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ABSTRACT
Broiler meat is widely favored as an affordable protein source and is the primary type of

chicken meat worldwide. This study investigates how different packaging materials,
specifically polythene and coconut shell packaging, affect the physicochemical and

microbial qualities of frozen broiler meat. The well-known adverse effects of polythene on

w meat preservation were reduced by using coconut shells as an alternative packaging
14 July 2026 material. The thawing loss and drip loss of meat significantly increased (p < 0.05) when
ggﬁiegtst 5026 Packed in polythene (6.63 £ 0.34%, 8.64 + 0.21%) compared to coated coconut shells (6.04
Accepted: +0.24%, 7.52 £ 0.35%) after 15 days of frozen storage. The results showed minimal changes
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in moisture, protein, and ash content. The color parameters of the coated coconut shell-

Keywords packed samples significantly increased (p < 0.05), except for lightness during freezing,
f}fgﬁlzgcclf:goerfut compared to fresh polythene-packed meat. Additionally, the mean total plate count and lipid
pellyiene oxidation rate for coated coconut shell-packaged meat (7.12 + 0.01 log CFU/g and 0.25 +
package, frozen

condition 0.03 umol MDA/kg) were lower than those of polythene-packaged meat (7.31 £ 0.02 log

CFU/g and 0.28+ 0.02 umol MDA/kg), respectively. These findings highlight that coated
coconut shell can serve as a sustainable packaging alternative to polyethylene, helping to
preserve the quality of broiler meat while supporting food security and environmental

conservation.
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1.0 Introduction

In Bangladesh, broiler meat serves as a crucial and affordable
source of animal protein, contributing significantly to the
dietary habits of diverse population groups. The poultry
industry, comprising both backyard and commercial
enterprises, plays a vital role in meeting the country's protein
needs (Rahman et al., 2017). With the increase in per capita
annual broiler meat consumption, the sustainable production
and preservation of broiler meat becomes essential. The
nutritional composition of raw and whole meat with skin,
cooked per 100 grams of poultry meat, contains 196 kcal of
energy, 18.6 g of protein, 15.1 g of total fat (lipid), and 0.4 g of
total iron (Bordoni & Danesi, 2017). The poultry sector in
Bangladesh, a vital contributor to food security and economic
development, suffered severe consequences. The livestock
sector's expansion is critical for lowering import costs and
raising foreign exchange profits through exports (Yasmin &
Alam, 2020).

Preservation methods are important for protecting the natural
quality and safety of broiler meat. Techniques such as
refrigeration (keeping meat at 0 °C to 4 °C) and freezing lower
the temperature to inhibit microbial activity and extend shelf
life (D. Dave & A.E. Ghaly, 2011). Smoking imparts flavor and
acts as a preservative, while drying removes moisture to inhibit
microbial growth (Toldra, 2008). The use of preservatives, such
as antimicrobial agents, helps hinder spoilage, and vacuum
packaging slows down oxidation and microbial growth.
Modified Atmosphere Packaging entails the strategic
modulation of the internal gaseous environment to impede
microbial propagation and mitigate oxidative degradation
(Demirhan & Candogan, 2016; Sun et al., 2021). Proper
hygiene and safety standards by customers and during
processing are critical to avoid cross-contamination and
undercooking, which are significant risk concerns (Khalid et
al., 2020). Improper processing, substandard storage, and
contaminated equipment can lead to microbial contamination,
with bacteria like Salmonella and Campylobacter commonly
associated with poultry, potentially causing foodborne illnesses
(Gomes et al., 2023). Cold storage conditions are crucial in
maintaining optimal broiler meat quality, and recent studies
emphasize the importance of factors like freezing temperature,
duration, and thawing conditions (Pal et al., 2018).

Packaging is a critical aspect of food preservation, and the
prevalent use of non-biodegradable plastics raises
environmental concerns (Hammam, 2019). Despite the benefits
of plastic in preserving product freshness, it is necessary to
balance its advantages with sustainable and eco-friendly
alternatives (Gheorghita, Amariei, et al., 2020). Additionally,
the short shelf life of Gallus gallus domesticus meat
necessitates effective packaging methods to extend its quality
and reduce food waste (Chmiel et al., 2019). Concerns about
plastic's environmental impact, particularly in terms of
microplastic migration into food, highlight the need for eco-
friendly packaging alternatives (Katsara et al., 2022). The
European Union's initiatives to reduce plastic usage emphasize
the urgency of addressing plastic waste management and
transitioning to sustainable packaging (Gheorghita, Gutt, et al.,
2020). To address environmental challenges, there is an
increasing interest in biodegradable and renewable packaging
materials, such as those made from coconut shells (Rizal et al.,
2020).
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Coated coconut shell-based packaging is not universally
available but is abundant in coconut-producing regions where
shells are generated as agro-industrial waste. In these contexts,
it offers a low-cost, sustainable, and locally applicable
alternative to synthetic plastic packaging for poultry products.
Therefore, this study aims to compare the impact of different
packaging methods (polythene and coconut shell packages) and
storage conditions on the physicochemical and microbial
quality of frozen broiler over time. Therefore, this study aimed
to evaluate the effectiveness of coated coconut shell-based
biodegradable packaging compared with conventional
polythene packaging in preserving the physicochemical
quality, oxidative stability, sensory attributes, and microbial
safety of frozen broiler chicken meat during storage.

2.0 Materials and Methods

2.1 Ethical Statement

This investigation was undertaken within the Department of
Nutrition and Food Technology, Jashore University of Science
and Technology, Jashore-7408, Bangladesh. 20 broiler
chickens were randomly purchased from a licensed local retail
market and slaughtered using standard commercial halal
practices (Addeen et al., 2014; Sukardi et al., 2022). The
slaughtering and sample collection procedures followed animal
welfare considerations and were conducted according to
established commercial practices and previously published
protocols (Addeen et al., 2014; Njoga et al., 2023).

2.2. Chicken slaughtering method and sample preparation

Post-slaughter, the carcasses were allowed to rest for
approximately 3 to 5 minutes to ensure complete
exsanguination and confirm the cessation of vital signs before
handling. Subsequently, the chickens were immersed in hot
water maintained at 60 °C for a duration of two minutes to aid
in the loosening of feathers through scalding, followed by
mechanical defeathering. The meat was subsequently separated
from the bone and skin, and the meat was cut into uniform
portions. The portions were randomly assigned to the several
packaging treatments (polythene and coconut shell), and
separate packages were used for every treatment and frozen
storage (Kamruzzaman Md. et al., 2024).

2.3 Preparation of Coated Coconut Shell as packaging
material

The preparation of coated coconut shells as a packaging
material was carried out using the procedure of Jadhao et al.
(2021). The dried inner coconut shells were purchased from a
coconut oil processing factory. They were thoroughly cleaned,
dried, and polished with rough-surface metallic paper to
achieve a smooth outer and inner surface on the shell. After
washing with potable water to remove impurities, the shells
were dried in an oven for around 60 minutes at 60°C to ensure
complete dryness. The outer layer of the coated coconut shells
was coated with melted food-grade wax, and the inner layer
received a coating of coconut oil to prevent moisture loss
through the shell. Subsequently, the coconut shells were frozen
at -18 °C for nearly 5 minutes to solidify the coconut oil.
Following this, approximately 100 g of poultry meat was put
into the coconut shell, and the two parts of the shell were tightly
sealed using food-grade wax. Once assembled and sealed, the
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coated coconut shell container was ready for frozen storage at
-18 °C for 0- and 15-day durations.

2.4. Physical analysis
2.4.1. Color

The color of fresh and frozen meat samples was determined by
using a digital colorimeter (Konica Minolta Chromameter CR-
400), which was calibrated to get the values of lightness (L*),
redness (a*), yellowness (b*), Chroma (C*), and Hue (h° (Zhu
et al. 2019).

2.4.2. Cooking loss

By following Sabow A. (2024) procedure, the cooking loss of
meat was measured. The cooking loss was determined by
quantifying the weight loss that occurs during the heating (100
°C + 2) process. Cooking loss is an important statistic that
measures meat's ability to retain water during the cooking
process, providing information on its water-holding capacity
and overall quality.

w1i-wz2
Cooking loss (%) = Wi x 100

Here, W1 = initial weight of the meat sample before cooking;
W2 = final weight of the meat sample after cooking.

2.4.3. Thawing loss

Following the Sabow, A. (2024) a procedure was used to
measure the thawing loss. The capability of meat to retain
moisture during the thawing process can be evaluated by
measuring the weight loss that occurs when frozen meat is
allowed to thaw. For the thawing loss measurement, weigh the
frozen meat sample and record the initial weight (W1) using a
balance. Place the frozen meat sample in a plastic bowl suitable
for thawing. Thaw the meat sample under controlled conditions
at room temperature until fully thawed. After thawing, remove
any surface moisture using an absorbent material. Weigh the
meat sample again and record the final weight (w2).

] wi1-w2
Thawing loss (%) = Wi x 100

Here, W1 = initial weight of the frozen meat sample; W2= final
weight of the meat sample after thawing.

2.4.4. Drip loss

The Wang et al., (2006) approach was applied to calculate drip
loss in meat. The drip loss is a parameter of meat's water
retention capacity, which is affected by various factors such as
muscle fiber structure, postmortem pH levels, and storage
conditions (Huff-Lonergan & Lonergan, 2005). Weigh the meat
sample (50 g) on a balance. Place the fresh meat sample in a
petri dish and store it under controlled conditions (typically
refrigerated at 4 °Cc) for 24 hours. Weigh the meat sample
again after the drip loss has occurred.

wi-w2
w1

Drip loss (%) = x 100

Here, W1= weight of the sample before chilling; W2= weight
of the sample after chilling.
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2.4.5.pH

The pH of fresh and frozen samples was determined by a digital
pH meter (Hanna Benchtop pH Meter HI-2211) following the
procedure of Raiyan et al. (2024), which was pre-calibrated by
applying standard buffer solutions. About 3 g of samples were
homogenized with 27 mL of distilled water with a homogenizer
at 20,000 rpm for 20 seconds. The pH value was observed after
immersing the pH meter in the homogenate solution at 20 °C.

2.4.6. Water Holding Capacity

With some minor modifications, the filter paper press method
proposed by Szmanko et al. (2021) was employed to evaluate
the water-holding capacity of fresh meat. The complete process
was carried out on a table with a hard surface. Meat structure,
processing conditions, and protein content are some of the
variables that affect WHC. The water holding capacity was
determined using the following formula:

x 100

WHC (%) =

Here, A = the weight of Whatman filter papers; B = the weight
of filter papers after drying; C = the weight of the meat sample;
D= The weight of the meat flake; B-A=E= Amount of protein
attached to the filter paper; E+D=F= Actual weight of meat
flake after pressure treatment.

2.5. Chemical analysis

2.5.1. Proximate composition

Using the Donald and Helen (2019) methods, the proximate
analysis of the chicken muscle's moisture, protein, fat, and ash
content was carried out.

2.5.2. Moisture

The determination of moisture in meat involves measuringthe
water content present in the meat sample (Siti Nur Azizah et al.,
2024). The principle is based on the loss of weight that occurs
when the water is removed from the sample through drying.
This method indicates the water content, and it is an important
parameter for assessing the freshness and quality of meat.

_ W1-w2
Moisture content (%) = —w x 100

Here, W= weight of the sample; W1= petri dish weight+
sample weight before drying

W2= petri dish weight + sample weight after drying.

2.5.3. Ash

The ash content of the meat sample was evaluated using the
Majewska et al. (2009) method. The amount of ash content
represents the total mineral content that remains after all
organic matter has been completely burned. It is a measurement
of the sample's inorganic residue.

wi-w2
w

Ash content (%) = x 100
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Here, W= weight of the sample; W1= Sample weight before
Ash

W2= Sample weight after Ash

2.5.4. Heme iron

The Heme iron content of meat samples was determined by
applying the procedure explained by Ozer & Sarigoban. (2010)
with minor modifications. Extracting heme iron from
hemoglobin and myoglobin, turning it into a stable pigment,
and measuring the absorbance or color shift are the steps
involved in determining the amount of heme iron in meat.
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Making a paste out of a sample of meat and weighing it with a
balance is the first step in the approach, which is based on the
reaction of heme iron with chemicals that produce a complex
and enable its measurement. In a beaker, 9 mL of acidified
acetone solution (acetone: distilled water: HCI = 90:8:2) was
mixed with 1 g of meat sample paste. After sealing the beaker
with foil paper, it was left to stand at room temperature in the
dark for one hour. Whatman filter paper was used to filter the
contents of the beaker, and the absorbance was measured at 640
nm by pouring it into a cuvette.

The calculation for heme iron content was performed by the
following formulas:

Heme — iron (mg/100gm of sample) = Total heme pigment (ppm) (Agso X 680) X 0.082

2.5.5. Lipid Oxidation

The values of TBARS in the meat were calculated by Bozkurt
& Erkmen. (2004) method. It refers to the development of
Thiobarbituric Acid Reactive Substances (TBARS) because of
lipid oxidation. TBARS are generated when malondialdehyde
(MDA) interacts with thiobarbituric acid in an acidic
environment. The test is extensively used to determine the
degree of lipid oxidation in meat, which might affect its quality
and shelf life (Shen et al., 2018). The TBARS were obtained by
quickly homogenizing 3 g of chopped sample in 27 mL of
3.86% perchloric acid over 20 seconds via a digital
homogenizing device. Following that, the samples were left to

TBARS (umol MDA/kg sample) =

settle at a low temperature for an hour. The resulting solution
was subsequently centrifuged for 10 minutes at 2000 rpm and
cleared by Whatman No. 1 filter paper to distinguish the lipid
component from the other macronutrients. Then, in the last part
of this test, carried out by adding 2 mL of the 20-mm TBA
solution and 2 mL of the filtered solution were poured into a
test tube. Additionally, a blank sample was also created by
mixing 2 mL of distilled water with 2 mL of the 20-mm TBA
solution. After that, each solution was cautiously kept for
fifteen hours at room temperature. Lastly, a spectrophotometer
was applied to measure the TBARS concentration by
measuring absorbance at 532 nm. For analysis, each sample
was set up in triplicate, and the result was reported as
milligrams of malonaldehyde per kilogram of wet material.

Absorbance at 532 nm—Blank Absorbance

2.6. Microbial analysis

The methods established by Islam et al. (2019) were followed
to assess the meat's microbiological quality. The total number
of live microorganisms (bacteria) on the flesh surface is
recorded to estimate the total plate count in meat (Han et al.,
2021). The concept is that, given proper conditions, bacteria
can form colonies. The findings of this test show the meat's
overall microbial burden and sanitary quality. 1 g of
homogenized sample was aseptically placed in a sterile beaker,
thoroughly dissolved in saline water, and then serial dilution
(dilution range 10*-10%) was conducted. After inoculating 0.1
mL of the sample into the nutrient agar Petri dish, the Petri
dishes were placed in an incubator at 37 °C for 24 hours to
allow microbial growth. Measure the colonies (countable range
30-300 colonies) visible on the agar surface after incubation,
then quantify them using the formula.

Molar Absorptivity (¢) xSample Volume (L)xSample Weight (kg)

Total plate  count
Number of Colonies Counted

(CFU/g or CFU/mL)

Dilution RangexVolume Plated

2.7. Visual quality assessment

A trained panel of 10 people, 7 men and 3 women, ages 24 to
42, executed a visual quality assessment of the external surface,
color, odor, and elasticity of different packaging of stored meat
(Katiyo et al., 2020). After slaughtering, defeathering, and
defatting the chicken, the meat was cut into small, boneless
pieces. Then, the fresh meat was packaged in coconut shells
and polythene materials and marked with an unknown code.
The samples were then evaluated on day 0 and day 15. Before
the assessment, the panelists were trained in the assessment
procedure and proper biosafety precautions. The assessment
scale is presented in Table 1.

Table 1. Descriptive sensory attributes criteria for fresh and frozen broiler chicken

Attributes Description Values
Without Slime Excellent
Slime Present in small surface Fair
External surface
Slime present in all surfaces Poor
Characteristics meaty odor Excellent
Rancid odor Fair
Odour )
Foreign Poor

Hossain et al. (2026)
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Attributes Description Values
Pink Excellent
Pale pink Fair
Color
Brown Poor
Fast return Excellent
. Moderate return Fair
Muscular Elasticity
No return Poor

2.8. Statistical analysis

All physicochemical tests were conducted in triplicate to ensure
analytical precision. The Statistical Package for Social Science
software (SPSS 25.0 for Windows, SPSS Inc., Chicago, IL,
USA) was used for the analysis, and a significance level of P <
0.05 was established. Data were subjected to analysis of
variance (ANOVA) by Zahid et al., (2020) and the means were
evaluated using Duncan's multiple range test.

3. Results and discussion

3.1. Effect of packaging materials on changes in the
proximate composition of meat after 15 days of frozen
storage

Table 2 shows that the moisture content of fresh chicken meat
samples was 72.73 + 0.46 %. The moisture content of the
polythene-packed sample was 72.53 + 0.39 %, and there was
no significant difference (P > 0.05) after 15 days of storage
compared to fresh meat, and the coated coconut shell-packed
sample showed a negligible or slight reduction of moisture
content at the end of 15 days of frozen storage. There was no
significant (P > 0.05) difference in the moisture content
observed at 15 days compared to 0 days based on different
packaging materials. These findings agree with (Hamed et al.,
2019). The meat was succulent and tender with a moisture
content of 72.73%, while its substantial 22.80% protein content
highlights its nutritional value (Table 2).

Table 2. Effect of packaging materials on changes in the proximate composition of meat after 15 days of frozen storage

Storage day Fresh Meat (0 day) 15 days

Parameters No packaging Polythene Coated Coconut shell
Moisture (%) 72.73 £0.46 72.53+£0.39 72.33+£0.25

Ash (%) 1.64 +0.50 1.52+£0.23 1.54+0.24
Protein (g/100 g) (%) 22.80 +0.64 22.77+0.93 22.42+0.23

Fat (%) (g/100 g) 237+0.25 2.25+0.31 2.11+0.12

Mean values + Standard Deviation values.

We can observe that the ash content of fresh chicken meat
samples was found 1.64 + 0.50 %. The moisture content of the
polythene meat sample was 1.52 + 0.23 %, and the coated
coconut shell packed meat sample was 1.54 + 0.24% after 15
days of freezing (Table 2), and there were no significant (P >
0.05) differences compared to fresh meat. It was noted that
there was no significant (P > 0.05) difference in the ash content
of chicken meat after 15 days of storage observed in the coated
coconut shell-packed compared to polythene-packed meat and
fresh meat samples. Similar findings are also found in the study
on poultry meat by Hamed et al., (2019). Maybe these
statements prove that the ash content is not influenced by frozen
storage time.

From Table 2, we can observe that the protein contents of fresh
meat were 22.80 £0.64 g/100 g. The protein content of the
polythene packed sample was 22.77 + 0.93 g/100 g, and the
coated coconut shell packed sample was 22.42 + 0.23 g/100 g
found after 15 days storage in frozen conditions (Table 2), and
there was no significant difference compared to fresh meat. The
protein content of the broiler meat samples did not differ
significantly (P > 0.05) between polythene-packed samples
compared to coated coconut shell-packed meat after 15 days of

Hossain et al. (2026)

frozen storage, which is in agreement with previous study
(Ahmed & Marzany, 2022).

Table 2 also shows that the fat contents of fresh meat were 2.37
+ 0.25 g/100 g. The fat content of polythene-packed meat
samples did not significantly (P > 0.05) decrease after 15 days
of storage compared to fresh meat. The coated coconut shell-
packed sample showed a slight reduction of fat content at the
end of frozen storage. The fat content of the broiler meat
samples did not differ significantly (P > 0.05) between
polythene-packed and coated coconut shell-packed samples
after 15 days of frozen storage. There is a similar statement by
Kamruzzaman et al., (2024), and opposite findings by Bida,
(2019).

3.2. Effect of packaging materials on changes in the
physicochemical qualities of meat after 15 days of frozen
storage

Factors like sex, age, breed, or line, pre-slaughter and post-
slaughter handling, the temperature of the muscle tissue,
packaging materials, and the carcass chilling speed all affect
the chemical composition of poultry muscle tissue (Fernandes
etal., 2016).
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Table 3 shows that the pH value of fresh chicken meat samples
was 6.03 + 0.14. There was a significant (P < 0.05) decrease in
pH value observed in 15 days of frozen storage with polythene
packaging compared to 0 days without packaging. Table 3 also
reflects a significant (P < 0.05) decrease in pH value noticed in
15 days of frozen storage with coated coconut shell packaging
compared to 0 days without packaging. The pH value of the
broiler meat samples during frozen storage between polythene
and coconut shell packed meat after 15 days did not differ
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significantly (P > 0.05). The pH of poultry meat is notably
affected by freezing storage with polythene and coated coconut
shell (P < 0.05), leading to decreased pH values with increased
storage periods, and here the pH value of coated coconut shell
packaged meat was decreased more than the polythene
packaged meat, potentially due to myofibril protein damage
during freezing and water phase transformation and possibly
due to solute concentration changes during freezing (Ali et al.,
2015).

Table 3. Effect of packaging materials on changes in the physicochemical qualities of meat after 15 days of frozen storage

Storage day Fresh Meat (0 day) 15 days

Parameters No packaging Polythene Coated Coconut shell
pH 6.03 £0.142 5.93 £0.11° 5.79+0.08P
Thawing loss (%) 3.10 £0.48¢ 6.63 £0.342 6.04 £0.24°
Drip loss (%) 2.05 +£0.25¢ 8.64+0.21% 7.52 £0.35°
Cooking loss (%) 30.40 + 1.06° 32.86 £1.16° 34.64 +0.88*
Water Holding Capacity (%) 81.96 +0.302 78.76 + 0.66° 77.92 +0.33b
Heme iron (mg/100gm) 3.17 £0.022 1.63+0.04° 1.69 £ 0.04°

Mean values + Standard Deviation values (a, b, ¢) means in the same row but with different superscripts differ significantly (p < 0.05)

We can notice that the thawing loss of fresh chicken meat
samples was found 3.10£0.48 (Table 3). There was a
significant (P < 0.05) difference in thawing loss among these
polythene and coated coconut shell packed meat samples after
15 days of frozen storage. Assessment of thawing loss Table 3
shows that the thawing losses of polythene-packaged meat
increased more than the coated coconut-shell-packaged meat
compared with the fresh poultry meat. Thawing losses
increased significantly (P < 0.05) with extended freezing
storage with different packaging material attributable to ice
crystal formation and cell structure rupture (Songsaeng et al.,
2010). Thawing loss is a crucial metric for evaluating the
quality of frozen meat and is influenced by temperature, the rate
of thawing, and the meat's ability to retain water (Leygonie et
al., 2012).

Table 3 also reflects that the drip loss of fresh chicken meat
samples was found 2.05+0.25 %. The drip loss of polythene-
packed meat samples was significantly (P < 0.05) increased
compared to fresh meat after 15 days of frozen storage.
Coconut shell-packed meat also showed a significant (P < 0.05)
increase in drip loss at the end of frozen storage. Drip loss, a
key indicator of meat quality, proportionally grew with frozen
storage duration. Table 3 indicates that the drip loss of
polythene-packaged meat was more than that of coated
coconut-shell-packaged meat. The alignment of the study,
cooking, and drip loss values rose significantly (P < 0.05) with
extended frozen and different packaging material, indicating
tissue damage during freezing (Gambuteanu et al., 2013).

The cooking loss of fresh broiler meat samples was found
30.40+1.06 %, 32.86+1.16 %, and 34.64+0.88 % at 0 and 15
days after storage in the frozen condition with no packaging,
polythene, and coconut shell packaging, respectively (Table 3).
There was a significant (P < 0.05) increase in cooking loss
observed in 15 days of frozen storage with polythene and
coated coconut shell packaging compared to 0 days without
packaging. Cooking losses revealed increased protein
denaturation and water loss, aligning with findings from Wei et
al., (2017) on greater changes in frozen-thawed meat. cooking
and drip loss values increased significantly (P < 0.05) with
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extended frozen and different packaging materials, indicating
tissue damage during freezing (Gambuteanu et al., 2013).

Table 3 displayed that the water holding capacity of fresh
broiler meat samples was 81.96+0.30 %. There was a
significant (P < 0.05) decrease in the water holding capacity
observed in 15 days of frozen storage with polythene packaging
compared to fresh meat. Table 3 also reflects a significant (P <
0.05) decrease in water activity capacity observed in 15 days of
frozen storage with coated coconut shell packaging compared
to 0 days without packaging. The water holding capacity of the
broiler meat samples during frozen storage between polythene
and coated coconut shell packed meat after 15 days did not
differ significantly (P > 0.05). Water holding capacity (WHC)
decreased significantly (P < 0.05) with increased freezing
periods and different packaging materials, possibly linked to
declining pH and reduced water retention ability, as indicated
by Table 3 (Biglia et al., 2022).

The heme iron content of fresh broiler meat samples was
3.174£0.02 mg/100 g. There was a significant (P < 0.05)
decrease in heme iron content observed after 15 days of frozen
storage in polythene packaging and coated coconut shell
packaging. But there was a considerably lower reduction in
coated coconut shell compared to polythene-packed samples.
Table 3 also reflects a significant (P < 0.05) decrease in pH
value observed at the end of frozen storage with coated coconut
shell packaging. The pH value of the broiler meat samples
during frozen storage between polythene and coated coconut
shell-packed meat after 15 days did not differ significantly (P
> 0.05). The heme iron content in both polythene and coated
coconut shell packaged meats exhibited an overall decreasing
trend with extended storage time; their difference is negligible,
as indicated in Table 3. This observed trend could be attributed
to two main factors: the breakdown of heme iron and drip losses
during storage, as shown by Shikh Zahari et al. (2021), which
contains considerable quantities of iron, including heme iron,
as noted by Ahmed et al. (2018). Interestingly, no matter the
duration of storage time, polythene-packaged meat possessed
slightly less heme iron compared to coated coconut shell-
packaged meat.
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3.3. Effect of packaging materials on changes in color
attributes of meat after 15 days of frozen storage

The technological quality of meat is often indicated by its
color, influenced by oxygen availability during frozen storage
and by different packaging materials. The results in Table 4
show that frozen meat samples with different packaging
materials generally exhibited lower lightness (L*) values, with
a significant decline at 15 days of freezing (P < 0.05). Reduced
surface light reflectance, attributed to decreased water
retention, may contribute to this effect (Hughes et al., 2014).
Redness values (a*) generally increased, but not significantly,
during frozen storage with different packaging materials,
primarily due to metmyoglobin deposition, contributing to
meat discoloration (Bekhit et al., 2007). Notably, 15 days of
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frozen polythene packaged meat and coated coconut shell
packaged meat exhibited an increase in redness (a*) compared
to fresh poultry meat. Yellowness (b*) values showed a
significant increment after 15 days of refrozen storage periods
with different packaging materials compared to the fresh meat
sample, possibly due to lipid oxidation and metmyoglobin
production. Chroma (C*) values significantly increased at 15
days of freezing, and not only significantly with increasing
refrozen storage conditions but also using different packaging
materials. Hue angle (h°) values significantly increased during
the 15 days of freezing. The hue angle values, representing
color language, show lower and higher angles corresponding to
reddish and yellowish hues, respectively, in meat samples
(Ramos et al., 2007).

Table 4. Effect of packaging materials on changes in color attributes of meat after 15 days of frozen storage

Storage day Fresh Meat (0 day) 15 days

Parameters No packaging Polythene Coated Coconut shell
Lightness (L*) 62.56 +0.532 55.09 £0.31° 54.72 £0.84P
Redness (a*) 2.94 +0.58P 4.04+0.212 4.34+0.24*
Yellowness (b*) 5.41 £0.06° 7.61£0.16 7.97£0.122
Chroma (C*) 10.47 £0.09¢ 11.77£0.312 11.17 £0.19>
Hue angle (h?) 3244 +1.32b 39.70 £ 0.41* 40.06 £0.212

Mean values + Standard Deviation values (a, b, ¢) means in the same row but with different superscripts differ significantly (p < 0.05)

3.4. Effect of packaging materials on Descriptive visual
characteristics of meat after 15 days of frozen storage

Table 5 shows the changes in external surface, odor, color, and
muscular elasticity of fresh and stored under polythene and
coconut shell packages. After the evaluation by the control
group, the fresh meat was excellent, meaning that the sample

was without slime on the external surface, the presence of
meaty odor, the color was pink, and the muscular elasticity
returned moderately. After 15 days of frozen storage, the
external surface of polythene-packed sample contained slime
on some surfaces. The color change after 15 days of storage of
polythene and coated coconut shell packaging meat was pale
pink, and the muscular elasticity of both packaging meats was
poor to return.

Table 5. Effect of packaging materials on descriptive sensory characteristics of meat after 15 days of frozen storage

Storage day Fresh Meat (0 day) 15 days

Parameters No packaging Polythene Coated Coconut shell
External surface Excellent Fair Poor

Odor Excellent Excellent Fair

Color Excellent Fair Fair
Muscular elasticity Fair Poor Poor

3.5. Effect of packaging materials on changes in the lipid
oxidation rate of meat after 15 days of frozen storage

The TBARS analysis yielded notable findings as shown in
Figure 1. The TBARS value of the fresh meat sample was
0.15+0.05 umol MDA/kg. The coated coconut shell packaging
treatment showed a significantly lower (P < 0.05) TBARS
value (0.25+0.03 pmol MDA/kg) than the conventional
polythene packaging treatment (0.28+ 0.02 pmol MDA/kg),
indicating reduced lipid oxidation during frozen storage. These
findings align with the study of a film prepared by coconut shell
extract that increases the antioxidant properties of the film up
to 80% (Tanwar et al., 2021). Because coconut shell extract
contains several phytochemical compounds (Mazaya et al.,
2020). All these reasons showed that the meat preserved with
coated coconut shell packaging may have a lower TBARS
value because of its strong antioxidant activity.

Hossain et al. (2026)
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Fig.1. Effect of packaging materials on changes in the lipid
oxidation rate of meat after 15 days of frozen storage
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3.6. Effect of packaging materials on changes in the
microbial content of meat after 15 days of frozen storage

The effect of different packaging materials on the microbial
quality of broiler meat after 15 days of frozen storage is
presented in Fig. 2. Fresh chicken meat exhibited a total plate
count of 6.96+0.01 log CFU/g, which increased significantly (P
< 0.05) after frozen storage. Among the packaged samples,
meat stored in polythene packaging showed the highest
microbial load (7.31+0.02 log CFU/g), whereas coated coconut
shell-packaged meat exhibited a significantly lower total plate
count (7.12+0.01 log CFU/qg) after 15 days of storage. It was
observed that due to the antimicrobial activity of coated
coconut shells (Mazaya et al., 2020). The lower microbial count
observed in coated coconut shell-packaged meat may be
attributed to the natural antimicrobial properties and show
relative changes in overall microbial count rather than evidence
of microbial safety to detect specific foodborne pathogens.

Effect of packaging type on microbial content
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Fig.2. Effect of packaging materials on changes in the
microbial content of meat after 15 days of frozen storage

*(A, B, C) means in the same column but with different
superscripts differ significantly (p < 0.05)

Conclusion

This study investigated the impact of different packaging
materials, specifically polythene and coated coconut shells, on
the physicochemical, antioxidant, and microbial qualities of
frozen broiler (Gallus gallus domesticus) meat. The findings
revealed that both packaging materials influenced various
measurable factors, such as pH, thawing loss, heme iron
content, water holding capacity, cooking loss, color attributes,
lipid oxidation rate, and microbial load. Coated coconut shell
packaging demonstrated promising results in preserving certain
quality attributes, such as lower thawing loss, TBARS value,
and microbial load, and the other attributes showed negligible
increases compared to polythene packaging and fresh meat.
Due to a few methodological and experimental design
limitations, the results of this study should be considered
preliminary. To validate the practical applicability of coated
coconut shell-based packaging systems for food preservation,
future studies should use controlled prototype designs that
include uncoated-shell, wax-only, and oil-only controls,
multiple storage intervals, more independent experimental
units, mixed-effects statistical analyses with effect-size
estimation, estimation of packaging x time interactions,
assessments of pathogens and spoilage organisms, and
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thorough evaluations of migration, barrier, integrity, safety, and
sustainability properties. Overall, the study highlights the
potential of coconut shells as a biodegradable, antimicrobial,
sustainable, and environmentally friendly packaging material.
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