determination of amino acids content
The amino acids content was determined using
method as described by Gam et al. (2005). The amino
acids analysis was carried out by an analytical HPLC
with a fluorescence detector. The chromatography
was run using an AccQ tag column of 3.9 mm
internal diameter and 150 mm length (Waters) at a
flow rate of 1 ml/min. The eluent A and eluent B used
were AccQ•Tag concentrate and 60% acetonitrile,
respectively. The injection volume was 10 µl. The
period of analysis was 50 minutes. The amino acids
content in sample was determined from the standard
curve of standard amino acids. The results were
expressed as g/100g.
Analysis for amino acids content
The amino acids were grouped according to
its chemical structure: monoamino carboxylic
acids (glycine, alanine, valine); monoamino
dicarboxylic acids or acidic amino acids (aspartic
and glutamic acids); ß–hydroxyamino carboxylic
acids (serine and threonine); basic acids (lysine,
histidine, arginine); sulphur–containing amino acids
(methionine and cysteine); ring–containing amino
acids (phenylalanine, tyrosine, proline) and leucines
(leucine and isoleucine) (Bivolarski et al., 2011). The
amino acids were also grouped into essential, non–
essential, flavour and medicinal amino acids. The
amino acids content of bromelain-treated beef and
untreated beef was calculated and analysed (refer to
Table 1).
Determination of beef quality
The nutritional quality of beef was determined
using amino acid score method (Ismail et al., 2013)
and fuzzy recognition method (Yu et al., 2014). The

quality was determined based on the essential amino
acids content of untreated beef and bromelain–treated
beef.
Determination of amino acid score
The amino acid score was calculated according to
Ismail et al. (2013) as follows:

The reference values used were based upon the
essential amino acids requirements of 2- to 5-yearold children (refer to Table 4).
Determination of proximate extent
The proximate extent denoted the extent between
test protein and reference pattern protein, namely the
similarity of the composition of amino acid. It was
determined using fuzzy pattern recognition method
as described by Yu et al. (2014) and calculated
according to the following equation:

Where µik is the amount of certain essential
amino acids of test protein and αk is the amount of
certain essential amino acids of reference pattern
protein.
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Statistical analysis
Data were analysed by Statistical Package for
the Social Sciences (SPSS) version 15 using one–
way ANOVA. Duncan’s multiple–range test was
used to determine the difference between means. A
significant difference was considered at the level of
P <0.05 (5%).

Table 2. Physico–chemical properties of untreated beef
and bromelain– treated beef

Results and Discussion
It was observed that the hardness, WHC,
moisture content and a* of untreated beef decreased
significantly from 187.23% to 19.73%, 14.44%
to 12.22%, 70.48% to 65.75% and 7.20 to 5.61,
respectively after the beef was treated with 0.17%
concentration of bromelain solution in a water bath
at 60ºC for 10 minutes. On the other hand, the pH,
cooking loss and L* and b* of untreated beef increased
significantly from 5.60 to 5.69, 8.77% to 15.89%,
41.19 to 42.95 and 11.86 to 13.15, respectively after
the beef was treated with 0.17% concentration of
bromelain solution in a water bath at 60ºC for 10
minutes (refer to Table 2).
The tenderness of untreated beef round cuts
increased significantly by 89.46% after the beef
was treated with 0.17% concentration of bromelain
solution in a water bath at 60ºC for 10 minutes. Results
from the present study were higher than Ketnawa and
Rawdkuen (2011) and Huffman et al. (1967). Ketnawa
and Rawdkuen (2011) had used bromelain powder
produced from pineapple peel to tenderise beef. They
found that the tenderness of untreated beef increased
significantly by 20% after the beef was treated with
3% concentration of bromelain solution and left at
room temperature for 60 minutes. Huffman et al.
(1967) found that the tenderness of untreated beef
round and loin cuts increased significantly by 16.09
and 33.18%, respectively after the beef was treated
with papain and heated in an oven at 182ºC for 2.5
hours.
The increase in the tenderness of bromelain–
treated beef (89.46%) was due to the proteolysis
of muscle protein by bromelain. This is based on
Ketnawa and Rawdkuen (2011) who found that
bromelain fragmented the myosin heavy chain.
Besides, the action of bromelain by denaturing
protein and by breaking down the collagen, muscle
fibers and tissues that connect it also contributed to
the increase of beef tenderness (Bille and Taapopi,
2008). Rawdkuen and Benjakul (2012) reported
that enzymes increased the collagen solubility and
promoted the structural alterations through the action
on collagens cross–link.
Heating process would accelerate the beef

Mean values ± standard deviation (n = 3 replicates) within each
column with different superscripts differ significantly at P <0.05.
abc

tenderisation process. This is because, during
heating of meat, the sarcoplasmic, myofibrillar
and connective proteins undergo denaturation
(Kołczak et al., 2008). Chang et al. (2011) observed
perimysium and endomysium in the raw meat
samples were arranged clearly and closely, while
collagen fibers were arranged regularly and orderly.
The collagen fibers (thick bundles) in the raw
meat samples showed a complex structure where
the fibers of various striations crossed each other.
When an internal endpoint temperature was up to
50ºC, the endomysium became slightly loose and
the perimysium began to granulate. At 60ºC, the
collagen began to solubilise which increased the beef
tenderness.
The decrease in the WHC of bromelain–treated
beef was in agreement with Ketnawa and Rawdkuen
(2011). Ketnawa and Rawdkuen (2011) found that the
3% concentration of bromelain solution decreased the
WHC of beef significantly from 40.01% to 27.97%
after the bromelain–treated beef was left at room
temperature for 60 minutes. The decrease of WHC
was due to the action of bromelain in the denaturation
of myofibrillar proteins which play a role in water
retention (Murphy and Marks, 2000). Besides,
the decrease of WHC was due to the myofibrillar
shrinkage as well as the movement of water from
the myofilament space into the extracellular space
(Ketnawa and Rawdkuen, 2011).
The decrease in the moisture content of bromelain–
treated beef was in agreement with Sultana et al.
(2009). They found that tasty kit solution containing
1.2M NaCl, 0.25M sodium bicarbonate and 0.1%
ascorbic acid decreased the moisture content of beef
chuck cuts significantly from 75.80% to 68.77% after
the tasty kit–treated beef was heated in a water bath
at 80ºC for 30 minutes. The majority of water in meat
is held within the structure of muscle and muscle
cells. Therefore, the decrease of moisture content was
caused by the destruction of the structure of muscle
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Table 3. Amino acids content of untreated beef and bromelain–treated beef

= essential amino acids, 2 = flavour amino acids, 3 = medicinal amino acids. abc Mean
values ± standard deviation (n = 3 replicates) within each row with different superscripts
differ significantly at P <0.05. Lower case indicates the significant different among amino
acids content for both untreated beef and bromelain–treated beef. Capital letter indicates the
significant different for each amino acids content between untreated beef and bromelain–
treated beef.
1

cells due to the denaturation of myofibrillar proteins
by the action of heat and meat tenderiser (Huang et
al., 2011).
The increase in the pH of bromelain–treated
beef was in agreement with Naveena and Mendiratta
(2004). They found that the pH of buffalo meat treated
with ginger extract increased significantly from 5.76
to 5.87 after the ginger–treated buffalo meat was
heated in an oven at 180ºC to an internal temperature
of 75 ± 1ºC for 20 minutes. The increase of pH was
due to the increase loss of free acidic groups (Huang
et al., 2011).
The increase in the cooking loss of bromelain–
treated beef was in agreement with Klinhom et al.
(2011). They found the cooking loss of untreated
beef increased significantly from 36.55% to 42.90%
after the beef was treated with 0.05M citric acid and
heated to an internal temperature of 70ºC. Murphy
and Marks, (2000) reported that during heating, the
water content within the myofibrils in the narrow
channels between the filaments undergoes changes
due to the shrinkage of tissue matrices and thus

causing the cooking loss of meat to increase.
Sánchez Del Pulgar et al. (2012) reported that the
increase in the cooking loss of heated meat is caused
by three main processes. First, water evaporates with
the increase of heating temperature. Second, the
increased temperatures during heating would cause
the myofibrillar proteins to shrink. It is a process that
starts at 40ºC and becomes more intense with the
increase of heating temperature. As a result, a parallel
decrease occurs in the interfibrillar volume and thus
leads to a reduction in the myofibril’s ability to hold
water. As a consequence, a part of water retained by
capillarity is lost. Finally, at temperatures between
56 and 62ºC, a contraction of perimysial connective
tissue seems to take place causing the compression of
muscle fiber bundles and thus encourages the water
to be released from the beef muscle.
The increase in the colour L* and b* values and
the decrease in the colour a* value of bromelain–
treated beef were in agreement with Ergezer and
Gokce (2011). They found the L* and the b* values
of marinated turkey breast meat treated with lactic
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Table 4. Amino acid score and proximate extent of untreated beef and bromelain–treated beef

acid solution increased significantly from 44.90 to
58.45 and 8.38 to 18.64, respectively after the treated
turkey breast meat was heated in an oven at 180ºC
to an internal temperature of 80ºC for 35 minutes.
Meanwhile, the a* value of marinated turkey breast
meat treated with lactic acid solution decreased
significantly from 3.09 to 2.18 after the treated turkey
breast meat was heated in an oven at 180ºC to an
internal temperature of 80ºC for 35 minutes. They
reported that heat treatment contributed to the colour
changes. This had also been proved by Fletcher et
al. (2000) and Chueachuaychoo et al. (2011). They
found that the heat treatment tended to produce meat
with a lighter colour, less red and yellower colour.
During heating, meat becomes progressively browner
from its initial red colouration (Huang et al., 2011).
The increase in the core temperature of heating meat
products intensifies the lightness L* on the cross–
section, and decreases the redness a* (Wyrwisz et al.,
2012).
The changes of meat colour were due to the fact
that the meat was in an oxidised form, metmyoglobin
(metMb) which has a dull brown colour (Hernández
et al., 2006). The meat tended to be a lighter and
also turned to a brown–grey hue with the increase
in heating temperature. The lightening was due to an
increase reflection of light, arising from light scattering
by denatured proteins. The a* value correlated
with total pigment, Mb, and iron concentrations.
Thus, the changes of a* value were correlated with
the content of Mb that might undergo oxidation to
form MetMb, resulting in a more brownish colour
(Chueachuaychoo et al., 2011). When measuring the
stability of beef colour (surface metMb formation)
over time, a* is probably more useful than b*. This is
because the scale of a* value is from a red colour to a
green colour. The formation of metMb was due to the
changes in the colour of beef from a red colour to a

greenish–brown colour (Page et al., 2001).
Beef is one of the widely consumed protein
sources in the world (Muchenje et al., 2009). The
reason is that they contain all the amino acids
required by the human body (Muhammad–Lawal
and Balogun, 2007). Therefore, it is important that
the amino acids content of beef is unaffected by
the tenderisation process. The amino acids content
of untreated beef and bromelain–treated beef was
determined and the results are shown in Table 3.
The total amino acids content of raw round beef
cuts (11.21 g/100g) from the present study was in
agreement with Hall and Schönfeldt (2013) who
discovered that the raw round beef cuts of South
African cattle had the lowest total amino acids content
with 13.44 g/100g. It was found that the bromelain–
treated beef (13.34 g/100g) had higher total amino
acids content compared to the untreated beef (11.21
g/100g). The increase in the total amino acids content
of bromelain–treated beef was in agreement with
Kuzelov et al. (2010). They found that the total amino
acids content of untreated beef chuck cuts increased
significantly from 21.25 g/100g to 22.92 g/100g after
the beef was treated with the proteolytic enzyme of
Streptomyces species 82 at 0ºC for 48 hours.
The increase in the total amino acids content
of bromelain–treated beef was due to the loss of
water holding capacity of the proteins as they were
denatured by heat (Wilkinson et al., 2014). Kuzelov
et al. (2010) reported that raw tough beef cut has
low hydrolysing characteristics which would not
digested thoroughly during human consumption.
Based on those reported by Kuzelov et al. (2010),
the bromelain–treated beef which contained high
amino acids content indicated that the beef had high
hydrolysing characteristics which would be digested
thoroughly during human consumption.
The total acidic amino acids content of
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bromelain–treated beef (2.72 g/100g) was higher
than that of untreated beef (2.38 g/100g). Results
from the present study were complied with Kuzelov
et al. (2010). They found that the total acidic amino
acids content of Streptomyces species 82 enzyme–
treated beef (5.64 g/100g) was higher than that of
untreated beef (5.44 g/100g).
Non–essential amino acids such as glutamic acid,
aspartic acid, glycine, alanine, serine and proline are
flavour amino acids. Glutamic acid and aspartic acid
are the characteristic amino acids of palatable taste.
Meanwhile, glycine, alanine, serine and proline are
the characteristic amino acids of sweetish taste (Yu
et al., 2014). The flavour of raw fresh meat is bland,
metallic and slightly salty and only a blood–like taste
whereas the flavour of a desirable meat is apparent
only after heating (Ahmed et al., 2010). The total
flavour amino acids content of bromelain–treated
beef (5.09 g/100g) was higher than that of untreated
beef (4.33 g/100g). Based on those reported by Yu
et al. (2014), the bromelain–treated beef was more
palatable and sweeter than the untreated beef.
Aspartic acid, glutamic acid, glycine, leucine,
tyrosine, phenylalanine, lysine, arginine and
methionine are medicinal amino acids. It was found
that the total medicinal amino acids content of
bromelain–treated beef (8.28 g/100g) was higher
than that of untreated beef (7.30 g/100g). Glycine,
which was one of the major components of human
skin collagen together with other amino acids such
as alanine, proline, arginine, serine, isoleucine and
phenylalanine, formed a polypeptide that would
promote regrowth and tissue healing (Yu et al., 2014).
It was found that the bromelain–treated beef (1.46
g/100g) had higher total sulphur–containing amino
acids content compared to the untreated beef (1.32
g/100g). The amount of cysteine in the untreated
beef and the bromelain–treated beef was 0.33 and
0.44 g/100g, respectively. Meanwhile, the amount of
methionine in the untreated beef and the bromelain–
treated beef was 0.99 and 1.02 g/100g, respectively.
These results were in agreement with Adeyeye and
Adanlawo (2011). They reported that many animal
proteins contain substantially more methionine than
cysteine.
According to Ibegbulem et al. (2013), cysteine
is required for the synthesis of glutathione, a redox
buffer. Glutathione maintains the sulfhydryl groups of
proteins in the reduced state whereby the iron of haem
was in the ferrous ions state. It also acts as a reducing
agent for glutaredoxin in deoxyribonucleotide
synthesis. Under aerobic conditions, the redox
function of glutathione is to remove toxic peroxides
formed in the normal course of growth and
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metabolism. The synthesis of glutathione is limited
by the availability of cysteine. Since the bromelain–
treated beef had higher cysteine compared to the
untreated beef, therefore the bromelain–treated beef
could provide higher cysteine for the synthesis of
glutathione.
Both untreated beef and bromelain–treated beef
had higher total acidic amino acids content with
2.38 and 2.72 g/100g, respectively compared to total
basic amino acids content with 2.12 and 2.55 g/100g,
respectively. The higher total acidic amino acids
content in the untreated beef and the bromelain–
treated beef indicated that the beef contained more
negatively charged amino acids. This showed that the
untreated beef and the bromelain–treated beef served
as acids at physiological pH.
Essential amino acids are amino acids that
cannot be manufactured in the human body but
can be obtained from food. There are nine essential
amino acids namely methionine, valine, isoleucine,
leucine, phenylalanine, histidine, lysine, threonine
and tryptophan (Ismail et al., 2013). Non–essential
amino acids like cysteine and tyrosine have been
classified as semi–essential amino acids, meaning
that they must be synthesized from the essential
amino acids if insufficient amounts are eaten.
Deficiency in these essential amino acids may lead
to some health problems (Ibegbulem et al., 2013)
such as the deficiency of phenylalanine may result in
stunted growth, heart damage, fatigue and lethargic
(Ismail et al., 2013).
Therefore, it is important to determine the
nutritional quality of beef in order to achieve and
fulfill the day’s need for the essential amino acids. The
nutritional quality of untreated beef and bromelain–
treated beef was determined and the results are shown
in Table 4.
It was found that the total essential amino acids
content of bromelain–treated beef (7.45 g/100g) was
higher than that of untreated beef (6.52 g/100g).
Results from the present study were complied with
Kuzelov et al. (2010). They found that the total
essential amino acids content of Streptomyces species
82 enzyme–treated beef (9.58 g/100g) was higher
than that of untreated beef (8.32 g/100g).
Food protein quality is a key nutritional issue
because it varies from one food protein to another,
and it is important to consider in the dietary protein
requirements. The main determinant of food protein
quality is the content and the availability of essential
amino acids. It can be used to calculate the amino acid
score which provides a way to predict how efficiently
the food protein will meet a person’s amino acid need.
This concept assumes that the tissue protein synthesis
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is limited unless all the required amino acids are
available at the same time and in appropriate amounts
at the site of tissue protein synthesis (Caire-Juvera et
al., 2013).
The method is based on a comparison of
concentration of the first limiting essential amino acid
in a test protein with the concentration of that amino
acid in a reference pattern protein (Caire-Juvera
et al., 2013). The amino acid score is expressed
in percentage (%). The amino acid score of 100 is
considered as a good quality protein. The amino acid
that shows the lowest score is termed as the limiting
amino acid that determines the overall score (Jiang
et al., 2008). The reference pattern protein is based
on the recommended essential amino acids (g/100g)
for 2- to 5-year-old children according to the World
Health Organization (WHO) (Ismail et al., 2013).
Millward (2012) stated that if a food protein meets
the amino acid need of children, then it should also
meet the amino acid need of adults.
The highest amino acid score in both untreated
beef and bromelain–treated beef was sulphur–
containing amino acids (methionine and cysteine)
and the respective values were 52.80 and 58.40%.
This indicated the untreated beef and the bromelain–
treated beef contained high protein food of sulphur–
containing amino acids. Leucine was found as the
limiting amino acid in the untreated beef and the
bromelain–treated beef and the respective values
were 12.58 and 13.94%. The main function of leucine
is to release energy during muscle work and acts
as a precursor of cholesterol to produce hormones
and vitamin D (Ismail et al., 2013). Therefore, the
intake of leucine should be enough since it cannot be
synthesized in the human body.
Theoretically, the consumption of 100 g of food
protein would be enough to supply the daily human
requirements (Nurhan, 2007). In order for the leucine
to function properly and match the 100 g of beef
samples with the recommended pattern protein of
human requirements, thus 100/12.58 or 7.95 times
of untreated beef and 100/13.94 or 7.17 times of
bromelain–treated beef would need to be consumed
if they serve as the sole sources of protein food. This
means that the requirement of essential amino acids
would be adequately met if 795 g of untreated beef
and 717 g of bromelain–treated beef were consumed
per day.
The proximate extent denoted the extent between
the test protein and the reference pattern protein (Yu
et al., 2014). It was found that the proximate extent
of bromelain–treated beef (0.57) inclined towards the
reference pattern protein (1.00) compared to untreated
beef (0.51). This indicated that the bromelain

treatment to beef round cuts had a desirable effect on
the nutritional quality of beef.
Conclusion
The hardness, WHC, moisture content and a*
of untreated beef decreased significantly (P <0.05)
after the beef was treated with 0.17% concentration
of bromelain solution in a water bath at 60ºC for 10
minutes. On the other hand, the pH, cooking loss and
L* and b* of untreated beef increased significantly
(P <0.05) after the beef was treated with 0.17%
concentration of bromelain solution in a water bath
at 60ºC for 10 minutes. Bromelain treatment to
beef round cuts significantly (P <0.05) increased
the essential and non-essential amino acids content
of beef. Leucine was the limiting amino acid in
both untreated and bromelain-treated beef. The
bromelain–treated beef had better nutritional quality
compared to the untreated beef due to its higher
content of essential amino acids.
Acknowledgement
Special thanks to Ministry of Higher Education,
Malaysia for funding this project under Fundamental
Research Grant Scheme [600–RMI/ST/FRGS/
Fst(32/2010)] and also Peninsula Plantation Sdn Bhd,
Simpang Renggam, Johor, Malaysia for supplying
pineapple for this project.
References
Adeyeye, E. I., and Adanlawo, I. G. 2011. Amino acid
composition of the ripe fruits of Solanum aethiopicum
and Solanum macrocarpon. International Journal of
Pharma and Bio Sciences 2(2): 39-51.
Ahmed, H. E., Iram, F. A., Anjum, F. M., Hamdy, A. S.,
Khaled, F. E. and Amr, F. 2010. The effect of pH on
flavour formation and antioxidant activity of amino
acid and sugar interaction products. Journal of the
Arab Society for Medical Research 5(2): 131-139.
Aktas, N., Aksu, M. I. and Kaya, M. 2003. The influence
of marination with different salt concentrations on the
tenderness, water holding capacity and bound water
content of beef. Turkish Journal of Veterinary and
Animal Sciences 27(1): 1207-1211.
Bille, P. G. and Taapopi, M. S. 2008. Effects of two
commercial meat tenderisers on different cuts of goat’s
meat in Namibia. African Journal of Food Agriculture,
Nutrition and Development 8(4): 417-426.
Bivolarski, B., Vachkova, E., Ribarski, S., Uzunova, K. and
Pavlov, D. 2011. Amino acid content and biological
value of rabbit meat proteins depending on weaning
age. Bulgarian Journal of Veterinary Medicine 14(2):
94-102.
Caire-Juvera, G., Vázquez-Ortiz, F. A., and Grijalva-Haro,

Nadzirah et al./IFRJ 23(4): 1590-1599

M. I. 2013. Amino acid composition, score and in vitro
protein digestibility of foods commonly consumed in
northwest Mexico. Nutrición Hospitalaria 8(2): 365371.
Chang, H. J., Xu, X. L., Li, C. B., Huang, M., Liu, D. Y.
and Zhou, G. H. 2011. A comparison of heat induced
changes of intramuscular connective tissue and
collagen of beef semitendinosus muscle during water
bath and microwave heating. Journal of Food Process
Engineering 34(6): 2233-2250.
Chueachuaychoo, A., Wattanachant, S. and Benjakul, S.
2011. Quality characteristics of raw and cooked spent
hen Pectoralis major muscles during chilled storage:
Effect of salt and phosphate. International Food
Research Journal 18(1): 601-613.
Ergezer, H. and Gokce, R. 2011. Comparison of marinating
with two different types of marinade on some quality
and sensory characteristics of turkey breast meat.
Journal of Animal and Veterinary Advances 10(1): 6067.
Fletcher, D. L., Qiao, M. and Smith, D. P. 2000. The
relationship of raw broiler breast meat colour and pH
to cooked meat colour and pH. Poultry Science 79(5):
784-788.
Gam, L. H., Leow, C. Y. and Baie, S. 2005. Amino acid
composition of snakehead fish (Channa striatus) of
various sizes obtained at different times of the year.
Malaysian Journal of Pharmaceutical Sciences 3(2):
19-30.
Gerelt, B., Ikeuchi, Y. and Suzuki, A. 2000. Meat
tenderisation by proteolytic enzymes after osmotic
dehydration. Meat Science 56(3): 311-318.
Godfrey, T. and Reichelt, J. 1983. Industrial Enzymology.
Macmillan Publishers: United Kingdom.
Hall, N.G. and Schönfeldt, H.C. 2013. Total nitrogen vs.
amino–acid profile as indicator of protein content of
beef. Food Chemistry 140: 608–612.
Hebbar, H., Sumana, B. and Raghavarao, K. S. M. S. 2008.
Use of reverse micellar systems for the extraction
and purification of bromelain from pineapple wastes.
Bioresource Technology 99(11): 4896-4902.
Hernández, B., Lizaso, G., Horcada, A., Beriain, M. J.
and Purroy, A. 2006. Meat colour of fighting bulls.
Archivos Latinoamericanos de Produccion Animal
14(3): 90-94.
Huang, F., Huang, M., Xu, X. and Zhou, G. 2011. Influence
of heat on protein degradation, ultrastructure and
eating quality indicators of pork. Journal of the
Science of Food and Agriculture 91(3): 443-448.
Huffman, D. L., Palmer, A. Z., Carpenter, J. W., Hentges
Jr, J. F. and Shirleyr, I. 1967. Effect of ante-mortem
injection of sodium chloride, papain and papain
derivatives on the tenderness of beef. Journal of
Animal Sciences 26(1): 285-289.
Ibegbulem, C. O., Igwe, C. U., Okwu, G. N., Ujowundu,
C. O., Onyeike, E. N. and Ayalogu, E. O. (2013). Total
amino acid profiles of heat processed fresh Elaeis
guineensis and Raphia hookeri wines. Food Chemistry
138(2-3): 1616-1620.
Ieowsakulrat, S., Theerasamran, P., Chokpitinun, C. and

1598

Pinitglang, S. 2011. Tenderisation of pork steak with
fruit bromelain from pineapple monitored by sensory
evaluation and texturometer. Journal of Agricultural
Science 42(2): 457-460.
Ismail, M., Mariod, A. and Pin, S. S. 2013. Effects of
preparation methods on protein and amino acid
contents of various eggs available in Malaysian local
markets. ACTA Scientiarum Polonorum Technologia
Alimentaria 12(1): 21-31.
Jiang, X. L., Tian, J. C., Hao, Z. and Zhang, W. D. 2008.
Protein content and amino acid composition in grains
of wheat-related species. Agricultural Sciences in
China 7(3): 272-279.
Ketnawa, S. and Rawdkuen, S. 2011. Application of
bromelain extract for muscle food tenderisation. Food
and Nutrition Sciences 2(5): 393-401.
Klinhom, P., Klinhom, J., Senapa, J. and Methawiwat, S.
2011. Influence of citric acid, lemon and porcupine
fruit juice on the tenderness and sensory properties
of bovine meat. Agricultural Extension and Home
Economics 4(1): 1-10.
Koide, A., Niwa, Y., Yamauchi, T., Oba, K. and Sano,
M. 2010. Effects of bromelain treatment on the
concentration of free amino acids and tenderisation
of broiler breast meat. Japanese Journal of Food
Chemistry and Safety 17(1): 41-46.
Kołczak, T., Krzysztoforski, K. and Palka, K. 2008.
Effect of post-mortem ageing, method of heating
and reheating on collagen solubility, shear force and
texture parameters of bovine muscles. Polish Journal
of Food and Nutrition Sciences 58(1): 27-32.
Kuzelov, A., Nikolova, N. and Vasilev, K. 2010. Exploring
possibilities for quality improvement of meat raw
materials from cattle ruminant animals by enzymatic
treatment. Biotechnology in Animal Husbandry 26(56): 319-327.
Li, L. Q. and Zan, L. S. 2011. Distinct physico-chemical
characteristics of different beef from Qinchuan cattle
carcass. African Journal of Biotechnology 10(37):
7253-7259.
Maiti, A. K., Ahlawat, S. S., Sharma, D. P. and Khanna,
N. 2008. Application of natural tenderisers in meat - A
review. Agricultural Reviews 29(3): 226-230.
Millward, D. J. 2012. Amino acid scoring patterns for
protein quality assessment. British Journal of Nutrition
108(2): 31-43.
Muchenje, V., Dzama, K., Chimonyo, M., Strydom, P. E.,
Hugo, A. and Raats, J. G., 2009. Some biochemical
aspects pertaining to beef eating quality and consumer
health: A review. Food Chemistry 112: 279-289.
Muhammad-Lawal, A. and Balogun, G. S. 2007. Animal
protein consumption among rural households in
Kwara State, Nigeria. African Journal of General
Agriculture 3(1): 21-27.
Murphy, R. Y. and Marks, B. P. 2000. Effect of meat
temperature on proteins, texture, and cook loss for
ground chicken breast patties. Poultry Science 79(1):
99-104.
Nadzirah, K. Z., Zainal, S., Noriham, A., Normah, I. and
Siti Roha, A. M. 2012. Physico-chemical properties of

1599

Nadzirah et al./IFRJ 23(4): 1590-1599

pineapple crown extract variety N36 and bromelain
activity in different forms. APCBEES Procedia 4:
130-134.
Naveena, B. M. and Mendiratta, S. K. 2004. The
tenderisation of buffalo using ginger extract. Journal
of Muscle Foods 15(4): 235-244.
Nurhan, U. 2007. Change in proximate, amino acid and
fatty acid contents in muscle tissue of rainbow trout
(Oncorhynchus mykiss) after cooking. International
Journal of Food Science and Technology 42(1): 10871093.
Nurwantoro, V. P., Bintoro, A. M., Legowo, L. D., Ambara,
A., Prakoso, S., Mulyani, S. and Purnomoadi, A.
2011. Microbiological and physical properties of beef
marinated with garlic juice. Journal of the Indonesian
Tropical Animal Agriculture 36: 166-170.
Omojasola, P. F., Jilani, O. P. and Ibiyemi, S. A. 2008.
Cellulase production by some fungi cultured on
pineapple waste. Nature and Science 6(2): 64-79.
Özalp, B. and Karakaya, M. 2009. Determination of some
functional and technological properties of octopus
(Octopus vulgaris C.), calamary (Illex coindetti V.),
mussel (Mytilus galloprovincialis L.) and cuttlefish
(Sepia officinalis L.) meats. Journal of Fisheries
Sciences.com 3(4): 275-284.
Page, J. K., Wulf, D. M. and Schwotzer, T. R. 2001.
A survey of beef muscle colour and pH. Journal of
Animal Science 79(3): 678-687.
Peraza-Mercado, G., Jaramillo-López, E. and AlarcónRojo, A. D. 2010. Fatty acid and amino acid
compositions of Pelibuey and Polypay x Rambouillet
lambs. American-Eurasian Journal of Agriculture and
Environmental Science 8(2): 197-205.
Pico, B. A., Neser, F. W. C. and Van Wyk J. B. 2004.
Genetic parameters for growth traits in South African
Brahman cattle. South African Journal of Animal
Science 34(6): 44-46.
Rawdkuen, S. and Benjakul, S. 2012. Biochemical and
microstructural characteristics of meat samples
treated with different plant proteases. African Journal
of Biotechnology 11(76): 14088-14095.
Riley, D. G., Johnson, D. D., Chase Jr, C. C., West, R. L.,
Coleman, S. W., Olson, T. A. and Hammond, A. C.
2005. Factors influencing tenderness in steaks from
Brahman cattle. Meat Science 70: 347–356.
Ruiz, R. P. 2001. Gravimetric determination of water
by drying and weighing. John Wiley and Sons Inc.:
California.
Sánchez Del Pulgar, J., Gázquez, A. and Ruiz-Carrascal,
J. 2012. Physico-chemical, textural and structural
characteristics of sous-vide cooked pork cheeks
as affected by vacuum, cooking temperature, and
cooking time. Meat Science 90(3): 828-835.
Soria, L. A., Corva, P. M., Huguet, M. J., Miño, S. and
Miquel, M. C. 2010. Bovine μ-calpain (Capn1)
gene polymorphisms in Brangus and Brahman bulls.
Journal of Basic and Applied Genetics 21(1): 61-69.
Sullivan, G. A. and Calkins, C. R. 2010. Application of
exogenous enzymes to beef muscle of high and lowconnective tissues. Meat Science 85(4): 730-734.

Sultana, A., Huque, K. S. and Amanullah, S. M. 2009.
Development of tasty marinating kit for tenderisation
and preservation of beef chuck. The Bangladesh
Veterinaria 26(1): 23-30.
Wardy, W., Saalia, F. K., Steiner-Asiedu, M., Agnes, S.
B. and Samuel, S. D. A. 2009. Comparison of some
physical, chemical and sensory attributes of three
pineapple (Ananas comosus) varieties grown in
Ghana. African Journal of Food Sciences 3(1): 22-25.
Wilkinson, B. H. P., Lee, E., Purchas, R. W. and Morel, P.
C. H. 2014. The retention and recovery of amino acids
from pork longissimus muscle following cooking to
either 60ºC or 70ºC. Meat Science 96(1): 361-365.
Wyrwisz, J., Póltorak, A., Polawska, E., Pierzchala,
M., Józzwik, A., Zalewska, M., Zaremba, R. and
Wierzbicka, A. 2012. The impact of heat treatment
methods on the physical properties and cooking yield
of selected muscles from Limousine breed cattle.
Animal Science Papers and Reports 30: 339–351.
Yu, H., Li, R., Liu, S., Xing, R. E., Chen, X. and Li, P.
2014. Amino acid composition and nutritional quality
of gonad from jellyfish Rhopilema esculentum.
Biomedicine and Preventive Nutrition 15(1): 1-4.
Zainal, S., Nadzirah, K. Z., Noriham, A. and Normah,
I. 2013. Optimisation of beef tenderisation treated
with bromelain using response surface methodology
(RSM). Agricultural Sciences 4(5B): 65-72.

