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SUMMARY: This study investigated the impact of incorporating Aloe vera gel (AVG) and Aloe vera leaf skin (AVLS) extracts into edi-
ble coating (EC) on retarding lipid oxidation and enhancing the quality characteristics of cooked ground chicken meat during 14 days of
storage at 4 °C. The results indicated that both AVG and AVLS extracts had a similar amount of total phenolic contents. EC application
resulted in a decrease in pH values, and an increase in aw values. The addition of 2% AVG or AVLS extracts into EC formulation also
decreased TBARS and ORP values. Although textural properties were not affected by EC application containing AVG or AVLS extracts,
this application retarded L”, a*, and b" color values. The results indicated that Aloe vera extracts may be incorporated into EC by proces-
sors to improve lipid oxidation inhibition and maintain the quality characteristics of poultry meat products during refrigerated storage.
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RESUMEN: Efecto de un recubrimiento comestible que contiene extractos de Aloe vera sobre la estabilidad oxidativa y los pard-
metros de calidad de la carne de pollo molida cocida. Este estudio investigo el impacto de la incorporacion de extractos de gel de Aloe
vera (AVGQ) y piel de hoja de aloe vera (AVLS) en un recubrimiento comestible (EC) para retardar la oxidacion de lipidos y mejorar las
caracteristicas de calidad de la carne de pollo molida cocida durante 14 dias de almacenamiento a 4°C. Los resultados indicaron que
tanto los extractos AVG como AVLS tenian una cantidad similar de contenidos fenolicos totales. La aplicacion de EC resultdé en una
disminucion en los valores de pH, mientras que la misma aplicacion provocé un aumento en los valores de aw. La adicion de extractos
de AVG o AVLS al 2 % en la formulacion de EC también disminuy6 los valores de TBARS y ORP. Aunque las propiedades texturales
no se vieron afectadas por la aplicacion de EC que contenia extractos AVG o AVLS, esta aplicacion retrasé los valores de color L*, a*
y b*. Los resultados indicaron que los procesadores pueden incorporar extractos de Aloe vera en la AE para mejorar la inhibicion de la
oxidacion de lipidos y mantener las caracteristicas de calidad de los productos carnicos de aves durante el almacenamiento refrigerado.

PALABRAS CLAVE: Carne de ave; Gel de aloe vera; Piel de hoja de aloe vera; Recubrimiento comestible
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1. INTRODUCTION

Aloe vera (Aloe barbadensis Miller) is a tropical
and subtropical succulent herb and is cultivated in
many warm and dry regions of the world. The color-
less mucilaginous Aloe vera gel that is isolated from
Aloe vera leaves is extensively used in natural cos-
metics and pharmaceutical industries. Aloe vera gel,
which consists of 99.5 % water, has nutritional prop-
erties as it contains vitamins, minerals, amino acids
and enzymes (Boudreau and Beland, 2006). Several
authors have reported that 4loe vera extract has nat-
ural antioxidant, antimicrobial and antiviral effects
(Rajkumar et al., 2016). Recently, Aloe vera has been
used as a functional ingredient by the food industry in
drinks, beverages, ice cream and as an edible coating
for fruits and vegetables to preserve their quality char-
acteristics (Nicolau-Lapena et al., 2021).

Over the years, the development and application
of edible films and coatings have become an increas-
ing trend in the food industry. Since edible films and
coatings can be produced from a variety of sustain-
able and biodegradable materials, used as a carrier
of various antioxidant and antimicrobial agents, and
have a wide range of applications, edible films and
coatings are promising alternatives to traditional
packaging materials (Petkoska et al., 2021). Edible
films and coatings are thin layers made from poly-
saccharides, proteins and lipids. These materials act
as a barrier to moisture and gases and reduce gas ex-
change, loss of water, flavors and aroma, and there-
by improve the appearance, quality and shelf life of
foods (Chauhan et al., 2016).

The present study was undertaken to fill in miss-
ing information about the utilization of Aloe vera
extracts in the area of the development of bioac-
tive edible coating (EC). Therefore, the aim of this
study was to evaluate the effects of whey protein
isolate-based (WPI) EC with different concentra-
tions of Aloe vera gel (AVG) or Aloe vera leaf skin
(AVLS) extracts on the oxidative stability and qual-
ity features of cooked ground chicken meat under
refrigerated storage.

2. MATERIALS AND METHODS

2.1. Materials

Whey protein isolate (BiPRO 100% WPI, Davis-
co Foods International Inc., USA) was provided by

Hardline Nutrition (Istanbul, TR). Fresh Aloe vera
was supplied by a commercial firm (Nisa Fidancilik,
Yalova, Turkey).

2.2. Preparation of Aloe vera gel and leaf extracts

The extraction of Aloe vera was carried out ac-
cording to the modified method of Lawrence et al.
(2009). For the preparation of extracts, Aloe vera gel
and Aloe vera leaf skin were dried in an oven at 40
°C for 72 h and then powdered. Ten grams of this
powder were dissolved in 100 mL of ethanol for 72
h. The contents were filtered by filter paper (What-
man No. 1), and then the alcohol was evaporated by
a rotary evaporator (Heidolph, Germany) at 40 °C.
Extracts were stored at -80 °C, until analyses.

2.3. Preparation of WPI-based edible coating solution

The WPI-based EC solution was prepared accord-
ing to the modified method of Akcan et al. (2017).
The coating solution was produced by mixing 5%
(w/v) WPI dissolved in distilled water with 5% (w/v)
glycerol. The pH of the mixture was adjusted to 8.0
with 2 N NaOH. Then, the mixture was heated at 90
°C for about 30 min until obtaining a uniform solu-
tion which was then allowed to cool at room tem-
perature. Aloe vera gel (AVG) and Aloe vera leaf
skin (AVLS) extracts were added separately to the
WPI-based EC solution at final concentrations of
0.1, 0.5 and 2% (v/v) (based on EC solution weight)
and marked as AVG-0.1, AVG-0.5, AVG-2, AVLS-
0.1, AVLS-0.5, and AVLS-2, respectively. In addi-
tion, two different groups were prepared as uncoated
(UC) and coated with EC solution without extracts
(C). After stirring the solution with a homogenizer
(IKA T25, Germany) for about 1 min, it was filtered
using a layer of cheesecloth.

2.4. Determination of total phenolic content

The total phenolic contents in Aloe vera gel
(AVG) and Aloe vera leaf skin (AVLS) extracts were
analyzed by the Folin-Ciocalteu method. Briefly,
200 pL Folin Ciocalteu reagent were added to 40 uLL
of extract dissolved in 2.4 mL of distilled water. Af-
ter that, 600 pL a sodium carbonate solution were
added to each tube. After vortexing, each tube was
held for 2 h at room temperature in the dark. The
mixture was then read at 765 nm against a blank. To-
tal phenolic content was determined and represented
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as gallic acid equivalent (GAE) in mg/g of extract
using a standard curve established with various dos-
es of gallic acid.

2.5. Preparation of ground chicken meat

Skinless and boneless fresh broiler breast meat
(Pectoralis major) was obtained from a local ab-
attoir (Isparta, Turkey). Chicken meat was minced
in a mincer twice using 9.5-mm and 3.2-mm
plates, respectively. 1% NaCl and 10% water were
added to the ground chicken meat on weight ba-
sis. After that, the ground chicken meat was filled
into centrifuge tubes (45 grams per tube) which
were placed in a water bath at 60 °C. The water
bath temperature was set to 85 °C, and the chicken
meat was cooked. The internal temperature of the
ground chicken meat was tracked with the ther-
mocouple attached to the geometric center of the
meat. The cooking process was stopped when the
internal temperature of the samples reached 72 °C.
Following cooking, the chicken meat was cooled
at 25 °C for 20 min.

2.6. Coating of cooked ground chicken meat

Cooked ground chicken meat was divided into
eight groups: uncoated (UC), coated with EC solu-
tion without extracts (C), and coated with EC solu-
tion containing different concentrations (0.1, 0.5 and
2% (v/v)) of AVG (AVG-0.1, AVG-0.5 and AVG-2)
or AVLS (AVLS-0.1, AVLS-0.5, and AVLS-2) ex-
tracts. The coating process was done by immersing
the cooked ground chicken meat into their respec-
tive coating solutions for 1 min, followed by drying
for 30 s. This was done 3 times. The treated groups
were dried at 30 °C for 1 h in an incubator (Ildam,
ILD-EKH-55, Turkey), and stored for 14 days un-
der refrigerated conditions (4 °C). Oxidation-re-
duction potential (ORP), pH, water activity (aw),
color values, thiobarbituric acid reactive substances
(TBARS), and texture profile analyses (TPA) were
carried out at days 0, 1, 7, and 14.

2.7. pH, aw and ORP measurement

The pH value of the samples was determined with
a pH meter (HI 9024, Hanna Instruments, Germany)
equipped with a penetration spear electrode (FC 200,
Hanna Instruments, Germany). The a  value of the
samples was determined using an aw device (No-

vasina LabTouch-aw) at 20 °C. Each chicken meat
sample was cut into small pieces and placed in the
sample cup. After the device reached stable humidi-
ty at 25 °C, the values on the screen were recorded.
The ORP values for the samples were evaluated ac-
cording to the procedure of Moiseev and Cornforth
(1999). The pH meter (WTW pH 3110, Germany)
with a redox electrode was set on the millivolt scale.

2.8. Color values

The color values for the chicken meat samples
were evaluated by using a Minolta Colorimeter (CR-
200, D65 Iluminant, Ramsey, USA). The instrument
was set to measure CIE L*, a*, and b" color scale us-
ing illuminant 65D and 10° standard observers with
an opening size of 8.0 mm. It was calibrated using
black and white calibration plates before starting the
measurements.

2.9. TBARS

The TBARS values for the samples were evalu-
ated as per the procedure of Kili¢ et al. (2014). The
TBARS values were calculated by a standard curve
prepared with 1,1,3,3-tetracthoxypropane (TEP) and
the results were expressed as umol malondialdehyde
(MDA)/ kg meat.

2.10. Texture profile analysis (TPA)

Textural parameters (hardness, resilience, adhe-
siveness, cohesiveness, gumminess, springiness, and
chewiness) of the samples were measured using a
TA.XT2 Texture Analyzer device (Stable Micro Sys-
tems, UK) with a rectangular aluminum probe (5 cm
x 4 cm) for compression and a blade for cutting (50
kg load cell). The test speed, pre-test speed, post-
test speed, and compression were 5 mm/s, 2 mm/s, 2
mm/s, and 70%, respectively.

2.11. Statistical analysis

The whole study was conducted in two replicates
and each analysis was performed in duplicate for
each replicate experiment performed. One-way anal-
ysis of variance using SPSS 25.0 software (SPSS
Inc., USA) was used for statistical evaluation of the
data. Statistical significance was identified using
Tukey’s multiple comparison test at the 95% confi-
dence level (P < 0.05).
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3. RESULTS AND DISCUSSION

3.1. Total phenolic content

The results of total phenolic content in AVG and
AVLS extracts are shown in Table 1. The total phenolic
contents in the AVG and AVLS extracts in this study
were 8.93 mg GAE/g and 8.72 mg GAE/g of extract,
respectively. These results demonstrated that the total
phenolic contents in both AVG and AVLS extracts were
similar. In previous studies it was reported that the total
phenolic content in AVG extract was 19.56 mg GAE/g
(Jairath et al., 2016) and 17.84 mg GAE/g (Chauhan
et al., 2016). Kammoun et al. (2011) reported that the
total phenolic content ranged from 2.07 mg GAE/g to
40.5 mg GAE/g in AVLS extracts. The reason for these
differences in total phenolic contents among these ex-
tracts might be due to differences in extraction meth-
od, their contents in phenolic compounds, the phenolic
acid equivalent, the environmental growing conditions,
and the age of the plant (Kammoun et al., 2011).

TasLE 1. Total phenolic content in Aloe vera gel (AVG) and Aloe
vera leaf skin (AVLS) extracts

Extracts Total phenolic content (mg GAE/g)
AVG 8.93
AVLS 8.72

3.2. pH, aw and ORP

The pH results of cooked ground chicken meat
stored under refrigeration are shown in Table 2. It
was observed that the edible coating application de-

creased the pH values. The group coated with the
EC solution without extract had a lower pH value
on manufacturing day than the uncoated group (P <
0.05). The mean pH values for all groups gradually
increased throughout the storage period (P < 0.05).
Chauhan et al. (2016) also reported that the use of
Aloe vera gel-based edible coating including Morin-
ga oleifera leaf extract on chicken bites increased pH
values. The pH values for the uncoated group and
the group coated with the EC solution without ex-
tract increased more at the end of the storage peri-
od compared to other groups (P < 0.05). Microbial
and enzymatic activities may be responsible for this
elevated pH in these groups. Besides texture degra-
dation due to nitrogenous substances (ammonia, tri-
methylamine, histamine etc.) produced by the enzy-
matic activity of microorganisms during the storage
period, the formation of these substances also results
in increased pH in meat (Samani ef al., 2022). Some
previous studies also reported elevated pH in chick-
en meat stored in aerobic conditions due to bacterial
growth (Huang et al., 2020). At the end of the storage
period, the highest pH values were obtained for the
UC group, while the group coated with EC solution
containing 0.1 or 0.5% AVLS extract (AVLS-0.1,
AVLS-0.5) had the lowest pH values (P < 0.05). The
edible coating (with or without extract) may have re-
duced the deterioration of chicken meat texture by
reducing microbial growth and hence the microbial
load of the meat products (Samani et al., 2022). Fur-
thermore, AVG or AVLS extracts may have raised
the gas concentration inside the coating by reducing
the carbon dioxide permeability of the coating. This

TaBLE 2. pH values in cooked ground chicken meat during 14 days of storage at 4 °C

G pH Storage days
roups
P 0 1 7 14

ucC 6.30+0.03¢ 6.3240.00°¢ 6.46:+0.00%® 6.62+£0.01°4
C 6.22+0.01°° 6.26+0.00°¢ 6.40+0.00°8 6.51+0.00%
AVG-0.1 6.22+0.02°¢ 6.26:+0.00° 6.43+0.01° 6.41£0.009
AVG-0.5 6.19+0.01°° 6.22:+0.00°¢ 6.39+0.00°8 6.44:0.00°*
AVG-2 6.22+0.00°¢ 6.22:+0.00°¢ 6.40+0.01°* 6.37+0.00°8
AVLS-0.1 6.20-+0.00°° 6.22+0.01¢C 6.33+0.00°8 6.36+0.00™
AVLS-0.5 6.21+0.00°® 6.20+0.00°¢ 6.36+0.00% 6.36+0.00™
AVLS-2 6.20+0.01°¢ 6.21£0.00 6.32+0.00°8 6.40+0.00%

a-f (|) Different letters within a column are significantly different according to Tukey’s test (p < 0.05). A-D (—) Different letters within a
row are significantly different according to Tukey’s test (p < 0.05) (two replicates and in duplicate for each replicate).
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might have slowed the increase in chicken meat pH
and reduced the microbial load (Kiarsi et al., 2020).
Similarly, Khare et al. (2016) observed lower pH
values for edible coated chicken fillets stored un-
der refrigeration. Previous studies documented that
applying an edible coating to chicken meat samples
could help to maintain the pH value throughout the
storage period, and that coated samples had low-
er pH values than uncoated ones (Apriliyani et al.,
2021). Our results also indicated that the group coat-
ed with EC solution without extract had higher pH
values than the groups coated with the EC solution
containing AVG or AVLS extracts (P < 0.05). This
could be due to Aloe vera, which has an acidic pH
of 4.1, which lowers the pH of the meat or poultry
meat products (Rajkumar et al., 2016). In addition,
the group coated with the EC solution containing
2% AVG extract had lower pH values than the oth-
er groups containing AVG extract (AVG-0.1, AVG-
0.5; P < 0.05). However, the group coated with the
EC solution containing 2% AVLS extract had higher
pH values than the other AVLS extract-containing
groups (P < 0.05).

Table 3 shows the results of the water activity
analysis during the cold storage of cooked ground
chicken meat. The water activity values changed
from 0.910 to 0.917 on manufacturing day. The
highest water activity values were obtained for the
AVG-2 group at the beginning of storage; whereas
the lowest water activity values were found for the
C and AVLS-2 groups (P < 0.05). The water activity
values for cooked ground chicken meat decreased
in the UC, C, AVG-0.1 and AVG-2 groups during

the storage period (P < 0.05). The obtained results
are in agreement with those of Suput et al. (2019)
who indicated that water activity decreased in fresh
pork coated with a starchy edible coating containing
oregano essential oil after 2 months’ storage at 4 °C.
However, a slight increase in water activity values
was determined for all groups containing AVLS ex-
tracts during 14 days of storage (P < 0.05). At the end
of the storage period, the group coated with the EC
solution containing 2% AVLS extract had the high-
est water activity values, while the uncoated group
had the lowest water activity values (P < 0.05). The
lower water activity values in the uncoated group
may be explained by the greater susceptibility of this
group’s surface to dehydration during the storage
period (Saricaoglu and Turhan, 2019). In addition,
the results of this study showed that EC application
with or without the use of AVG or AVLS extracts in-
creased the water activity of cooked ground chicken
meat (P < 0.05). This could be the result of the ab-
sorption of water from the EC solution into the coat-
ed samples. Furthermore, the group coated with the
EC solution containing 2% AVG extract had a higher
water activity value than the other groups containing
AVG extracts (P < 0.05). Similarly, the group coated
with the EC solution containing 2% AVLS extract
also had a higher water activity value than the other
AVLS groups (P < 0.05). These results showed that
water activity increases when the concentration of
AVG or AVLS extracts is increased in the EC solu-
tion. However, this increase was lower in groups
coated with the EC solution containing AVG extract.
This could be due to higher water vapor permeability

TAaBLE 3. Water activity (a ) values in cooked ground chicken meat during 14 days of storage at 4 °C

a

W

Groups Storage days
0 1 7 14

ucC 0.912+40.01* 0.905+0.00 0.908+0.028 0.900+0.01™
C 0.910+0.00% 0.911+0.01<8 0.912+0.01+4 0.90440.00°>
AVG-0.1 0.91240.01¢A 0.91240.01°* 0.910+0.00°® 0.910+0.00%®
AVG-0.5 0.91540.02°* 0.911£0.01<® 0.906+0.014 0.915+0.01¢A
AVG-2 0.917+0.04*4 0.912+0.03"C 0.908+0.01° 0.916+0.01°8
AVLS-0.1 0.913+0.01% 0.916+0.02: 0.905+0.02°" 0.915+0.02¢8
AVLS-0.5 0.914+0.02¢8 0.908+0.004¢ 0.906+0.034° 0.916+0.02°*
AVLS-2 0.910+0.01® 0.906+0.01¢P 0.908+0.01¢¢ 0.917+0.03

a-f (]) Different letters within a column are significantly different according to Tukey’s test (p < 0.05). A-D (—) Different letters within a
row are significantly different according to Tukey test (p < 0.05) (two replicates and in duplicate for each replicate).
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TaBLE 4. Oxidation-reduction potential (ORP) values in cooked ground chicken meat during 14 days of storage at 4 °C

ORP
Groups Storage days
0 7 14

ucC -100.45+0.13%° -2.6240.09¢ 0.70+0.085 49.82+0.22%
C -122.25+0.21¢° -13.10+0.08*¢ 5.60+0.08" 46.65+0.13*
AVG-0.1 -114.55+0.13¢P -34.3240.09<¢ -6.72+0.17® 56.35+0.174
AVG-0.5 -133.47+0.09"° -40.65+0.13% 0.30+0.08% 32.62+0.65"
AVG-2 -107.62+0.05° -55.45+0.13 -6.10+0.085 45.45+0.139
AVLS-0.1 -120.67+0.09 -68.55+0.14 -7.15+0.06%" 56.90+0.08*
AVLS-0.5 -106.27+0.05°® -79.25+0.12¢¢ 3.85+0.21% 45.40+0.084*
AVLS-2 -108.80+0.01% -90.47+0.15 -8.80+0.08" 34.92+0.30°4

a-h (|) Different letters within a column are significantly different according to Tukey’s test (p < 0.05). A-D (—) Different letters within a
row are significantly different according to Tukey’s test (p < 0.05) (two replicates and in duplicate for each replicate).

features of the coating formulated with AVG extract
(Tural and Turhan, 2017).

ORP values (Table 4) ranged between -133.47 and
-100.45 mV at the beginning of refrigerated storage;
whereas ORP was raised to range between 32.62 and
56.35 mV at the end of the storage period. The re-
sults indicated that the ORP values determined in all
groups increased during the storage period (P < 0.05).
Tenderis et al. (2021) also reported increased ORP
values when storage time increased in cooked ground
beef. This may be a result of the accumulation of lipid
oxidation products throughout storage. The results in-
dicated that the highest ORP values were obtained for
the uncoated group on manufacturing day; whereas
the group coated with EC solution containing 0.5%
AVG had the lowest ORP values (P <0.05). At the end
of the storage period, the highest ORP values were
found for the uncoated group and the groups coated
with the EC solution containing 0.1% AVG and 0.1%
AVLS extracts (P < 0.05). On the other hand, the low-
er ORP values were determined for the group coated
with the EC solution containing 0.5% AVG (P <0.05).
The addition of 0.5 or 2% AVG or AVLS extracts into
the EC solution decreased the ORP values (P < 0.05).
Because oxidized environments provide aerobic con-
ditions for microbial growth, decreasing the oxida-
tion-reduction potential in muscle foods is critical for
controlling microbial load in the final product. More-
over, low ORP values indicate a lower probability of
oxidation reactions. The redox potential of meat is
affected by its composition (amino acid, peptide, pro-
tein, reducing sugar, and salt content), temperature,
packaging type, microbial activity, and, most impor-

tantly, dissolved oxygen concentration. Furthermore,
the additives that influence pH may also affect ORP
values for muscle foods (Bhunia et al., 2017).

3.3. Color values

The results showed that EC application and
storage time had a significant (P < 0.05) impact
on lightness (CIE L® value), redness (CIE a* val-
ue) and yellowness (CIE b" value) color values for
cooked ground chicken meat (Table 5). Generally,
an increase in L values for all treatment groups was
found during the storage period (P < 0.05), except
the uncoated group. This might be due to effective
lipid oxidation inhibition resulting from reduced ox-
ygen penetration by the edible coating and antioxi-
dant effects of incorporated AVG or AVLS extracts
(Ruan et al., 2019). The groups coated with the EC
solution containing 0.1% AVG and 0.5% AVLS ex-
tracts had a higher L* value than the group coated
with the EC solution containing 2% AVG extract at
the beginning of the storage period (P < 0.05). In
addition, there were no significant differences be-
tween L values in the other groups (P> 0.05). At the
end of the storage period, the lowest L" values were
identified in the uncoated group (P < 0.05). The high
L" values in the coated groups could be attributed to
the luminosity and high transparency of the edible
coating (Kiarsi ef al., 2020). Similarly, Khare ef al.
(2017) reported that chicken fillets samples coated
with chitosan and cinnamon oil had higher L* value
than uncoated samples. The results of our study also
showed that the AVG-2 group had higher L* values

Grasas y Aceites 75 (1), January-March 2024, e540. ISSN-L: 0017-3495. https://doi.org/10.3989/gya.0213231


https://doi.org/10.3989/gya.0213231

Effect of edible coating containing 4/oe vera extracts on the oxidative stability and quality parameters of cooked ground chicken meat « 7

TaBLE 5. CIE L"a"b" color values in cooked ground chicken meat during 14 days of storage at 4 °C

L
Groups Storage days

0 1 7 14
ucC 78.65+1.73%C 87.03+£1.06%4 83.55+1.04% 74.97+1.54%°
C 79.94+1.72%¢C 86.59+0.58:bA 84.27+1.09%A 81.74+1.84%B
AVG-0.1 81.67+0.86%8 85.39+0.82bA 82.79+1.92°® 81.354+0.33B
AVG-0.5 79.27+1.88%8 84.84+1.60 83.94+1.14%4 84.63+0.77%A
AVG-2 76.00+1.40° 87.60+0.20°4 82.05+1.32°8 84.92+0.578
AVLS-0.1 80.00+1.28*C 86.10+1.23%<A 82.71£1.51% 82.90+0.59:>8
AVLS-0.5 82.31+£3.42:¢ 87.71£1.27%A 86.69+0.30°8 83.42+0.62BC¢
AVLS-2 80.28+1.55%¢ 88.23+0.49*4 83.90+0.66%8 83.44+1.5]20BC

2

Groups Storage days

0 1 7 14
ucC 4.90+0.88* 5.03£0.81°4 4.12+0.81% 4.94+0.45
C 4.33+£0.89** 5.06+0.73* 4.77+0.37A 4.53+0.32%
AVG-0.1 4.30+£0.36"* 4.76+0.51 4.64+0.12 2.35+0.56%
AVG-0.5 4.61+£0.49** 3.48+0.388 4.68+0.24 2.93+0.26°48
AVG-2 3.67+0.50"8 4.79+0.36% 5.33+£0.43 3.60+0.09°8
AVLS-0.1 4.54+0.49** 4.95+0.68** 5.1240.49%4 4.30+0.21%
AVLS-0.5 4.1740.30%8 4.134+0.55%48 4.91+0.42:4 3.5640.230B
AVLS-2 4.63+£0.814 4.27+0.39%4 4.66+0.614 3.9240.27%A

b

Groups Storage days

0 1 7 14
ucC 10.08+0.28* 4.93+0.34° 7.4240.48 8.80+0.378
C 9.81+0.48 4.54+0.42%° 7.2440.71® 5.69+0.26%
AVG-0.1 9.62+0.50* 5.28+0.10% 7.22+0.88® 6.87+0.420<B¢
AVG-0.5 9.82+0.51 4.84+0.47 6.91+0.56°8 7.53+0.16°8
AVG-2 11.73£0.70%4 4.51£0.65 7.13+0.15%8 7.2740.3458
AVLS-0.1 10.45+0.83* 4.63£0.38 6.64+0.31°8 6.78+0.298
AVLS-0.5 10.12+0.79*4 4.53£0.27¢ 7.17+0.27%8 7.45+0.168
AVLS-2 10.39+0.874 4.72+0.73 6.56+0.42% 7.55+0.39%8

a-e (| ) Different letters within a column are significantly different according to Tukey’s test (p < 0.05). A-D (—) Different letters within a
row are significantly different according to Tukey’s test (p < 0.05) (two replicates and in duplicate for each replicate).

than the C group (P < 0.05). It has been previously
reported that extracts possessing antioxidant and an-
timicrobial capabilities prevented microbial growth
and oxidation, thus, the denaturation rate of proteins
was able to be reduced (Lashkari ef al., 2020).

In general, results demonstrated that there were
no significant changes in a* values in all treatment
groups except AVG-0.1 and AVG-0.5 groups during
the 14-day storage period (P > 0.05). The a* values
for the AVG-0.1 and AVG-0.5 groups decreased dur-

ing the same period of time (P < 0.05). Even though
no significant a” value differences were found among
treatment groups at the beginning of storage (P >
0.05), there were a significant a* value differences
among treatment groups at the end of the storage pe-
riod (P <0.05). Xiong et al. (2020) reported a similar
pattern for a* values in pork and the authors indicat-
ed that pork samples coated with oregano oil, resver-
atrol, and pectin did not vary from uncoated samples
on manufacturing day in terms of a* values. The re-
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sults indicated that the application of coating with
or without extract resulted in lower a" values at the
end of 14 days (P < 0.05). On the other hand, the ad-
dition of AVG extract at the 2% incorporation level
or AVLS extract at all tested concentrations did not
create any further reduction in a*values compared to
the C group at the end of the storage period.

The b* values were decreased in the cooked
ground chicken meat during the storage period (P <
0.05). The b* values for all treatment groups ranged
from 4.51 to 11.73, and there were differences
among the groups only on the 14th day of the storage
(P < 0.05). The highest b* values were obtained in
the uncoated group at the end of the storage period;
while the lowest values were found in the C group (P
< 0.05). Edible coating application could reduce b
values due to its oxygen blocking capability (Ruan et
al., 2019). In addition, AVG or AVLS extracts could
reduce oxidation as an antioxidant and this result
decreased b" values. However, the b* values for the
groups containing extracts were higher (P < 0.05)
than the group coated with the EC solution without
extract (C) due to the yellow-green color features of
the extracts. No significant differences were found
between the b* values for the groups containing AVG
extracts, and all groups showed similar b* values (P
> 0.05). On the other hand, the group coated with
the EC solution containing 2% AVLS extract had a
higher b" value than the group coated with the EC
solution containing 0.1% AVLS extract (P < 0.05).
This result revealed that the incorporation of higher
AVLS extract concentration into the EC solution in-

creased b* values. These CIE L*, a*, and b" color re-
sults suggested that using WPI-based EC containing
AVG or AVLS extracts could help to prevent unde-
sirable color changes in cooked ground chicken meat
during the storage period.

3.4. TBARS

The TBARS results (Table 6) indicated that the
groups coated with the EC solution containing AVG
or AVLS extracts had lower TBARS values than the
uncoated group on manufacturing day (P < 0.05).
In addition, the groups coated with the EC solu-
tion containing 0.5% AVG, 2% AVG, and all AVLS
extract doses had lower TBARS values than the C
group (P <0.05). It has been previously reported that
Aloe vera had a strong antioxidant capacity equal or
superior to synthetic antioxidants due to its tannin,
flavonoids, ascorbic acid and vitamin E contents
(Rajkumar et al., 2016). The antioxidant capacity of
Aloe vera has also been reported in chicken nuggets
(Bhat et al., 2015), chicken bites (Chauhan et al.,
2016) and nuggets (Rajkumar ef al., 2016).

Results indicated that TBARS values showed an
increasing trend from day O to day 14 in all cooked
ground chicken meat groups (P < 0.05). Similar
results were reported by Chauhan et al. (2016) in
chicken bites and by Huang et a/l. (2020) in ready-
to-eat carbonado chicken during refrigerated stor-
age. These findings are also in agreement with the
findings of Karimi-Dehkordi er al. (2021), who
observed an increase in TBARS values during stor-
age time in chicken breast slices coated with whey

TaBLE 6. TBARS values (umol/kg) in cooked ground chicken meat during 14 days of storage at 4 °C

TBARS
Groups Storage days
0 1 7 14
ucC 6.56+0.41° 10.30+0.11%¢ 26.46+0.76" 35.10+£0.22°4
C 6.13+0.16"P 10.01+0.37:¢ 25.61+0.898 34.3240.28*
AVG-0.1 5.58+0.47°P 9.7540.62:¢ 25.03+0.41¢0<B 33.2440.734
AVG-0.5 4.21£0.07°° 8.93+0.08*¢ 24.69+0.61>8 33.02+0.11*
AVG-2 4.42+0.25° 8.85+0.58*¢ 21.43+0.45% 29.32+0.14
AVLS-0.1 4.46+0.37° 9.60+0.26* 24.55+0.12>8 32.7940.294
AVLS-0.5 4.72+0.11° 8.74+0.19™¢ 24.49+0.70"8 33.3840.18®4
AVLS-2 4.38+0.23° 7.69+0.13°¢ 23.86+0.32°" 32.33+0.43

a-d (]) Different letters within a column are significantly different according to Tukey’s test (p < 0.05). A-D (—) Different letters
within a row are significantly different according to Tukey’s test (p < 0.05) (two replicates and in duplicate for each replicate).
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protein concentrate incorporated with essential oil,
bioactive peptides and nanoparticles. There were no
significant differences between the uncoated group
and the C group during the storage period (P > 0.05).
This could be due to the reduced resistance of WPI-
based edible coating to gas transfer, which causes
accelerated lipid oxidation (Bhat ef al., 2015). WPI-
based edible coating exhibits extremely low oxygen
permeability under low relative humidity conditions
(Galus et al., 2021). Cisneros-Zevallos and Kroch-
ta (2003) indicated that WPI coatings are superior
gas barriers, but they are influenced by the relative
humidity (RH) of the environment, which affects
resistance to the permeation of oxygen and carbon
dioxide. As RH is increased, it decreases resistance
of the coating to gas transfer.

Lower TBARS values were found in the group
coated with the EC solution containing 2% AVG
extract compared to the other groups on days 7 and
14 (P < 0.05). Also, the TBARS results indicated
that the groups coated with the EC solution contain-
ing 0.5% AVG and 2% AVG extracts had a lower
TBARS values than the group containing 0.1% AVG
extract (P < 0.05). However, there were no signifi-
cant differences among the groups coated with the
EC solution containing AVLS extracts (P > 0.05).
At the end of the storage period, TBARS values for
the groups containing 2% AVG and 2% AVLS ex-
tracts were lower than the uncoated group (P < 0.05).
This finding shows that cooked ground chicken meat
coated with the EC solution containing 2% AVG or
AVLS extracts had an ability to slow down TBARS
formation. This impact could be attributable to the
enhanced antioxidant effec of the substances found
in Aloe vera, such as phenolic compounds, enzymes,
vitamins, and organic acids at a high incorporation
dose (Boudreau and Beland, 2006). In addition,
the incorporation of Aloe vera extracts into an EC
solution might contribute to having a dense coating
structure and increased oxygen barrier feature, which
limits the exposure of cooked ground chicken meat
samples to oxygen and slows down the development
of lipid oxidation (Ruan et al., 2019). Kanatt and
Makwana (2020) also reported that carboxymethyl
cellulose-poly vinyl alcohol-Aloe vera active pack-
aging film had good antioxidant activity in ground
chicken meat. As a result of the TBARS analysis, it
was determined that the application of EC contain-
ing 2% concentration of Aloe vera extracts had an

antioxidant effect on cooked ground chicken meat
during the 14 days of storage.

3.5.TPA

The results (data not shown) revealed that the ad-
hesiveness (mJ), chewiness (N), cohesiveness, gum-
miness (N), hardness (N), resilience, and springiness
values for cooked ground chicken meat were not
affected by the EC application containing AVG or
AVLS extracts during 14 days of storage (P > 0.05).
There were also no significant differences in the
TPA results for cooked ground chicken meat, with
or without coating, because of a stable emulsion
created by 1% added NaCl into the formulation as
revealed by Tosati et al. (2017), who also stated that
the texture profile of uncoated and coated sausag-
es was not affected by the turmeric starch and bo-
vine gelatin edible coating application. The results
obtained from the TPA analysis confirmed that the
application of EC containing AVG or AVLS extracts
did not adversely affect the textural quality attributes
of cooked ground chicken meat. These results were
in accordance with previous research which showed
that soy protein coated beef patties maintained their
textural quality characteristics for up to 14 days
(Guerrero et al., 2015).

4. CONCLUSIONS

The results of this study indicated that the phenolic
contents in Aloe vera gel and leaf skin extracts used
in WPI-based edible coating solution were similar. EC
application decreased the pH values in cooked ground
chicken meat. The groups coated with the EC solution
containing AVG or AVLS extracts had lower pH values
than those coated with the EC solution without extracts.
This study also demonstrated that EC application with
or without AVG or AVLS extracts increased the aw of
cooked ground chicken meat. Also, the addition 0f 0.5%
and 2% AVG or AVLS extracts into the EC solution
resulted in a decrease in the ORP values. The results
revealed that using 2% AVG in the coating formulation
created a lighter color in the final product compared to
the application of coating without extract incorporation
and a higher redness feature in comparison to using
coating with 0.1% AVG. Furthermore, the application
of EC containing 2% AVG or AVLS extracts decreased
TBARS values in cooked ground chicken meat during
the storage period compared to the uncoated counter-
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parts. The results indicated that the textural character-
istics of cooked ground chicken meat were not affected
by EC application containing AVG or AVLS extracts. It
can be concluded that the application of edible coating
containing both 2% AVG or AVLS extracts in cooked
ground chicken meat was a successful approach for
maintaining physicochemical properties and retarding
lipid oxidation in cooked poultry meat products stored
under refrigerated conditions.
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