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PAPER

Utilisation of pullulan active packaging incorporated with curcumin and
pullulan mediated silver nanoparticles to maintain the quality and shelf life
of broiler meat

Muhammad Jamshed Khana,b, Suriya Kumari Ramiaha, Jinap Selamata, Kamyar Shamelic,
Awis Qurni Sazilia and Saminathan Mookiahd

aInstitute of Tropical Agriculture and Food Security, Universiti Putra Malaysia (UPM), Serdang, Malaysia; bDepartment of Livestock
and Poultry Production, Faculty of Veterinary Sciences, Bahauddin Zakariya University, Multan, Pakistan; cMalaysia-Japan International
Institute of Technology, Universiti Teknologi Malaysia, Jalan Sultan Yahya Petra, Kuala Lumpur, Malaysia; dMalaysian Palm Oil Board
6, Persiaran Institusi, Bandar Baru Bangi Kajang, Selangor, Malaysia

ABSTRACT
Broiler meat can provide an appropriate environment for the microbial intensification, resulting
in the lipid and protein oxidation and physico-chemical degradation. The utilisation of the anti-
oxidants prevents meat degradation and human health challenges by preventing meat physico-
chemical characteristics. Pullulan active packaging incorporated with green silver nanoparticles,
as anti-oxidants, has not been reported in broiler meat preservation. Therefore, the impact of
pullulan active packaging, incorporated with curcumin and pullulan mediated silver nanopar-
ticles (C-AgNPs, P-AgNPs) on broiler meat was determined in the current study for 14days of
refrigerated storage at 4 ±1 �C. A total of 120 broiler birds were reared for clean meat produc-
tion and divided into 4 treatment groups (PF-CTRL, PF-C-AgNPs, PF-P-AgNPs, PF-M-AgNPs).
Pullulan active packaging maintained meat textural attributes and pigment stability and breast
muscle pH (6.11). Broiler meat treated with pullulan active packaging incorporated with curcu-
min arbitrated AgNPs (PF-C-AgNPs) indicated significantly higher oxidative stability (p¼ .000),
water holding capacity (p¼ .002), expressible fluids (p¼ .000), and shear force values (p¼ .000)
along with significantly lower cooking losses (p¼ .000), pH (p¼ .000), and shear force energy
(p¼ .000) as compared to the control (CTRL) and other treatment groups. Broiler breast meat
samples treated with pullulan active packaging expressed a “lighter” appearance (53.61 ± 3.64)
during the refrigerated storage of 14 days. Moreover, significant differences were recorded in
the oxidative stability/MDA (mg/kg) concentrations amongst the controlled and the treated
groups on day 7th (p¼ .000) and day 14th (p¼ .000) of refrigerated storage. The current study
confirms that the pullulan active packaging, incorporated with curcumin arbitrated silver nano-
particles (PF-C-AgNPs) followed by pullulan active meat packaging incorporated with pullulan
mediated silver nanoparticles (PF-P-AgNPs) maintained the textural and physico-chemical meat
attributes along with minimal oxidative rancidity in 14days of storage. It is concluded that PF-C-
AgNPs and PF-P-AgNPs can be a safer antioxidant alternate to preserve broiler meat quality and
oxidative stability with a prolonged shelf life.

HIGHLIGHTS

� Pullulan active meat packaging, incorporated with C-AgNPs and P-AgNPs, should be consid-
ered as green and bio-degradable substitution of the hazardous synthetic antioxi-
dant packaging.

� Pullulan active meat packaging (PF-C-AgNPs, PF-P-AgNPs) is able to maintain the textural
characteristics, compositional integrity, and physico-chemical attributes of broiler meat.

� Broiler meat treated with PF-C-AgNPs and PF-P-AgNPs reflects better oxidative stability with
prolonged shelf life.
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Introduction

Poultry industry is one of the rapid growing and most
proverbial sector providing high quality meat with

superior proteins, minerals, polyunsaturated fatty acid
(especially omega 3-fatty acids) and vitamins (FAO
2016; Dalle Zotte et al. 2017; Rouger et al. 2017). Due
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to cheaper sources of protein, better digestibility and
ease of cooking, the demands for broiler meat are
increasing and it is projected more than 1.8 metric
tons annually by the year 2025 (FAO 2016; Catarino
et al. 2017). The broiler meat can be, easily, swarmed
with various microbes due to its chemical profile pro-
viding a suitable growth environment resulting in the
spoilage of meat (Dave and Ghaly 2011; Souza and
Fernando 2016).

Lipid oxidation or oxidative rancidity in broiler meat
is considered as one of the prime indicators of the
meat quality (Sultana et al. 2017). The polyunsaturated
fatty acid profile, presence of free iron and lack of any
suitable anti-oxidant induce lipid oxidation with the for-
mation of hazardous compounds like hydroperoxides,
ketones, aldehydes and melanodialdehydesin the meat
(Dave and Ghaly 2011; Liu et al. 2015; Sultana et al.
2017; Djenane and Roncal�es 2018).To prevent these
changes in meat, the use of synthetic antioxidants
including butylated hydroxyltoluene (BHT), butylated
hydroxylanisol (BHA), tertiary butyl-hydroquinone
(THBQ), propyl gallate (PG); nanoparticles (silver, gold,
zinc); and natural substances like plant essential oils is
in practice (Wu et al. 2013; Maqsood et al. 2015;
Sultana et al. 2017). The emerging issues of meat borne
illnesses, higher concentrations of antioxidants, and
reduced meat quality demand for the development of
environment friendly, safer and convenient technolo-
gies for prolonging the shelf life of food and meat
(Chouhan et al. 2017; Gonelimali et al. 2018).

Pullulan is an extra cellular polysaccharide pro-
duced by a fungal species Aureobasidium pullulans
and has been utilised as a ‘biopolymer’ for the synthe-
sis of edible films and active packaging with an
enhanced mechanical property and cohesive ability to
the meat surface for the reduction of meat oxidative
rancidity (Diab et al. 2001; Trinetta et al. 2011; Trinetta
and Cutter 2016; Xiao et al. 2018; Khan et al. 2020).
Green synthesised silver nanoparticle (AgNPs), as the
active ingredient, are being utilised by meat and food
industries and biomedical, and veterinary sectors
(Khan, Kumari, et al. 2019). Lower chances of toxicity
due to surface mediation, efficient release from human
body (with crystalline size lower than 20 nm), and
excellent antioxidant performance in polysaccharide
active packaging make AgNPs as a better choice by
food industry (Trinetta and Cutter 2016; Khan et al.
2020; Hussenen et al. 2021). The green synthesised
pullulan mediated AgNPs (P-AgNPs) have an improved
ability, as an active substance, when incorporated into
pullulan edible films with more absorption and release
mechanism to the meat surface by their minute size

and spherical shape (Khan, Shameli, et al. 2019).
Curcumin, an active substance obtained from Curcuma
longa tubers, has been historically used as an anti-oxi-
dant, anti-inflammatory, and anti-cancer agent in the
food and biomedical enterprises (Varaprasad et al.
2011; Shameli et al. 2014). Curcumin arbitrated AgNPs
(C-AgNPs) can be considered as green, safer and
cheaper antioxidant active substances for the preser-
vation of meat due to their inimitable characteristics
found in our previous study (Khan, Shameli, et al.
2019). The utilisation of green AgNPs, as antioxidants
in active packaging, can minimise the risks of oxida-
tive rancidity in meat during the storage and process-
ing (Khalaf et al. 2013; Sultana et al. 2017).

The current study was, therefore, planned to detect
the anti-oxidant capabilities of bio-degradable and
environment friendly pullulan active meat packaging
to maintain the quality of broiler meat during storage.
Green P-AgNPs and C-AgNPs were incorporated into
pullulan edible packaging as the ‘active anti-oxidant
substances’ and the anti-oxidant potential of pullulan
active meat packaging was explored at 4 ± 1 �C (from
0day to 14 days).

Materials and methods

Materials

2,2-Diphenyl-1-picrylhydrazyl (DPPH); 2-thiobarbituric
acid (GR Grade); butylated hydroxyltoluene (�99%
pure); sodium dodecyl sulphate; 1,1,3,3-tetraethoxypro-
pane; potassium chloride; ethanol (95% pure); 2,2-
azino-bis (3-ethylbenzothiazoline-6-sulphonic acid
(ABTS); methanol (�99% pure) and deionised water
(DW) were purchased from Sigma-Aldrich (St. Louis,
MO, USA) whereas potassium peroxodisulfate (potas-
sium persulphate) and glacial acetic acid (99.9%) were
obtained from HmBG Co. Inc. (Hamburg, Germany).

Clean broiler breast meat (Pectoralis major)
production

The broiler breast meat was produced following the
animal ethics and protocols approved by ‘Institutional
Animal Care and Use Committee’ of the University
Putra Malaysia, Malaysia (UPM/IACUC/AUP-R088/2018)
at experimental poultry farm. A total of one hundred
and twenty (120) male day old broiler chicks (Cobb
500), with an average body weight of 42.34g, were
obtained from a local hatchery and were reared in the
individual floor pens adopting ‘deep litter system’ with
an ad-libitum feeding of commercial broiler feed
(starter, grower, finisher; Table 1) and ad-libitum
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amount of drinking water during 35 days of rearing.
Afterwards, the birds were kept on 6h of rest (lairage)
period with continuous clean water supply before
slaughtering. At the age of 36th day, the birds, with an
average body weight of more than 2.0 kg, were
humanely slaughtered through ‘Halal procedure’ as
described on the MS 1500: 2009 (Department of
Standards Malaysia 2009). After slaughtering, dressing,
evisceration and elimination of head, wings and claws
from bird’s carcases, the breast meat was trimmed off
of all visible fats.

Application of pullulan active packaging on
broiler breast meat

Pullulan active packaging was formulated as per pro-
cedure reported by Khalaf et al. (2013) and Morsy
et al. (2014) with a modification by adding 2% (w/v)
of silver nanoparticles (AgNPs). Four treatment groups
were generated randomly [1 ¼ treated with pullulan
edible film (PF-CTRL), 2¼ treated with pullulan edible
film incorporated with curcumin silver nanoparticles
(PF-C-AgNPs), 3¼ treated with pullulan edible film
incorporated with pullulan mediated silver
nanoparticles(PF-P-AgNPs), and 4¼ treated with pullu-
lan edible film incorporated with mixed silver nano-
particles (PF-M-AgNPs)] with three (0 day, 7 days and
14 days) storage durations and thirty (30) birds in each
treatment (Stutely 2003; Faul et al. 2007). The meat
samples (k) for CTRL were taken from all the groups
by using ‘systematic random sampling’ (Taherdoost
2016; Hayes 2018) as per the given equation:

Random number ðkÞ ¼ N=n, (1)

where k ¼ random number of the meat sample, N ¼
total number of meat samples, and n ¼ required num-
ber of meat sample.

The right Pectoralis major muscle was removed, cut
into pieces at a dimension of 5 cm � 3 cm � 2 cm
(length�width� depth), packed into the polyethylene
zip-locker bags, wrapped into aluminium foil and stored
at �80 �C before treatment (Cantalejo et al. 2016). The
rectangular strips of pullulan active packaging (4 cm �

2 cm and 4 cm � 1 cm) were applied on the meat
samples as a bi-layer coating (Figure 1) for different
physico-chemical analysis with vacuum packaging. The
vacuum-packed meat samples were stored at 4±1 �C
for 7 and 14days. Various parts of the meat samples,
obtained from right side of broiler breast (Pectoralis
major), were used at 0day, 7th day and 14th day of stor-
age for the physio-chemical analyses as shown in
Figure 1.

Broiler breast meat quality assessment

pH of broiler breast (Pectoralis major) meat:
The pH values of the meat samples (n¼ 10) were
measured according to the methodology presented by
Zhang et al. (2016) with slight modifications.

Colour determination
For the colour assessment, the meat samples, with a
dimension of 3 cm � 2 cm � 1 cm (length-
�width� depth), were obtained from broiler breast
meat, wrapped into pullulan active packaging and
stored at 4 ± 1 �C in vacuum packaging for 0, 7, and
14 days. After storage, the packaging was removed
and three observations per samples were recorded at
three random points according to the procedure of
Noori et al. (2018). The lightness (L�), yellowness (a�),
redness (b�), chromatography (DE), chroma (C) and
hue (H) were calculated. The meat samples at 0 day of
storage (from the CTRL group) were used as ‘standard
(s)’. The equations to calculate chromatography (DE),
chroma (C), and hue (H) are as below

Chromatography ðDEÞ ¼ � ðL� � LsÞ2 þ ða� � asÞ2

þ ðb� � bsÞ2,
(2)

where Ls, as, and bs represent lightness, yellowness
and redness of standard meat samples from control
negative (CTRL) group at day 0 of storage.

Chroma ðCÞ ¼ �ða�Þ2 þ ðb�Þ2 (3)

Hue ðHÞ ¼ tan�1ðb�=a�Þ (4)

Drip loss percentage
Drip loss percentages (DL %) were calculated on 7th
and 14th day of refrigerated storage of meat samples
according to the methodology reported by Yang et al.
(2018). Meat samples, with a dimension of 2� 2 �
1 cm3, were cut from each treatment group after 24 h
post-mortem. Ten meat samples (n¼ 10) were
obtained from the treatment groups wrapped into
pullulan edible film, except control negative (CTRL),

Table 1. Nutrient profile of commercial broiler feed used in
the rearing of the broilers.
Nutrient profile Starter Grower Finisher

Crude protein, % (based on feed basis) 21.0 19.0 17.5
Crude fibre, % 5.0 5.0 6.0
Crude fat, % 4.5 5.0 4.0
Moisture contents, % 13.0 13.0 13.0
Metabolizable energy, Kcal/kg 3030 3060 3100
Ash, % 8.0 8.0 6.0
Calcium, % 0.8 0.8 0.8
Phosphorus, % 0.4 0.4 0.4
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and were vacuum packed using chamber vacuum
sealerVS-168 (QuiWARE, KL, Malaysia) into a multi lay-
ered embossed polyethylene bag supported with an
outer layer of nylon (PAþ PE 2, 180 l thickness,
20� 30; QuiWARE, KL, Malaysia). The packed meat
samples were placed in refrigerated storage at 4 ± 1 �C
for 7 and 14 days simultaneously. After storage (at 7th
and 14th days) the meat samples were taken out from
the polyethylene bags and placed on a double layer
of filter paper (grade 4, 20–25 lm; WhatmanVR ) under
the load of 20 kg for 6 h. Initial weight (Wi) and final
weights (Wf) were recorded and water holding cap-
acity was calculated by the formula given as under:

Drip loss percentage ðDL %Þ ¼ ½100� ðwd=wiÞ�: (5)

Water holding capacity and expressible fluid
percentages
Water holding capacity of meat samples was calculated
after 7th and 14th days of refrigerated storage as per

methodology provided by Carvalho et al. (2017). Initial
weight (Wi) and final weight (Wf) were recorded and water
holding capacity was calculated by the formula as below:

Water holding capacity ðWHC %Þ
¼ 100�½100� ðWi �Wf Þ=Wi�: (6)

Similarly, the expressible fluid percentages were
measured at 7th and 14th days of refrigerated storage
as per the procedure reported by Yang et al. (2018).

The expressible fluid percentage (TEF %) was calcu-
lated by the following formula:

Expressible fluid percentage ðTEF %Þ
¼ ½100� ðAf=AwÞ�: (7)

Cooking loss and texture analysis of broiler breast
(Pectoralis major) meat
For the estimation of cooking loss percentages, ten
meat samples (n¼ 10), with a dimension of 2 cm �
1 cm � 1 cm(length�width� depth) were obtained

Figure 1. Application of pullulan active packaging on broiler breast meat (n¼ 120) along with the presentation of meat areas
used in various physio-chemical analyses. [ABTS: 2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid); DPPH: 2,2-Azino-bis (3-ethyl-
benzothiazoline-6-sulphonic acid (ABTS) and 2,2-diphenyl-1-picrylhydrazyl ; AgNPs: silver nanoparticles; TBARS: thiobarbituric acid
reactive substances].
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from each treatment group, wrapped into pullulan
active packaging, vacuumed packed and stored at
4 ± 1 �C. On day 0 (after 2 h of packing), 7 and 14, the
cooking loss was calculated as per the methodology
of Schwarz et al. (2019) the following equation;

Cooking loss percentage ðCL %Þ¼ðWi�Wf Þ=WiÞ�100:

(8)
The meat samples were stored at 3 ± 1 �C for 24 h

afterwards for texture analysis. The texture was ana-
lysed by the softness or gumminess of the meat sam-
ples assessed by peak shear force (g) using a texture
analyser. The shear energy (N�mm) of meat samples
was also calculated (Bowker and Zhuang 2019). ‘Meat
softness/hardness or gumminess’ was calculated by
the shear force (g) and shear energy (N�mm)
reflected the ‘chewiness’ of the meat samples (Soglia
et al. 2016). Ten meat samples (n¼ 10) were used per
treatment and the readings were taken in triplicate at
random points of each sample.

Determination of oxidation stability of broiler
breast (Pectoralis major) meat
Lipid per-oxidation of the meat samples was premedi-
tated according to the procedure adopted from
Ramiah et al. (2014). At 0, 7th and 14th day of storage,
a 1 g meat sample, was homogenised in 4mL of
1.15% KCL aqueous solution at 20,000 rpm for 2min
using a tissue homogeniser TH-115 V (Omni Inter. CA,
USA). After 10min of incubation at 24–25 �C, 200 lL
homogenised sample þ 300 lL de-ionized water þ
35 lL of 7mM BHT solution þ 165lL of 8.1% aqueous
solution of SDS þ 2mL of 0.8% TBA solution were
mixed into a 5mL eppendorf tube. The mixed solution
was heated at 95 ± 1 �C using a water bath WNB-14
(Memmert GmbH, Schwabatch, Germany)for 60min.
The mixture was then cooled by using tap water and
incubated at 24–25 �C for 20min and centrifuged at
1000 xg for 10min at 25 �C using a refrigerating micro
centrifuge 5810 R (Sigma-Aldrich, Inc., St. Louis, USA).
The supernatant was separated and absorbance was
checked by a UV-VIS spectrophotometer UV-1800
(SHIMADZU Corp., Kyoto, Japan) at 532 nm wavelength
against a blank without sample. The ‘melanodial-
dehydes’ concentration (mg MDA/kg of meat), meas-
ured from a standard curve of 1,1,3,3-
tetraethoxypropane, were expressed as “thiobarbituric
acid reactive substances (TBARS) values.

2,2-Azino-bis (3-ethylbenzothiazoline-6-sulphonic
acid (ABTS) and 2,2-diphenyl-1-picrylhydrazyl (DPPH)
assays of meat samples were conducted according to
the procedure of Sultana et al. (2017). A 1 ± 0.05 g of
meat sample was taken from the meat obtained from

all the treatment groups, wrapped into the rectangular
strips (4� 1 cm2) of pullulan active packaging, vacuum
packed and stored for 0, 7, and 14 days. After storage,
the meat samples were taken out from the packaging
and 250mg of the sample þ 5mL of ethanol (95%)
were homogenised at 20,000 xg for 5min using a tis-
sue homogeniser TH-115 V (Omni Inter. CA, USA). The
homogenised samples were centrifuged at 1200 rpm
at 4 �C for 40min using a refrigerating micro centri-
fuge 5810 R (Sigma-Aldrich, Inc., St. Louis, USA). The
supernatant was filtered by a filter paper (grade 1,
11 lm, 460� 570mm2; WhatmanVR ) and used for the
analysis. The free radicals were generated by using
5mL of ABTS/DPPH solution (7mM) and incubated
into the dark for 16 h. After incubation, the assorted
solution of ABTS/DPPH was adjusted to acquire an
absorbance of 0.7 ± 0.05 at 732 nm wavelength.
Adjusted ABTS/DPPH solutionsþ sample filtrate was
vortexed for 1-2min into the dark, incubated at 25 �C
for 10min in the dark, centrifuged at 2000 at 4 �C for
10min by a refrigerating micro centrifuge 5810 R
(Sigma-Aldrich, Inc., St. Louis, USA) and incubated
again at 25 �C for 30min in the dark. The absorbance
of the samples was recorded for ABTS and DPPH scav-
enging activities at 734 and 517 nm wavelength
respectively against a blank solution. Free radical scav-
enging activity was calculated by the following equa-
tions:

% Radical scavenging activity ðABTSÞ
¼ ½ðAbsc � AbsaÞ � 100�=Absc (9)

where Absc ¼ absorbance of the blank, and Absa ¼
absorbance of the samples.

DPPH radical scavenging activity ð%Þ
¼ ½1 � ðAbsa– AbseÞ=Absc� � 100 (10)

where Absa ¼ absorbance of the sampleþDPPH
solution., Abss ¼ absorbance of the samples
(without DPPH solution), and Absc¼ absorbance of
DPPH solution.

Statistical analysis

A completely randomised design (CRD) was used for the
current study and the results were expressed as mean-
± standard deviation. Pooled standard error of means
(SEMp) was also determined for each variable. A total of
ten random samples per treatment group (n¼ 10) were
used except for the colour assessment in which three
random samples per treatment group (n¼ 3) were ana-
lysed. The analysis of the data was conducted by ‘one-
way’ ANOVA (Khalaf et al. 2013; Carvalho et al. 2017;
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Sultana et al. 2017) using the SPSS software V. 20.0 (IBM
Corp., Armonk, NY, USA). The statistical differences

between means (p ˂ .05) were identified by ‘Tukey’s
multiple comparison’ test. The correlation between the
variables was calculated by using CurveExpert software
V. 1.4 (Daniel Hyams, Hixson, TN, USA) with ‘rational
function fit’ for WHC: DL percentages
[Y ¼ ð2:083þ 2:847xÞ 	 ð1þ 3:151xþ 9:467x2)] of
broiler meat (Nakyinsige et al. 2015; Sultana et al. 2017).

The strength of correlation was expressed as
below reported:

(Bowker and Zhuang 2019).

Results

Colour and appearance of broiler breast
(Pectoralis major)meat

In the present study, the meat colour tended to
become darker from day 0 (Figure 2(A)) to day 14th of
storage (Figure 2(B)) whether it was treated with pul-
lulan active meat packaging or not.

The lightness of broiler breast meat (Pectoralis
major) was recorded as53.61 ± 3.64 (Figure 3(a)) with a
0.404 skewness and �1.20 kurtosis and the meat can
be categorized ‘lighter’ (L� þ mean > 50; Petracci
et al. 2004).

The correlation between the lighter meat and lower
pH of broiler meat was also recorded in our study .
The meat samples treated with PF-C-AgNPs, PF-P-
AgNPs and PF-M-AgNPs exhibited significant differen-
ces (p ˂ .05) from the standard (CTRL) and the con-
trolled meat samples (PF-CTRL) at day 0, day 7th and
day 14th of the refrigerated storage (Table 2). A sig-
nificant increase in lightness (L�) of broiler meat
treated with PF-C-AgNPs active packaging was noticed
at day 7th and was restored to the normal (L� 
 50)at
14th day of storage.

In general, the average yellowness (a�) was
recorded as 6.59 ± 1.857 (Figure 3(b)) while the red-
ness (b�) of broiler breast meat as 21.32 ± 3.50
(Figure 3(c)). The broiler meat yellowness (a�) and
redness (b�), treated with pullulan active packaging
was recorded as significantly higher (p ˂ .05) as com-
pared to the standard (CTRL) and the controlled (PF-
CTRL) meat samples. The meat samples treated with
PF-C-AgNPs, PF-P-AgNPs and PF-M-AgNPs active
packaging reflected significantly higher (p ˂ .05)
yellowness (a�) as compared to CTRL and PF-CTRL
treated groups at day 0 and day 7th of the refriger-
ated storage. The meat samples treated with PF-C-
AgNPs were noticed as significantly yellower (p ˂ .05)
as compared to the other treatment groups (PF-CTRL,
PF-P-AgNPs, PF-M-AgNPs) on day 14th of the storage.
Furthermore, the redness (b�) of the meat samples
treated with PF-C-AgNPs, PF-P-AgNPs and PF-M-
AgNPs active packaging was recorded significantly

Strength Stronger Strong Moderate Weak

r Values 0.8–0.99 0.6–0.79 0.4–0.59 0.2–0.39

Figure 2. Expression of the variation in the colour of broiler breast (Pectoralis major) meat treated with pullulan active packaging;
(A) at 0 day of refrigerated storage (a) CTRL (b) PF-CTRL (c) PF-C-AgNPs (d) PF-P-AgNPs and (e) PF-M-AgNPs. (B) at 14th day of
refrigerated storage (a) CTRL (b) PF-CTRL (c) PF-C-AgNPs (d) PF-P-AgNPs and (e) PF-M-AgNPs [(a) CTRL: without packaging; (b) PF-
CTRL: treated with pullulan edible film; (c) PF-C-AgNPs: treated with pullulan edible film incorporated with curcumin arbitrated;
(d) PF-P-AgNPs: treated with pullulan edible film incorporated with pullulan mediated silver nanoparticles,: (e) PF-M-AgNPs:treated
with pullulan edible film incorporated with mixed silver nanoparticles].
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elevated (p ˂ .05) as compared to CTRL and PF-CTRL
treatment groups at day 0 and day 7th whereas the
meat samples treated with PF-P-AgNPs and PF-P-
AgNPs showed significantly higher (p ˂ .05) redness
(b�) at day 14th (Table 2).

pH of broiler meat treated with pullulan
active packaging

Figure 4 provides a detailed portrait of pH of broiler meat
samples treated with pullulan active packaging during
14days of storage at 4±1 �C. The pH of all the treated
samples (PF-CTRL, PF-C-AgNPs, PF-P-AgNPs, PF-M-AgNPs)

was significantly lower (p ˂ .05) than that of the con-
trolled group (CTRL; without packaging) whereas the pH
of meat samples treated with PF-C-AgNPs active packag-
ing was recorded as the lowest (5.80±0.13) among all
the treatment groups (Figure 4(a)). No significant differen-
ces (p ˂ .05) were recorded between the pH of meat
samples at 7th (6.23±0.44) and 14th day (6.26±0.54)of
refrigerated storage but were significantly higher (p ˂ .05)
than the pH at day 0 (5.85±0.086). Overall pH of all meat
samples was recorded as 6.11±0.445 during 14days of
refrigerated storage (Figure 4(b)) and can be considered
as ‘safer’ for human consumption without any foul odour
(Lee et al. 1996; Dal et al. 2018).

Figure 3. Distribution of the colour attributes of broiler breast meat (Pectoralis major) treated with pullulan active packaging dur-
ing 14 days of refrigerated storage (a) lightness (L�) (b) yellowness (a�) and (c) redness (b�).
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Expressible fluid percentage

The results of the present study demonstrated that
the total expressible fluid percentage (TEF %) of the
meat samples treated pullulan active packaging was
significantly higher (p ˂ .05) than the meat samples
without packaging (CTRL) at 7th and 14th days of
refrigerated storage (Figure 5(a)). It was, further, found
that the meat samples treated with PF-C-AgNPs active
packaging exhibited significantly higher (p ˂ .05)
TEF % amongst all the treatment groups followed by
PF-P-AgNPs, PF-M-AgNPs and PF-CTRL treatments
(Table 3).

Drip loss percentage

The drip loss (DL) percentages of the meat samples
treated with PF-C-AgNPs and PF-M-AgNPs active pack-
aging were significantly lower (p ˂ .05) than CTRL
(without packaging), PF-CTRL (without AgNPs) and PF-
P-AgNPs treatment groups (Figure 5(d)). The drip
losses at 7th day (2 ± 1.29) were significantly lower (p
˂ .05) than those at 14th day (4.25 ± 1.7)of refrigerated
storage (Figure 5(d)).

Water holding capacity of broiler meat

In the current study, the meat samples treated with
pullulan active packaging exhibited statistically (p ˂ .05)

better WHC than CTRL (without packaging) with an
overall percentage of 82.82± 5.274 (Figure 5(c)). It was
noticed that the meat samples treated with PF-C-AgNPs
represented higher WHC percentage amongst all the
treatment groups followed by PF-M-AgNPs, PF-P-AgNPs,
and PF-CTRL (Figure 5(b)). The WHC percentages were
significantly reduced (p ˂ .05) with the advancement of
the refrigerated storage from day 7 (87.22± 2.05) to
day 14 (78.42± 3.54). A strong and negative correlation
between WHC and drip loss percentages (r¼
0.94057843; Figure 5(e)) is also reported in this study.

Texture analysis

No significant differences were recorded in the soft-
ness of meat at day 0 of refrigerated storage with an
overall mean value of 349.43 g± 201.35 (Figure 6(a))
while the meat samples without pullulan packaging
(CTRL) exhibited significantly lower (p ˂ .05) softness/
gumminess at 7th (693.67 g± 300.88) and 14th
(772.97 g± 499.07) days of storage as compared to the
meat samples treated with pullulan packaging (PF-
CTRL) and PF-C-AgNPs, PF-P-AgNPs, and PF-M-AgNPs
active packaging. It was also found that the meat sam-
ples, treated with PF-C-AgNPs active packaging, were
significantly softer and tender(p ˂ .05) amongst all the
treated groups at 7th (228.25 g± 207.49) and 14th
(329.53 g± 190.1) days of refrigerated storage (Figure
6(b,c)) with a significantly lower (p ˂ .05) shear force

Table 2. Colour attributes of broiler breast meat (Pectoralis major), treated with pullulan active packaging, during
refrigerated storage.
Storage days CTRL PF-CTRL PF-C-AgNPs PF-P-AgNPs PF-M-AgNPs SEMp p-Value

Lightness (L�)
0 49.72Bb 58.08Aa 52.20b 54.96a 53.60ab 0.57 .000
7th 49.72Bb 51.61Bb 59.57a 51.89Bb 52.86b 0.56 .000
14th 49.72ab 54.20Aa 52.90a 51.16a 54.11Aa 0.48 .006

Yellowness (a�)
0 3.45b 4.36b 6.46a 6.44a 5.89a 0.22 .000
7th 3.45c 5.35b 8.21a 8.30a 7.02aa 0.31 .000
14th 3.45c 8.26a 6.41Bb 8.81a 6.64ab 0.33 .000

Redness (b�)
0 10.30c 20.03b 23.42a 23.46a 24.08a 0.81 .000
7th 10.30c 20.57b 22.31a 23.54Aa 24.42Aa 0.79 .000
14th 10.30c 20.38b 19.31b 22.56a 22.80a 0.72 .000

Meat chromatography (DE)
0 – 12.96a 13.92a 14.68a 14.39a 0.38 .424
7th – 10.88b 16.31a 14.76b 15.05ab 0.39 .000
14th – 12.59ab 10.27c 13.54a 14.38A 0.34 .000

Chroma (C)
0 10.87c 20.50b 24.29a 24.11a 24.82a 0.83 .000
7th 10.87c 21.25b 23.78a 24.97a 25.44a 0.84 .000
14th 10.87d 22.04ab 20.37c 24.16A 23.79a 0.76 .000

Hue (H)
0 71.55b 77.71Aa 74.65a 74.57a 76.31Aa 0.42 .000
7th 71.55ab 75.57Aa 69.86b 70.59b 73.94a 0.46 .000
14th 71.55ab 68.03b 71.44ab 68.67b 73.98a 0.55 .001

Means were compared at p ˂ .05. The values with the same superscripts, within the same rows, are not significantly different. CTRL:
without packaging; PF-CTRL: treated with pullulan edible film; PF-C-AgNPs: treated with pullulan edible film incorporated with curcu-
min arbitrated AgNPs; PF-P-AgNPs: treated with pullulan edible films incorporated with pullulan mediated AgNPs; PF-M-AgNPs: treated
with pullulan edible film incorporated with mixed AgNPs. SEMp: Pooled standard error of means.
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(g) followed by PF-P-AgNPs, PF-M-AgNPs and PF-CTRL
respectively (Table 3). Moreover, the chewiness of the
meat samples treated with PF-C-AgNPs was better,
with significantly lower (p ˂ .05) shear energy
(N�mm) as compared to the other treated samples.
The meat samples from CTRL and PF-CTRL treatments
showed higher shear force values and lower chewiness
(Table 3).

Cooking loss percentage

In this study, the cumulative cooking loss percentage
was recorded as 20.66 ± 3.11 (Figure 6(d)) and statistic-
ally lower (p ˂ .05) at day 7 (19.31 ± 2.38) as compared
to day 0 (20.65 ± 3.25) and day 14 (20.02 ± 3.06) of the
refrigerated storage. No significant differences (p ˂

.05) were recorded in the cooking loss at day 0
whereas the treatment groups (PF-CTRL, PF-C-AgNPs,
PF-P-AgNPs and PF-M-AgNPs) reflected the lower
cooking losses as compared to CTRL group at day 0, 7
and 14 (Table 3).

Thiobarbituric acid reactive substance (TBARS) in
broiler meat

For the determination of lipid peroxidation, it was
detected that the oxidative stability in broiler meat was
significantly reduced (p ˂ .05) with the increase in the
storage duration (Figure 7(a,c)) with an overall MDA
concentration as 5.92± 3.05mg/kg of meat (Figure
7(b)). Moreover, the meat samples treated with PF-C-
AgNPs active packaging exhibited significantly the

Figure 4. pH of broiler breast meat (Pectoralis major) treated with pullulan active packaging (A) at day 0, 7th, and 14th day of
refrigerated storage and (B) an overall expression of pH.
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lowest (p ˂ .05) concentrations of MDA (3.29± 1.84mg/
kg of meat; Table 4) amongst all the treatment groups
with enhanced oxidative stability.

The MDA concentrations were significantly affected
(p ˂ .05) by the storage period as well with an ampli-
fied lipid per-oxidation on day 14th. A significantly

Figure 5. Water retention in broiler breast meat (Pectoralis major) treated with pullulan active packaging (a) Expressible fluid per-
centage (b) water holding capacity (WHC %) of broiler breast meat (c) overall mean of WHC % of meat (d) drip loss percentages
and (e) negative correlation of WHC and drip loss.
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Table 3. Effect of pullulan active packaging on the physico-chemical characteristics of broiler breast meat (Pectoralis major).
CTRL PF-CTRL PF-C-AgNPs PF-P-AgNPs PF-M-AgNPs SEMp p-Value

pH 6.66a 6.15b 5.80c 5.92b 6.02b 0.04 .000
Expressible fluids, TEF, % 22.57c 31.85c 59.17a 46.60b 31.70c 0.82 .000
Drip loss, % 4.46a 2.95b

�
1.69b 4.24ab

�
2.30b 0.18 .000

Water holding capacity, % 79.92b 82.64ab 86.48a 82.17ab 82.88ab 0.52 .002
Hardness/texture, g 575Aa 485.46a 311.11b 386.61ab 436.0a – .000
Shear energy, N�mm 5.64Aa 4.76a 3.05b 3.79ab 4.28a 0.14 .000
Cooking loss, % 22.55a 21.43a 18.52b 20.40ab 20.44ab 0.30 .000

Means were compared at p ˂ .05. The values with the same superscripts, within the same rows, are not significantly different. CTRL: without packaging;
PF-CTRL: treated with pullulan edible film; PF-C-AgNPs: treated with pullulan edible film incorporated with curcumin arbitrated AgNPs; PF-P-AgNPs:
treated with pullulan edible films incorporated with pullulan mediated AgNPs; PF-M-AgNPs: treated with pullulan edible film incorporated with mixed
AgNPs. SEMp: Pooled standard error of means. For Meat texture SEMp could not be calculated due to the impacts of storage duration, various groups,
and variation in data.

Figure 6. Softness/tenderness of broiler breast meat (Pectoralis major) (a) at 0 day (b) at 7th day and (c) at 14th day of storage,
and (d) cooking loss of me.
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Figure 7. Oxidative stability of broiler breast meat (Pectoralis major) treated with pullulan active packaging (a) mean values of
malondialdehyde (MDA) contents at 0 day, 7th day and 14th day (b) overall MDA values of meat samples (c) impact of storage on
MDA contents of meat samples and (d) impact of pullulan edible films on MDA contents of meat samples.[CTRL: without packag-
ing; (b) PF-CTRL: treated with pullulan edible film; (c) PF-C-AgNPs: treated with pullulan edible film incorporated with curcumin
arbitrated ; (d) PF-P-AgNPs: treated with pullulan edible film incorporated with pullulan mediated silver nanoparticles,: (e) PF-M-
AgNPs:treated with pullulan edible film incorporated with mixed silver nanoparticles]

Table 4. Effect of pullulan active packaging on the oxidative stability of broiler breast meat (Pectoralis major).
mg MDA, kg ABTS% DPPH%

Day 0 Day 7 Day 14 Day 0 Day 7 Day 14 Day 0

CTRL 4.65a 8.01a 10.93a 64.36c 49.92c 45.31d 45.13b 44.88a 11.44b

PF-CTRL 1.56c 7.56a 10.81a 78.09Bb 58.73Bb 46.71d 44.46b 42.52a 9.98b

PF-C-AgNPs 1.32d 3.04c 5.53d 91.87a 77.32a 73.91a 60.080a 44.50a 18.76a

PF-P-AgNPs 2.95b 5.26b 7.84c 81.31Bb 61.99b 60.71b 63.80a 35.86b 15.49a

PF-M-AgNPs 4.28a 6.01b 9.098b 86.58b 54.50Bc 51.64c 54.15ab 36.07b 15.46a

SEMp 0.20 0.27 0.31 1.46 1.52 1.57 1.52
p-Value .000 .000 .000 .000 .000 .000 .000

Means were compared at p ˂ .05. The values with the same superscripts, within the same column, are not significantly different. CTRL: without packag-
ing; PF-CTRL: treated with pullulan edible film; PF-C-AgNPs: treated with pullulan edible film incorporated with curcumin arbitrated AgNPs; PF-P-AgNPs:
treated with pullulan edible films incorporated with pullulan mediated AgNPs; PF-M-AgNPs: treated with pullulan edible film incorporated with mixed
AgNPs. SEMp: Pooled standard error of means.
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higher (p ˂ .05) MDA concentration was recorded in
the broiler meat samples without packaging (CTRL)
and with PF-M-AgNPs followed by PF-CTRL, PF-C-
AgNPs and PF-P-AgNPs treatment groups at day 0 of
the refrigerated storage. Significant differences (p ˂
.05) were noted among the controlled groups
(CTRL, PF-CTRL) and treatment groups (PF-C-AgNPs,
PF-P-AgNPs, PF-M-AgNPs) with respect to their MDA
concentrations at 7th and 14th day of storage (Figure
7(a,d); Table 4).

2,2-Diphenyl-1-picryl hydrazyl (DPPH)
In this assay, 2,2-diphenyl-1-picryl hydrazyl or DPPH
reagent is used to determine the free radical scaveng-
ing in its alcoholic reduction and Hþ ions donation by
any antioxidant (Sultana et al. 2017; Govindappa et al.
2018). In our study, significantly higher (p ˂ .05) DPPH
radical scavenging activity was recorded in the meat
samples treated with PF-C-AgNPs active packaging at
day 0 (60.08 ± 3.21%), day 7(44.50 ± 5.34%), and day 14
(18.76 ± 2.84%) of the refrigerated storage followed by
the meat samples treated with PF-P-AgNPs and PF-M-
AgNPs active packaging (Figure 8; Table 4). No signifi-
cant differences (p ˂ .05) were recorded in free radical
scavenging activity between the PF-CTRL and CTRL
treatment groups. DPPH radical scavenging activity
was reduced with the advancement of the refrigerated
storage (4 ± 1 �C) and was significantly higher (p ˂ .05)
at day 0 (53.52 ± 10.75%) and day 7th (40.77 ± 5.62%)
as compared day 14th (14.23 ± 4.23%) of the storage
(Table 4). The results of our study prove that DPPH
radical scavenging activity of pullulan active meat
packaging is a time dependant entity in the presence
of green AgNPs.

2,2-Azino-bis-3-ethylbenzothiazoline-6-sulphonic
acid(ABTS) assay
Another scientifically renowned approach for the
detection of free radicals is ABTS assay and most of
the food scientists rely on this assay along with DPPH
assay (Ruiz-Cruz et al. 2019; Sultana et al. 2017). The
detailed information, regarding the ABTS free radical
scavenging activity percentages, is provided in
Table 4.

PF-C-AgNPs active meat packaging generated statis-
tically higher (p ˂ .05) ABTS radical scavenging activity
at day 0 (91.87 ± 7.09), day 7th (77.32 ± 3.52) and day
14th (73.91 ± 0.34) of the refrigerated storage of broiler
meat (Figure 8). Similarly, PF-P-AgNPs and PF-M-AgNPs
active packaging exhibited more ABTS free radical
scavenging capacity as compared to CTRL and PF-
CTRL treatment groups (Figure 8; Table4). A signifi-
cantly higher (p ˂ .05) ABTS free radical activity was
recorded at day 0 (80.44 ± 10.34) as compared to the
activity at day 7th (60.49 ± 10.78) and day14th
(55.66 ± 11.11) of refrigerated storage of broiler meat.
The overall trend of the free radical activity of all the
treatment groups was parallel to that of DPPH
assay as PF-C-AgNPs> PF-P-AgNPs> PF-M-AgNPs> PF-
CTRL>CTRL (Figure 8).

Discussion

Meat colour

Many of the meat scientists agreed upon the fact that
if the broiler meat is cateogorized as ‘lighter’, the pH
and the cooking losses of that meat will be lower as
compared to the ‘darker (L� þ mean ˂ 50)’ broiler
meat due to a correlation between these meat

Figure 8. Free radical scavanging activity of broiler breast meat treated (Pectoralis major) treated with pullulan active packaging.
[CTRL: without packaging; (b) PF-CTRL: treated with pullulan edible film; (c) PF-C-AgNPs: treated with pullulan edible film incorpo-
rated with curcumin arbitrated ; (d) PF-P-AgNPs: treated with pullulan edible film incorporated with pullulan mediated silver nano-
particles,: (e) PF-M-AgNPs:treated with pullulan edible film incorporated with mixed silver nanoparticles].
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qualities (Allen et al. 1998; Petracci et al. 2004). The
colour of broiler meat is considered as one of the
most significant quality parameters to determine the
consumer’s demand and acceptability (Garba et al.
2019). It can be correlated with the meat hardness or
softness, perishability, microbial infestation, ageing
and water holding capacity (Di Bernardini et al. 2011;
Kozioł et al. 2015; Noor et al. 2018). The results of our
study corroborate with the reports by Khare et al.
(2017) for the increased ‘darkness’ of poultry meat
during storage and Azlin-Hasim et al. (2016) who
reported the effect of silver nanoparticles (Ag)/poly-
ethylene nanocomposite films on the meat quality
and colour characteristics during the refrigerated stor-
age. The increase in the lightness reflects the max-
imum absorbance of curcumin arbitrated silver
nanoparticles (C-AgNPs) into meat with better anti-oxi-
dant capacity as compared to pullulan mediated silver
nanoparticles (P-AgNPs) during the storage period (El-
Refai et al. 2018). It is obvious that the green C-AgNPs
save the denaturing and damage of the meat muscle
proteins especially the ‘myofibrillar’ and ‘sarcoplasmic’
proteins resulting in lighter meat (Angsupanich and
Ledward 1998; Ledward 1998; Azlin-Hasim et al. 2016).
The red and yellow colour intensities of broiler meat
are due to the maintenance of its ‘pigment stability’
as the transition of meat ‘myoglobin’ into
‘ferrylmyoglobin’ is inhibited by the anti-oxidant pre-
sent in the treatment (Tesoriere et al. 2007; Zhang
et al. 2016). The conversion of ‘myoglobin’ into
‘ferrylmyoglobin’ induces the lipid oxidation and the
generation of free radicals resulting in a substantial
damage to meat tactile characteristics with a reduc-
tion in the oxidative stability and shelf life of meat
(Zhang et al. 2016).

pH of meat

pH of broiler breast meat can be considered as a
prominent marker to assess the quality, ageing and
safety of poultry meat (Ruiz-Cruz et al. 2019). The
increment in pH values indicates the propagation of
‘proteolytic’ bacterial strains during the storage period
whereas the lactic acid producing bacterial strains
may decrease the pH of breast meat (Ruiz-Cruz et al.
2019). The lowest pH of the meat treated with PF-C-
AgNPs coincide with its ‘lightness’ of the colour as dis-
cussed earlier. It clearly reflects the continuance of
‘oxidative stability’ (with respect to lipids and proteins)
of the broiler meat treated with PF-C-AgNPs active
packaging. It seems that the limitation of the bacterial
contamination along with the maintenance of meat

colour and pH is facilitated with the application of an
active meat packaging (Abdulla et al. 2017; Cullere
et al. 2018). Ruiz-Cruz et al. (2019) and M�arquez-R�ıos
et al. (2011) demonstrated that the increased lactic
acid concentrations in the broiler meat muscle, due to
‘lactic acid producing bacteria’, can decrease pH from
5.8 during anaerobic glycolysis. Similarly, higher nitro-
gen compound concentrations can increase pH of the
broiler meat from 6.89 due to the deterioration of pro-
tein by certain ‘proteolytic’ bacterial strains (Cao et al.
2013; Ruiz-Cruz et al. 2019). The application of pullulan
active packaging, incorporate with green silver nano-
particles (Ag) maintained their release from pullulan
edible film to meat surface and reduced the propaga-
tion of glycolytic as well as proteolytic bacterial strains
(Khalaf et al. 2013; Morsy et al. 2014; Panea et al.
2014; Cantalejo et al. 2016). The results of our study
are in agreement with the reports presented by
Carvalho et al. (2017) and Cantalejo et al. (2016)
regarding the maintenance of pH of poultry meat in
the range of 5.81 to 6.58 during storage period.

Water holding capacity

The assessment of water retention of meat muscle
fibres by ‘expressible fluids’ is one of the major quality
indicators providing a synopsis of meat intracellular
and extra cellular loose water vault (Yang et al. 2018).
In our study, the broiler breast meat treated with PF-
C-AgNPs reflected significantly (p ˂ .05) higher
expressible fluids (59.17 ± 11.22) along with lowest
drip losses (1.69 ± 1.02) as compared to other treat-
ment groups i.e. CTRL, PF-P-AgNPs, and PF-M-AgNPs.
It is established that the higher expressible fluid per-
centages reflect the better meat muscle integrity and
water stability of meat indicating its improved quality
(Ali et al. 2015; Kamruzzaman et al. 2016; Yang et al.
2018). Due to the microbial infestation of poultry meat
surface, the proteolysis of myo-fibrillar proteins and
collagens occurs resulting in the release of intercellular
fluids during the ageing process (Pearce et al. 2011;
Roslan et al. 2019). The lowest drip loss percentages
reflects the lower microbial infestation and hence less
protein denaturalisation that was noticed in PF-C-
AgNPs treatment group. Moreover, hydrophilic active
packaging of pullulan, incorporated with Ag nanopar-
ticles, reduces the drip losses due to the electrostatic
interaction between Ag nanoparticle and OH group of
pullulan (Trinetta et al. 2011; Bahrami et al. 2019). This
electrostatic interaction forms a thicker water and light
barrier between the meat surface and the environ-
ment limiting the chances of meat spoilage during
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storage (Khalaf et al. 2013; Bahrami et al. 2019). The
results of our study are in accordance with the reports
by Roslan et al. (2019) and Khare et al. (2017) with
respect to the increased drip losses (DL) of meat dur-
ing ageing and refrigerated storage.

Water holding capacity (WHC) of meat is considered
as one of the necessary attributes for its quality and
acceptability by the consumers (Carvalho et al. 2017;
Ruiz-Cruz et al. 2019). The meat pH, texture, and
muscle protein stability (myofibrillar, myosin) are dir-
ectly affected by the water retention (WHC) in the
muscle filament and inter-cellular spaces (Young and
Buhr 2000; Young et al. 2004; Hashemi et al. 2014;
Ruiz-Cruz et al. 2019). The meat samples treated with
PF-C-AgNPs (86.49 ± 3.34) exhibited a significantly
higher WHC (p ˂ .05) than the CTRL (79.92 ± 6.1). It
was due to the retention of muscle cell integrity in
broiler breast meat resulting in the lower oxidation of
protein tissues in the presence of a good anti-oxidant
substance (Hashemi et al. 2014). The incorporation of
curcumin arbitrated green Ag nanoparticles into pullu-
lan edible films maintained the ‘meat anti-oxidant
defence’ mechanism resulting in a higher WHC per-
centage. The better WHC may be due to the lower
protein de-naturalization by microbes or any other
environmental factor (Young et al. 2004; Ruiz-Cruz
et al. 2019). It can increase the meat shelf life as well
as the customer acceptability (Young et al. 2004; Ruiz-
Cruz et al. 2019). These results are in agreement with
those reported by Carvalho et al. (2017) who reported
WHC percentages of poultry meat in the range of 79
to 86% by compression method.

Meat texture

The texture analysis reflected that the softness or
gumminess of broiler meat decreased with the
advancement of the storage duration (from day 0 to
day 14). The broiler meat treated with pullulan active
packaging reflected a significant (p ˂ .05) increase in
the softness of the texture (PF-C-AgNPs> PF-P-
AgNPs> PF-M-AgNPs) and significant (p ˂ .05) reduc-
tion in the shear energy or elasticity (PF-C-AgNPs ˂
PF-P-AgNPs ˂ PF-M-AgNPs) as compared to the con-
trol treatment groups (CTRL, PF-CTRL). Roslan et al.
(2019) and K€uç€uk€ozet and Uslu (2018) reported that
the softness of poultry meat (without any active pack-
aging) or its gumminess is directly influenced by the
increased storage duration which coincided with our
findings. Similarly, our results are in agreement with
the reports by Bowker and Zhuang (2019), Roslan
et al. (2019) and K€uç€uk€ozet and Uslu (2018) with

respect to the amplified shear energy (N�mm) or
elasticity of poultry meat with increased storage dur-
ation. When a force is applied on the meat muscle tis-
sues, a parallel energy is also generated by the meat
reflecting the chewiness or elasticity of muscle fibres
(Bowker and Zhuang 2019; Development 2019). The
chewiness is declined due to increased muscle rigidity
and harness of the surface of the meat resulting in
the tougher and elastic meat (Bowker and Zhuang
2019). Our study demonstrated that the textural char-
acteristics of broiler meat, treated with PF-C-AgNPs,
are consequently modified into softer, gummier, chew-
able or less elastic during the refrigerated storage.
Furthermore, the pullulan active packaging maintained
the compositional integrity of the broiler meat muscle
fibres and connective tissues with a limited or nominal
chemical change (Soglia et al. 2016). It seems that the
application of PF-C-AgNPs, restrained the ‘fibrosis’ or
protein denaturalisation after cooking which limited
the muscle fibre shrinkage and accumulation of
‘collagen’ in muscle tissues. The accumulated
‘collagen’ (by fibrosis) can modify the tactile features
of the meat but also indicates the compositional devi-
ations and denaturalisation of meat muscles (Huff-
Lonergan and Lonergan 2005; Soglia et al. 2016).

Oxidative stability of meat

Lipid per-oxidation of broiler meat can be evaluated
by the formation of thiobarbituric acid reactive sub-
stances (TBARS) during the refrigerated storage provid-
ing a clear picture about the oxidative stability in
meat (Sasaki et al. 2008; Vital et al. 2016, 2018).The
lowest MDA concentrations in poultry meat, treated
with PF-C-AgNPs active packaging, reflects that the
thin layer of curcumin around C-AgNPs enhanced the
anti-oxidant ability of pullulan edible film resulting in
an improved oxidative stability. The concentration of
‘melanodialdehydes’ (mg MDA/kg of meat) detected in
our study is in agreement with the findings of Souza
and Fernando (2016), Vital et al. (2018), and Vital et al.
(2016) who suggested that the edible coatings, incor-
porated with natural anti-oxidants, could maintain the
oxidative stability in poultry meat as compared to the
controlled samples (without coatings). The malondial-
dehyde (MDA) concentrations of broiler meat, in our
study, are far below than the reports of Rababah et al.
(2006) who evaluated the effect of plant extract on
lipid oxidation (17.3–80.1mg MDA/kg) of raw poultry
meat for 12 days of refrigerated storage. Furthermore,
the results of our study (1.32–10.93mg MDA/kg) are
also less than the findings of Flavia et al. (2014) who
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found that the refrigerated storage time vigorously
affect the lipid oxidation in poultry meat (2.16 to
14.60mg MDA/kg) after 24 h of storage. The pullulan
active packaging, containing glycerol as plasticiser, has
a good synergism with green AgNPs to boast the oxy-
gen and water barrier qualities (Khalaf et al. 2013;
Trinetta and Cutter 2016). Due to the oxygen barrier
property, the active packaging, incorporated with
green anti-oxidant substances, exhibits a stronger anti-
oxidant capability during refrigerated storage (Liu
et al. 2015; Raeisi et al. 2015). The results of our study
suggest that the quality and the shelf life of broiler
meat, treated with PF-C-AgNPs, PF-P-AgNPs and PF-M-
AgNPs active packaging, can be maintained thor-
oughly during the refrigerated storage (14 days) as
compared to the meat without packaging ( Vital et al.
2016). In addition, the determination of free radicals
by DPPH and ABTS scavenging activities is another
approach to evaluate the oxidative rancidity or lipid
oxidation of broiler meat (Sultana et al. 2017).

The green and environment friendly C-AgNPs, sur-
rounded by curcumin, can bind the maximum number
of the free radical ions due to their donation of elec-
trons and provide an excellent anti-oxidant capacity to
PF-C-AgNPs and PF-P-AgNPs (Falowo et al. 2014; Vital
et al. 2016; El-Refai et al. 2018; Khan, Kumari, et al.
2019; Khan et al. 2020). The results of the current
study are in the agreement with Ruiz-Cruz et al.
(2019), Sultana et al. (2017) and Zhang et al. (2016) for
a reduced free radical scavenging activity in the con-
trolled poultry meat samples along with the effect of
storage duration on DPPH radical scavenging percen-
tages. Moreover, ABTS scavenging activity reflects that
the green synthesised C-AgNPs and P-AgNPs can
boost the anti-oxidant potential of PF-C-AgNPs and
PF-P-AgNPs with better oxidative stability. It seems
that PF-C-AgNPs and PF-P-AgNPs active packaging are
capable for the reduction of broiler meat oxidative
rancidity during a refrigerated storage period of
14 days. Ruiz-Cruz et al. (2019) and Sultana et al.
(2017) reported the similar results of ABTS free radical
scavenging activity with lowest values for the con-
trolled treatment groups.

Conclusions

Based on the findings of our study, it can be con-
cluded that the oxidative stability of meat treated
with PF-C-AgNPs active packaging is significantly
(p¼ .000) better with lowest concentrations of
‘malondialdehydes’ (mg MDA/kg of meat) at day 0
(1.32 ± 0.29), day 7th (3.04 ± 0.61) and day 14th

(5.53 ± 0.72). Similarly, significantly higher (p ˂ .05) pH,
drip losses, cooking losses, and shear energy (N�mm)
of the control treatment groups (CTRL, PF-CTRL) reveal
that the green synthesised curcumin arbitrated silver
nanoparticles (C-AgNPs) and pullulan mediated silver
nanoparticle (P-AgNPs), incorporation into pullulan
edible films, potentially maintained the broiler meat
quality during refrigerated storage (4 ± 1 �C). Moreover,
‘pullulan active meat packaging’, incorporated with C-
AgNPs and P-AgNPs, can be considered as a green
and bio-degradable substitution of the synthetic and
hazardous anti-oxidant packaging for prolonging
broiler meat quality and shelf life.

Scope, limitations, and recommendations

Pullulan active meat packaging, incorporated with
green C-AgNPs and P-AgNPs, will be safer and simpler
antioxidant substitute against the hazardous and syn-
thetic antioxidants. Implementation of real time com-
mercial equipments, huge capital investment, slow
processing, and time consumption at laboratory level
are the major limitations of the current study. Life
cycle assessment (LCA) and antimicrobial activity of
pullulan active packaging incorporated with C-AgNPs
and P-AgNPs are the recommendations to evaluate
the impact of nanoparticles on human beings, ecosys-
tem, and various microbial species.
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K€uç€uk€ozet AO, Uslu MK. 2018. Cooking loss, tenderness, and
sensory evaluation of chicken meat roasted after wrap-
ping with edible films. Food Sci Technol Int. 24(7):
576–584.

Ledward D. 1998. VTT Biotechnology and Food Research
Helsinki, Finland. High pressure processing of meat and
fish. Fresh Novel Foods by High Pressure. 186:165–176.

Lee M, Sebranek JG, Olson DG, Dickson JS. 1996. Irradiation
and packaging of fresh meat and poultry. J Food Prot.
59(1):62–72.

Liu F, Antoniou J, Li Y, Yi J, Yokoyama W, Ma J, Zhong F.
2015. Preparation of gelatin films incorporated with tea
polyphenol nanoparticles for enhancing controlled-release
antioxidant properties. J Agric Food Chem. 63(15):
3987–3995.

Maqsood S, Abushelaibi A, Manheem K, Al Rashedi A, Kadim
IT. 2015. Lipid oxidation, protein degradation, microbial
and sensorial quality of camel meat as influenced by
phenolic compounds. LWT-Food SciTechnol. 63(2):
953–959.

M�arquez-R�ıos E, Castillo-Y�a~nez FJ, Graciano-Verdugo AZ,
Jim�enez-Ruiz EI, Lugo-S�anchez ME, Maeda-Mart�ınez AN,
Oca~no-Higuera VM. 2011. IMPactO de las
Pr�actIcasartesaNales de caPtura Y MaNeJOPOscaPturaeN la
calIdad del M�usculO de caZ�oN. Interciencia. 36(9):
672–676.

Morsy MK, Khalaf HH, Sharoba AM, ElTanahi HH, Cutter CN.
2014. Incorporation of essential oils and nanoparticles in
pullulan films to control foodborne pathogens on meat
and poultry products. J Food Sci. 79(4):675–684.

Nakyinsige K, Sazili A, Aghwan Z, Zulkifli I, Goh Y, Bakar FA,
Sarah S. 2015. Development of microbial spoilage and
lipid and protein oxidation in rabbit meat. Meat Sci. 108:
125–131.

Noor S, Bhat Z, Kumar S, Mudiyanselage RJ. 2018.
Preservative effect of Asparagus racemosus: a novel addi-
tive for bioactive edible films for improved lipid oxidative
stability and storage quality of meat products. Meat Sci.
139:207–212.

Noori S, Zeynali F, Almasi H. 2018. Antimicrobial and antioxi-
dant efficiency of nanoemulsion-based edible coating
containing ginger (Zingiber officinale) essential oil and its
effect on safety and quality attributes of chicken breast fil-
lets. Food Control. 84:312–320.

Panea B, Ripoll G, Gonz�alez J, Fern�andez-Cuello �A, Albert�ı P.
2014. Effect of nanocomposite packaging containing dif-
ferent proportions of ZnO and Ag on chicken breast meat
quality. J Food Eng. 123:104–112.

Pearce KL, Rosenvold K, Andersen HJ, Hopkins DL. 2011.
Water distribution and mobility in meat during the con-
version of muscle to meat and ageing and the impacts on
fresh meat quality attributes—a review. Meat Sci. 89(2):
111–124.

Petracci M, Betti M, Bianchi M, Cavani C. 2004. Color vari-
ation and characterization of broiler breast meat during
processing in Italy. Poultry Sci. 83(12):2086–2092.

Rababah T, Hettiarachchy N, Horax R, Cho M, Davis B,
Dickson J. 2006. Thiobarbituric acid reactive substances
and volatile compounds in chicken breast meat infused
with plant extracts and subjected to electron beam irradi-
ation. Poultry Sci. 85(6):1107–1113.

Raeisi M, Tajik H, Aliakbarlu J, Mirhosseini SH, Hosseini SMH.
2015. Effect of carboxymethyl cellulose-based coatings
incorporated with Zataria multiflora Boiss. essential oil
and grape seed extract on the shelf life of rainbow trout
fillets. LWT–Food SciTechnol. 64(2):898–904.

Ramiah SK, Meng GY, Ebrahimi M. 2014. Dietary conjugated
linoleic acid alters oxidative stability and alleviates plasma
cholesterol content in meat of broiler chickens. Sci World
J. 2014:949324. http://dx.doi.org/10.1155/2014/949324.

Roslan N, Aghwan Z, AbAziz M, Sazili A. 2019. Meat quality
and sensory attributes of Pectoralis major muscle in spent
chicken subjected to different marination methods. Int
Food Res J. 26(4):1173–1179.

Rouger A, Tresse O, Zagorec M. 2017. Bacterial contaminants
of poultry meat: sources, species, and dynamics.
Microorganisms. 5(3):50.

Ruiz-Cruz S, Valenzuela-L�opez CC, Chaparro-Hernandez S,
Ornelas-PazJd J, Toro-S�anchez CLD, Marquez-Rios E,
L�opez-Mata MA, Oca~no-Higuera VM, Valdez-Hurtado S.
2019. Effects of chitosan-tomato plant extract edible coat-
ings on the quality and shelf life of chicken fillets during
refrigerated storage. Food Sci Technol. 39(1):103–111.

Sasaki K, Ishihara K, Oyamada C, Sato A, Fukushi A, Arakane
T, Motoyama M, Yamazaki M, Mitsumoto M. 2008. Effects
of fucoxanthin addition to ground chicken breast meat on
lipid and colour stability during chilled storage, before

ITALIAN JOURNAL OF ANIMAL SCIENCE 261

https://www.investopedia.com/terms/s/systematic-sampling.asp
https://www.investopedia.com/terms/s/systematic-sampling.asp
http://dx.doi.org/10.1155/2014/949324


and after cooking. Asian Australas J Anim Sci. 21(7):
1067–1072.

Schwarz T, Połtowicz K, Nowak J, Murawski M, Małopolska
MM, Andres K, Wojtysiak D, Jamieson M, Bartlewski PM.
2019. Quantitative echotextural attributes of pectoralis
major muscles in broiler chickens: physicochemical corre-
lates and effects of dietary fat source. Animals. 9(6):306.

Shameli K, Ahmad MB, Shabanzadeh P, Al-Mulla EAJ,
Zamanian A, Abdollahi Y, Jazayeri SD, Eili M, Jalilian FA,
Haroun RZ. 2014. Effect of Curcuma longa tuber powder
extract on size of silver nanoparticles prepared by green
method. Res Chem Intermed. 40(3):1313–1325.

Soglia F, Mudalal S, Babini E, DiNunzio M, Mazzoni M, Sirri F,
Cavani C, Petracci M. 2016. Histology, composition, and
quality traits of chicken Pectoralis major muscle affected
by wooden breast abnormality. PoultSci. 95(3):651–659.

Souza VGL, Fernando AL. 2016. Nanoparticles in food pack-
aging: Biodegradability and potential migration to food—
A review. Food Packaging Shelf Life. 8:63–70.

Stutely R. 2003. Numbers guide: the essentials of business
numeracy. 5th ed. New York: Bloomberg Press.

Sultana K, Jayathilakan K, Pandey M. 2017. Evaluation of anti-
oxidant activity, radical scavenging, and reducing power
of clove oil and clove oleoresin in comparison with nat-
ural and synthetic antioxidants in Chevon (Capra aegagrus
hircus) and Chicken Meat. Def Life Sc Jl. 3(1):51.

Taherdoost H. 2016. Sampling methods in research method-
ology; how to choose a sampling technique for research.
[accessed 2018 Feb 22]. https://papers.ssrn.com/sol3/
papers.cfm?abstract_id=3205035.

Tesoriere L, Butera D, Gentile C, Livrea MA. 2007. Bioactive
components of caper (Capparis spinosa L.) from Sicily and
antioxidant effects in a red meat simulated gastric diges-
tion. J Agric Food Chem. 55(21):8465–8471.

Trinetta V, Cutter CN. 2016. Antimicrobial food packaging.
Amsterdam: Elsevier. Chapter 30, Pullulan: a suitable bio-
polymer for antimicrobial food packaging applications; p.
385–397.

Trinetta V, Cutter CN, Floros J. 2011. Effects of ingredient
composition on optical and mechanical properties of

pullulan film for food-packaging applications. LWT-Food
SciTechnol. 44(10):2296–2301.

Varaprasad K, Vimala K, Ravindra S, Reddy NN, Reddy GVS,
Raju KM. 2011. Fabrication of silver nanocomposite films
impregnated with curcumin for superior antibacterial
applications. J Mater Sci Mater Med. 22(8):1863–1872.

Vital ACP, Guerrero A, Monteschio J. d O, Valero MV,
Carvalho CB, de Abreu Filho BA, Madrona GS, do Prado
IN. 2016. Effect of edible and active coating (with rose-
mary and oregano essential oils) on beef characteristics
and consumer acceptability. PloS One. 11(8):e0160535.

Vital ACP, Guerrero A, Kempinski EMBC, Monteschio J. d O,
Sary C, Ramos TR, Campo MDM, Prado I. N d. 2018.
Consumer profile and acceptability of cooked beef steaks
with edible and active coating containing oregano and
rosemary essential oils. Meat Sci. 143:153–158.

Wu J, Zhong F, Li Y, Shoemaker C, Xia W. 2013. Preparation
and characterization of pullulan–chitosan and pullulan–-
carboxymethyl chitosan blended films. Food Hydrocoll.
30(1):82–91.

Xiao Q, Zhao Z, Lim LT. 2018. Structure evolution of pullula-
n–alginate edible films during drying studied by low field
NMR. J Food Process Eng. 41(1):e12636.

Yang Y, Wang W, Zhuang H, Yoon SC, Jiang H. 2018. Fusion
of spectra and texture data of hyperspectral imaging for
the prediction of the water-holding capacity of fresh
chicken breast filets. Applied Sci. 8(4):640.

Young L, Buhr R. 2000. Effect of electrical stimulation and
polyphosphate marination on drip from early-harvested,
individually quick-frozen chicken breast fillets. Poult Sci.
79(6):925–927.

Young JF, Karlsson A, Henckel P. 2004. Water-holding cap-
acity in chicken breast muscle is enhanced by pyruvate
and reduced by creatine supplements. Poult Sci. 83(3):
400–405.

Zhang H, Wu J, Guo X. 2016. Effects of antimicrobial and
antioxidant activities of spice extracts on raw chicken
meat quality. Food Sci Hum Well. 5(1):39–48.

262 M. J. KHAN ET AL.

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3205035
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3205035

	Abstract
	Introduction
	Materials and methods
	Materials
	Clean broiler breast meat (Pectoralis major) production
	Application of pullulan active packaging on broiler breast meat
	Broiler breast meat quality assessment
	pH of broiler breast (Pectoralis major) meat:
	Colour determination
	Drip loss percentage
	Water holding capacity and expressible fluid percentages
	Cooking loss and texture analysis of broiler breast (Pectoralis major) meat
	Determination of oxidation stability of broiler breast (Pectoralis major) meat

	Statistical analysis

	Results
	Colour and appearance of broiler breast (Pectoralis major)meat
	pH of broiler meat treated with pullulan active packaging
	Expressible fluid percentage
	Drip loss percentage
	Water holding capacity of broiler meat
	Texture analysis
	Cooking loss percentage
	Thiobarbituric acid reactive substance (TBARS) in broiler meat
	2,2-Diphenyl-1-picryl hydrazyl (DPPH)
	2,2-Azino-bis-3-ethylbenzothiazoline-6-sulphonic acid(ABTS) assay


	Discussion
	Meat colour
	pH of meat
	Water holding capacity
	Meat texture
	Oxidative stability of meat

	Conclusions
	Scope, limitations, and recommendations

	Ethical approval
	Disclosure statement
	Funding
	Orcid
	Data availability statement
	References


