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The present research aimed to investigate the preservative effects of a sodium caseinate (SC) coating enriched with Zataria
multiflora Boiss. essential oil (ZMEO) at 0.5, 1, or 1.5% on the product life of meat during storage at 4°C. Over a 15-day period, the
meat samples were refrigerated and analyzed every five days. The treated samples had markedly less psychrotrophic bacteria, lactic
acid bacteria, Enterobacteriaceae, and total viable counts relative to the control throughout storage. In terms of the sensory,
chemical (PV, TBARS, and pH), and microbial characterization, undesirable results were attained in the control sample after 10
days of refrigerated storage, whereas samples coated with SC/ZMEO, especially at higher essential oil concentrations (1 and 1.5%),
proved to be significantly more stable (P <0.05). However, high concentration of ZMEO (1.5%) gave an unpleasant effect on
sensory attributes of meat samples. Notably, the SC/1% ZMEO coating led to good overall acceptability of the veal specimens even
after 15 days of refrigeration. Hence, this coating is recommended as a replacement for synthetic preservatives and flavorings for

meat products given that it preserved the quality of refrigerated veal samples for over two weeks.

1. Introduction

High moisture and nutrient levels make veal meat highly
susceptible to microbial spoilage, with aerobic conditions
facilitating lipid and protein oxidation. The quality of stored
meat can be improved if measures are taken to avert such
processes [1]. Numerous factors can influence microbial
spoilage of meat and meat products. Later than slaughtering,
meat can be contaminated with bacteria from various
sources including washing water, air, and soil as well as
human resources and the meat processing equipment [1].
Over the past few years, many researchers have attempted to
prolong the shelf life of foods with a wide range of methods,
among which the use of films and coatings prepared from
natural products seems highly promising given the health-re-
lated problems of synthesized preservatives and the deterio-
rative effects of thermal [2-4]. Various organic substances such
as carbohydrates, lipids, and proteins can be used to develop

edible films and coatings [5]. Among these substances, poly-
saccharides are highly regarded for such applications due to
possessing appropriate film-forming characteristics.

Consumers are highly interested in the incorporation of
essential oils into food products given the benefits of such
natural additives. Zataria multiflora Boiss., which grows in Iran,
Pakistan, and Afghanistan [6-8], has antiseptic, analgesic, and
carminative properties [9]. Due to containing a large amount of
phenolic oxygenated monoterpenes (e.g., menthol and car-
vone), Z. multiflora essential oil (ZMEQO) possesses potent
activity against both microbes and oxidants [10, 11]. A novel
research issue that is yet to be explored is the supplementation
of sodium caseinate-based films with ZMEO and the evaluation
of the related applications in the packaging of real foods (e.g.,
veal meat). Hence, the current study aimed to examine caseinate
coatings supplemented with ZMEO in terms of their effects on
the chemical, microbiological, and sensorial properties of veal
stored for a period of 15 days at 4’C.
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2. Materials and Methods

2.1. Extraction of the Essential Oil. The Z. multiflora Boiss.
plant was obtained locally in Shiraz, Iran (30.060N,
52.560 E). To extract the ZMEO, we followed the technique
of Moosavi-Nasab et al. [12]. In brief, the aerial segments of
Z. multiflora were dried and then placed in a Clevenger type
(Jal Tajhiz, Iran) apparatus for 3 h to allow hydrodistillation.
The distilled ZMEO was dried over anhydrous sodium
sulphate (Merck Co., Germany). Ahead of experimentation,
the samples were sealed within dark vials and kept at a
temperature of —18°C.

2.2. GC-FID Characterization. To determine the chemical
composition of the ZMEO, a gas chromatograph device
(Agilent 7890A) containing a flame ionization detector
(FID) was used. The experimentation was done on a fused
silica capillary HP-5 column (30m, 0.32mm id; film
thickness 0.25 mm) and 250°C and 280°C were used as the
injector and detector temperatures, respectively. The carrier
gas used was nitrogen, with a flow rate of 1 mL/min being
employed; the temperature of the oven was boosted at a
constant rate of 4°C per minute from 60 to 210°C, before
being augmented to a final temperature of 240°C at a rate of
20°C per minute. The final temperature was maintained for
8.5min. A split ratio of 1:50 was used.

2.3. Preparation of Coating Solutions. To prepare the coating
solutions, 50 g of sodium caseinate (Merck Co., Germany)
was gradually added under constant stirring at 550 rpm to a
solution (at 60-65°C) composed of 1L of distilled water and
15 g of glycerol (Merck Co., Germany). Stirring and heating
of the mixture took place for an hour using a heater stirrer
(IKA® RCT basic, Staufen, Germany) set at 80+ 3°C in an
effort to enhance the mechanical properties of films by
establishing disulphide bounds in casein structure. To
eliminate any undissolved particles, the solution was then
passed through Whatman filter paper (No. 3). The prepared
solution was then distributed equally across four different
groups. Subsequently, the ZMEO (0.5, 1, or 1.5% v/v) was
incorporated into three of the prepared film solutions, with
the fourth solution containing only sodium caseinate. The
immersion technique was used to coat the meat samples. To
remove excess biopolymer solution from coated samples,
they were allowed for around 10 minutes at ambient tem-
perature. Storage of the veal occurred over a period of 15
days at 4°C, with experimentations being performed every
five days.

2.4. Chemical Characterization. To obtain meat quality over
the storage, the pH variations were evaluated using the
technique presented by Moosavi-Nasab et al. [12]. Briefly,
meat specimens (10 g) were homogenized for five min in a
stomacher blender (Jal Tajhiz, Iran) with 10 volumes of
deionized water. Then, the electrode of a Suntex TS-1 pH-
meter (Taiwan) was directly immersed into the sample to
evaluate the pH. Peroxide values were evaluated following
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the technique of Shahamirian et al. [13]; the results were
reported as the mmol of O, per kg of the veal. To evaluate the
extent of lipid oxidation, the thiobarbituric acid reactive
substance (TBARS) values were determined and reported in
terms of the milligrams of malondialdehyde (MDA) per
kilogram of the veal. In this procedure, a mixture of veal
specimens and trichloroacetic acid (Merck Co, Germany)
was centrifuged before the filtrate was vortexed together
with thiobarbituric acid. After homogenization, the resulting
samples were incubated for 20 min within a water bath set at
97°C. Finally, absorbance was evaluated at a wavelength of
532nm. The calibration curve was prepared using a pre-
cursor of MDA called 1,1,3,3-tetramethoxypropane (99%).
To convert the final results related to 1M of 1,1,3,3-tetra-
methoxypropane equivalent per gram of the veal specimens,
the values were multiplied by the MDA’s molecular weight.

2.5. Microbiological Analysis. The microbiological pop-
ulation of meat samples over the storage was analyzed using
the technique described by Moosavi-Nasab et al. [12]. First, a
Stomacher blender was used to mix 10 g veal samples with
90 ml of saline solution (as the diluent). Subsequently, two
further dilutions were made and 1 mL samples were added to
the culture media 15 mL situated within Petri dishes. The
bacterial counts were made in duplicate and were reported in
terms of log CFU per gram. The culture media (all supplied
by Merck Co.) and incubation conditions varied for the
different investigations. Plate count agar was used for the
psychrotrophic bacteria and total viable counts, while the
Enterobacteriaceae and lactic acid bacteria were enumerated
after growth on violet red bile agar and MRS agar, re-
spectively. The incubation duration and temperature prior to
each of the four counts in the order mentioned were 10 days
at 4+ 2°C, two days at 37 £ 2°C, one day at 37 + 2°C, and two
to three days at 37 + 2°C, respectively.

2.6. Sensory Characterization. To assess the veal samples in
terms of changes in organoleptic characteristics during
storage, ten panelists who were trained for such experi-
mentations were recruited. The panel was blind to the nature
of each sample. Each panelist was asked to score the samples
from one (dislike extremely) to nine (like extremely) on a
hedonic scale in terms of texture, odor, color, and overall
acceptability. Sample acceptability was defined as a mean
sensory score of five or above [3].

2.7. Color Variables and Visual Scores. Color variables of
meat samples were evaluated at 1, 5, 10, and 15 days
according to the procedure of Hosseini et al. [14]. For
each sample, the L* (brightness), a* (red-green nature),
and b* (yellow-blue nature) measurements were made
using Adobe Photoshop® CS6 at six different points that
were selected at random from the entire surface of the
veal samples. The photos were taken using a Canon
PowerShot A540 (resolution: six megapixels) within a
wooden box (50 x50 x60cm?) under natural daylight
(6500 K) [14].
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2.8. Statistical Analysis. The experimentation was done in
triplicate. Significant differences between means were de-
termined using the SAS 9.1 program (SAS Inc., USA) at a
significance level of 0.05; the tests used were Duncan’s test
and one-way analysis of variance (ANOVA) [15].

3. Results and Discussion

3.1. Chemical Composition of ZMEO. A 1.19% extraction
efficiency was achieved for ZMEO. The composition of this
essential oil is summarized in Table 1. Through the GC/FID
study, a total of 14 different components (98.49%) were
identified in the ZMEO, with carvacrol (42.22%) and thymol
(26.93%) being the chief constituents. These findings are in
agreement with those of Ziaee et al. [15], who used the same
technique and identified 14 components of ZMEO, among
which carvacrol (39.29%) and thymol (25.24%) were the
chief components. Furthermore, Moradi et al. [16] stated
that the content of ZMEO in the aerial portion of
Z. multiflora Boiss. was approximately 1.2% v/w, with
carvacrol (41.2%) and thymol (27.4%) again being the major
components. Other results show that the proportion of the
components of ZMEQ varies according to the origin of the
Z. multiflora Boiss. plant, although the chief components of
this essential oil are monoterpene hydrocarbons, oxygenated
monoterpenes, thymol, and carvacrol.

3.2. Chemical Analysis. Table 2 summarizes the chemical
properties of the veal specimens during refrigeration (4°C)
for 15 days. The initial pH values of coated meat samples
with sodium caseinate (control) and sodium caseinate in-
corporated with 0.5, 1, and 1.5% ZMEO were 5.50, 5.39, 5.38,
and 5.28, respectively. These results are in line with those of a
different study [17]. However, different species, diet, season,
and stress level before and during slaughtering can lead to
different pH values among meats. The pH differences among
meat samples can be derived from coating solutions pH and
higher concentration of ZMEO. All meat samples experi-
enced considerable rises in pH values during storage. In the
control sample, this could be explained by the activity of
enzymes (e.g., protease and lipase) present in the meat and/
or microbes, which leads to an increased concentration of
volatile bases like ammonia and trimethylamine [18].
Generally, the veal specimens coated with the sodium ca-
seinate/ZMEOQO coatings maintained lower pH values com-
pared with the control. This could be explained by the
antimicrobial activity of the ZMEO given the strong pres-
ence of constituents like thymol and carvacrol.

The primary oxidation products were measured by
peroxide valued index. Meat products possess high sus-
ceptibility to both microbial spoilage and chemical deteri-
oration [19]. Table 2 summarizes the impact of the coatings
on the alteration of the PV in the veal samples. While all
samples (control/treatments) experienced significant in-
crements in PVs during storage (P <0.05), the samples
coated with sodium caseinate/ZNEO had significantly lower
PVs (P<0.05) than the control on day 15. Hence, the
treatments were able to impede the process of peroxidation

in veal during refrigerated storage. Sharififar et al. [20] found
ZMEO to effectively inhibit the oxidation of linoleic acid and
proposed this to be the result of the free radical scavenging
activity of the phenolic compounds present in ZMEO. In our
study, the samples coated with sodium caseinate alone
showed the highest PV values, which reached 7.82 on day 15.
Significantly lower PV values were obtained for treated
samples, especially for those coated with higher ZMEO
concentration. Table 2 summarizes the findings related to
the TBARS analyses for veal specimens stored at 4°C. The
lipid oxidation of all meat samples was initially low (below
0.5mg MDA/kg). In general, the TBARS values gradually
increased until the tenth day of storage, after which they fell
until the closure of the experimentation (day 15). A similar
trend has been reported by Chouliara et al. [21] in regard to
chicken breasts. These results are explained by the pro-
duction of MDA during the early days of storage ahead of its
breakdown, which occurred toward the end of the experi-
mentation. It should be noted, however, that, relative to the
control sample, the MDA values of the veal fell significantly
(P <0.05) with the addition of different ZMEO concentra-
tions (0.5, 1, or 1.5%). The vast amounts of phenolic
components in ZMEO give rise to excellent antioxidant
characteristics. These findings are in line with those reported
in the literature [1, 22]. Furthermore, we found that the
sodium caseinate coating significantly promoted the activity
of ZMEO (1 or 1.5%) against lipid oxidation, which can
perhaps be ascribed to the protective impact of sodium
caseinate on the phenolic compounds of ZMEO [23].

3.3. Microbiological Analysis. Table 3 summarizes the mi-
crobiological parameters of meat samples coated with so-
dium caseinate with and without different concentrations of
ZMEO during 15 days of refrigerated (4°C) storage. The
initial total plate count (TPC) of control and control plus 0.5,
1, and 1.5% ZMEO meat samples was 4.16, 4.22, 3.88, and
3.22 log CFU/g, respectively. In line with the results of
similar studies, the TPC progressively increased in the
control sample [12, 24-26]. After 10 days, the TPC of the
control sample and control plus 0.5% ZMEO passed the
suggested limit for raw meat (7 log CFU/g), reaching 7.64
and 7.42 log CFU/g, respectively [27]. However, the TPCs of
veal specimens coated with sodium caseinate and 1-1.5%
ZMEO stayed under 6 log CFU/g throughout the 15 days of
storage. A number of researchers have stated that the uti-
lization of coatings enriched with antimicrobial agents can
prolong fresh quality of meat and meat products [12, 17, 27].

Table 3 also outlines the alterations in the PBC of the veal
samples during the storage time. The initial count for control
and control plus 0.5, 1, and 1.5% ZMEO was 2.34, 2.4, 2.01,
and 1.68 log CFU/g, respectively. During storage, meat
samples coated by sodium caseinate plus 1.5% ZMEO had
the minimum PBC. After the 15-day storage period had
come to an end, the PBC of the control and control plus 0.5,
1, and 1.5% ZMEO coated samples was 6.6, 5.8, 3.8, and 2.5
log CFU/g, respectively. Hence, ZMEO had a remarkable
effect against the psychrophilic bacteria present in refrig-
erated meat samples.
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TasLE 1: Chemical compositions of essential oil obtained by hydrodistillation from Zataria multiflora using GC/FID.

No Compound Retention index Retention time (min) Relative peak area (%)
1 a-Thujene 924 1.533 0.1532
2 «-Pinene 932 4.232 3.933
3 3-Octanone 984 5.620 3.203
4 Myrcene 988 6.527 1.202
5 a-Terpinene 1014 6.849 10.87
6 p-Cymene 1020 7.931 2.239
7 y-Terpinene 1054 13.060 0.4015
8 Linalool 1095 15.422 0.5058
9 Carvacrol methyl ether 1241 17.863 0.9719
10 Thymol 1289 18.363 26.93
11 Carvacrol 1298 18.776 42.22
12 Eugenol 1361 23.088 1.268
13 Carvacrol acetate 1370 29.882 2.346
14 B-Caryophyllene 1417 40.757 2.253

Entries in bold are the main components of Zataria multiflora essential oil.

TaBLE 2: Changes in chemical properties of SC and SC + ZMEO coated meat samples during 15 days’ storage at refrigerated temperatures®.

Storage days at 4°C

1 5 10 15
SC 5.50 +0.017? 5.92 +0.02 6.47 +0.03% 7.82+0.045°

q SC +0.5% ZMEO 5.45 +0.04>° 5.82 +0.04<* 6.58 +0.035° 7.42+0.074°
P SC+ 1% ZMEO 5.38 +0.06"° 5.65 +0.03" 5.91+0.07% 6.32+0.074¢
SC +1.5% ZMEO 5.38+0.11 5.33 +0.04< 5.69 +0.025¢ 5.89 +0.05¢

SC 1.38 +0.07"2 3.78 011 5.94+0.07% 7.82+0.05*

PV SC +0.5% ZMEO 1.45 +0.087* 3.11+0.09° 3.98 +0.06°° 5.66 + 0.042°
SC+1% ZMEO 1.28 +0.062 2.61 £0.13°° 3.36+0.055¢ 4.21 +0.05%°

SC +1.5% ZMEO 1.33+0.9"° 1.87 +0.08%¢ 2.06 +0.04%¢ 2.67 £0.0544

SC 0.28 +0.12¢* 0.49 + 0.08* 1.29 +0.0742 1.08 +0.04%°

TBARS SC +0.5% ZMEO 0.31+0.11<® 0.43 +0.04<* 1.12 +0.08"? 0.88 + 0.05°°
SC+1% ZMEO 0.27 +0.14 0.33+0.06°" 0.86 + 0.024¢ 0.71 +0.095¢

SC +1.5% ZMEO 0.31 +0.12% 0.33£0.08"° 0.62 £0.0744 0.51 +0.04"¢

SC, sodium caseinate; ZMEQ; Zataria multiflora essential oil. Data represent the mean value of three replicates + SD. Means within each row with different
uppercase letters are significantly different (P <0.05), and means within each column with different lowercase letters are significantly different (P < 0.05).

Meat spoilage is mostly the result of the activity of lactic
acid bacteria (LAB), with certain species (Lactobacillus spp.,
Carnobacterium spp., and Leuconostoc spp.) being more
involved in this process [28]. In our study, the initial LAB
counts of control and control plus 0.5, 1, and 1.5% ZMEO
coating in meat samples were 1.28, 1.33, 1.28, and 1.16 log
CFU/g, respectively. The minimum LAB counts were found
in the veal samples that had the sodium caseinate + 1.5%
ZMEO coating, amounting to 1.16 and 2.88 log CFU/g on
days 1 and 15, respectively. The LAB count was significantly
different between the various samples (P < 0.05), though a
progressive rise in the number of LAB was generally ap-
parent. On day 15, the LAB counts of control and control
plus 0.5, 1, and 1.5% ZMEO coated samples increased to
levels of 5.22, 4.6, 3.84, and 2.88 log CFU/g, respectively. It
should be noted that, among the various types of Gram-
positive bacteria, LAB reportedly possess the maximum
resistance against essential oils [29]. According to our re-
sults, LAB growth was markedly stunted in specimens
coated with sodium caseinate and elevated concentrations of
ZMEO, which could be related to the presence of phenolic
compounds in the essential oil. Frangos et al. [30] proposed

that such antimicrobial resistance of LAB is a result of the
ability of these species to deal with both the osmotic stress
and the efflux of potassium ions induced by the essential oils.
In another research, Khorsandi et al. (2018) examined 5
different essential oils against LAB causing spoilage in
vacuum packed curd sausage. They reported that EOs have
antimicrobial activity against LAB and their activity
depended on their main components. The minimum growth
of LAB was seen in the veal specimen coated with sodium
caseinate/1.5% ZMEO, confirming the favorable antimi-
crobial properties of ZMEO [31].

Table 3 also depicts the results related to Enter-
obacteriaceae, for which the initial counts of control and
control plus 0.5, 1, and 1.5% ZMEO coating were 3.12, 3.22,
3.08, and 2.96 log CFU/g, respectively. At the end of storage,
the control specimen had an Enterobacteriaceae count of 7.8
log CFU/g. However, meat specimens coated with sodium
caseinate incorporated with 1 and 1.5% ZMEO had 2 and 3.3
log CFU/g less counts than the control, respectively (Ta-
ble 3). This could be explained by the activity of ZMEO
against such spoilage bacteria, which has also been described
by other researchers [4, 15, 16]. The meat sample coated with
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TasLe 3: Changes in microbial counts of SC and SC + ZMEO coated meat samples during 15 days of storage at refrigerated temperatures®.

Storage days at 4°C

1 5 10 15

SC 416+0.11"° 511+0.16“* 7.64 +0.3252 8.35+0.08™*

. SC+0.5% ZMEO 4.22+0.08"2 5.33+0.12%° 7.42 +0.08%° 8.21 +0.12"%
SC+ 1% ZMEO 3.88+0.06™° 4224022 4.82+0.14% 5.54 +0.07°

SC +1.5% ZMEO 3.22+0.12"° 3.36 +0.08<° 3.88+0.11% 442 +0.21%¢

SC 2.34+0.08? 3.82+0.15 49+0.128 6.6 +0.094°

PBC SC +0.5% ZMEO 24+ 0'121;, 2.62+0.1 122 32+ 0.18‘;b 58+ 0.082"
SC + 1% ZMEO 2.01+0.11 2.45+0.14 3.3+0.128¢ 3.8+0.12%¢

SC+1.5% ZMEO 1.68 +0.06°¢ 1.99 +0.09%° 22+011% 2.5+0.06"¢

SC 1.28 +0.127° 2.67+0.12° 4.22+0.15% 5.22+0.09"?

LAB SC +0.5% ZMEO 1.33+0.08? 2.43+0.17 3.8+0.13"% 4.6+0.124°
SC+1% ZMEO 1.28 +0.08"2 2.02+0.19° 2.92+0.14%¢ 3.84+0.16%¢

SC+1.5% ZMEO 1.26 £0.15° 1.88+0.12%° 212+011%¢ 2.88 +0.1544

SC 3.12+0.067° 4.62+0.11¢° 6.8 +0.125° 7.8+0.2249

EBC SC+0.5% ZMEO 3.22+0.09"° 4.5+010%° 7.1+017% 7.5+0.14%°
SC+1% ZMEO 3.18+0.132 3.88 +0.05° 5.2+0.15%° 5.8+0.124°

SC+1.5% ZMEO 2.96+0.12P* 3.12+0.14% 3.9+0.19%¢ 4.5+0.18%¢

SC, sodium caseinate; ZMEO, Zataria multiflora essential oil; TPC, total plate count; PBC, psychrotrophic bacterial count; LAB, lactic acid bacteria; EBC,
Enterobacteriaceae counts. Data represent the mean value of three replicates + SD. Means within each row with different uppercase letters are significantly
different (P <0.05), and means within each column with different lowercase letters are significantly different (P < 0.05).

sodium caseinate plus 1.5% ZMEQ had the minimum count,
highlighting the potent activity of ZMEO against the bac-
teria. Ziaee et al. [15] examined the mechanisms by which
ZMEO exerts its antibacterial activity against L. curvatus.
They reported that carvacrol and thymol, as the chief
constituents of ZMEO, were the main antibacterial agents.
Moreover, other researchers have also reported that these
two compounds are mostly responsible for both the anti-
bacterial and antioxidant activity of ZMEO [32-36]. Despite
the fact that the bacterial counts for all veal specimens in-
creased over time, the rate of this increment was significantly
lower (P <0.05) among the samples coated with SC/ZMEO
relative to the control.

3.4. Color Variables. Table 4 shows the results related to the
color parameters of the veal specimens during storage. Meat
samples coated with sodium caseinate and sodium caseinate
incorporated with 0.5% ZMEO after 10 days were sticky due
to spoilage, meaning that the color analysis was probably
inaccurate; data related to those samples are hence not
shown.

Coating materials can change consumer acceptability
of food, since optical properties of an edible coating
depending on the material type and concentration can
change the overall appearance of food. Furthermore,
myoglobin is a protein that mostly determines the color
of meat; this protein takes the form of deoxymyoglobin or
oxymyoglobin depending on the availability of oxygen,
thereby influencing consumer acceptance [37]. Hence,
color evaluation of a meat product during its shelf life is
essential. Table 4 summarizes the color variables (L*, a*,
and b*) during the refrigerated storage for all treatments.
The L*, or lightness values, showed a decreasing rate over
the storage for all specimens. The control had the min-
imum L* value after ten days of storage, probably due to

alterations in meat color secondary to protein confor-
mational changes that occurred due to oxidizing reac-
tions and microbial growth [38]. In this regard, Soladoye
et al. [39] reported that cross-linking between proteins
and the carbonylation of protein molecules are related to
decreases in muscle protein function and changes in the
sensory characteristics of meat products. Over the 15-day
period, the control sample underwent a significant de-
crease (P <0.05) in terms of its a* or redness value; this
color loss was significantly less in the coated samples
(P<0.05). In fact, at the end of the storage period, the
coated samples had a* values higher than 10, representing
a bright red color [40]. A similar trend was seen in the b*
values, with the drop in this parameter being more
pronounced in the control sample (P <0.05). Again, the
coated samples had the maximum b”* values, though this
was probably because of the yellowish color of the coating
and ZMEO.

3.5. Sensory Analysis. In order to attain the desired anti-
oxidative and antimicrobial performance, elevated con-
centrations of essential oils are required. However, this
gives rise to concerns regarding the effects of such oils on
the sensory attributes of food products; this is particularly
important for the essential oils of plants such as oregano
and Z. multiflora Boiss., which exert strong flavors and
odors [3]. Table 5 summarizes the sensory scores related
to the color, texture, odor, and overall acceptability of the
veal samples, with a general decrease over time being
apparent. During the initial part of the storage time, the
introduction of elevated ZMEO concentrations resulted
in decreased odor scores. The samples coated with so-
dium caseinate and 0.5% and 1% ZMEO achieved the
maximum sensory scores during the study time. Due to
unsuitable organoleptic characteristics, the taste and
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TasLE 4: Changes in color variables of SC and SC + ZMEO coated meat samples during 15 days of storage at refrigerated temperatures®.

Storage days at 4°C

1 5 10 15

SC 41.08 +0.434° 38.95+0.165 31.25 +0.33 —

L+ SC+0.5% ZMEO 40.56 +0.26™ 3812+ 1.085® 33.42+£027°° —
SC+1% ZMEO 37.54 + 018%P 37.95 +0.235b¢ 36.05+0.41<* 35.11+0.09"°
SC+1.5% ZMEO 36.06 + 0.384P 35.95 + 0.134¢ 34.28 +0.375® 33.11+0.12°°

SC 12.54 + 0.114¢ 10.11 +0.14%¢ 7.92+0.22¢¢ —

. SC +0.5% ZMEO 12.45 +0.08%¢ 11.09+0.11%¢ 7.65+0.22 —
SC+1% ZMEO 13.87 £ 0.184° 13.93 + 0.09”" 12.26 + 0.28" 13.11 +0.084°
SC+1.5% ZMEO 15.11 +0.2242 15.45+0.2142 15.87 +0.08"2 15.33 +0.09"?

SC 1519+ 0.172¢ 13.23+0.325¢ 11.41 +0.19¢ —

b SC+0.5% ZMEO 16.76 + 0.214¢ 14.76 +0.14%¢ 11.09 +0.06%° —

SC+1% ZMEO
SC+1.5% ZMEO

17.33 +0.35%?
19.05 +0.1942

17.45 + 0.084°
18.98 +0.1742

16.11 +0.085°
19.27 +0.1142

17.09 +0.044P
19.08 +0.1342

SC, sodium caseinate; ZMEO, Zataria multiflora essential oil. Data represent the mean value of three replicates + SD. Means within each row with different
uppercase letters are significantly different (P <0.05), and means within each column with different lowercase letters are significantly different (P < 0.05).

TasLe 5: Changes in sensorial properties of SC and SC + ZMEO coated meat samples during 15 days of storage at refrigerated temperatures®.

Storage days at 4°C

1 5 10 15
SC 8.8 +0.424° 6+0.82"° 4.6+0.84° 1.5+0.71°¢
Color SC+0.5% ZMEO 8.9+ 0.32:‘”* 7.9+ 0.74”;ab 59+ 0.99‘1*:; 32+ 0.42‘;"
SC+ 1% ZMEO 8.8 +0.424° 8.7 +0.48"° 7.6+0.70 5.9+0.99%
SC +1.5% ZMEO 8.7 +0.4842 8.7 +0.484° 7.6+ 0.70AB 6.6 +0.705
SC 9+0.004° 6.9 4 0.525 3.1+0.74<° 1.5+0.71°¢
Odor SC+0.5% ZMEO 8.9+ o.32ia 79+ 0.742a 46+ 0.84‘3:" 32+ 0.42“];"
SC+1% ZMEO 8.6+0.5242 8.2 +0.63" 5.9+0.99% 6.7 +0.67%
SC+1.5% ZMEO 6.9 +0.524° 6 +0.824P 5.9 +0.994° 6.1 +0.574%
SC 8.8+0.42%2 6.6 0.70%° 4.6+0.84° 3.640.57°¢
Texture SC +0.5% ZMEO 8.8+ 0.422a 7.6+ 0.70‘;3;b 59+ 0.99‘3;)b 45+ 0.85:’;
SC+1% ZMEO 8.7 +0.48%2 8.2 40,634 6.6+0.70 5.9 +0.99%
SC+1.5% ZMEO 8.8 +0.424° 8.8 +0.424° 8.2 +0.637B2 7.6 +0.70%
SC 8.8 +0.4249 6+0.825° 4.6 +0.84° 3.2+042%°
Overall SC+0.5% ZMEO 8.9+0.324° 7.6+ 0.7052b 5.9+ 0.995¢ 4.4+0.97°%°
SC +1% ZMEO 8.8 +0.424° 8.2 +0.634B2 6.4+0.70 5.9+0.99%
SC+1.5% ZMEO 7.9 +0.74%° 7.6+ 0.7052b 7.6 +0.70482 6.2 +0.63%

SC, sodium caseinate; ZMEO, Zataria multiflora essential oil. Data represent the mean value of three replicates + SD. Means within each row with different
uppercase letters are significantly different (P < 0.05), and means within each column with different lowercase letters are significantly different (P <0.05).

odor of some specimens could not be evaluated on the
15th day of storage. Notably, the veal specimens coated
with 1.5% ZMEO achieved the maximum scores for
texture and overall acceptability. In line with similar
studies, the sensory acceptability was confirmed with
scores higher than five [3, 26, 41]. In terms of overall
acceptability, the control sample fell below this limit prior
to the tenth day of storage (below 5), whereas the samples
coated with sodium caseinate/ZMEO (1 and 1.5%)
maintained their overall acceptability until the comple-
tion of the 15-day study period. Ojagh et al. [4] and Jouki
et al. [3] examined fish fillets and found that biopolymer-
based antimicrobial coatings could provide significantly
higher overall acceptability scores. Furthermore, Moo-
savi-Nasab et al. [12] described the beneficial effect of

essential oils in terms of the overall quality and product
life of fish fillets.

4. Conclusion

It can be concluded that packaging films comprised of so-
dium caseinate and ZMEO are able to extend the product life
of veal and preserve its sensory traits by postponing both
chemical and microbial alterations. Given the consumer
demand for the use of natural alternatives to synthetic
additives, we recommend the use of ZMEO-incorporated
coatings for the preservation of meat products as they were
found to possess considerable activity against both oxidants
and microbes during the refrigerated storage of veal. Fur-
thermore, the phenolic degradation of ZMEO was impeded
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by the low temperature (4°C), meaning that the beneficial
activity of ZMEO was sustained during the storage time.
Ultimately, we found that while SC enriched with 1.5%
ZMEO provided the maximum inhibition of microbes and
highest prevention of chemical alterations, it gave rise to
unpleasant sensory traits such as odor and probably taste.
Therefore, SC plus 1% ZMEO is recommended to prolong
shelf life of meat without any undesirable effect on sensory
properties.

Data Availability

All data and their analysis are included within the manu-
script (tables). Raw data are available from the corre-
sponding author upon request (hlashkari@gmail.com).
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