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Abstract

Article Info

Broiler chickens (Gallus gallus domesticus) were collected from local chicken suppliers
of Dharan (26.8065° N, 87.2846° E), Nepal, and slaughtered to prepare the cut-up parts
(breast, drumstick, dorso, wings, and thigh). They were vacuum packed in polythene bags
and frozen stored (-21.5 +3.5°C) for 45 days to study the effect of frozen storage on the
water holding capacity (WHC) of meat. Cooking loss, drip loss, and pH changes were
analyzed at 5 days intervals during storage and the data were analyzed using Genstat® v
12.1.The cut-up parts showed a significant change (p<0.05) in pH, cooking loss, and drip
loss during 45 days of frozen storage. The pH decreased while the drip loss and the cooking
loss increased gradually upon storage. The pH was found to be varied among the cut-up
parts with a minimum pH scale of 5.25 for wings, followed by 5.3 for thigh, at the end.
The highest drip loss of 6.11% was observed in wings after 5 days of storage which ended
up to 8.97% after 45 days of frozen storage while drumstick and thigh samples showed
significantly lower drip loss of 6.02%, and 5.43% respectively. The change in cooking loss
showed a similar pattern as that of drip loss with a significantly higher value of 37.36% in
the breast while it showed no significant difference in drumstick, dorso, and thigh meat.
Thus, the study reveals that freezing of broiler chicken meats for a prolonged period
adversely affects the WHC of meat.
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1. Introduction
Water holding capacity (WHC) is defined as the

myofibrils, between the myofibrils themselves and
between the myofibrils and the cell

membrane

ability of meat and meat products to bind water during
slicing, mincing, and pressing and also during
transport, storage, processing, and cooking (Hamm,
1986). The water released can be described as drip,
purge, weep, exudate, or cooking loss, and these are
inversely related to WHC. The water released from a
processed meat product is often described as cook
yield, and this is directly related to WHC. WHC refers
both to the bound water contained within the meat and
also to water added during various operations
connected with meat processing (Warner, 2017).

The majority of water in muscle is held within the
structure of the muscle and muscle cells. Specifically,
within the muscle cell, water is found within the

HiJOST 2020, 3-4; doi: https://doi.org/10.3126/hijost.v4i0.33860

(sarcolemma), between muscle cells and between
muscle bundles (Offer & Knight, 1988). In general,
water-soluble vitamins and minerals are dissolved in it.
Entrapped water and free water in meat muscle can be
easily removed by drying or can be converted into ice
by freezing (Huff-Lonergan, 2019). This shows that
meat is vulnerable to spoilage by microorganisms since
there is a sufficient amount of nutrients available for
their growth making it perishable. Thus, meat and meat
products were historically among the most used food
items to be packed and stored. Meat is frozen stored at
-18° to -25°C in normal commercial practice (Subba,
2010).

Nowadays, the air is evacuated from the packaging
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material before sealing to extend the shelf life of fresh
meat sections or cuts and cured or processed meat
products called as vacuum packaging. Vacuum packs
are comprised of evacuated pouches or vacuum skin
packs, in which a film of low gas permeability is
closely applied to the surface of the product (O'
Sullivan, 2017). Preservation effects are achieved by
the development of an anaerobic environment within
the pack (Bell et al., 1996). Packaging materials are
principally made of plastic. Specifically, meat
packaging should protect and maintain properties like
appearance, water holding capacity, color, microbial
quality, lipid stability, nutritive value, and sensorial
aspects  (McMillin, 2017). However, vacuum
packaging harms chicken meat due to the application
of shear force by wvacuum increasing drip loss
(Marcinkowska-Lesiak et al., 2016).

Freezing and frozen storage can produce profound
effects on the structural and chemical properties of
muscle foods, including changes in muscle fibers,
lipids, and proteins, all of which have the potential for
significantly influencing the quality attributes of meat
and meat products (Miller et al., 1980). The structural
changes that occur in muscle were reported, in a series
of experiments, to be demonstrated the damaging
effects of ice crystals growth on muscle fiber
morphology (Luyet, 1959). Drip losses may increase
during frozen storage (Awonorin & Ayoade, 1992).
During cooking, meat can lose a large quantity of its
mass in the form of meat juice. Water loss determines
the technological yield of the cooking operation,
making it a critical factor in the industry. So, quality of
raw and cooked meat are two different things as there
are various changes in meat that occur after its cooking.

The objectives of the current analysis were to (i)
study the physical and chemical properties of the cut-
up parts (ii) vacuum pack the cut-up parts and store at
frozen condition (-21.5+3.5°C), and (iii) examine the
effects of frozen storage on cooking loss, pH and drip
loss.

2. Materials and Methods
2.1 Chicken preparation

Live chickens (Gallus domesticus) weighing in the
range of 2330 g to 3100 g were brought from the local
chicken suppliers of Dharan (26.8065° N, 87.2846° E).
The chickens were slaughtered and cut-up parts were
prepared as described by Subba (2010). The muscles
were then aged at 4°C for 24 h and subjected to various

chemical and physical analysis.

2.2 Packaging material

Regular polythene plastic (length 265 mm, breadth
201 mm, and thickness 3.00 um) was used for vacuum
packaging.

2.3 Proximate analysis

Moisture content and ash content were determined
as per AOAC (2005). Similarly, crude fat, crude
protein, and crude fiber were determined following the
method described by Ranganna (2001).

2.4 Water holding capacity and pH

WHC was determined by Grau and Hamm's method
modified by (Hoffman et al., 1982). pH was
determined using an electronic pH meter as per
(AOAC, 2005).

2.5 Vacuum packing and freezing

The cut-up parts were vacuum-packed using regular
polythene plastic. The Henan DZY260 with sealing
time of 10-20s vacuum packing machine was used. The
vacuum-packed cut-up parts were frozen in a non-
ventilated chamber and can, therefore, be considered
slow-frozen. The samples were taken out from the
freezer at a 5 day time interval for cooking loss, drip
loss, and pH analysis.

2.6 Cooking loss

The prepared cut-up samples were taken out of the
freezer at a 5-day interval of up to 45 days. The
thickness of the sample was made 2.5 cm with a weight
of 70 g. The samples were then weighed, vacuum
packed in a polythene bag and immersed in a
thermostat-controlled water bath with circulating water
at 75x5°C. After 50 min, the samples were removed
from the water bath, cooled at room temperature, and
placed on filter paper and the meat surface was air-
dried and cooking loss, CL can be calculated by below
given expression (Subba,2010).

MR-MC
MR

CL =

X 100% (1)

Where Mr and Mc are the weight before and
after cooking.

2.7 Drip loss

Samples were taken from the freezers at 5 days
intervals, weighed frozen, placed at room temperature
and temperature of samples was allowed to come in
equilibrium with room temperature. The thawed meat
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samples were removed from the packages, surface
dried using blotting papers, and weighed to determine
drip loss following the procedure of Benli (2016).

Drip loss (DL) can be calculated as:

Wb-Wa
= 0,
DL = =2 % 100% )

Where Wb and Wa are the weight before and after
thawing.

2.8 Data analysis

Means of the data, obtained after analysis of
samples for cooking loss, drip loss and pH, were
differentiated using LSD (least significance difference)
at a 5% level of significance using Genstat version
12.1.

3. Results and Discussion
3.1 Cut-up parts of the chicken

From the dressed body of slaughtered chickens,
different cut-up parts were obtained as shown in Table
1. The average dressed weight of 10 chickens was
2076.7 g and the weights of cut-up parts were
expressed in percentage based on the dressed weight.

Breast, thigh, drumstick, wings, and dorso
constituted 45.17%, 14.89%, 10.55%, 10.15%, and
19.30% of the dressed weight of the chickens
respectively. The results closely agreed with the
findings carried out by several researchers (Cevger et
al., 2004; Soares et al., 2017).

Table 1: Cut-up parts of chicken based on dressed weight

Cut-up parts Yields*
Dressed weight (g) 2076.7+211.07
Breast (%) 45.17+3.59
Thigh (%) 14.89+1.99
Drumstick (%) 10.55+1.60
Wings (%) 10.15+0.82
Dorso (%) 19.30+3.50

* Provided yields are the means of data obtained from 10
chickens

3.2 Chemical and physical parameters

The cut-up parts were prepared and aged for about
24 h in chill condition (4°C). Then, various chemical
and physical parameters were analyzed in the
laboratory. The chemical parameters included
moisture, ash, crude protein, fat, and crude fiber
content and the analytical results are tabulated in Table
2.

Moisture content in drumstick, breast, wings, dorso,
and thigh were found to be 74.99%, 75.74%, 75.84%,
74.65%, and 73.84% respectively and no significant
difference (p < 0.05) was found between the moisture
content of the cut-up parts. The meat samples of
drumstick, breast, wings, dorso, and thigh contained
respectively 1.78%, 1.40%, 1.24%, and 0.836%, and
1.34% ash. There was no significant difference
between the ash content of breast and thigh whereas the
ash content in drumstick, wings, and dorso was found
to be significantly different. Crude protein contents in
drumstick, breast, wings, dorso, and thigh meat were
19.17%, 21.75%, 19.35%, 18.93%, and 17.17%
respectively.

The protein content in the breast was found to be
significantly higher than that in other cut-up parts.
Crude fat contents of drumstick, breast, wings, dorso,
and thigh meat were respectively 14.19%, 8.02%,
14.50%, 16.17%, and 25.65%. Thigh meat contained a
significantly higher quantity of fat than other cut-up
parts. The dried and fat-free meat samples of
drumstick, breast, wings, dorso, and thigh contained
0.38%, 0.41%, 0.36%, 0.36%, and 0.38% crude fiber
respectively. The ultimate pH of drumstick and thigh
were found to be significantly higher (p<0.05) and the
lowest pH was observed in dorso. The pH of breast and
wings were 5.70 and 5.75 respectively.

Table 2: Chemical and physical characteristics of raw cut-up parts

Parameters Drumstick* Breast* Wings* Dorso* Thigh*
Moisture (%) 74.99+1.67° 75.74+1.732 75.84+1.872 74.65+2.04° 73.84+1.542
Ash (%) 1.78+0.39° 1.40+0.05%¢ 1.24+0.34%® 0.836+0.142 1.34+0.29%¢
Crude Protein (%) 19.1741.21% 21.75+0.85° 19.35+1.16% 18.93+0.73% 17.17+1.342
Crude Fat (%) 3.55+0.65% 1.94+0.30° 3.50+0.11% 4.10+0.28° 6.71+0.96°
Crude fiber (%) 0.081+0.005% 0.091+0.007°  0.074+0.007*  0.076+0.001*  0.074+0.006%
Ultimate pH 5.70+0.12 5.90+0.3%® 5.75+0.07% 5.65+0.07° 6.00+0.282
WHC 0.41+0.042 0.50+0.08° 0.460.06% 0.48+0.02% 0.58+0.03¢

*The results obtained are means of triplicate samples * standard deviations and different letters (a-c) on the same row

indicate significant difference at p < 0.05.
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The water holding capacity (WHC) of drumstick,
breast, wings, dorso, and thigh meat was found to be
0.41, 0.50, 0.46, 0.48, and 0.58 respectively. The water
holding capacity of the thigh was found to be
significantly higher than that of other cut-up parts and
that of drumstick was significantly lower than that of
other cut-up parts. These chemical characteristics were
found similar to the study carried out by USDA (2019),
Chepkemoi et al. (2017), and Sharma (1999). The
ultimate pH did not vary with different cut-up parts.
Results concerning the ultimate pH and WHC were
compatible with the work of Puolanne (2017) and Basu
etal. (2017).

3.2 Effect of frozen storage on pH

The pH of all the meat samples to storage time was
analyzed as shown in Table 3. Statistical analysis
showed that frozen storage had a significant effect on
the pH of different meat samples. As the frozen storage
time increased, the pH of meat samples decreased
significantly (p < 0.05). The pH values after 24 hours
of slaughter were significantly different than those of
45 days of frozen stored meat samples for all the cut-
up parts. This decline in pH can be correlated with the
results reported by Basu et al. (2017) where the pH of
chicken breast meat declined with respect to storage
time at the freezing condition.

The pH values of drumstick and thigh were found
to be significantly higher than the pH values of other
cut-up parts at day 0 (where the meat samples were not
frozen stored). On the 45th day of frozen storage, there
was no significant difference between the pH of breast,
drumstick, and dorso meat and between the pH of thigh
and wings meat. The difference may be due to the
different types of muscle that predominate in the thigh

meat (oxidative vs glycolytic muscles in the breast), or
it may be due to change in the proportion of the muscle
fiber that is responsible for a different pattern of muscle
metabolism. The decrease variation in pH value may
be attributed to the breakdown of glycogen with the
formation of lactic acid and the increase of pH that may
be due to the partial proteolysis leading to the increase
of free alkaline groups depending on the condition of
such changes (Puolanne, 2017).

Leygonie et al. (2012) found that, with the proper
freezing storage conditions, the pH of meat decreases
with increasing storage duration which is attributable
to the loss of water with its associated soluble
substances, denaturation of buffer proteins and the
accumulation of acidic products of ongoing
transformational processes such as deamination of
proteins by microbial or enzymatic action, with the
ensuring release of the hydrogen atom. This declination
of pH of vacuum-packed cut-up parts with respect to
frozen storage time appreciates the result obtained by
Potawska et al. (2014).

3.4 Effect of frozen storage on drip loss

Drip losses were calculated using equation 2 and the
results are presented in Table 4. It can be seen that there
was a significant increase (p < 0.05) in drip losses in all
the cut-up parts as the frozen storage time preceded.
The drip loss of breast meat was 5.71% on the 5" day
of frozen storage, which significantly increased to
7.48% on the 45" day of frozen storage. There was a
significant increase in drip loss in drumstick from
3.01% on the 5™ day to 6.02% on the 45" day of frozen
storage. The drip loss in dorso meat increases
significantly from 4.97% to 7.23%.

Table 3: pH of cut-up parts at different frozen storage times (days)

Cut-up pH at different frozen storage times (days)
parts 0 5 10 15 20 25 30 35 40 45
Breast 570+ 550+ 557+ 5.53+ 5.37+ 5.43+ 5.25+ 5.37+ 5.40+ 5.43+
0.10*0  0.10* 0.15° 0.05% 0.15° 0.15%® 0.05¢ 0.06° 0.20% 0.32®
Drumstick 5.90+ 5.75+ 5.70+ 5.55+ 5.65+ 5.55+ 5.50+ 5.45+ 5.45+ 5.45+
0.308 0.07° 0.14° 0.35% 0.072 0.28 0.14¢2 0.07° 0.2b 0.07°
Dorso 5.65+ 545+ 5.40+ 5.45+ 5.45+ 5.50+ 5.45+ 5.40+ 5.40+ 5.55+
0.07¢  0.07° 0.14° 0.07° 0.07° 0.14° 0.21° 0.00P 0.14° 0.07°
Thigh 6.00+ 5.75+ 5.65+ 5.75+ 5.55+ 5.60+ 5.80+ 5.35+ 5.40+ 5.30+
0.282 0.21% 0.07® 0.07% 0.072 0.28° 0.14¢% 0.07¢ 0.28b¢ 0.14¢
Wings 5.75+ 550+ 5.60% 5.55+ 5.45+ 5.40+ 5.35+ 5.55+ 5.45+ 5.25+
0.078  0.14® 0.14° 0.072 0.07be 0.14b¢ 0.07¢ 0.28? 0.07b¢ 0.07¢

* The results obtained are means of triplicate samples + standard deviations and values having different letters on the same

row (a-c) indicate significant difference at p<0.05.
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In thigh meat, it was seen that drip loss was 3.14%
on the 5" day and 5.43% on the 45" day of frozen
storage. The drip loss of wings meat was 6.11% on the
5™ day of frozen storage, which significantly increased
to 8.97% on the 45™ day of frozen storage.

The significant difference was seen between the
drip losses of different cut-up parts as well at p<0.05.
On the 5th day of frozen storage, the drip losses of
drumstick and thigh meat were significantly lower than
that of the breast, dorso, and wings meat samples. The
difference in drip losses between the cut-up parts
varied as the frozen storage time preceded. On the 45th
day, the drip loss as observed in wings meat was
significantly higher than that in other parts and lowest
in drumstick and thigh meat. This variation in drip
losses can be explained by the variation in the pH of
meat samples. On the 45th day, the pH of wings meat
was significantly at p<0.05 than that of other cut-up
parts. Lawrie (1959) showed the relationship between
the ultimate pH in longissimus and psoas muscles and
the extent of drip on thawing of the beef where drip loss
increases as a decrease in ultimate pH.

Ice crystals formed within the I-band, but not
within the A-band at -22°C, possibly because the WHC
of the actin filaments is weaker than that of myosin
filaments, and the difference can be elicited in this
temperature range. Xiong (1997) suggests that freezing
affects the fiber due to the distortion and damage by the
growth of ice crystals inside the muscular tissues.
Xiong (1997) also explains that protein damage is
generally a function of time and temperature of
freezing. In general, the extent of denaturation of both
sarcoplasmic and myofibrillar proteins increases with
the length of frozen storage. In addition to physical

damage by ice crystals and destabilization by
concentrated solutes, muscle proteins during meat
frozen storage and thawing are susceptible to
oxidation, which further contributes to drip loss in
thawed meat (Utera et al., 2014). Furthermore, Huff-
Lonergan & Lonergan (2005) explain potential
changes in muscle fiber diameter during aging as
influenced by proteolysis influencing drip formation.
Besides, drip loss increase with the increase in storage
time as explained by Potawska et al. (2014) and
Marcinkowska-Lesiak et al. (2016).

3.5 Effect of frozen storage on cooking loss

The aged cut-up parts were subjected to cooking in
polyethylene bags. At first, unfrozen and unpacked
samples were subjected to analysis for cooking loss in
a water bath. Those samples were just used to analyze
cooking loss before frozen storage and vacuum
packing. The vacuum-packed and frozen stored
samples were also tested for cooking loss in the time
interval of 5 days. The cooking losses were determined
using equation 2 and are tabulated in Table 5.

At the initial stage, it was found that breast, dorso,
and wings meat had significantly higher cooking losses
than the other cut-up parts while the thigh meat had the
lowest cooking loss. There was significant (p < 0.05)
inclination in cooking loss as the frozen storage
proceeded upon storage. On the 45th day, cooking loss
of breast meat reached 37.36% which was the highest
(p < 0.05) among the different cut-up parts. The
cooking loss of drumstick meat increased from 15.39%
to 30.46% over 45 days of frozen storage. The dorso
meat lost 29.31% fluid as a cooking loss on the 45th
day of frozen storage which was significantly higher
than cooking loss on day 0 and day 5 of frozen storage.

Table 4: Drip losses of cut-up parts at different frozen storage times (days)

Cut-up parts

Drip losses at different frozen storage times (days)

5 10 15 20 25 30 35 40 45
Breast 571+ 7.10+ 582+ 584+ 579+ 7.02+ 8.06x 805+ 7.48%
0.832 1.57° 0.912 1.952 1.332 1.55P 1.85¢ 1.88° 1.42°
Drumstick 3.01+ 497+ 474+ 553+ 451+ 540+ 462+ 6.08+ 6.02%
0.78? 1.30®  051*®  0.69® 0.11* 0.69®  1.05%  0.17° 0.04°
Dorso 497+ 398+ 593+ 6.29+ 524+ 7.05+ 580+ 4.92+ 7.23+%
1.30®  1.35 0.11%®  1.88® 091%  1.10° 2.00®  0.15®  0.91°
Thigh 3.14+ 345+ 467+ 500+ 6.70+ 461+ 6.01+ 583+ 543+
0.962 0.612 0.41%® 135  155° 1.99%  0.13%  1.92%  195%®
Wings 6.11+ 597+ 5096+ 550+ 578+ 6.25+ 649+ 795+ 897+
2.69? 0.222 0.22% 2.39% 0.94% 1.712 3.04% 1.79° 2.62°

* The results obtained are means of triplicate samples * standard deviations and values having different letters on the same
row (a-c) indicate significant difference at p<0.05.
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Table 5: Cooking losses of cut-up parts at different frozen storage times (days)

Cut-up Cooking losses at different frozen storage times (days)
parts 0 5 10 15 20 25 30 35 40 45
Breast 20.95+ 25.73+ 2498+ 29.63+ 2855+ 3140+ 3470+ 3355+ 36,50+ 37.36%
1.022 0.77°¢  0.59° 1.29¢de  Q.75bd  2,04%9  1.05% 0.95¢f 1.349 1.418
Drumstick 15.39+ 20.18+ 2153+ 2273+ 26.73+ 26.18+ 29.07+ 2879+ 30.52+ 30.46%
1.392 1.62%  254%® 3,08 297" 2.04° 0.20° 1.94° 2.59° 1.11°
Dorso 19.15+ 25.77+ 2486+ 2442+ 2339+ 27.05+ 27.98+ 28.22+ 28.14+  29.31%
1.872 2.44% 103 0930  1.34® 1.41° 1.38° 2.03° 0.46" 1.39°
Thigh 12.07+ 16.24+x 17.79+ 2421+ 2268+ 2345+ 2745+  26.31+  30.55+  29.45%
0.482 0.86%®  1.76%¢ 2.07%  1.47° 1700 1419 1.32¢ 3.04¢ 1.02¢
Wings 20.82+ 25.04+ 2544+ 2759+ 2741+ 3134+ 3216+ 33.05+ 33.09+ 34.05%
1.322 4.65%  1.14%  159% 135 1.30° 0.87° 0.60° 2.01° 1.38°

*The results obtained are means of triplicate samples + standard deviations and values having different letters on the same

row (a-g) indicate significant difference at p<0.05.

Thigh meat also showed a significant inclination in
cooking loss from 12.07 to 29.45% on the 45th day of
frozen storage. Lastly, wings meat lost 34.05% fluid on
the 45th day of frozen storage. A similar result was
obtained by Basu etal. (2017) and Giampietro-Ganeco
et al. (2017) in frozen stored broiler breast meat.

Table 5 showed that the cooking loss of fresh
samples was comparatively lower than that of vacuum-
packed and frozen stored samples. The results obtained
are in accordance with the results of a study on chicken
meat by Basu et al. (2017) and Giampietro-Ganeco et
al. (2017). Rahelic et al. (1985) explained the
formation of ice both inter- and intra-cellular at —22°C
when the greatest structural damage was observed. At
this temperature, the solubility of the myofibrillar
protein was also found to be the least. Ice crystals
formed within the I-band, but not within the A-band at
-22°C, possibly because the WHC of the actin filaments
is weaker than that of myosin filaments, and the
difference can be elicited in this temperature range.
Xiong (1997) suggests that freezing affects the fiber
due to the distortion and damage by the growth of ice
crystals inside the muscular tissues. Xiong (1997)
explained that protein damage is generally a function
of time and temperature of freezing. In general, the
extent of denaturation of both sarcoplasmic and
myofibrillar proteins increases with the length of
frozen storage. In addition to physical damage by ice
crystals and destabilization by concentrated solutes,
muscle proteins during meat frozen storage and
thawing are susceptible to oxidation, which further
contributes to drip loss and cooking loss in thawed
meat (Utera et al., 2014).

4. Conclusions

Broiler chickens (Gallus gallus domesticus) from
local chicken suppliers of Dharan, Nepal were brought
and slaughtered to prepare cut-up parts (breast,
drumstick, dorso, wings, and thigh). The results
revealed that breast constitutes the highest weight of
dressed chicken body whereas wings, the lowest. The
moisture contents in all the cut-up parts were in
prominent amounts showing no significant difference
(p < 0.05) among them. Breast contained the maximum
protein with the lowest fat content. The frozen storage
time had a significant effect on the pH of chicken meat
and the lowest ultimate pH was observed in wings. The
drop in pH affected negatively on the water holding
capacity of meat. The highest drip loss was observed in
the wings while drumstick and thigh samples showed
significantly lower drip loss. Both the cooking loss and
drip loss increased significantly with an increase in
frozen storage time and the highest cooking loss was
identified in the breast. The result showed that the long
term storage of meat in freezing condition lowers the
WHC of meat.
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