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Abstrak: Daging kerbau merupakan sumber protein sangat penting di
berbagai wilayah, namun menghadapi tantangan terkait kualitas
seperti oksidasi, perubahan warna, dan penurunan kelembutan.
Penelitian ini mengidentifikasi dampak perendaman daging kerbau
dalam ekstrak Melinjau, pepaya, dan nanas terhadap sifat fisikokimia
(warna, kandungan protein, lemak, dan kelembutan) serta karakteristik
organoleptik (warna, aroma, tekstur, kelembutan, dan juiciness).
Sampel daging kerbau direndam dalam ekstrak buah selama berbagai
durasi, diikuti dengan analisis warna, kandungan protein (metode
Kjeldahl Macro) dan lemak (metode Monjonnier), kelembutan, dan
kualitas sensori. Hasil penelitian menunjukkan efek signifikan pada
warna, dengan ekstrak Melinjau dan pepaya meningkatkan kecerahan
dan mengurangi kemerahan. Perendaman dengan ekstrak pepaya dan
nanas meningkatkan kelembutan, sementara ekstrak Melinjau
meningkatkan juiciness. Kandungan protein sedikit menurun, namun
kandungan lemak berkurang secara signifikan, terutama dengan
ekstrak pepaya. Evaluasi sensori menunjukkan bahwa ekstrak
Melinjau menghasilkan kelembutan dan juiciness yang lebih baik,
sementara ekstrak pepaya dan nanas juga meningkatkan kelembutan.
Hasil penelitian ini menunjukkan bahwa ekstrak buah tropis dapat
digunakan untuk meningkatkan kualitas daging kerbau dengan
memperbaiki kelembutan, mengurangi kandungan lemak, dan
memperpanjang umur simpan. Metode pengawetan alami ini
menawarkan alternatif yang potensial untuk bahan tambahan sintetis,
yang berkontribusi pada peningkatan sifat sensori dan produk daging
kerbau yang berkualitas lebih tinggi.
Kata kunci: Ekstrak buah tropis; karakteristik fisiokimia; karakteristik
organoleptik; kualitas daging kerbau.

Abstract: Buffalo meat is an essential protein source in many regions
but faces quality challenges, including oxidation, discoloration, and
reduced tenderness. This study investigates the impact of soaking
buffalo meat in extracts from Melinjau, papaya, and pineapple on its
physicochemical properties (color, protein, fat content, and tenderness)
and organoleptic characteristics (color, aroma, texture, tenderness, and
juiciness). Buffalo meat samples were soaked in fruit extracts for
varying durations, followed by analysis of color, protein (Kjeldahl
Macro Method) and fat content (Monjonnier Method), tenderness, and
sensory qualities. The results showed significant effects of soaking on
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color, with Melinjau and papaya extracts improving lightness and
reducing redness. Soaking with papaya and pineapple extracts
enhanced tenderness, while Melinjau extract increased juiciness.
Protein content decreased slightly, but fat content was significantly
reduced, particularly with papaya extract. Sensory evaluation revealed
that Melinjau extract produced the most favorable tenderness and
juiciness, while papaya and pineapple extracts also improved
tenderness. These findings suggest that tropical fruit extracts can be
used to enhance buffalo meat quality by improving tenderness,
reducing fat content, and extending shelf life. This natural preservation
method offers a potential alternative to synthetic additives,
contributing to better sensory properties and higher-quality buffalo
meat products.

Keyword: Tropical fruit extracts; physicochemical characteristics;
organoleptic characteristics; buffalo meat quality.

1. Introduction

Buffalo meat is one of the important sources of animal protein in various
parts of the world. Global buffalo meat production reached approximately 4.3
million tons in 2019, with more than 90% from Asia (especially India, Pakistan,
and China) [1]. In many developing countries, buffalo are raised not only for
labor and milk but also for meat, which is often obtained from older animals
after their productive period has ended [1], [2], [3]. Furthermore, buffalo meat
contributes to protein food security; for example, in Indonesia, buffalo meat
production reached around 22 thousand tons in 2023 [4]. Additionally, buffalo
meat is a good source of essential nutrients such as iron and zinc [1], [5], [6].

Buffalo meat is known to be highly nutritious with a lean protein content
comparable to beef (around 19-24% protein) and lower fat and cholesterol
levels; thus, it has been referred to as one of the “healthiest” red meats for
consumption [1], [7], [8]. Nevertheless, efforts to optimally utilize buffalo meat
still face quality challenges. Buffalo meat tends to be darker in color and has a
tougher texture compared to beef, especially due to the large number of
slaughtered buffalo that are older with a high proportion of connective tissue
and low collagen solubility [1], [9]. This condition results in low tenderness of
buffalo meat and unsatisfactory carcass yield. Additionally, like other red
meats, buffalo meat is prone to quality deterioration after slaughter due to lipid
oxidation and pigment changes [10]. Lipid oxidation is the main cause of non-

microbiological meat quality deterioration, which triggers rancidity (off-odor)
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and a decrease in nutritional value [11], [12]. The myoglobin pigment in buffalo
meat is easily oxidized to metmyoglobin, which is brownish in color, causing
the bright color of the meat to fade quickly during storage [12], [13]. Research
shows that without antioxidant treatment, the red color of buffalo meat will
quickly diminish; the addition of antioxidants such as vitamin C can maintain
the bright red color and prevent discoloration during cold storage [14], [15].
Similarly, the tenderness of the meat can continue to decline as rigor mortis and
postmortem changes progress, making poorly handled buffalo meat at risk of
becoming increasingly tough and less favored by consumers [16]. Challenges
such as oxidation, color changes, and loss of tenderness emphasize the need for
proper handling and preservation techniques to maintain the quality of handled
buffalo meat post-slaughter. Without proper care, buffalo meat can quickly
spoil and become unsuitable for consumption.

In line with the above issue, the current trend in the food industry is
moving towards the use of natural ingredients as meat preservatives. Consumer
concerns about health risks from synthetic preservatives (such as nitrites,
butylated hydroxyanisole (BHA), and butylated hydroxytoluene (BHT)) have
driven efforts to find safer and “natural” alternatives [11], [17], [18]. Clean labels
and preference for organic food have made plant extracts, including fruit
extracts, increasingly considered as substitutes for synthetic additives [19].
Natural ingredients rich in bioactive compounds (such as natural antioxidants
and antimicrobials) can help inhibit oxidative and microbiological damage to
meat, thereby extending its shelf life [20]. Various studies have explored natural
antioxidant sources from plants (spices, herbs, and fruits) to be applied to meat
products [19]. Falowo et al. [11] state that oxidation in meat remains a challenge
for the industry, and the use of bioactive plant compounds is a sustainable
option to maintain meat quality while reducing health risks from synthetic
antioxidants. In other words, extracts of natural ingredients have the potential
to improve sensory quality and suppress spoilage rates [18]. In this context,
tropical fruit extracts stand out as candidates for natural preservatives because

they generally contain a combination of antioxidant compounds (vitamins,
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polyphenols) and active proteolytic enzymes. The use of fruit extracts as
marinades or meat soaking agents is also relatively easy to apply in the
processing chain, making it attractive to researchers and industry practitioners
as a more consumer-friendly preservation method.

Some tropical fruits have great potential to improve the quality and shelf
life of meat. Three of them that are the focus of this research are melinjau,
papaya, and pineapple. The melinjau fruit (Gnetum gnemon) is known to be rich
in antioxidant phytochemical compounds. Melinjau seed/fruit extracts are
reported to contain high levels of polyphenols, flavonoids, and tannins,
including resveratrol and its derivatives. These compounds are very good at
getting rid of free radicals, which means that melinjau could be a good source
of natural antioxidants to keep meat from lipid oxidation [21], [22]. In addition,
several studies have found that the skin of melinjo/melinjau seeds has
antimicrobial activity against certain foodborne bacteria, adding to its benefits
in meat preservation [23]. Meanwhile, papaya fruit (Carica papaya) has long been
used as a traditional meat tenderizer because it contains the protease enzyme
papain. Papain breaks down myofibrillar proteins and collagen in meat [15] and
is a cysteine protease type proteolytic enzyme. This enzyme is effective in
breaking down muscle fibers and connective tissue, thereby significantly
improving the tenderness of the meat. Papain is even produced commercially
and has become one of the most commonly used exogenous enzymes in the
meat tenderizing industry [15]. In addition to papain, papaya latex also contains
other protease enzymes (such as chymopapain) and antioxidants like vitamin C
and carotenoids that can contribute to the color stability of meat. The use of
papaya extract or papaya leaves for marinating meat has been proven to
improve texture without compromising flavor, as long as the concentration and
duration of marination are well-controlled. As for the pineapple (Ananas
comosus), it contains the enzyme bromelain, which is a mixed protease that also
has the ability to break down the protein in meat tissue. Bromelain is abundant
in the pulp and core of the fruit as well as the pineapple stem and has long been
used as a natural meat tenderizer [15]. Commercially, bromelain is used not

only in the food industry (meat tenderization, protein processing) but also in

Faisal Abdurrahman, Othman Omar and Iswadi 144



BIOTIK 2025

the pharmaceutical field due to its anti-inflammatory properties and other
biological activities [15]. Like papain, bromelain is effective in reducing the
shear force of meat; the addition of dry bromelain powder has been proven to
lower the toughness of old beef and increase the peptide content resulting from
protein hydrolysis, which means the meat becomes more tender [15]. Besides
enzymes, pineapples also contain organic acids and vitamins (e.g., vitamin C)
that can act as antioxidants. Therefore, the combination of proteolytic and
antioxidant properties in papaya and pineapple has the potential to improve
the physical properties (texture, tenderness, and water-holding capacity) while
maintaining the chemical quality of the meat (prevent fat oxidation and
pigmentation). One more benefit of these natural ingredients is that they add to
the flavor. Soaking meat in fruit extracts can improve its flavor and juiciness
through the marinating process, as long as it's not too much. For example,
Naveena et al. [24] and Mohd. Azmi [15] found that using enzymes with plant
extracts like ginger and kachri (a type of wild melon) on old buffalo meat made
it more tender, juicy, and acceptable overall, similar to commercial papain
treatment. Interestingly, in that study, ginger extract produced the highest
sensory evaluation, surpassing papain [15], [24]. This indicates that each type of
fruit/plant has a unique composition of enzymes and bioactive compounds that
can differently affect the tenderization results and organoleptic characteristics.
The choice of enzyme for tenderization should be carefully selected based on
the specific characteristics desired in the final product.

Although various studies have shown the promising potential of papaya,
pineapple, and other natural extracts on meat quality, there is a research gap
regarding the application of these tropical fruit extracts on buffalo meat. Most
previous studies have only focused on one type of ingredient or one type of
meat. For example, marinade studies generally use single extracts such as
papaya or pineapple on beef or chicken, so specific information for buffalo meat
and the use of melinjau extract is still limited. The reported results also vary.
Variation in effects on meat quality can be reported with differences in fruit

types, extract concentrations, and application methods. (soaking time,
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temperature, and pH). Widowati [25] and Zuki et al. [26] found that soaking
beef in papaya extract for 60 minutes resulted in the best tenderness and sensory
properties compared to pineapple or ginger extract for the same duration. On
the other hand, another study shows that 30% pineapple extract can
significantly improve the physical quality of buffalo meat [27], or in another
research, is free range chicken meat [28]. On the other hand, using too many
proteolytic enzymes can be bad. If protease action is not controlled, the meat
could become too tender (too soft or spongy) from breaking down too many
proteins [15]. However, the interaction between enzymes in mixed extracts has
the potential to produce a more optimal synergistic effect. The absence of data
regarding the impact of this combination on buffalo meat represents a
knowledge gap that needs to be filled. The variability of these findings indicates
the need for an in-depth study to determine the optimal conditions for using
fruit extracts in efforts to improve the quality of buffalo meat. Until now, there
has been no comprehensive report on the effect of soaking with a mixture of
melinjau, papaya, and pineapple extracts on the characteristics of buffalo meat.
The lack of adequate scientific data in this area constitutes a research gap that
needs to be bridged.

Based on the analysis results that have been conducted, this study aims
to analyze the impact of soaking buffalo meat in melinjau, papaya, and
pineapple extracts on physicochemical characteristics (such as color, protein
and fat content, and tenderness) as well as organoleptic properties (color,
aroma, texture, tenderness, and juiciness). By utilizing extracts from local
tropical fruits, this research is expected to produce methods for improving the
quality of buffalo meat without relying on synthetic chemicals. Practically, the
tindings of this research can be beneficial for the meat processing industry and
local farmers: soaking buffalo meat in extracts of melinjau, papaya, and
pineapple has the potential to improve meat tenderness, maintain color
brightness and aroma freshness, and reduce the oxidation rate, thereby
extending its shelf life. This means that processed buffalo meat products can
have better sensory quality and a longer shelf life, which in turn increases the

economic value of buffalo meat.
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2. Research Methods
a. Sample Preparation
The raw materials used in the study include aged buffalo meat, young
melinjau fruit, young papaya, and young pineapple. The buffalo meat, branded
“Allana”, is sourced from a frozen meat store in Kajang and imported from
India. Young melinjau fruit, aged 45 days, is sourced from Bandar Baru Bangi.
The fruit is extracted using a ratio of 100g sample to 100 ml water to obtain a
liquid extract. Papayas are procured from gardens around Universiti
Kebangsaan Malaysia (UKM), while young pineapples are obtained from the
Bandar Baru Bangi market. Both papaya and pineapple juices undergo the same
preparation process as that of pineapple juice.
b. Tropical fruits juice and extract preparation
The seeds are removed from the melinjau fruit. A 100g sample of the fruit
is weighed and mixed with 100 ml of distilled water. The mixture is then
blended using a Waring Blender for 1 minute at low speed and 2 minutes at
high speed. The resulting juice is filtered through muslin cloth. Papaya and
pineapple juices are prepared using the same method as the melinjau juice. The
juice from melinjau, papaya, and pineapple is filtered using a gas vacuum filter
with Whatman No. 1 filter paper. The filtered juice is then placed in a petri dish
and frozen at -20°C for 2 hours to form an ice slab. This frozen sample is
subsequently dried using a Freeze Dryer for 48 to 72 hours until it becomes a
dry powder.
c. Precipitation of TCA
The TCA precipitation procedure was conducted using a modified
Bergmeyer [29] method. Three sets of test tubes, each containing 10 tubes, were
prepared. Each test tube received 2.5 ml of casein buffer and 0.5 ml of 1% juice
and extract from melinjau fruit, papaya, and pineapple. The mixtures were
incubated at 37°C for 0, 10, 20, 30, 40, 50, 60, 70, 80, and 90 minutes.
Subsequently, 2.5 ml of TCA was added to each test tube. After 30 minutes, the

samples were filtered using Whatman No. 1 filter paper. The absorbance of the
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clear filtrate was measured at 280 nm using a Thermo Spectronic Helios a
instrument. The absorbance at 280 nm was plotted against the sample type.
d. Use of Enzymes and Cooking
The use of protease enzymes and meat cooking followed a modified
method of Cook et al. [30]. Frozen meat was thawed in a refrigerator at 4°C for
24 hours to remove excess water. The meat was then cut into pieces measuring
10 cm in length, 20 mm in height, and 20 mm in width. Each 200g portion of
meat was placed in a plastic container. Subsequently, 100 ml of juice from
melinjau fruit skin, papaya, and pineapple was added to the meat and soaked
at room temperature for 20, 40, and 60 minutes, with the meat turned every 10
minutes to ensure complete soaking. The meat was then rinsed and placed in
an aluminium pan with 400 ml of water and boiled on a gas stove at an external
temperature of 100°C until the internal temperature of the meat reached 75°C,
for a duration of 30 minutes. The meat was cooled at room temperature for 30
minutes before analysis.
e. Color Determination
Color was determined using a Minolta Chroma Meter (Model CR-100,
Japan), which provided L (brightness), a (redness), and b (yellowness) values.
f. Determination of Protein Content
Protein content was determined using the Kjeldahl Macro Method
(AOAC 1990) with a Kjeldahl Vapodest Instrument (Gerhardt model). The
cooked and cooled meat from treatment 3.3 was stored in a freezer at -20°C prior
to analysis. The meat was thawed in a refrigerator at 4°C for 24 hours, then
ground until smooth using a Waring Blender. A 1.0 gram sample was weighed
on nitrogen-free Whatman No. 1 filter paper and placed in a digestion tube with
1 teaspoon of catalyst powder and 20 ml of concentrated sulfuric acid. The
sample was heated at 420°C on an electric heater in a fume chamber until the
solution became clear. After cooling at room temperature for 10 minutes, the
solution was distilled using the Kjeldahl Vapodest and titrated with 1IN HCl
until a pink color formed. The protein content percentage was determined by
multiplying the obtained value by a conversion factor of 6.25.

% Nitrogen = {(ml HCl x 0.1) - (ml standard NaOH x 0.1)} x 1.4007 /g sample
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% Protein = % Nitrogen x 6.25
g. Fat Determination
Cooked and cooled meat was stored in a freezer at -20°C prior to analysis.
The meat was thawed in a refrigerator at 4°C for 24 hours, then ground using a
Waring Blender. Fat content in the meat was assessed using the Monjonnier
Method.
h. Tenderness Test
Cooked meat was left at room temperature for 30 minutes, then stored in
a refrigerator at 4°C for 24 hours before testing for tenderness using a TA-xT2i
Texture Analyzer (Stable Microsystems Ltd, London). The Texture Analyzer
was activated, equipped with a 50 kg load cell, and calibrated with a 10 kg
weight. A Warner-Bratzler probe was installed to determine the maximum
shear force of the meat. The meat’s hardness was measured as shear force under
pressure (gF), with readings shown as “pressure” versus time in seconds. Each
sample formulation was tested three times.
i. Sensory Test
Assessment exercises and sensory tests were conducted according to the
method of Butler et al. [31].
jo Sensory Assessment Training
Six evaluators (three men and three women, aged between 20 and 40
years), all Chemical and Nuclear Science students at the Faculty of Science and
Technology, Universiti Kebangsaan Malaysia, participated in the training. The
training was conducted three times, with sessions held once every 7 days.
During the first session, evaluators were introduced to the concept of meat
tenderness and familiarized with the meat attributes to be evaluated. In the
second session, evaluators identified reference samples and assessed attributes
such as color, smell, elasticity, softness, and juiciness.
k. Meat Sensory Evaluation
Meat sensory evaluation was conducted after 7 days of training using a
15 cm scale [31]. Cooked meat was cooled to room temperature (28°C) for 30

minutes and cut into 10 mm squares. Evaluations took place at 10:00 a.m.,
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assessing color, smell, tenderness, and juiciness. Each assessor received two
samples cut along the grain. Sensory evaluation aimed to determine the optimal
tenderness of meat soaked in melinjau, papaya, and pineapple juice for 40
minutes. The 40-minute soaking time was selected based on tenderness test
results using the TA-xT2i Texture Analyzer (Stable Microsystems Ltd, London),
which indicated optimal meat tenderness at this duration for melinjau fruit
juice.
. Statistical Analysis

Data were analyzed using SAS (SAS 1986) with ANOVA REGRESSI

analysis. Significant differences (p < 0.05) were further examined using

Duncan’s multiple range test.

3. Results and Discussion

The results and discussion are presented in a sequential manner,
displaying the results and discussion regarding the physicochemical tests,
tenderness, and organoleptic tests. The physicochemical tests conducted are
related to color (lightness, redness, and yellowness) and the percentage of
protein and fat content. The tenderness test was conducted using texture testing
methods, and the organoleptic test was carried out by expert panelists. This is
done with the aim of providing a comprehensive overview of the research that
has been conducted. The results of the physicochemical tests related to color, in
this case, the impact of soaking buffalo meat in melinjau, papaya, and pineapple
juice, are shown in Table 1.

Table 1. The average values of lightness, redness, and yellowness of meat soaked in
juice of melinjau, papaya, and pineapple

:2::?:‘23;1 Control Melinjau Papaya Pineapple
Lightness 0 47.7008 47.7004 47.70048
20 ab47.700  a50.537A ab46.573A  b43.7638
40 b47.700  b47.9808 v46.1874  a50.0004
60 a47.700  v43.697¢ ab46.0404  b44.6878
Redness 0 26.357 abp.357 a6.357
20 6.3574 ab5 76048 c5,073AB 26.2578
40 6.3574 ab6, 0204 be5.6504 a5.8104
60 6.357AB  b5.4178 26,9974 a5.7378
Yellowness 0 a9.190 ab9.190 59.190
20 9.1904 a10.2634 b8.9534 abQ 4434
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Immersion . . .

time (min) Control Melinjau Papaya Pineapple
40 9.1904 a9.937A ab1(0.0474  210.2634
60 9.1908 b7.327¢ a]1.8304 a1(0.3934B

a, b, c: Different letters in the same column indicate significant differences at p < 0.05.
A, B, C: Different letters in the same row indicate significant differences at p < 0.05.

Table 1 indicates that soaking time significantly affects (p<0.05) the
lightness (L) values of meat soaked in melinjau, papaya, and pineapple juice.
According to Ismail et al. [32]], protease enzymes influence color changes in the
product. Both the type of juice and soaking time significantly impact (p<0.05)
meat lightness, with notable differences (p<0.05) observed at 20 and 60 minutes
of soaking in melinjau juice.

Moreover, the results show that there are also significant differences in
the lightness values of meat soaked in papaya and pineapple juice at different
time intervals. This suggests that the type of juice used for soaking plays a
crucial role in determining the color changes in the meat. Additionally, the
tindings support the idea that protease enzymes present in the juices contribute
to these color changes.

Table 1 also shows that soaking time significantly affects (p<0.05) the
redness (a) values of meat soaked in melinjau, papaya, and pineapple juice. That
soaking meat in a 0.1% papain solution impacts meat redness. Both the type of
juice and soaking time significantly influence (p<0.05) meat redness, with
significant differences (p<0.05) observed at 60 minutes for melinjau juice and 20
minutes for papaya juice.

These results suggest that the type of juice used for soaking meat can
have a significant impact on the color changes that occur. The results of this
study demonstrate that protease enzymes play a significant role in these
changes. The results also showed that longer soaking times using melinjau juice
led to more pronounced color changes.

Additionally, Table 1 reveals that soaking time significantly affects
(p<0.05) the yellowness (b) values of meat soaked in melinjau, papaya, and

pineapple juice. Protease addition affects the yellowness of meat. The type of
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juice and soaking time significantly affect (p<0.05) meat yellowness, with
significant differences (p<0.05) observed at 60 minutes for melinjau juice and at
40 and 60 minutes for pineapple juice. Overall, the study suggests that the type
of fruit juice used for soaking and the duration of soaking time both play a
crucial role in affecting the color changes in meat. The findings indicate that
melinjau juice, in particular, has a significant impact on the yellowness values
of the meat, especially when soaked for longer periods. These results can be
valuable for meat processors and manufacturers looking to enhance the color
and overall quality of their products through natural methods such as fruit juice
soaking. The results of the physicochemical tests related to the percentage of

protein and fat content are shown in Table 2.

Table 2. The average protein and fat (%) of meat samples soaked in melinjau, papaya, and

pineapple juice

It?;ln;e(ﬁllzl; Control Melinjau  Papaya Pineapple
Protein 0 al7.647 al7.647 al7.647

20 17.64754  a13.955A a16.0794 a]15.116A

40 17.6475  216.442A a15.227A a15.2224

60 17.6474  a13.6908 a15.495AB 1413248
Fat 0 a1.750 a1.750 a1.750

20 1.7504 ab] 4134 ab] 209AB  b(),942B

40 1.7504 bc].0008 b(.8758 b1.4714

60 1.7504 <0.9548 ab] 2888 b(.9428

a, b, c: Different letters in the same column indicate significant differences at p < 0.05.
A, B, C: Different letters in the same row indicate significant differences at p < 0.05

The statistical analysis in Table 2 indicates that soaking time does not
significantly affect (p > 0.05) the protein content of meat soaked in melinjau,
papaya, and pineapple juice. The protein content in meat soaked in melinjau
juice decreased by 6.83% to 22.42% (from 17.65 g/100 g to 16.44-14.03 g/100 g),
in papaya juice by 8.89% to 13.74% (from 17.65 g/100 g to 16.08-15.23 g/100 g),
and in pineapple juice by 8.59% to 14.34% (from 17.65 g/100 g to 16.13-15.11
g/100 g). This decrease aligns with the findings of Elisabet et al. (1999), who
observed a reduction in protein content from 22.5% to 12.0% in meat mixed with

pineapple juice and cooked at 60°C for 30 minutes and then boiled for 5 minutes.
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Additionally, Table 2 shows that both juice type and soaking time
significantly influence (p>0.05) protein content, with a significant difference
(p<0.05) observed at 60 minutes of soaking in melinjau juice. The decrease in
protein content suggests that soaking meat in melinjau juice negatively affects
meat quality by reducing the primary nutritional value—protein. However,
there is no significant difference (p<0.05) in the protein content of meat soaked
in melinjau juice compared to those soaked in papaya and pineapple juices.

The reduction in protein content is attributed to the breakdown of
proteins into amino acids by protease enzymes. It is important to consider that
the reduction in protein content in the fruit juices may not have the same effect
on meat as observed in the study, as different proteins may react differently to
protease enzymes. Additionally, the cooking methods and conditions used in
the study may not accurately reflect real-world scenarios.

Furthermore, the statistical analysis in Table 2 reveals that soaking time
significantly affects (p<0.05) the fat content of meat soaked in melinjau, papaya,
and pineapple juice. The fat content in meat soaked in melinjau juice decreased
by 19.25% to 45.49%, with a significant reduction (p<0.05) observed at 40
minutes (1.00g/100g) and 60 minutes (0.95g/100g) compared to the control. The
fat content in meat soaked in papaya juice decreased by 26.40% to 50.00%, with
a significant reduction (p<0.05) observed at 40 minutes (0.87 g/100 g) compared
to the control. Similarly, the fat content in meat soaked in pineapple juice
decreased by 15.94% to 52.49%, with significant reductions (p<0.05) observed at
20 minutes and 60 minutes (0.95 g/100 g) and 40 minutes (1.47 g/100 g)
compared to the control. Overall, the amount of fat in meat that was soaked in
melinjau, papaya, and pineapple juices went down by 15.90% to 52.49%. Meat
that was mixed with pineapple juice and cooked at 60°C for 30 minutes and then
at 100°C for 13 minutes had 54.20% less fat. The highest reduction in fat content
was observed in meat soaked in papaya juice, amounting to 52.49%. While the
reduction in fat content is significant, it is important to consider other factors,
such as tenderness, which may be affected by soaking meat in fruit juices. The

results of the tenderness test are shown in Table 3.
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Table 3. The average tenderness value (KgF) of meat samples soaked in melinjau, papaya, and

pineapple juice
S:oaking Control Melinjau Papaya Pineapple
time (min)
0 219.909 219.909 219.909
20 19.9094 v10.177¢ ab]7 52848 14,9948
40 19.9094 v9.507P v16.1608 v12.820¢
60 19.9094 v10.594P ab]6.7448 v13.363¢

a, b, c: Different letters in the same column indicate significant differences at p < 0.05.
A, B, C: Different letters in the same row indicate significant differences at p < 0.05

The statistical analysis presented in Table 3 reveals that soaking time
significantly affects (p<0.05) the tenderness of meat soaked in papaya juice,
while the type of juice used also has a significant impact (p<0.05) on meat
tenderness. However, the tenderness of meat soaked in melinjau and pineapple
juices is not significantly influenced by soaking time, as extending the soaking
period does not result in a significant increase in meat tenderness (p<0.05).

The optimal tenderness of meat soaked in melinjau juice is achieved at
40 minutes (9.507 kgf), which is significantly different (p<0.05) from the control
(19.909 kgf), but no significant difference (p>0.05) is observed at 20 and 60
minutes. In the case of papaya juice, meat tenderness significantly improves
(p<0.05) at 40 minutes (16.160 kgf) compared to the control (19.909 kgf). This
improvement in tenderness is primarily influenced by soaking time, with
significant differences (p<0.05) observed only at 40 minutes compared to the
control but not at 20 and 60 minutes (p>0.05).

Similarly, the tenderness of meat soaked in pineapple juice significantly
increases (p<0.05) compared to the control. However, since lengthening the
soaking time does not result in a further increase in tenderness, this
improvement is unaffected. The optimal tenderness of meat soaked in
pineapple juice occurs at 40 minutes (12.820 kgf), with no significant difference
(p > 0.05) observed at 20 and 60 minutes.

According to Bickerstaffe et al. [33], meat tenderness is categorized into
tive groups: 1) very tender (2.0 to 4.9 KgF), 2) tender (5.0 to 7.9 KgF), 3) neutral
(8.0 to 10.9 KgF), 4) tough (11.0 to 14.9 KgF), and 5) very tough (>15 KgF).

Soaking meat in melinjau juice can increase tenderness from very tough to a
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more acceptable or neutral level, while papaya and pineapple juices move the
meat from the very tough category to tough. Although soaking in pineapple
juice can reduce toughness from very tough to tough, it does not reach the
tender category.

The statistical analysis further indicates that the tenderness of meat
soaked in melinjau, papaya, and pineapple juices differs significantly (p<0.05)
from the control. Additionally, soaking meat in melinjau juice shows a
significant difference (p<0.05) compared to papaya and pineapple juices. While
soaking meat in pineapple juice may not reach the tender category, it still
significantly improves tenderness compared to the control. The statistical
analysis demonstrates that melinjau juice has a greater impact on meat
tenderness than papaya and pineapple juices, suggesting it may be a more
effective tenderizer.

The results of the physicochemical and tenderness tests have shown
varied outcomes. However, there is another test that greatly affects the quality
of the meat, namely the organoleptic test. The results of the organoleptic test are

shown in Table 4.

Table 4. Average sensory test values of meat soaked for 40 minutes in the juice of melinjau fruit,

papaya, and pineapple
Sample Color Aroma  Texture  Tenderness Juiciness
Control 4.0 8.0 10.02 3.02 6.02
Melinjau 2.8ab 5.32 9.3a 5.02 6.52
Papaya 2.8 7.02 8.3a 3.0 6.12
Pineapple 2.3b 5.4a 8.12 4.82 5.0

a, b, c: Different letters in the same column indicate significant differences at p < 0.05.
A, B, C: Different letters in the same row indicate significant differences at p < 0.05

Color

Color plays a crucial role in the initial acceptance of meat products by
consumers. The results showed that the mean color score of meat soaked in
melinjau juice and papaya juice was not significantly different (p > 0.05) from
the control. However, the mean color score of meat soaked in pineapple juice
was significantly different (p <0.05) from the control. The study found that meat

soaked in melinjau juice and papaya juice had similar color scores, suggesting
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they may be equally appealing to consumers. In contrast, meat soaked in
pineapple juice had a significantly different color score, indicating it may not be
as visually appealing to consumers compared to the control [34].
Aroma

In addition to color, aroma also plays an important role in determining
the quality of meat. Fat oxidation can affect the aroma and taste of meat. The
mean aroma scores of meat soaked in melinjau juice (5.3), papaya juice (7.0),
and pineapple juice (5.4) did not differ significantly (p > 0.05) from the control.
However, the consumer panel showed a preference for meat soaked in papaya
juice over the others. The preference of the consumer panel for meat soaked in
papaya juice suggests that aroma may have a more significant impact on
perceived quality than the statistical analysis indicates [7].
Texture

Meat texture can be perceived through tactile senses (hands and mouth).
The mean texture scores of meat soaked in melinjau juice (9.3), papaya juice
(8.3), and pineapple juice (8.1) did not differ significantly (p > 0.05) from the
control. While texture can be perceived through tactile senses, it is important to
consider that consumer preference for meat soaked in papaya juice may be
influenced by factors beyond just texture, such as flavor and aroma. The
statistical analysis showing no significant difference in texture scores does not
necessarily negate the impact of other sensory aspects on overall perceived
quality.
Tenderness

Tenderness is one of the key attributes in determining meat quality [35].
The mean tenderness scores of meat soaked in melinjau juice (5.0), papaya juice
(3.0), and pineapple juice (4.8) did not differ significantly (p>0.05) from the
control. However, meat soaked in melinjau juice exhibited better tenderness
compared to papaya and pineapple juices, consistent with tenderness tests
performed using the TA-TXi Texture Analyser from Stable Microsystems Ltd.,
London. The study found that meat soaked in melinjau juice showed superior
tenderness compared to meat soaked in papaya and pineapple juices, despite

no significant differences in mean tenderness scores [36]. Another study
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demonstrated that marinating poultry meat with pineapple juice significantly
improves its organoleptic qualities. In this study, spent hen meat soaked in
Ananas comosus juice had higher sensory scores for tenderness, juiciness, and
overall acceptability compared to unmarinated meat [28].
Juiciness

Juiciness plays a significant role in delivering the desired taste and is
closely related to meat tenderness. The mean juiciness scores of meat soaked in
melinjau juice (6.5), papaya juice (6.1), and pineapple juice (5.0) did not differ
significantly (p>0.05) from the control. Nevertheless, meat soaked in melinjau
juice demonstrated the highest juiciness, which aligns with the study on meat
tenderness. This suggests that the soaking method using melinjau juice not only
enhances tenderness but also contributes to a juicier texture in the meat
compared to other fruit juices. Additionally, the high juiciness score of meat
soaked in melinjau juice indicates that this method could be a promising
technique for improving the overall sensory experience of the meat product,
making it more desirable for consumers seeking both tenderness and juiciness
in their meat. The findings show that specific soaking techniques can have an
impact on the sensory attributes of tenderness and juiciness. Further research is
needed to explore the potential benefits of using melinjau juice as a marinade

for meat to improve overall perceived meat quality.

4. Conclusion

This study demonstrates that soaking buffalo meat in extracts of
melinjau, papaya, and pineapple significantly impacts its physicochemical
properties and organoleptic characteristics. Soaking with melinjau and papaya
extracts improved the meat’s color lightness, while papaya and pineapple
extracts enhanced its tenderness. Additionally, these fruit extracts contributed
to a noticeable reduction in fat content, with papaya extract showing the most
significant decrease. Although there was a slight reduction in protein content,
the soaking process helped maintain the meat’s sensory qualities, improving its

juiciness and tenderness. Sensory evaluations showed that melinjau extract had
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the best effect on tenderness and juiciness, with papaya and pineapple extracts
also providing significant improvements compared to the control. These
findings highlight the potential of using tropical fruit extracts as a natural
alternative for preserving and enhancing buffalo meat quality. By reducing the
reliance on synthetic additives, this research contributes to the production of
higher-quality buffalo meat products that are tastier, more tender, and have a

longer shelf life, benefiting both the meat processing industry and consumers.
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