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Effects of different concentrations of pineapple core extract and maceration process on free-range

chicken meat quality
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Abstract

The tenderisation effects of pineapple (Josephine variety) core extracts on the quality of free-range chicken meat
using different maceration concentrations (30%, 50%, and 100%) and duration (15, 25, and 35 min) were anal-
ysed. Texture profile analysis, colour, pH, bromelain content, and microbiological analyses of the macerated meat
samples were assessed. Broiler breast meat macerated with core extract (100%, 35 min) showed 86% reduction in
hardness and the pH decreased from 5.87 to 4.99. The pineapple core extract has great potential as a meat tender-
iser thus reduces the agriculture by-product and converts it into natural food ingredients.
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Introduction

Increased export capacity and processing of pineapple
are estimated to reach RM320 billion. In Malaysia, the
pineapple plantation covering 13,433 hectares of farm-
land with a yield of about 32.37 tonnes of pineapple per
hectare produce a total volume of 434,811 metric tonnes
(Nor Mazila, 2020). This mass production generates a
substantial by-product consisting of residual pulp, leaf,
stem, peels, cores, crowns high in sugar, pectin (insolu-
ble fibre), crude fibre, and proteins. The increasing vol-
ume of waste is detrimental to health because pineapple
waste takes quite a long time to degrade and attract
pests, leading to an increased risk of various dangerous
diseases. Thus, there is a need to convert this core into a
value-added commodity. It consists of a sizeable amount
of antioxidant property, sugar, fibre, vitamin C, protein,
phenolic compound, carotenoids, and flavonoids (Hanafi
and Abdullah, 2008). Pineapple core waste contains a high

amount of bromelain enzyme, widely used in the food
industry for tenderising meat (Janhvi et al., 2016), chill
proofing beer (Ketnawa and Rawdkuen, 2011), leather
tanning process, in latex manufacturing (Christner
et al.,1992), skincare products (Frank and Schulze, 2010),
and pharmaceuticals (Bhattacharyya, 2008).

Bromelain acts on meat by breaking down the collagen
fibres and shows hydrolytic activity on the connective
tissue, leading to the tenderisation of meat. The brome-
lain action on meat is affected by various factors such as
pH, water-holding capacity, moisture content, and con-
centration (Janhvi et al., 2016). A method to tenderise
the tough meat is essential to increase its acceptability.
According to Gok and Bor (2016), the typical way to ten-
derise meat is by the maceration technique. The macer-
ation time may vary according to the type of marinade
used to over-tenderise the meat surface, leading to unde-
sirable “mushy” meat (Han et al., 2009).
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Therefore, this study aims to determine the effect of using
different concentration core extracts and maceration
durations on free-range chicken meat quality. According
to the United States Department of Agriculture (USDA),
free-range-chicken means that the chicken has full access
and freedom to roam outdoors, outside of their pens,
at any given time. The pineapple core by product of
Josephine in this study could be considered as a potential
meat tenderiser for a broiler chicken quality, commonly
associated with tough and rigid texture among local
people.

Materials and Methods
Preparation of pineapple core extract

Josephine pineapple was purchased from the New Seng
Kee (NSK) hypermarket located at Jalan Peel, Kuala
Lumpur, Malaysia. The basis of selection was the size
(1.2-1.5 kg), firmness (C3 maturation stage), and skin
colour (yellow/orange on two thirds), with no secretion
from the skin. These parameters were measured visually
using the naked eye (Yuris and Lee, 2014). The pineap-
ples were washed thoroughly using tap water, cored, and
then weighed (Mettler Toledo, US). The pineapples’ cores
were extracted out and subjected to the juicing process
using a juicer (Panasonic, Malaysia), filtered using mus-
lin cloth with a mesh size of 2 mm, and stored in a ster-
ile bottle. The yield after the extraction of 20 cores was
about 1000 mL of extract. The extracted juice was kept at
4°C before the maceration treatment.

Proximate analysis, pH, and total soluble solid analysis
of pineapple juice core extract

Following proximate analysis, ash, moisture content,
and crude fibre were determined by using the standard
AOAC Method 2006. The pH value was recorded using
a digital pH meter (PT-15, Sartorius, Germany). Total
soluble solids (TSS) in the core extract were determined
using a handheld analog refractometer (0-32°) (Atago,
Japan), and the results were expressed as per cent soluble
solids (° Brix)

Bromelain content analysis

The enzyme activity of fresh pineapple core and macer-
ated broiler breast meat was determined according to the
casein digestion method and tyrosine standard (Edmund
and Isaac, 2018). The assay mixture contained 5 mL of
freshly prepared 1% casein, which was pre-warmed at
37°C, to be used as substrate and 1 mL of the freshly pre-
pared solubilised bromelain was added in the mixture.
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The mixture was vortexed immediately and incubated at
37°C for 10 min. The reaction was stopped by the addi-
tion of 5 mL of 1% Trichloroacetic acid. The reaction
mixture was filtered and the absorbance of the filtrate was
measured at 280 nm using a spectrophotometer. Using
tyrosine as a standard, concentrations of 50 pug/mL, 100
pg/mL, 150 pg/mL, 200 pg/mL, and 250 pug/mL were pre-
pared, and their absorbance read at 280 nm. A standard
curve of tyrosine absorbance (Y axis) against tyrosine
concentration (X axis) was plotted, refer to equation (1):

Activity(CDU /mL) = Et—Eb Concentration of Standard L
S
—tyrosine x Ve xDf,
tr
(1)
where

CDU = casein digestion unit

Et = absorbance of enzyme sample

Df = dilution factor

Eb = absorbance of enzyme blank

Vr = reaction volume

Es = absorbance of standard I-tyrosine
tr = reaction time

Browning inhibition in pineapple core extract juice

A low browning inhibition value indicates a high level
of browning in the core, as described by Kim et al.
(2005) The absorbance was read at 420 nm for every
45 min using a UV-VIS Spectrophotometer (UV-1900,
Shimadzu, Japan). The browning inhibition percentages
were calculated using equation (2):

Inhibition (%) = [(AF,, -
— (AF

AIblank)
Al ) x 1001/ A, ., (2)

sample - sample

where

AF__  is the final absorption of the sample
sample

AF,,_ is the final absorption of the control

bl

AL is the initial absorption of the control

blank

Maceration process for tenderisation effect in broiler
breast meat

The broiler cuts from the breast part were selected and
purchased from the local market in Pudu, Selangor,
Malaysia. The breast meat was chosen, as it displays a
firmer, more rigid, and thicker texture than the other
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broiler chicken meat parts (Debora et al., 2017). The
visible fats and connective tissue were removed before
maceration. The maceration procedure of the meat was
performed, as described by Bhaskar et al. (2007). Meats
were manually cut into uniform size, approximately 2 x
2 x 2 cm before further analysis. The meat and pineap-
ple core extract ratio was maintained as 1:1 (meat: mari-
nade) (Gok and Bor, 2016). The broiler meat chunks were
macerated in the core extract for 15, 25, and 35 min at
three different concentrations: 100% (1:0), which con-
tains 250 mL of the whole core extract/without dilution;
50% (1:1), which contains 125 mL of the core extract and
125 mL of distilled water; and 30% (1:2), which contains
75 mL of the core extract diluted with 175 mL of distilled
water, respectively, to obtain the maximum effect of up to
250 mL of the total volume. Meat samples were macer-
ated at room temperature (27 + 3°C) and placed in a zip
lock bag during the maceration process. Fresh meat sam-
ples macerated using distilled water was used as a control.

Texture profile analysis of macerated broiler breast meat

Texture profile analysis was carried out using the texture
analyser (Stable Micro System, UK) with a flat-ended
cylindrical probe. The test samples were compressed to
50% of their original height with the setting of 1.0 mm/s,
4.2 mm/s, and 5.0 mm/s for pre-set speed, test speed, and
post-test speed, respectively. The textural parameters of
the meat were hardness and chewiness (Nadzirah et al.,
2016). All the analyses were performed in triplicate at
room temperature of 27°C, and the mean and standard
deviation (SD) were calculated.

Colour analysis

Colour measurement was done on the surface of the
macerated meat samples by using Chroma Meter (CR-
410, Konica Minolta, Japan). The illuminant D65 (repre-
senting typical daylight) was used during analysis. The L*
(lightness), a* (redness), b* (yellowness) values of meat
samples were measured and calculated. The average
value of three meat samples for each maceration duration
and concentration (triplicates) were used for statistical
analysis (Nadzirah et al., 2016).

Microbiological analysis

The meat samples’ microbial load after each macera-
tion duration was measured using the Total Plate Count
Method (AOAC 966.23). After solidifying the nutri-
ent agar (Merk, Darmstadt, Germany), the plates were
inverted and incubated for 48 h at 37°C. The entire col-
ony-forming units (CFU) were counted, including those

of pinpoint size. The parameter used to count the col-
onies: regular plates (25-250 counts), plates with more
than 250 colonies for all dilutions (too many to count),
and plates with less than 25 colonies for all dilutions (too
low to count).

Statistical analysis

All results were expressed as the mean + SD. The results
obtained were analysed with a two-way ANOVA using
Minitab version 17 statistical package to determine if
there was any significant difference between macera-
tion duration and concentration of the core extract with
regard to meat quality. Turkey’s method was used to
determine which pair is significantly different from each
other. Differences were significant when P < 0.05.

Results and Discussion
Pineapple core extract characteristics

The proximate analysis of pineapple core extract revealed
the moisture content, ash content, protein content, crude
fibre, pH, TSS, and enzyme properties (i.e., browning
inhibition and bromelain activity) of the Josephine vari-
ety of pineapple core extract, as shown in Table 1.

The pH of macerated broiler breast meat

The pH values of the control and macerated meat sam-
ples are shown in Table 2. It can be observed that the
pH value of the control meat samples was the highest
compared to the treated meat samples. The treated meat
samples showed a significant decrease in pH value for all
concentrations when the maceration duration increased.
However, the pH value significantly increased when
the concentration of the core extract decreased. It can
be suggested that the lowest pH in broiler breast meat

Table 1. Physicochemical properties of pineapple core extract.
Analysis Josephine pineapple
core extract value

Moisture content (%) 89.67 £ 0.24
Ash content (%) 0.75 % 0.04
Protein content (%) 19.68 £ 0.09
Crude fibre (%) 1.74 £ 0.14
pH 3.83£0.01
Total soluble solid (°Brix) 9.60 £ 0.00
Browning inhibition (%) 4.18+0.25
Bromelain activity (CDU/mL) 152.01 + 1.54
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is influenced by the acidic pH (3.83 + 0.01) of the core
extract. These findings are similar to those of Mohamad
Afifi et al. (2018), who reported that the lowest pH (5.61)
of the beef cut sample is most likely due to the pH of the
core extract and maceration time.

According to Ketnawa and Rawduken (2011), pineapple
juice, which contains bromelain, will hydrolyse the mus-
cle, thus releasing amino acid to reduce the meat’s pH.
These findings were supported by Manohar et al. (2016)
who reported that an increase in the pineapple extract
concentration decreases the treated boneless meat sam-
ples’ pH, thus becoming more acidic. Maryana et al.
(2018) reported that any pH range treatments from 4 to 5
could decrease meat texture’s hardness. Any pH between
the isoelectric point of myofibrillar protein reduced the
capacity to bind water. Burke and Monahan (2003) also
reported a significant reduction in pH from 5.7 to 3.1 of
bovine muscle strips marinated with citrus juice com-
pared to the untreated samples. Thus, the meat’s acidity
can be used as an indicator to detect the soft meat tex-
ture. The lower the pH value, the greater the meat tende-
risation effect (Manohar et al., 2016). The broiler breast
meat macerated in 100% concentration of Josephine
pineapple core extract for 35 min had the lowest pH value
and significant tenderness compared to other treatments.

Bromelain content of the macerated broiler
breast meat

The bromelain activity of the diluted core extract
and the macerated meat’s bromelain activity are shown
in Table 3. It can be observed that when the concentra-
tion of the core extract decreased from 100% to 30%, the
bromelain activity also decreased from 151.06 CDU/mL

Table 2. pH value of macerated broiler breast meat at different
concentrations and durations.

Treatments (%) Maceration duration (min)

15 min 25 min 35 min
Control (DW) 587 £0.02% 587 +0.02%¢ 587 +0.02%
Josephine (30)  5.65+0.01"%  550+0.01% 554 +0.01°
Josephine (50) 53340018  520+0.02% 5.124+0.01%
Josephine 53040018  516+0.01%® 4.99+0.01%
(100)

Values are expressed as mean + standard deviation (n = 3).
Mean with different superscript capital letters within column are
significantly different (P < 0.05).

Mean with different superscript lower case letters within row are
significantly different (P < 0.05).

Notes: 100%, 50%, and 30%, concentration of the core extract;
DW, distilled water; 15, 25, and 35 min, maceration duration.

Effects of different concentrations of pineapple core extract

to 56.87 GDU/mL. It can be suggested that the brome-
lain activity was affected by the percentage of the con-
centrated core extract. Pineapple core, which has been
regarded as a significant waste from pineapple produc-
tion, was reported to have more bromelain content than
other residue parts (Banerjee et al., 2020). These find-
ings agreed with the findings of this study where the
higher the concentrations of the pineapple core extract
in the macerated meat, the higher the bromelain activity.
Hence, with the increased maceration duration, higher
tenderisation affects the meat, as shown in Table 4. The
bromelain intervention has been proven by its potential
to disrupt the muscle microstructure and cause myofibril
protein degradation (Bhat et al., 2018).

Texture profile analysis

Texture profile analysis measured hardness and chew-
iness properties in meat to reflect the effect of brome-
lain enzyme as a natural meat tenderiser. The macerated
meat’s hardness and chewiness had significantly reduced
(P < 0.05) with the extract’s increased duration and con-
centration (Table 4). The longer maceration duration
in meat reduced the hardness (3766.50 to 1044.20 N)
and chewiness (4012.95 to 726.65 N) of the macer-
ated meat. These findings align with the study carried
out by Ketnawa and Rawdkuen (2011). They reported
that by increasing the concentration of the bromelain
extracted from the pineapple peel, a continuous decrease
of hardness was found in marinated beef, chicken, and
squid samples. A previous study by Daniela et al. (2012)
observed that an increase in the meat treatments’ action
time leads to a significant increase in rigidity index value,
reflecting the degree of tenderness of the meat. Based on
the results, chicken meat macerated with 100% Josephine
pineapple core extract for 35 min was significantly (P <
0.05) softer in texture than chicken meat subjected to
other treatment concentrations and maceration dura-
tions. It shows the lowest value of hardness and chewi-
ness compared to the other treatments.

Ketnawa and Rawdkuen (2011) reported that the increase
in treated meat’s tenderness was due to proteolysis
enzyme action on myofibrillar protein by bromelain. The
myofibrillar protein breakdown generates small peptides
or protein with low molecular weight, thus increasing the
meat samples’ tenderness. Bille and Taapopi (2008) also
found that bromelain’s action in denaturing the protein
and breaking down the collagen, muscle fibre, and tissue
resulted in increased meat tenderness in their study sam-
ples of goat meat (back, ribs, and rear limbs). The sam-
ples were marinated with bromelain extract powder and
citric marinade to tenderise for 10 min at room tempera-
ture. Rawdkuen and Benjakul (2012) also reported that
the enzymes increased the collagen solubility, and this
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Table 3. Bromelain content of the diluted pineapple core extract, macerated broiler breast meat at different concentrations and

durations.

Concentration (%)

Bromelain activity (CDU/mL)

Diluted pineapple extract

Maceration duration (min)

15 min 25 min 35 min
Control (DW) NA 0.00 + 0.00% 0.00 + 0.00% 0.00 £ 0.00%
Josephine (30) 56.87 + 1.26" 8.95 +0.0182 12.93 £ 0.018° 17.58 + 0.0180
Josephine (50) 79.29 + 1.018 12.28 £ 0.01¢ 20.67 +0.02¢ 29.49 +0.01¢¢
Josephine (100) 151.06 £ 1.11¢ 18.30 £ 0.01°2 26.47 £0.01°° 39.19 £ 0.01%°

Values are expressed as mean + standard deviation (n = 3).

Mean with different superscript capital letters within column are significantly different (P < 0.05).
Mean with different superscript lower case letters within row are significantly different (P < 0.05).
Notes: 100%, 50%, and 30%, concentration of the core extract; DW, distilled water; 15, 25, and 35 min, maceration duration; NA, not

available.

promoted the structural alteration through the process of
collagens cross-link.

Meat colour analysis

The control and treated meat samples’ colour parameters
for 15, 25, and 35 min are shown in Table 5 (L*, a*, and
b*value). The results show that the maceration process
significantly affected the L* and b* values of the broiler
breast samples. The lightness (L*value) increased as the
maceration duration increased but decreased when the
core extract concentration decreased compared to the
control. According to Kim et al. (2012), the meat colour
influenced meat quality; hence, they were affected by
marination.

The colour of the meat is related to muscle pigments,
myoglobin, and haemoglobin. However, meat’s disco-
louration is affected by pigment conditions (amount and
chemical state). The entire breast muscle, commonly dis-
coloured as breast muscle, comprises a large portion of
the weight (~5%), so it is more sensitive, contributing to
discolouration and the meat’s light appearance.

Therefore, small changes in colour on the breast part is
more noticeable than in other parts. Serdaroglu et al.
(2007) reported that the increase in lightness is due
to the swell of the muscle protein and light reflection
altered at low pH and ionic strength, thus forming the
lighter colour. According to Wismer-Pedersen (1959),
it is widely accepted that variations in muscle struc-
ture may affect light reflectance or light scattering. The
extent of denaturation of the muscle proteins differs in
ordinary and pale coloured meat. The b*value decreased
with increased maceration duration. However, when the
concentration of the core extract decreased, the b*value
increased. Meanwhile, the a*value of the control and
treated meat samples shows no significant difference at

all concentrations used during the first 15 min. A sim-
ilar pattern of a*value was also reported by Serdaroglu
et al. (2007) in which the turkey breast was marinated in
grapefruit juice (50% and 100%) and citric acid (0.05 M,
0.1 M, and 0.2 M). The a*value (redness) is related to
the concentration of myoglobin and myoglobin dena-
turation level (Francis and Clydesdale, 2008; Vaudagna
et al., 2008). The acid treatment appeared to enhance
myoglobin’s conversion to metmyoglobin, which results
in lower colour intensity. Table 7 shows the colour dif-
ference (AE*) of macerated meat in different core extract
concentrations at 15, 25, and 35 min. The highest colour
difference was found in meat samples macerated in 100%
concentration of Josephine core extracts for 35 min.
According to Francis and Clydesdale (2008), when colour
differences (AE*) exceed the value of 3, the meat’s colour
change is detectable to the human eye.

Microbiological analysis of the macerated broiler
breast meat

According to Table 6, the total microbial count decreased
as the maceration duration increased for all treatments.
However, when the concentration of the core extract
decreased, the total microbial count increased. In this
study, the total microbial count was below 7 Log CFU/g
after 35 min of maceration. In contrast, the highest
microbial counts were observed as early as 15 min of
maceration using 30% concentration of core extract (4.34
Log CFU/g) regardless of the control sample. According
to Hong et al. (2013), this might be due to the sample’s
initial microbial contamination because bacterial counts
in fresh meat are generally less than 3 Log CFU/g.

Jeong et al. (2018) also reported that citrus juice such
as pineapple juice has an antimicrobial function,
causes denaturation of microorganisms, and affects the
water-holding capacity. The pH reduction caused by this

128

ltalian Journal of Food Science, 2022; 34 (1)



Effects of different concentrations of pineapple core extract

(S0°0 > d) usJalIp Apueoiubls aie moJ UIY)IM Sie)ia] 8Sed Jamol Jduasiadns pue ulinjod ulylim siee| [ended 1diuosiadns jusialip Yim ues|\ (¢ = u) UOHEIASP pJepue)s F UBswW Se passaldxe ale sanjep
aaoC€0 ¥ €€°0) aegl€0F 9L eglG'0 ¥ 90°C) 2000 ¥ ¥9°9 ©9l'0FG6.9 2g80'0 ¥ ¢€'L 209¢'0 ¥ G€'89 aal¥'0 F 6619 e0€L'0 ¥ 1009 (001) suiydasop
?C’ 0¥ .80} qegl00F S} eGS0 F LECL ¢l 0+6C.L @800+ €L ey70'0 ¥ G0'8 00080 ¥ LGS 080 +09¢S egh8°0 F L99V (0g) auiydasop
awll’0Fv9'LL eglV’0FELLL evhL'0F LV'CL g0€'0 ¥ G6°L ey60'0 ¥ 108 ev/)'0F 508 20gb7'0 ¥ 86°LG ag6'0 ¥ 19°0G evGE'0 F VY EY (0g) auiydasop
evGC'0 ¥ 65°CL eyGC'0 ¥ 65°CL evGC'0 ¥ 65°CL ey0€'0 ¥ 80°8 ey0€'0 ¥ 80'8 e0€'0 ¥ 80'8 ey0V'0 ¥ 670 ey0V'0 ¥ 670 ey0¥'0 ¥ 67°0% (ma) 1o1u09

ulw gg ulw ¢z ulw g ulw g¢ ulw ¢z ulw g ulw gg ulw 6z ulw g
(ssaumoj[ak) anjen,q (ssaupau) anjea,e (ssauyybi)) anjea,]
sisAjeuy 1nojo9 (%) syuawyeasp
"SUOIJRINP PUB SUOIRIUIIUOD JUBIBHIP Je Jeaul Jsealq 13|10iq pajeladew Jo (anjeA,q ‘,e ‘,7) 1nojo)  °G d|qeL
"UOI)eJnp UoNeIsdeW ‘Ul GE pue Gz ‘G -1s)em paiisip \Q :J0BJIX8 8100 8y} JO UOIBIJUBIUOD ‘9%0¢ PUB ‘%0G ‘%001 :SOION
(G0°0 > d) usJalIp Apueoiyubls aie Mo By} UILJIM S1s)ie] 8D Jamo| Jduosiadns Juslaip YIm Ues|y
(5070 > o) JuasayIp Apueowiubis ale uwnjod uiyym siaye| [eydeo jduosiadns Jusiayip Ylim uespy
(¢ = u) uoneIASP PJEpUB)S F UBSW SE Passaldxs ale sanjep
8876 ¥ 69'9¢. aeaol8'16 ¥ 06'720L eq6.'/8 ¥ CC'L0L ) 20§6'901 * 0C'¥¥0L 905068 ¥ 019081} eqlS'¥6 ¥ 06'7¢CC (001) aurydasop
2088} °L6 F 9V’ €EL 6L 101 ¥ E8°9LL e0GC L8 ¥ 90'¥6S ) 208L'G8 ¥ 06'20L) 6’16 ¥ 0¥'¢Lec 298¢ 'C6 F 0%'¢9S¢ (0g) aurydasop
0/8'96 ¥ G1°008 ag6'98 ¥ 01°18¢1 eg6L'€0L F L8°LLLL @8L'16 ¥ 08'LY.LC al¥'v0l ¥ 09°'G6.¢C g0y ¥8 ¥ 09'99.€ (0¢) auiydasop
eyGL'96 ¥ G6CLOV evG.'96 ¥ G6°CLOY eyG.'96 ¥ G6°CLOY ey8Y'66 ¥ 0€°C6¢. ey87'66 ¥ 0€'C6CL ey8Y'66 ¥ 0€°C6¢. (ma) jonuo09
ulw gg ulw 6z ulw g ulw gg ulw 6z ulw gl
(N) ssauimay9 (N) ssaupiey

(vdl) sisAjeue ajyoid ainyxa)

(%) syuawyeai)

"SUOIJEINP PUB SUOIRIIUSIUOD JUIIDHIP J& Jealll Jsealq J3]101q PaJeIadew 3y} JO dN[eA SSAUIMAYD pue SSaupIey °p d|qel

129

Italian Journal of Food Science, 2022; 34 (1)



Hussain N et al.

Table 6. Total microbial count of macerated broiler breast meat at
different concentrations and durations.

Concentration (%) Microbiological load (total microbial

count log CFU/g)

maceration duration (min)

15 min 25 min 35 min
Control (DW) 435+0.03 435+003 4.35+0.03
Josephine (30) 434+006 418+0.02 4.10+0.02
Josephine (50) 426+0.04 416+0.03 4.03+0.05
Josephine (100) 407+0.02 4.03+006 3.98%0.03

Values are expressed as mean + standard deviation (n = 3).
Notes: 100%, 50%, and 30%, concentration of the core extract;
DW, distilled water; 15, 25 and 35 min, maceration duration.

citrus extract was the primary factor that affected the
reduction of microorganisms. According to Alvarado
and Mckee (2017), most microorganisms slowed their
growth in an acidic environment. This statement is also
supported by Kotzekidou et al. (2008), which stated
that pineapple extract could suppress the growth of
Escherichia coli O157:H7 EDL-933. The pineapple
extract contains active substances such as terpenoids and
phenolic compounds, and these compounds attach to the
bacterial membrane and deplete the metabolic energy
of bacteria. Our study found that samples macerated in
100% concentration of the core extract for 35 min had the
lowest microbial count (3.98 Log CFU/g).

Conclusions

The maceration technique using 100% concentration of
the core extract (Josephine variety) for 35 min shows the
most significant meat tenderisation effect compared to
other concentrations and durations used in this study.
The hardness and chewiness of the broiler breast meat
were reduced. Pineapple core extract is applicable as a
meat tenderiser in the food industry, which may increase
the demand for local pineapple core.

Acknowledgements

The authors would like to thank the faculty and the per-
sonnel of Food Science and Technology, Universiti Putra
Malaysia (UPM), for their assistance in completing the study.

Author Contributions Statement
C.H.W. conducted the experiment, CH.W. and N. H.

analysed the findings, and C.HW.,, N. H., and N. S.M.
wrote and edited the manuscript.

Additional information

The authors declare no conflict of interest.

References

Abdullah & Hanafi, M. (2008). Characterization of Solid Waste and
Liquid Pineapple Waste. Reaktor, 12(1), 48—52.

Alvarado, C. and McKee, S., 2017. Marination to improve functional
properties and safety of poultry meat. Journal of Applied Poultry
Research 16(1): 113. https://doi.org/10.1093/japr/16.1.113

AOAC, 2006. Official methods of analysis. 20th ed. Arlington, TX:
The Association of the Official Analytical Chemist.

Banerjee, S., Arora, A., Vijayaraghavan, R. and Patti, A.F.,, 2020.
Extraction and crosslinking of bromelain aggregates for
improved stability and reusability from pineapple processing
waste. International Journal of Biological Macromolecules 158:
318. https://doi.org/10.1016/j.ijbiomac.2020.04.220

Bhaskar, N., Sachindra, N., Modi, V., Sakhare, P. and
Mahendrakar, N., 2006. Preparation of proteolytic activity rich
ginger powder and evaluation of its tenderising effect on spent-
hen muscles. Journal of Muscle Foods 17: 174. https://doi.
org/10.1111/j.1745-4573.2006.0004:3.x

Bhat, Z.F, Morton, J.D., Mason, S.L. and Bekhit, A.E.D.A., 2018.
Applied and emerging methods for meat tenderisation: a compar-
ative perspective. Comprehensive Reviews in Food Science and
Food Safety 17(4): 841. https://doi.org/10.1111/1541-4337.12356

Bhattacharyya, B.K., 2008. Bromelain: an overview. Natural Product
Radiance 7: 359.

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. https://doi.org/10.4314/ajfand.v8i4.19202

Burke, R.M. and Monahan, EJ., 2003. The tenderisation of shin beef
using a citrus juice marinade. Meat Science 63: 161. https://doi.
org/10.1016/S0309-1740(02)00062-1

Christner, J., Pfleiderer, E., Taeger, T. and Bernschein, U., 1992.
Methods for leather processing including liquid enzyme formu-
lation. US Patent No. 5,102,422.

Daniela, I, Camelia, V., Felicia, D. and Rodica, D., 2012. Effect of
marination with proteolytic enzyme on quality of beef muscle.
Scientific Study and Research 13(1): 81.

Debora, C.ED.S., Alex, M\V.D.A. and Alex, A.G., 2017. Quality
characteristics of broiler chicken meat from free-range and
industrial poultry system for the consumers. Journal Food
Science Technology 54(7): 1818. https://doi.org/10.1007/
§13197-017-2612-x

Edmund, O.B. and Isaac, W.O., 2018. Bromelain activity of waste parts
of two pineapple varieties. Journal of Sustainable Food Production
2: 21. https://doi.org/10.18052/www.scipress.com/SFP.2.21

Francis, FJ. and Clydesdale, EM., 1975. Food colorimetry: theory
and applications. Westport, CT: AVI Publishing.

Frank, N.J.E. and Schulze, R., 2010. Protease for wound condition-
ing and skin care. European Patent No. EP 2226382. Munich,
Germany: European Patent Office.

130

ltalian Journal of Food Science, 2022; 34 (1)


https://doi.org/10.1093/japr/16.1.113�
https://doi.org/10.1016/j.ijbiomac.2020.04.220�
https://doi.org/10.1111/j.1745-4573.2006.00043.x�
https://doi.org/10.1111/j.1745-4573.2006.00043.x�
https://doi.org/10.1111/1541-4337.12356�
https://doi.org/10.4314/ajfand.v8i4.19202�
https://doi.org/10.1016/S0309-1740(02)00062-1�
https://doi.org/10.1016/S0309-1740(02)00062-1�
https://doi.org/10.1007/s13197-017-2612-x�
https://doi.org/10.1007/s13197-017-2612-x�
https://doi.org/10.18052/www.scipress.com/SFP.2.21�

Gok, V. and Bor, Y., 2016. Effect of marination with fruit and vege-
table juice on the some quality characteristics of Turkey breast
meat. Brazilian Journal of Poultry Science 18(3): 481. https://doi.
org/10.1590/1806-9061-2016-0225

Han, J., Morton, ].D., Bekhit, A.E.D. and Sedcole, ].R., 2009. Pre-rigor
infusion with kiwifruit juice improves lamb tenderness. Meat
Science 82: 324. https://doi.org/10.1016/j.meatsci.2009.02.003

Hong, K.W., Kim, S.H., Park, W.P, Lee, ].H., Jo, Y.B. and Lee, J.H,,
2013. Food hygienics. Seoul, Korea: Dae Wang Press.

Janhvi, M., Gayathri, R., & Vishnupriya, V. (2016). Tenderization
of Meat Using Bromelain from Pineapple Extract. Institute.
Journal. Phramaceutical. Science. Review. Reources, 39(1),
81-85.

Jeong, K.J., Hyeonbin, O., So, Y.S. and Young, S.K., 2018. Effect of
different marination condition on quality, microbiology prop-
erties, and sensory characteristic of Pork Ham Cooked By The
Sous-vide Method. Korean Journal for Food Science of Animal
Resource 38(3): 506.

Ketnawa, S. and Rawdkuen, S., 2011. Application of bromelain
extract for muscle foods tenderisation. Food Nutrition Sciences
2: 393. https://doi.org/10.4236/fns.2011.25055

Kim, D.J., Lee, D.H., Lee, Y.G., Park, D.W., Kim, G.D,, Jung, E.Y,,
et al., 2012. The relationship between carcass ColorGrade and
instrumental values. Journal of Agriculture Life Scienc 46: 133.

Kim, M.J,, Kim, C.Y., & Park, I. (2005). Prevention of Enzymatic
Browning of Pear by Onion Extract. Food Chemistry, 89(2),
181-184.

Kotzekidou, P, Giannakidis, P. and Boulamatsis, A., 2008.
Antimicrobial activity of some plant extracts and essential oils
against Foodborne pathogens in vitro and on the fate of inoc-
ulated pathogens in chocolate. LW T-Food Science Technology
41:119. https://doi.org/10.1016/j.lwt.2007.01.016

Manohar, J., Gayathri, R. and Vishnupriya, V., 2016. Tenderisation
of meat using bromelain from pineapple extract. International
Journal of Pharmaceutical Science Review and Research
39(17): 81.

Maryana, M.N., Lukman, I, Siti N.H. and Ikhmal, H.A.H,
2018. Evaluation of tendering effect from date seed extract

Effects of different concentrations of pineapple core extract

(P dactalytera) in Knuckle part meat. Journal of Tropical

Resource and Sustainable Science 6: 23. https://doi.
org/10.47253/jtrss.v6il.722

Mohamad Afifi, I, Chong, G.H., & Mohammad Rashedi, LF.
(2018). Potential Effect of Averrhoa bilimbi (belimbing buluh)
Marinades on Tenderizing the Buffalo Meat Compared to
Actinidia chinenesis (kiwifruit), Citrus limon (lemon) and
Commercial Bromelain. Journal of Science and Technology,
10(2), 77-84.

Nadzirah, K.Z., Zainal, S., Noriham, A. and Normah, I., 2016.
Application of bromelain powder produced from pineapple
crowns in tenderising beef round cuts. International Food
Research Journal 23(4): 1590.

Nor Mazila, A.R., 2020. Pineapple waste commercialisation. UMP
News. Available from: http://news.ump.edu.my/experts/
pineapple-waste-commercialisation. Accessed 26 October 2020.

Rawdkuen, S. and Benjakul, S., 2012. Biochemical and microstruc-
tural characteristics of meat samples treated with different plant
proteases. African Journal of Biotechnology 11(76): 14088.
https://doi.org/10.5897/AJB12.1587

Serdaroglu, M., Abdraimov, K. and Onenc, A., 2007. The effects of
marinating with citric acid solutions and grapefruit juice on cook-
ing and eating quality of Turkey breast. Journal of Muscle Foods.
18: 162. https://doi.org/10.1111/j.1745-4573.2007.00074.x

Vaudagna, S.R., Pazos, A.A., Guidi, S.M., Sanchez, G., Carp, D.J. and
Gonzalez, C.B., 2008. Effect of salt addition on sous vide cooked
whole beef muscles from Argentina. Meat Science 79: 470.
https://doi.org/10.1016/j.meatsci.2007.11.001

Wismer-Pedersen, J., 1959. Quality of pork in relation to rate of
pH change post mortem. Food Resource 24: 711. https://doi.
org/10.1111/j.1365-2621.1959.tb17325.x

Yuris, A. and Lee, ES., 2014. A comparative study of the antioxi-
dant properties of three pineapple (Ananas comosus L.) variet-
ies. Journal of Food Studies 3: 1-11. https://doi.org/10.5296/jfs.
v3i1.4995

Italian Journal of Food Science, 2022; 34 (1)

131


https://doi.org/10.47253/jtrss.v6i1.722�
https://doi.org/10.47253/jtrss.v6i1.722�
http://news.ump.edu.my/experts/pineapple-waste-commercialisation�
http://news.ump.edu.my/experts/pineapple-waste-commercialisation�
https://doi.org/10.5897/AJB12.1587�
https://doi.org/10.1111/j.1745-4573.2007.00074.x�
https://doi.org/10.1016/j.meatsci.2007.11.001�
https://doi.org/10.1111/j.1365-2621.1959.tb17325.x�
https://doi.org/10.1111/j.1365-2621.1959.tb17325.x�
https://doi.org/10.5296/jfs.v3i1.4995�
https://doi.org/10.5296/jfs.v3i1.4995�
https://doi.org/10.1590/1806-9061-2016-0225�
https://doi.org/10.1590/1806-9061-2016-0225�
https://doi.org/10.1016/j.meatsci.2009.02.003�
https://doi.org/10.4236/fns.2011.25055�
https://doi.org/10.1016/j.lwt.2007.01.016�

	_Hlk64810794
	_Hlk90463671
	_Hlk90464037
	_Hlk90436280
	fn2
	_GoBack
	_Hlk64810805
	_Hlk64818624

