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Abstract

This work was carried out to evaluate the microbial and chemical attributes as well as sensory characteristics of turkey breast
meat coated with chitosan incorporated with 1% of Origanum vulgare essential oils (oregano EOs) and 1 or 2% of grape
seed extract (GSE) stored at refrigerator for 20 days. Gas chromatography—mass spectrometry (GC-MS) assay represented
that oregano EO is rich in phenolic compounds mainly carvacrol and thymol. Lipid oxidation, as showed by thiobarbituric
acid reactive substances (TBARS) and total volatile basic nitrogen (TVBN) values were significantly (P <0.05) lower in
combined treatments containing both oregano EO and GSE which were 0.71 MDA/kg and 10.04 mg N/100 g, respectively
in the chitosan containing 2% GSE and 1% oregano EO treatments. The minimum count of total viable count (TVC),
Enterobacteriaceae, Pseudomonas spp., lactic acid bacteria (LAB) and yeast-mold were also determined in these treatments
which determined 3.54—4.51 Log CFU/mL on day 20 of cold storage. These combined treatments also obtained the highest
sensory scores (the overall acceptability was about 7) due to effective delaying microbial and oxidation activities. Therefore,
chitosan-based coating containing GSE and oregano EOs can enhance microbial, chemical and organoleptic properties of

fish turkey meat under refrigerated storage.
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Introduction

Poultry meat (chicken and turkey) are considered as a good
food commodity in the human diet, because they possess
appropriate nutritional values (proper sources of macronu-
trients and micronutrients), low-fat and -cholesterol quan-
tity and a rather high amount of polyunsaturated fatty acids
(PUFA) [1, 2]. Therefore, this type of meat is preferred by
consumers and its utilization has raised during the last dec-
ades all over the world compared to red meat [3].

However, poultry meat is known to be a perishable food
item which is vulnerable to unfavorable microbial activities
and oxidative reactions [4, 5]. For instance, it is verified
that oxidation of PUFA in poultry products causes rancidity
which results in off-flavor, off-odor as well as reduction in
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nutritional value and production of toxic compounds [6—8].
Moreover, microbial activities can cause food spoilage as
well as food-borne diseases, which affects safety, sensory
and nutritional characteristics of turkey meat [4, 9, 10].

Several methods has been introduced to inhibit the propa-
gation of oxidative and microbial reactions of turkey meat
products, including dietary supplementation of poultry with
antioxidants before slaughter, application of appropriate
packaging to restrict the access of oxygen to meat during
storage and using synthetic antioxidants [6, 11].

In spite of extended application of synthetic antioxidants,
it is reported that they may cause health risk like cancer for
consumers [12, 13]. In consequent, a dramatically increased
attention has been dragged towards using the natural plant-
based compounds having both antioxidant and antimicrobial
effects, instead of synthetic preservatives, in meat industry to
extend the shelf life and quality in addition to enhance health
benefits of such products [14, 15].

Essential oils (EOs) are secondary metabolites of plants,
herbs and spices [16]. EOs and plant extracts are commonly
used as natural antioxidant, antimicrobial and flavoring
agents to enhance the product quality in addition to extend
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shelf life by delaying microbial and oxidative reactions [17].
However, they may have undesirable influences on sensorial
properties of meat products in relatively high concentrations
[18]. A promising approach to overcome this restriction is
application of packaging materials as carrier of these agents
[7]. Recently, incorporation of EOs and plants extracts into
the edible coating and films, named as active packaging, has
been investigated in several studies for preservation of food
products [1, 4, 5, 19-21].

Edible films and coating manufactured from natural com-
ponents like proteins, polysaccharides and lipids, or their
combination, are an excellent alternatives of non-biodegrad-
able plastics used commonly in food packaging because they
are biodegradable, edible, environmental friendly and have
low prices [22, 23]. Chitosan is a linear, non-toxic, biocom-
patible and biodegradable polysaccharide produced through
deacetylation of the chitin existed in the crustacean shells
[7, 24]. It is well known as an antimicrobial and antioxidant
compound that is identified as generally recognized as safe
(GRAS) [25, 26]. This biopolymer can successfully be used
for production of edible films and coatings for food packag-
ing [23].

Grape seed extract (GSE), a by-product of wine and grape
juice industries, is known as a potent and natural antimi-
crobial and antioxidant agent, due to the presence of high
amounts of proanthocyanidins, polyphenolic and flavonoids
compounds [13, 17, 27, 28]. These components are able to
scavenge free and active radical species, which result in
antioxidant potentials in GSE, 20 and 50 times greater than
vitamin E and vitamin C, respectively [6]. It is a promising
alternative to conventional synthetic antioxidants in food
sector [29]. Furthermore, it is reported that phenolic com-
pounds present in GSE can prevent the growth of pathogenic
and spoilage bacteria [30].

Oregano is a typical spice which has recognized for its
antioxidative and antimicrobial activities [31]. It is produced
through drying of leaves and flowers of Origanum vulgare
species [3, 32]. Oregano EOs are characteristic phenols
mainly carvacrol and thymol which show potent antimicro-
bial properties against both gram negative and gram positive
bacteria [33]. Furthermore, it has been used as a natural
antioxidant in different meat products [34]. It is worthy to
note that Oregano EOs are recognized as GRAS [35, 36].

Recently, the application of different EOs like oregano or
GSE directly or their incorporation into the chitosan films
and coatings has been studied in different meat and their
products including chicken, turkey, fish, lamb, pork and beef
to enhance shelf life during cold storage [7, 17, 19, 37-39].
However, to best of our knowledge the combined incorpo-
ration of GSE and Oregano EOs into chitosan coating in
meat and meat products have not been assessed until now.
Therefore, the purpose of the present study is to investigate
the effects of chitosan coating incorporated with oregano

EOs and GSE extract on the microbial, chemical and sensory
properties of turkey breast meat during refrigerated storage.

Material and methods
Preparation and analysis of oregano EOs

Origanum vulgare was obtained from Fasa, Fars province,
Iran. Then, the dried parts of this herb was hydro-distillated
using a Clevenger apparatus for about 3 h. The obtained EOs
was dehydrated using anhydrous sodium sulfate and after
filtration by nylon filter (0.22 um) was kept at a refrigerator
(4 °C) until analysis. The analysis of oregano EOs was car-
ried out by gas chromatography-mass spectrometry (GC/
MS) based on the method of Marriott, et al. (2001) [40].

Preparation of GSE

After purchasing grapes from a local market, the grape seeds
were separated, washed and dried in laboratory atmosphere.
Then, the seeds were milled using a grinder and passed
through a sieve with mesh number of 60. After that, 250 g
of homogenized grape seed powder was dissolved in 1 L of
ethanol (99.6%, Merck, Germany) with stirring. The solu-
tion was placed in a shaker rotary at 150 rpm/min for 6 h
and then was filtered through a Whatman paper (number
41). The transparent solution was placed in an evaporator
at 40 °C and finally in a desiccator for removing all solvent.
The resulting GSE was kept in a dark and sealed vial at 4 °C
until application [10].

Turkey breast sample preparation

Skinned turkey breast fillet was purchased from a hyper mar-
ket (Fasa, Iran). Samples (150 g, 3.5 cm of thickness) were
separately prepared by a sterile knife.

Preparation of chitosan coating solution

Chitosan crab shell powder (molecular weight: 340, deacetyla-
tion degree: 75-85%) was obtained from Sigma-Aldrich Com-
pany, Germany. Chitosan coating solution (2% w/v) was pre-
pared by dissolving powder in acetic acid (1% (w/w)). Glycerol
(0.75% v/v), was added into chitosan coating solution, as a
plasticizer. Tween 80 was used for coating solution containing
oregano EOs, as a surfactant agent [41]. Oregano EOs (1% v/v)
and GSE (1% and 2% v/v) were incorporated into chitosan
coating solutions. Then, breast turkey fillets were immersed in
the obtained chitosan coating solution for 2 min and the coated
samples were dried in ambient temperature before packaging.
In this study, seven samples were prepared: the blank sample
(with sterile distilled water), sample with chitosan coating,
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and those coated with chitosan containing different amounts
of oregano EOs (1%), GSE (1 and 2%) and their combina-
tion. The packaged samples were stored at a refrigerator (4 °C)
for 20 days and examinations were performed during 4 day
intervals.

Chemical analysis
pH measurement

According to Goulas and Kontominas [42], 10 g of minced
turkey breast meat was mixed with 100 mL of distilled water
thoroughly and filtered using Whatman paper. Then the pH of
filtrate was measured using a pH-meter.

Measurement of total volatile basic nitrogen (TVBN)

TVBN was determined according to modified Jeon and Kamilf
[43] method. For TVBN determination a micro-Kjeldahl distil-
lation method was applied using digestion of minced samples
with sulfuric acid. The TVBN was reported as mg of N per
100 g of turkey sample, using Eq. (1).

(V; = V,) XN x100 x 14 x 50

TVBN =
Wx5

ey

where, V| =volume of sulfuric acid used for sample (mL),
V, =volume of sulfuric acid used for blank (mL), N =nor-
mality of sulfuric acid, and W =weight of sample (g).

Measurement of thiobarbituric acid reactive substances
(TBARS)

The TMARS assay was conducted according to the method of
Pikul et al. [44] with slight modification. This assay carry out
normally for determination of secondary oxidation products
(Mallon di aldehyde). Minced turkey breast sample (200 mg)
was mixed with in a small volume of 1-butanol and then
increased to volume 25 ml by the same solvent. After that,
5 mL of this solution was mixed with 10 mL of trichloroacetic
acid (0.2%) reagent and kept in a hot water bath (95 °C) for 2 h.
After cooling the solution (to room temperature), the absorb-
ance was determined at 532 nm. TBARS value was calculated
using Eq. (2).

TBARS = 22X A =B 2)

m

where, A = Absorbance of sample solution, B =absorbance
of blank solution and m = weight of minced sample (mg).
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Microbiological analysis

Microbiological determination were conducted using Sallam
[45] method with slight modifications. To this end, 10 g of
turkey breast sample was aseptically cut and homogenized in
a stomacher (for 2-3 min) containing 90 ml sterile peptone
water solution (0.1%). Further serial dilutions were made
from the prepared solution in the physiological saline solu-
tion (0.85% NaCl). The right dilutions were then applied for
counting and separation of different particular microorgan-
isms in the turkey samples, on days 0, 4, 8, 12 and 16 and 20
of refrigerated storage. All culture used for microbial deter-
mination were purchased from Sigma-Aldrich and Merck
companies, Germany.

Total viable count (TVC)

TVC was performed by inoculating 0.1 ml of the solution
homogenate, at certain dilutions, into duplicate sterile Plate
Count Agar (PCA) using the surface spread plate technique,
then the plates were incubated for 24 h at 32 °C [8].

Lactic acid bacteria (LAB)

For enumeration of LAB, diluted samples were plated on de
Man, Rogosa, and Sharpe (MRS) agar and kept at 37 °C for
24-72 h under anaerobic conditions [8].

Pseudomonas

Pseudomonas spp. were determined on cephaloridine fucidin
cetrimide (CFC) agar and incubated at 20 °C for 48 h [8].

Enterobacteriaceae

Enterobacteriaceae were counted by the pour plating method
on Violet Red Bile Agar (VRBA). The plates then incubated
at 37 °C for 24 h [8].

Yeast-mold

Yeast and mold counts were enumerated by surface spread
plate technique on Rose-Bengal Chloramphenicol Agar.
Then the plates were incubated at 25 °C for 72-120 h in
dark condition [8].

Sensory analysis

The sensorial properties of roasted (10 min at 100 °C) turkey
samples were investigated by ten laboratory trained panelist.
The panels were not informed of the experimental evalua-
tion and the samples were unknown. The evaluation of taste,
color, odor, texture, and overall acceptability were conducted
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based on a hedonic scale ranking (1: dislike extremely to 9:
like extremely) [46]. The panelist willingness to be partici-
pated has been considered.

Statistical analysis

In this study, all obtained data were analyzed by one way
ANOVA and comparison of means was determined by Dun-
can tests using SPSS software (IBM SPSS statistics 20).
P <0.05 was considered significant. All experiments were
done in triplicate and all of the data are reported as the
mean + standard deviation.

Results and discussion
Identification of oregano EOs

Nineteen components were determined in Origanum vulgare
leaves by GC-MS method. The major agents of oregano EOs
are presented in Table 1. The results showed that carvacrol
(52.3%) and thymol (24.2%) were the most active compo-
nents in oregano EOs. Furthermore, camphene (0.06%) and
1,8-cineole (0.05%) were composed the lowest percent of
active compounds.

Van Haute et al. [47] and Karabagias et al. [31] reported
similar results to our study. Although, Govaris et al. [48]

Table 1 Major chemical composition of oregano essential oil

Compound RI %a
Carvacrol 1051 523
Thymol 1171 242
p-Cymene 1043 12.3
Linalool 1011 3.6
y-Terpinene 1238 2.14
b-Myrcene 935 0.43
Caryophyllene 1251 0.41
a-Terpinene 1154 0.35
a-Pinene 1167 0.28
a-Terpineol 1139 0.23
a-Thujene 1171 0.21
4-Terpineol 1156 0.18
Endo-borneol 934 0.17
Caryophyllene oxide 1188 0.13
Aromadendrene 1076 0.11
B-Phellandrene 1258 0.8
Camphene 1312 0.06
1,8-Cineole 1148 0.05

Total identified 97.95

RI Kovats retention index (HP-SMS column), Ps mean percentage of
each compound

determined carvacrol and thymol concentrations as 80.15%
and 4.82%, respectively. The concentration and the differ-
ences between the EOs compositions identified in similar
spice could be related to the differences in season, climate,
geology and geography of plant’ growth conditions and its
maturity as well as differences in drying plant method and
extraction method in different surveys [46].

Chemical evaluation

Meat products are known to be vulnerable to unwanted
chemical reactions that indicate spoilage [49]. During stor-
age, these products are susceptible to lipid oxidation reac-
tions which could result in rancidity, reducing the quality
and nutritional value as well as threating consumers’ health
by production of toxic compounds [7]. Thus, some chemi-
cal changes were measured by evaluation the values of pH,
total volatile basic nitrogen (TVBN) and thiobarbituric acid
reactive substances (TBARS) in all prepared samples during
cold storage in days of 0, 4, 8, 12, 16 and 20.

pH value

The changes in pH values of all investigated treatments dur-
ing the cold storage are illustrated in Fig. 1. The pH amounts
of all treatments increased in the course of storage from
6.27-6.55 to 6.31-7.52, probably due to microbial activi-
ties. Furthermore, the presence of intrinsic enzymes such
as lipase and protease could result in high production of
specific amines like trimethylamine and ammonia in turkey
meat [8].

The pH amounts of the CH-GSE 2% and CH-GSE 2%-O
treatments were significantly (P <0.05) lower than those of
other treatments during all cold storage times which reached
to 6.32 and 6.31, respectively at the end of cold storage. It is
worthy to note that increasing the pH value negatively affect
the food quality principally in sensorial characteristics like
taste, odor, color and texture. As shown in Fig. 1, it is obvi-
ous that treatments containing 2% of GSE (CH-GSE 2% and
CH-GSE 2%-0) indicated greater antimicrobial activity in
comparison with treatments treated with chitosan, GSE 1%
or oregano alone or their combination which determined
7.52, 6.64, 6.64 and 6.56, respectively on day 20. Addition-
ally, the higher pH value of control (6.55-7.31) and chitosan
treatments (6.52—7.52) could be due to higher microbial
growth amount of these treatments during storage. These
results agree with those reported by Paparella et al. [50] for
pork meat (containing oregano EOs) and by Amin and Edris
[27] for minced beef (containing GSE). Xiong et al. [28] and
Guan et al. [32] also suggested that the incorporation of GSE
did not affect the pH amount of the coated pork meat and
hairtail fish balls, respectively during cold storage.
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Fig. 1 Changes in pH values of
turkey meat samples during cold
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TVBN, which is mainly composed of products of protein
breakdown including different types of amines like ammo-
nia, is one of the most common value for quality evaluation
of meat and meat products [33]. The Veterinary Organiza-
tion of Iran reported the safe limit of TVBN in poultry meat
as 28 mg/100 g [8]. Endogenous enzymatic activities and
microbial growth in these products may lead to increasing
in the TVBN value during storage. These activities cause
protein decomposition and generation of volatile nitrogen
compounds. Subsequently, using antioxidants and antimi-
crobial agents could prevent lipid oxidation and microbial
growth, considerably in such products and then inhibit
TVBN increasing during storage.

TVBN changes’ trend are presented in Fig. 2 as a func-
tion of treatments during 20 days of storage. The initial
amounts of TVBN in the samples were in the range of
8.93-8.96 mg N/100 g. TVBN amounts depicted an rais-
ing progressively trend during 20 days of cold storage for
all treatments and reached 32.58 mg N/100 g (higher than
safe limit) in the control sample (C), the highest amount
observed in the present compared to treated samples. The
higher microbial counts in the control treatment could prob-
ably increase the amount of nitrogen bases in this sample
[22]. The amount of TVBN in samples coated with chitosan
increased from 8.95 to 19.26 mg N/100 g at the end of stor-
age which was much higher than that in turkey meat samples
containing oregano EO and GSE. As depicted in Fig. 2 the
TVBN content of samples containing 1% oregano (CH-O)
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and samples containing 1% GSE (CH-GSE 1%) was 13.58
and 12.69 mg N/100 g on day 20 which means that the effect
of GSE is more than oregano EO in inhibition of microbial
growth and TVBN increasing. Furthermore, in the 20th
days of storage, the lowest TVBN amount was determined
in combined treatments i.e. chitosan containing 2% GSE
and 1% oregano EO treatment (CH-2% GSE-O) followed
by chitosan containing 1% GSE and 1% oregano EO (CH-1%
GSE-O) which measured as 10.04 and 11.47 mg N/100 g,
respectively. This may have occurred due to prevention of
microbial growth and lipid oxidation by oregano EO and
GSE to generate TVBN from amine groups. There was a
positive relationship between the TVBN and pH values, as
increasing in volatile amines results in increasing of pH,
which is in accordance with Mehdizadeh and Langroodi [8]
study.

This study exhibited lower TVBN amounts in treatments
containing natural antimicrobial and antioxidative agents
including oregano EO or GSE and specially both of them,
in accordance with the studies done by Raeisi et al. (2020)
[49] and Mehdizadeh and Langroodi [8].

The results observed in the present study revealed that
treatments containing chitosan incorporated with oregano
EO and GSE significantly decreased the generation of
TVBN compounds due to the increased antibacterial activi-
ties. It is worthy to mention that, all treatments kept at 4 °C
up to the end of the storage time had acceptable amount of
TVBN, except control treatment. Vatavali et al. [33] studied
the combined effects of chitosan and oregano EO on the
quality of red porgy stored in ice. In treatments containing



Chitosan coating incorporated with grape seed extract and Origanum vulgare essential oil:... 2795

Fig.2 Comparison of mean mC mCH mCH-O
TVBN value in different sam-
ples during refrigerated storage 35 .
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both chitosan and oregano EO, TVBN amounts were found
lower significantly compared to other samples. Raeisi et al.
(2015) [46] studied the effect of carboxymethyl cellulose
edible coating containing Zataria multiflora EO (ZEO)
and GSE on chemical properties of rainbow trout meat and
reported that coating incorporated with ZEO and GSE had
positive effect on decline in the production of TVBN.

TBARS

Malondialdehyde, the secondary products of lipid oxidation,
considers as an indicator of the oxidation status and degree
of rancidity [14]. TBARS value, is one of the most common
index for evaluation of the lipid oxidation and the amount of
malondialdehyde in meat [32]. The lipid oxidation has nega-
tive impacts on the organoleptic, functional, and nutritional
characteristics of meats which can affect the shelf life of
such products [4]. TBARS changes for all turkey breast treat-
ments during 20 days of cold storage are shown in Fig. 3.
The TBARS amounts for all treatments were in the range
of 0.57-0.62 mg MDA/kg turkey meat at the initial time of
storage. It should bear in mind that chitosan coating could
efficiently prevent lipid oxidation as showed in the results of
the present study while combination of chitosan with natural
extract and EOs had stronger antioxidative effects on meat
products [41].

As observed in Fig. 3, TBARS amounts were increased
for all treatments throughout the storage period. This
incremental trend for treatments CHO-2% GSE-O fol-
lowed by CHO-1% GSE-O and CHO-2% GSE was lower
than other groups which reached 0.71, 0.79 and 0.94 mg

CH-GSE 1% M CH-GSE 2% ™ CH-GSE 1%-O M CH-GSE 2%-0

8 12 16

Storage time (day)

MDA/kg, respectively representing a very low level of
lipid oxidation. This value exceeded to 5.89 mg MDA/kg
at the 20th days of storage for control sample which is the
highest amount compared to other treatments. The TVBN
level of samples coated with chitosan (CH) also reached
to 1.56 mg MDA/kg at the end of storage. After day eight,
the TBARS value in the treatments contained both oreg-
ano and GSE (CH-GSE 1%-0 and CH-GSE 2%-0), were
significantly lower than other treatments (P < 0.05) which
were 0.62 mg MDA/kg for both treatments. These results
could be because of presence of high amounts of anti-
oxidant agents like thymol and carvacrolere in oregano
and proanthocyanidins, gallic acid, catechin and epicat-
echins in GSE, which had high antioxidant activity for
inhibition of the lipid oxidation [32]. They probably show
their antioxidant effects by scavenging of reactive oxy-
gen species and chelating metals such as iron with their
active groups. Reddy et al. [29] and guan et al. [32] study
also revealed that the TBARS amount in hairtail fish balls
sample treated with grape seed, sage and oregano extracts
were significantly lower than that in control during 15 days
of storage. Sogut and Syedim [51] also reported that chi-
tosan film containing 15% GSE was effective in limiting
lipid oxidation in chicken breast fillets which is in line
with Reddy et al. [29] study. Xiong et al. [28] results also
complied with those of the present study. They used chi-
tosan—gelatin coating incorporated with nisin and GSE
for preservation of fresh pork. They reported that coated
samples containing GSE had the lowest TBARS values at
day 20 due to high levels of phenolic compounds in the
GSE acting as a strong antioxidant.
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Fig.3 Comparison of mean mC mCH
TBARS value in different
treatments during refrigerated
storage

CH-O

mg MDA/Kg

It is worthy to note that lipid oxidation is associated with
off-flavor in meat products during storage time [31]. It is
recommended that, TBARS value of 2-5 mg MDA/kg is
considered the threshold for perceiving off-flavor for humans
[2, 31, 52]. Such high TBARS amounts were not observed
in the current study except for control treatment at the end
of storage (5.89 mg MDA/kg). It is worthwhile to mention
that, our results showed that TBARS amounts are corre-
lated positively with TVBN values similar to Vatavali et al.
[33] study. We also observed that GSE had more antioxidant
effect than oregano (Fig. 2 and Fig. 3). As presented in Fig. 3
the TVBN content of CH-O and CH-GSE 1% was 1.29 and
1.16 mg MDA/kg, respectively.

Microbial evaluation

Alterations in TVC, LAB, Enterobacteriaceae, Pseudomonas
spp., and yeast-mold counts of turkey meat samples are pre-
sented in Figs. 4, 5, 6, 7 and 8, respectively during 20 days
of refrigerated storage. Microbial data are in good agreement
with TVBN amounts as reported in Vatavali et al. [33] study.
Spoilage of fresh meat is resulted from the specific spoilage
organisms’ activity which generate metabolites causing off-
flavors and off-odors and finally lead to food rejection by
consumers. The shelf life of different types of meat including
fresh poultry meat are usually restricted by microbial spoil-
age which are normally prevalent in spoiled meat flora [53].
The counts of these microorganisms have found better asso-
ciation with the shelf life of fresh meat than the TVC [45].
Generally, incorporation of GSE and EOs into coat-
ing materials intensify the antibacterial potent of chitosan
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against several spoilage microorganisms as well as food-
borne pathogens [54]. The combination of both oregano and
GSE showed a synergistic effect on the inhibition of the
microbial growth in turkey meat (Figs. 4, 5, 6, 7 and 8).
The synergistic effects of EOs and different extracts is not
completely discovered although it is likely to inhibit bacteria
by increasing the number and size of pores in cell mem-
branes [8]. Phenolic agents of GSE and oregano decreased
the growth rate of the microorganism [53]. The microbial
counts were considerably different between the control and
treated samples (Figs. 4, 5, 6, 7 and 8); representing a strong
antimicrobial activity for oregano and particularly for GSE.
The results of present study showed that the GSE has more
intense antibacterial activity than oregano EO.

Previous studies have reported antibacterial effects of
oregano EOs on different food pathogens and bacterial spoil-
age. Its antibacterial activity is demonstrated as an enhance-
ment of permeability of cell membrane and a destruction
of the cellular transmission [50]. For instance, the exist-
ence of components like thymol and carvacrol in oregano
(Table 1) are main contributors to the promotion of antimi-
crobial activities [55]. The ability of oregano EO incorpo-
rated in different films and coating matrices like chitosan, to
reduce microbial populations in food, has been investigated
in several studies [36]. Antimicrobial mechanism of these
compounds is correlated to their capacity to break the outer
membrane of gram-negative bacteria, discharging lipopoly-
saccharides and enhancing the permeability of the cytoplas-
mic membrane. However, EOs are more affective against
Gram-positive bacteria through phosphate ion leakage in
their membrane [9, 54].
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Fig.4 Comparison of TVC val-
ues of different samples during
the storage time

BmC mCH mCH-O

Total vaible count (Log CFU/g)

CH-GSE 1% B CH-GSE 2% ™ CH-GSE 1%-O ® CH-GSE 2%-0

Fig.5 Comparison of lactic
acid bacteria counts of different
samples during the storage time

mC mCH mCH-O

bbaa b,

Lactic acid bacteria (Log CFU/g)

8 12

Storage time (day)

CH-GSE 1% m CH-GSE 2% = CH-GSE 1%-O B CH-GSE 2%-0

The antimicrobial characteristics of GSE can be trig-
gered via interactions between its toxic phenolic and sulf-
hydryl groups of proteins in the bacterial cells. GSE could
be mainly effective against different kinds of microbiota,
with Gallic acid as the major active agent [53].

8 12

Storage time (day)

TVC

Figure 4 shows the TVC of turkey breast meat in all treat-
ments during 20 days of cold storage period. The initial
TVC varied from 3.68 to 7.91 Log CFU/g and the counts
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Fig.6 Comparison of Entro-
bacteriaceae counts of different
samples during the storage time

mC ®mCH mCH-O

Enterobacteriaceae (Log CFU/g)

CH-GSE 1%

B CH-GSE 2%
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Fig.7 Comparison of Pseu-
domonas spp. counts of differ-
ent samples during the storage
time

Pseodomonas (Log CFU/g)

mC mCH mCH-O

8 12
Storage time (day)

CH-GSE 1% m CH-GSE 2% m CH-GSE 1%-O m CH-GSE 2%-0

increased in the all samples throughout the cold stor-
age time and reached to 4.32-7.91 Log CFU/g indicat-
ing good meat quality. TVC reached the values of 7.91
and 7.04 Log CFU/g on day 20 for the control (C) and
chitosan coated (CH) samples which are significantly
higher compared to other samples in all storage times.
Unacceptable TVC (almost 6-8 CFU/g) were found in
control and chitosan samples (from day 12) which deter-
mined 6.11 and 4.81 Log CFU/g, respectively. Signifi-
cant differences (P <0.05) in TVC between all treatments
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were observed from day 4 which varied between 3.68
and 5.02 Log CFU/g, respectively. The results of present
study showed that GSE shows more antimicrobial activ-
ity than oregano. In this sense, the increase rate of TVC
in groups containing 1% GSE (CH-GSE 1%) (1.14 Log
CFU/g) were considerably lower than samples contain-
ing 1% oregano (CH-O) (2.15 Log CFU/g). Therefore,
the addition of 1% oregano was not much sufficient to
postpone the growth of total aerobic bacteria in raw tur-
key breast, coated in chitosan and stored up to 20 days
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Fig.8 Comparison of yeast-
mold counts of different sam-
ples during the storage time

mC mCH

CH-O

Yeast-Mold (Log CFU/g)

CH-GSE 1%

B CH-GSE 2% m CH-GSE 1%-O m CH-GSE 2%-0

cold storage. Obviously, simultaneous presence of GSE
and oregano in combined treatments (CH-GSE 1%-O and
CH-GSE 2%-0) resulted in the lowest TVC compared to
other treatments during cold storage which were 4.43 and
4.32 Log CFU/g, respectively. Similar results have been
observed for beef packed in chitosan-starch film contain-
ing pomegranate peel extract and Thymus kotschyanus
EO which were enhanced by increasing their concentra-
tions [55]. Karimnezhad et al. [38] also reported that the
increase rate of TVC in groups of chicken fillet treated
with chitosan film containing oregano EO were notably
lower compared to the control and chitosan alone groups.

Regarding to the amount of 7 Log CFU/g, which is
the acceptable level of TVC amount for fresh poultry
meat, the incorporation of both GSE and oregano into
the chitosan coating was more efficient in decreasing the
microbial growth of turkey breast meat during cold stor-
age. In the study carried out by Paparella et al. [50] also
proved that the initial TVC in control sample was 4.8
Log CFU/g and reached around 7 Log CFU/g at day 13
of cold storage. Their results showed that the combination
of chitosan and 4% oregano EO restricted the growth of
TVC during the storage in the packaged pork [50]. Fur-
thermore, Raeisi et al. (2015) [46] reported that the TVC
of control sample was much higher than 7 log CFU/g after
10 days of storage, while TVCs of fish fillet coated with
carboxyl methyl cellulose containing different concentra-
tion of GSE and Zataria multiflora EO, did not surpass
7 Log CFU/g.

8 12
Storage time (day)

LAB counts

LAB are facultative anaerobic bacteria that regarded as a
notable part of the poultry meat microflora. In present study,
the initial LAB number of samples ranged from 3.18 Log
CFU/g, in CH-GSE 2%-0, to 3.27 Log CFU/g in sample
containing only chitosan. The LAB numbers reached to
7.32 and 7.22 Log CFU/g on day 20 of storage for the con-
trol and chitosan coated samples, respectively (Fig. 5). By
incorporation of oregano and GSE in chitosan coating, this
incremental trend reduced in all treatments. On the end of
storage, the use of oregano, GSE 1% and GSE 2% resulted
in a reduction of LAB counts by 0.44, 2.09 and 2.29 Log
CFU/g, respectively, while the combination of oregano-GSE
1% and oregano-GSE 2% resulted in a reduction in LAB
counts by 2.71 and 2.98 Log CFU /g, respectively. How-
ever, in the Chaleshtori and Chaleshtori [19] study, chitosan
stopped growth of LAB, Psychrophilics and Enterobacteria-
cae in chicken meat, possibly due to the reaction between
their amine groups and anionic groups of bacterial cell mem-
brane, which will finally result in the death of bacteria.
CH-GSE 1%-0 and CH-GSE 2%-0O samples showed
significantly lower (P <0.05) LAB counts (2.81 and 3.08
Log CFU/g, respectively) in comparison to the control sam-
ple. Additionally, the growth profile of LAB demonstrated
that control was the highest at 20th day (7.32 Log CFU/g),
followed by chitosan (CH) sample (7.22 Log CFU/g). Fur-
thermore, the LAB count of samples coated with chitosan
containing 1% oregano EO (CH-O) and those incorporated
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with GSE 1% (CH-GSE 1%) was 6.78 and 5.13 Log CFU/g,
respectively at the end of storage which represents higher
antimicrobial activity of GSE than that oregano EO.

The results of Langroodi et al. [4], Chaleshtori and
Chaleshtori [19] and Raeisi et al. (2015) [46] studies, regard-
ing to LAB, are similar to our study. They reported that the
incremental trend in LAB value of control samples were
significantly higher than coated samples containing Zataria
multiflora, lemon and oregano EOs, sumac extract or GSE.
Completely uniform with our results, Mehdizadeh and Lan-
groodi [8] informed approximately 1.5 Log cycle decline in
LAB number after coating with chitosan containing Zataria
multiflora EO and propolis extract.

Enterobacteriaceae count

The variations of Enterobacteriaceae count in all samples
was similar to LAB count and TVC (Fig. 6). Enterobac-
teriaceae family is considered as a hygiene value in the
meat products and form one of the main microflora of such
products [56]. The initial number of Enterobacteriaceae
were 3.11-3.31 and reached to 3.52-7.38 Log CFU/g at
the end of storage. Moreover, significantly lower Entero-
bacteriaceae counts (P <0.05) were observed for CH-GSE
1%-0 and CH-GSE 2%-0 treatments stored during 20 days
of storage at 4 °C which were 3.71 and 3.52 Log CFU/g,
respectively. Among all the treatments in the present study,
CH-GSE 2%-0 followed by CH-GSE 1%-0O treatments were
determined to be the most efficient in prohibition division
of Enterobacteriaceae in turkey meat, resulting in approxi-
mately around 4 Log cycle reduction compared to chitosan
coated and control samples, probably due to the synergistic
antimicrobial influence of chitosan, GSE and oregano EO.
On day of 20, Enterobacteriaceae counts reached the amount
of 7.38, 7.14 and 5.16 Log CFU/g for control (C), chitosan
(CH) and chitosan containing oregano samples (CH-O),
respectively. Furthermore, Enterobacteriaceae counts were
reached to 5.16 Log CFU/g in the presence of GSE 1%,
to 4.39 Log CFU/g in the presence of GSE 2%. However,
these counts in the combined samples containing both GSE
and oregano i.e. CH-GSE 1%-0O and CH-GSE 2%-0O were
reduced by ca. 3.43 and 3.62 Log CFU/g, respectively on
the same day which showed higher antimicrobial activity
compared to other treatments. Furthermore, the number of
Enterobacteriaceae in the oregano containing samples (CH-
O) was higher than those containing 1% GSE at the end of
storage which were 6.23 and 5.16 Log CFU/g, respectively.
Shekarforoush et al. [57] survey revealed that the chitosan
coating containing oregano EO decline the growth of LAB,
Psychrophilics, Enterobacteriacae and E. coli in chicken
products. They also reported that chitosan alone did not
demonstrate any inhibitory impact on the spoilage bacte-
ria and Escherichia coli, although it was efficient against
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Listeria monocytogenes. In agreement with Mayeli et al.
[56], the counts of Enterobacteriaceae bacteria during the
time of storage in the control sample was significantly higher
than other treated samples. Vatavali et al. [33] also reported
that, the combination of chitosan and oregano EO resulted
in a reduction of 1.8 Log CFU/g (P <0.05) of Enterobacte-
riacae population in red porgy stored in ice.

Pseudomonads counts

Pseudomonas species, as one of the main microflora of
poultry meat in the preservation storage which have prote-
olysis properties, are responsible for spoilage of raw meat
when their numbers are between 7 and 8 Log CFU/g [8].
The Pseudomonads counts were presented in Fig. 7 over
the 20 days of cold storage. In the present survey, the initial
pseudomonas counts were ranged from 3.94 Log CFU/g,
in CH-GSE 2% treatment, to 4.11 Log CFU/g in the con-
trol group. Both oregano EO and GSE showed high anti-
microbial activity against the Pseudomonads. As shown in
Fig. 7, the Pseudomonads counts of CH-O and CH-GSE
1% was similar indicating same effect of them in inhibi-
tion growth of Pseudomonas which was determined 4.35
and 4.25 Log CFU/g, respectively at the end of cold stor-
age. Furthermore, using chitosan coating led to reduction of
1.87 Log CFU/g in the Pseudomonads counts compared to
control sample. The pseudomonas count of all the samples
increased until the 20th day in exception of combined treat-
ments i.e. CH-GSE 1%-0 and CH-GSE 2%-0O. Until day
20 of storage the Pseudomonads counts in combined treat-
ments i.e. CH-GSE 1%-0 and CH-GSE 2%-O were lower
significantly (P < 0.05) than those in other treatments which
declined from 3.95 and 3.94 to 3.89 and 3.81 Log CFU/g,
respectively. These outputs are in accordance with previous
investigations that stated the diminution of Pseudomonas
spp. in fresh meat coated with chitosan and EOs [38, 58].
These results are also in agreement with Mehdizadeh and
Langroodi [8] study which showed strong antibacterial effect
of chitosan containing both propolis extract and Zataria mul-
tiflora EO. In the Sogut and Syedim [51] and Alves et al.
[37] studies, the Pseudomonas number in the control fish
sample also reached the highest count at the end of storage,
and the treated samples showed significantly lower counts,
undoubtedly due to the combined antimicrobial effect of
GSE and chitosan throughout the period of storage.

Yeast-mold counts

The alterations in yeast-mold count of turkey meat as a func-
tion of treatment and storage period is presented in Fig. 8.
The primary number of yeast-mold in turkey meat samples
were 3.15-3.24 Log CFU/g. The yeast-mold counts of all tur-
key samples increased significantly throughout the 20 days
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of cold storage. Not surprisingly, the yeast-mold counts of
control sample (C) exhibited the fastest growth during the
cold storage and was significantly greater (P <0.05) than
treated samples since day 8 and reached to 7.21 Log CFU/g
on day 20. Using chitosan for coating samples resulted
in 1.64 decline cycle in the number of yeast-mold during
20 days of cold storage. Furthermore, our results showed
that 1% GSE is a little effective in inhibition of yeast-mold
growth than 1% oregano EO which reached to 4.83 and 4.62
Log CFU/g, respectively. In this study, strong antibacterial
effects of chitosan coating containing both GSE and oregano
EOs were shown due to their synergistic effects as well as
their controlled release during storage. In this regard, the
CH-GSE 1%-0 and CH-GSE 2%-0O samples showed the
lowest yeast-mold counts compared to other samples and
reached to 4.39 and 4.27 Log CFU/g, respectively at the end
of storage time. Yan et al. [54] also reported that application
of EOs also meaningfully enhanced the antifungal activity of
chitosan coating. Similar to our results, Langroodi et al. [4]
also reported that, the highest counts of yeasts-molds were
found in control, followed by chitosan treatment and the low-
est numbers were observed in combined samples contain-
ing both sumac extract and Zataria multiflora EO which
were in good agreement with Cleshtori and Chaleshtori [19],
Chouliara et al. and Chouliara et al. [3] studies.

Sensory evaluation

Table 2 is shown the changes in sensory properties of dif-
ferent treatments of turkey meat all over the storage time
at refrigerated temperature. All samples were investigated
based on nine points hedonic scale. The scores lower than 7
are considered as unacceptable for consumers. As presented
in this table, the sensory scores indicated a significant reduc-
tion (P <0.05) in all the samples during 20 days of the cold
storage due to the microbial activities and chemical altera-
tions in the treatments.

The initial scores for sensory evaluation (taste, color,
odor, texture, and overall acceptance) of the turkey meat
treated were slightly altered by the oregano and GSE addi-
tion except for color which determined 6.4-9. Regarding to
initial scores of turkey meat, addition of oregano and GSE,

especially in combined treatments, significantly affects the
color and decreases scores and reached to 0—7. The color and
overall characteristics of control sample were obtained unac-
ceptable scores after 4 days (6.4 and 5.3, respectively), while
the texture and odor properties were unacceptable after
8 days of cold storage (6.5 and 6.2, respectively). Regard-
ing to all sensory characteristics, the results showed that the
coated samples containing both oregano and GSE i.e. CH-
GSE 1%-0 and CH-GSE 2%-0 depicted higher consumer
scores compared with other samples which were 4.7-7.4. In
the present study, the control sample followed by chitosan
samples obtained lower scores in comparison to the other
treatments during the storage time which were 0—1.9.

In the case of overall acceptability, it is concluded that
the shelf life of turkey meat can be increased using chitosan
enriched with GSE and oregano, by approximately 16 (CH-
GSE2 2% and CH-GSE 1%-0) and 20 (CH-GSE 2%-0)
days. The scores calculated for overall acceptability of CH-
GSE 2%, CH-GSE 1%-0 and CH-GSE 2%-O were 5.8, 6.6
and 7, respectively. The sensory evaluation results presented
to be associated with chemical and microbial investigations.
Given the high microbial counts along with lipid oxidation,
the control samples of turkey meat showed lower scores
regarding to sensory characteristics. Our results in good
agreement with Mayeli et al. [56], Rezaeifar et al. [18] and
Mehdizadeh and Langroodi [8] studies.

Conclusion

The present study concluded that coating of turkey breast
meat with chitosan incorporated with GSE and oregano
EOs was effective against the propagation of different
kinds of spoilage microorganisms including TVC, Entero-
bacteriaceae, Pseudomonas spp., lactic acid bacteria and
yeast-mold counts. It also postponed lipid oxidation and
maintained sensory properties and subsequently prolonged
the shelf life of the fresh turkey meat during cold storage.
Therefore, chitosan incorporated with oregano EOs and GSE
could be utilized as efficient coating organic for preservation
of turkey meat under refrigerated storage.
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Table 2 Comparison of sensory properties of turkey meat in different storage time at refrigerated temperature

Sensory attributes Treatment Storage time (day)
0 4 8 12 16 20
Taste C 8.8+0.26* - - - - -
CH 8.7+0.81°
CH-O 9.0+0? - - - - -
CH-GSE 1% 9.0+0? - - - - -
CH-GSE 2% 9.0+0? - - - - -
CH-GSE 1%-O0  8.0x0" - - - - -
CH-GSE 2%-O  8.4+0.63% - - - - -
Color C 8.9+0.564% 6.4+0.675% 59405282 4.3+0.48% 1.4+0.57%  0+0F
CH 9.1+0.694 6.7+£0.34%° 6240485  504+0 2.1+0.62P° 1.3+0.34%
CH-0O 6.8+0474  6.9+0.514 6.6+0.74°B°  6,0+08° 2.7+0.56° 1.5+0.22P°
CH-GSE 1% 73+£0.33%°  6.1+0.78%*  6.0+08® 5.9+0.365¢ 4.3+0.28% 2.9+0.49P¢
CH-GSE 2% 7.9+£0.934¢ 6.0+ 0Bbd 5.9+0.4488 5.8+0.835¢ 5.5+0.365¢ 3.8+0.27¢
CH-GSE 1%-0  6.7+0.57A¢ 5.8+0.828¢¢  56+0878* 5540548 51404200 5640428
CH-GSE2%-0  6.4+0.66" 5.4+0.645¢ 5.4+0.265 5.0+ 08¢ 4940715 474055
Odor C 8.9+0.4242 7.7+0.5988 6.2+0.36%% 43404708 1.7 +0.4952 007
CH 8.6+0.5842 7.3+0.5888 6.1+0.38% 4.4+0.75P8 1.940.2282 007
CH-0O 8.6+0.3442 8.4+0.744%  7.6+0.598° 6.1+0.88° 5.4+0.36"° 2.5+0.69%
CH-GSE 1% 8.9+0.7142 8.6+0.68°" 8040 6.7 +0.63P 6.4+0.67°° 4.7+0.265¢
CH-GSE 2% 9.0+ 0" 8.7 +0.74"° 8.4+0.444¢ 7.2+0.558¢ 6.9+0.765¢ 5.4+0.81%
CH-GSE 1%-0  7.5+0.58"" 7.94045%  7.440.72°° 7.4+0.89% 6.4+0.428¢ 5.6+0.76%
CH-GSE2%-0  7.9+0.62°®  81+034%" 7310585 714084  6.6+026°%  6.2+046™
Texture C 9.0+£04 8.5+0.454 6.5+0.3988 4.5+0.34% 1.6+0.66P*  0+0F
CH 9.0+ 0" 8.7+0.3842 6.9+0.4182 4.9+0.82¢ 194037 12+036"
CH-O 9.0+ 0" 8.9+0.7142 8.5+0.68"  58+0.578° 1.7£0.56% 3.6+0.55P¢
CH-GSE 1% 8.9+0.5244 8.5+0.4244 8.4+0.514"  83+0.36%° 5.2+0.218° 45+0.71%
CH-GSE 2% 8.7+0.89A% 8.8+0.38A¢ 83+0.54% 824071 5940785 5.7+0.828¢
CH-GSE 1%-0  9.0+0% 8.3+0.298P* 8 0+0B 7.6+0.45 7.9+0.69P!  6.9+0.36
CH-GSE 2%-0  9.0+0" 8.9+0.624¢ 8.9+0.421¢ 8.5+0.74°%  7.940.56 7.4+0.738¢
Overall acceptability ~ C 73+0.66" 5340465 3.7+0.82% 1.5+0.6208 13+047P* 134063
CH 7.5+0.621 5.4+0.7282 3.9+0.52¢ 1.9+0.4308 1.7+0.262 1.940.5502
CH-O 8.5+0.784%  8.2+0.69A 5.8+0.395° 5.3+0.695¢ 4.8+0.69° 3.2+0.26°
CH-GSE 1% 8.9+0.36"° 8.9+0.534° 7.0+ 08¢ 6.7+0.428¢ 6.4+0.558¢ 4.7+0.68%
CH-GSE 2% 9.0+ 0" 8.9+0.574° 7.4+0.785¢¢ 7.0+ 08C 6.7+0.87°¢  58+0.34P¢
CH-GSE 1%-0  8.5+0.714%  8.6+0.49%° 76407754 72405684 6.9+0.42°¢  6.6+0.54%
CH-GSE2%-0  8.2+0.46"° 8.3+0.284¢ 7.9+0.46" 774032484 714£0478¢  7.0+0%

Treatments: control (C), chitosan (CH), chitosan with oregano essential oil (CH-O), chitosan with grape seed extract 1% (CH-GSE 1%), chitosan
with grape seed extract 2% (CH-GSE 2%), chitosan with grape seed extract 1% and oregano essential oil (CH-GSE 1%-0) and chitosan with
grape seed extract 2% and oregano essential oil (CH-GSE 2%-0O). Different letters in each column indicate a statistically significant difference
(P<0.05)
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