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Abstract: Edible chitosan or alginate coatings and their combinations with oregano essential oil or
olive oil, have been examined for their effect on the microbiological, physicochemical and organolep-
tic characteristics of mutton. The results indicated that these edible coatings can contribute to
maintaining good quality characteristics and extending mutton shelf-life. The total mesophilic
counts in mutton ranged from 3.48 to 8.00 log!? CFU/g, the total psychrophilic counts from 4.00 to
9.50 log!® CFU/g, the B. thermosphacta counts from 2.30 to 7.77 log!® CFU/g and the lactic acid
bacteria counts from 2.00 to 5.85 log!® CFU/g. Chitosan coatings significantly (p < 0.05) reduced the
total mesophilic, the total psychrophilic (1-2 logig cfu/g), the B. thermosphacta and the lactic acid
bacteria counts in mutton. Alginate exhibited a lower L* value and a higher a* value and chroma
compared with the control and chitosan lots. No significant differences were observed in the chemical
composition of meat pieces among the experimental groups. Oregano oil positively affected the
sensory attributes of meat. The most favourable combination, based on the microbiological counts,
the organoleptic characteristics and the shelf-life extension of mutton, was that of chitosan with
oregano essential oil.

Keywords: mutton; sheep; chitosan; alginates; oregano essential oil; vacuum; edible membranes;
microbiological quality; colour

1. Introduction

Sheep meat is one of the most consumed types of meat worldwide [1,2]. It is considered
an essential part of the human diet, as it provides a wide range of essential nutrients. Sheep
meat is an excellent source of proteins with high biological value, essential amino acids,
vitamin B complex (vitamin Bg vitamin By, pyridoxine, niacin, riboflavin, pantothenic
acid), minerals (iron, zinc, selenium, phosphorus) and long-chain omega-3 polyunsaturated
fatty acids (PUFAs) [3,4]. However, meat is susceptible to bacterial contamination and
degradation. To preserve quality, many thermal (i.e., cooking, smoking or dehydration) and
non-thermal preservation methods (i.e., vacuum packaging, high hydrostatic pressure and
edible coatings) are used in the meat industry [5]. Edible coatings are thin membranes that
are applied to a wide variety of food products to improve their quality and to enhance their
shelf life; chitosan and alginate coatings are substances that have potential applications in
the meat industry [6].
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Chitosan is a cationic polymer of N-acetyl-D-glucosamine and D-glucosamine units
and is produced after the partial deacetylation of chitin [7]. It is generally recognized
as a safe (GRAS) food additive and food preservative of natural origin by the Food and
Drug Administration (FDA) of the United States [8]. Chitosan coatings are mainly used
in the packaging of meat products as they form strong coatings and positively contribute
to food quality [9]. Chitosan has distinctive antimicrobial properties; it is effective against
Gram-positive, Gram-negative bacteria and fungi [10]. Sodium alginate is a natural anionic
polysaccharide that is isolated from the cell wall of brown algae (Phaeophyceae spp.) [11].
It is composed of (1,4)-linked 3-D-mannuronate and «-L-guluronate residues and can be
cross-linked by the addition of divalent ions, such as Ca?, to form strong coatings [12]. It
is used as a stabilizer, thickener and gelling agent in many types of food, such as sauces,
desserts and beverages [13]. Sodium alginate improves food quality by limiting oxygen
interaction, enhancing water barrier qualities and preserving food flavour [12]. It is also
biodegradable, biocompatible and can be used as a carrier of natural ingredients [14,15].
The FDA has recognized sodium alginate as a GRAS substance and the European Food
Safety Authority has approved the use of alginate and related salts in defined amounts [11].

Food industries often combine edible membranes with essential oils or vegetable oils
for a further improvement of food quality. Essential oils and vegetable oils are natural
substances that are extracted from plants or vegetables, respectively, and possess numerous
technological properties [12]. Oregano oil is an essential oil obtained from the plant
Origanum vulgare. It has antimicrobial and antioxidant characteristics due to its two major
components, namely carvacrol and thymol [15-17]. It is generally regarded as safe (GRAS)
by the FDA, whereas a scientific opinion issued by EFSA Panel on Food Additives and
Nutrient Sources has proposed a dietary intake of up to 2.0 mg/kg bw/day for women
and 2.3 mg/kg bw/day for men, stating though that more data are needed [18]. Due to the
lipophilic character of oregano essential oil, its use is limited by its hydrophobicity. In order
to overcome this issue, several authors report on the application of stabilizing procedures,
such as the incorporation in emulsions, liposomes and capsules, that can also enhance the
bioactive effect of oregano essential oil [17,19,20]. Olive oil is an example of a vegetable oil
extracted by olives (Olea europaea) that possesses antioxidant activities [16,21]. It is also of
high nutritional value, due to its high concentration of healthy fatty acids and especially
oleic acid [22,23]. It is also considered as GRAS by the FDA [11]. Since both oils tend to
impart a strong flavour, they are often used in smaller amounts as embedded in edible
coatings, an addition that improves food quality and safety [20,24].

The antimicrobial and technological properties of chitosan and alginate membranes,
as well as their emulsions with essential oils or vegetable oils, have been well demonstrated
in many food systems, such as bakery products, fruits, vegetables, beef, pork, fish and
chicken meat [5,9]. However, there is scarce information about the application of these
edible membranes in mutton and their impact on meat quality. Thus, the scope of this
study was to investigate the effect of chitosan or alginate edible coatings, as well as their
combinations with oregano essential oil or olive oil, on the microbiological, physicochemical
and organoleptic characteristics of mutton.

2. Materials and Methods
2.1. Meat Samples

Mutton from the thigh (M. quadriceps fermoris, M. biceps fermoris, M. semimembranosus
and M. semitendinosus) and shoulder (M. brachialisi, M. triceps brachii and M. deltoideus) was
provided by a collaborating meat company, located in Northern Greece. The meat, which
was produced locally by sheep slaughtered in the company’s abattoir, was transferred in
insulated polystyrene boxes with ice to the Laboratory of Animal Food Products Hygiene
and Veterinary Public Health, School of Veterinary Medicine, within two hours for analysis.
To simulate the actual weight of the commercial meat packaging usually marketed at
retail, pieces of approximately 200 g each were aseptically produced and stored under
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refrigeration before the application of edible coatings. For every lot, at least 18 mutton
pieces were prepared accordingly, to sample three pieces in each different time of storage.

2.2. Preparation of Edible Coatings and Essential Oil Solutions

Five stocks of edible coating solutions and their emulsions with essential oils were
produced. Chitosan solution was made at a final concentration of 1% by dissolving 1 g of
chitosan of medium molecular weight obtained from crab shells (48165, Sigma Aldrich,
St. Louis, MO, USA) in 100 mL of 1% glacial acetic acid (100056, Merck KGaA, Darmstadt,
Germany) and stirring overnight at room temperature. Alginate solution was produced
at a final concentration of 1.5% by dissolving 1.5 g of sodium alginate obtained from
brown algae (alginic acid sodium salt BioChemica, A3249, AppliChem GmBh, Darmstadt,
Germany) in 100 mL of deionized water and stirring overnight at room temperature.
Chitosan and alginate emulsions with oregano oil were made at a final concentration
of 0.1% by dissolving 0.1 mL of oregano oil (W282812, Sigma Aldrich, Burlington, MA,
USA) in 100 mL of the stocks of chitosan or alginate solutions and mixing until fully
incorporated at room temperature. Alginate emulsion with olive oil was produced at a final
concentration of 2% by dissolving 2 mL of olive oil (of extra virgin grade, procured bottled
from a local convenience store) in 100 mL of the stock of alginate solution and mixing until
well combined at room temperature. All stocks were finally sterilized at 121 °C for 15 min.

2.3. Application of the Edible Coatings and Their Emulsions to Meat Samples

Meat pieces were aseptically immersed in the edible coating solutions or their emul-
sions with essential oils for 1 min. The pieces that were immersed in alginate solutions were
then submerged in calcium chloride solution (2% w/v) (CL00.0317, Chem-Lab, Zedelgem,
Belgium), used as a crosslinking, for 30 s. All samples were dredged up and left in sterilized
racks for 5 min to form a membrane and to drain off excess solution. Then, samples were
packaged in polyamide/nylon/ polyethylene terephthalate barrier pouches (971055, Hendi
B.V., De Klomp, The Netherlands) aerobically or under vacuum conditions by using a
packaging machine (V.350, La.Va. Gmbh, Germany) and stored at 4 °C for 21 days in a
Peltier cooled incubator (LIB-150M, Daihan Labtech Co Ltd., Gyeonggi-do, Republic of
Korea). Eleven lots of samples were conducted: The first was the control, which consisted
of meat samples without edible membrane stored aerobically. The second lot comprised
of meat samples without edible membrane stored in vacuum packaging. The third and
fourth lots were meat pieces with chitosan membrane stored aerobically or in vacuum
packaging, respectively. The fifth and sixth lots consisted of meat samples with chitosan
coating and oregano oil stored aerobically or in vacuum packaging, correspondingly. The
seventh and eight lots comprised meat samples with alginate membrane stored aerobically
or in vacuum packaging, respectively. The ninth and tenth lots were meat samples with al-
ginate coating and oregano oil stored aerobically or in vacuum packaging, correspondingly.
The final lot consisted of meat samples with alginate membrane and olive oil stored in
vacuum packaging.

2.4. Microbiological Analysis

Total Mesophilic Counts (TMC), Total Psychrophilic Counts (TPC) and the populations
of Brochothrix thermosphacta and lactic acid bacteria (LAB) were examined in meat samples,
according to EN/ISO 4833-1:2013, EN/ISO 15214:1998 and EN/ISO 13722:2017, respectively,
with modifications proposed by the Commission Regulation (EC) No. 2073/2005 on
microbiological criteria for foodstuffs [25-28]. More specifically, 25 g of meat sample
was transferred aseptically into a stomacher bag (Interscience, Saint Nom la Bretéche,
France) containing 225 mL of sterile Maximum Recovery Diluent (MRD, CM0733 Oxoid,
Basingstoke, UK) and homogenized in a stomacher (Lab Blender, Interscience) for 2 min.
The appropriate serial decimal dilutions were also prepared in MRD solution. From
each dilution, 0.1 mL of diluent was surface-inoculated in appropriate media. For the
enumeration of TMC and TPC, the Plate Count Agar (PCA, 20500, Biolab, Budapest,
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Hungary) was used, whereas for the enumeration of B. thermosphacta and LAB counts
the STAA and MRS agar (Biolab) were used, respectively. Incubation for TMC and LAB
was performed at 37 °C for 48 h aerobically or in microaerophilic conditions, respectively,
whereas incubation for TPC was performed aerobically at 7 °C for 7 d. STAA plates were
incubated aerobically at 22 °C for 48 h. After incubation, the characteristic colonies were
enumerated. Microbiological examination was performed before the application of edible
coatings and on the 1st, 3rd, 7th, 14th and 21st day of storage.

2.5. Physicochemical Analyses

Meat samples were also examined for their colour and chemical composition. Meat
colour was evaluated on freshly exposed meat samples immediately after unpacking, using
the Konica Minolta CR-410 Chroma Meter with a 50 mm aperture size, illuminant C and
a 2° observer. After calibration with a white tile (Y: 94.8/X: 0.3130/y: 0.3190), each meat
sample was scanned three consecutive times at different positions, perpendicular to the
myofibrils and avoiding fat and connective tissue. The measured values of lightness (L*),
redness (a*) and yellowness (b*) were averaged over each sample. Moreover, the chroma
and hue angle values of each sample were calculated based on the a* and b* averages
according to the following formulae, as described by AMSA [29]:

chroma = (a*% + b*2)1/2

ha, = arctangent (b*/a™) 1)

Regarding the chemical composition of meat pieces, 100 g of samples were com-
minuted with a Warring laboratory blender. The chemical analysis was performed in
a near-infrared spectrometer (Perten DA7250, Perkin Elmer Ltd., Waltham, MA, USA)
calibrated for meat and meat products measurement, in order to evaluate the moisture,
total fats and total proteins of meat samples according to the manufacturer’s instructions.
Physicochemical examination (colour, chemical composition) was performed before the
application of edible coatings and on the 1st, 3rd, 7th, 14th and 21st day of storage.

2.6. Sensory Evaluation

Consumer evaluation was performed in the Laboratory of Animal Food Products
Hygiene and Veterinary Public Health, School of Veterinary Medicine, in a place adequately
adapted to perform a sensory evaluation. Sensory examination was performed on the 1st,
7th, 14th and 21st day of storage. Meat pieces, approximately 100 g each, were cooked
on a pre-heated clam grill (Tefal Optigrill, Haute-Savoie, France) at 240 °C for 3 min at
200 °C until reaching an internal temperature of 72 °C. Each sample was cut into ten
2 x 2 cm cubes and kept warm (50 °C) until sensory evaluation, within 15 min after
cooking. Ten experienced consumers were randomly selected among laboratory-staff and
postgraduate students and were asked to evaluate taste, odour and tenderness of the
cooked samples, using a scale ranging from 1 = dislike extremely to 10 = like extremely.
Consumers were asked to rinse their mouth with water and eat unsalted bread before
evaluating each sample. The product was defined as unacceptable after development of
first off-odour or off-taste.

2.7. Statistical Analysis

Statistical evaluation of data involved the use of both parametric (mixed linear model
with repeated measures ANOVA, where time and treatment were within and between
factors, respectively) and non-parametric (Kruskal-Wallis H test, Pearson’s chi-square test)
statistical methods. Measures of central tendency and dispersion were calculated for each
variable in order to reveal the sample characteristics. All analyses were conducted using
the statistical software program IBM SPSS Statistics (v.27.0., IBM Corporation, Armonk, NY,
USA). Significance was set at p-value < 0.05, unless otherwise noted.
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3. Results
3.1. Microbiological Analysis

The microbiological results are portrayed in Figures 1-4 in an order suitable for compar-
ison of the different treatments employed and reported in Supplementary Tables S1 and S2.
Regarding the Total Mesophilic (TMC) and Psychrophilic (TPC) Counts, there was an
increase in their population in all experimental groups over time. However, the population
of TMC and TPC in chitosan lots (with and without oregano oil) was significantly lower
(1-2 logyg cfu/g, p-value < 0.05) compared with the TMC and TPC of the control lot and
the alginate lots (with and without oregano oil or olive o0il). Moreover, the alginate lots
had similar TMC and TPC with the control lot. The addition of oregano oil or olive oil
in chitosan and alginate coatings did not affect their antimicrobial activity. Meat pieces
from the shoulder region stored under vacuum had significantly higher TMC and TPC
(p-value < 0.05) compared with the TMC and TPC of the chitosan lots. However, the TPC
of vacuum-stored meat pieces from shoulder region was 1-2 logyg lower (p-value < 0.05)
compared with the TPC of the alginate lots. No other significant differences were observed
between the meat pieces from thigh region and meat pieces from shoulder region.

A similar trend was observed in the populations of B. thermosphacta. Over time, an in-
crease in its population was observed in all experimental groups. Meat pieces with chitosan
coating stored aerobically or under vacuum, as well as meat pieces coated with chitosan
and oregano oil and stored under vacuum, had significantly lower (p-value < 0.05) popula-
tions compared with the control and alginate lots. The populations of B. thermosphacta of
alginate lots were similar with the ones of the control lots. The incorporation of oregano
or olive oil in the chitosan and alginate membranes did not influence the populations of
B. thermosphacta. No significant differences in the populations were observed between
the vacuum-stored lots and the rest of the experimental groups. Similar results were also
observed between the thigh meat pieces and the shoulder meat pieces.

The population of lactic acid bacteria expressed a different trend compared with the
other bacterial populations. No significant differences were observed between the control
lots and the rest of the experimental groups. However, the chitosan lots had significantly
lower LAB compared with the alginate lots. The initial population of LAB in meat pieces
from both thigh and shoulder region was ~10?> CFU/g and their population increased
24 logyg cfu/g till the 21st day of the experiment. Vacuum storage and essential or
vegetable oils did not alter the population of LAB.

3.2. Physicochemical Analyses

Descriptive statistics of all the parameters of meat colour are reported in Supple-
mentary Tables S3 and 5S4, whereas the results concerning meat chemical composition
are summarized in Table 1. Concerning meat colour, vacuum stored lots and most of the
alginate lots had significantly lower lightness (L*, p-value < 0.05) compared with the one of
chitosan lots. Decreased L* values were observed in meat pieces from both thigh and shoul-
der, especially in meat pieces stored under vacuum or treated with alginate and oregano oil
and stored under vacuum. However, most of the chitosan lots had a lower redness value
(a*) and chroma value (p-value < 0.05) compared with the vacuum stored lots and alginate
lots. In fact, meat pieces from the shoulder region coated with alginate coatings and olive
oil and stored under vacuum had significantly higher a* and chroma values (p-value < 0.05)
compared with the other experimental groups. Still, there was a slight decrease in a* and
chroma values in all experimental groups over time. The yellowness value (b*) and hue
angle of most of the experimental groups did not differ from the values of the control
lot. However, all alginate-coated meat pieces from the shoulder region that were stored
under vacuum (plain alginate coatings, alginate emulsions with oregano or olive oil) had
significantly higher b* value and hue angle (p-value < 0.05) compared with the ones of the
rest of the lots. Still, meat pieces from the shoulder treated with alginate and oregano oil
and stored aerobically had a significantly lower b* value and hue angle (p-value < 0.05), in
comparison with the rest of the experimental groups.
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Figure 1. Total Mesophilic Counts (log10 cfu/g) of meat pieces over time (days). (a,b) TMC of
control against chitosan or alginate coating with or without vacuum packaging in thigh and shoulder
pieces; (c,d) TMC of different chitosan treatments in thigh and shoulder pieces; (e,f) TMC of different
alginate treatments in thigh and shoulder pieces. (Chit: chitosan coating; oreg: oregano essential oil;
vac: vacuum packaging; Alg: alginate coating; olive: olive oil addition).
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Figure 2. Total Psychrophilic Counts (log10 cfu/g) of meat pieces over time (days). (a,b) TPC of
control lots against chitosan or alginate coating with or without vacuum packaging in thigh and
shoulder pieces; (c,d) TPC of different chitosan treatments in thigh and shoulder pieces; (e,f) TPC
of different alginate treatments in thigh and shoulder pieces. (Chit: chitosan coating; oreg: oregano
essential oil; vac: vacuum packaging; Alg: alginate coating; olive: olive oil addition).
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Figure 3. Populations of B. thermosphacta (logjo cfu/g) in meat pieces over time (days). (a,b) B.
thermosphacta counts of control lots against chitosan or alginate coating with or without vacuum
packaging in thigh and shoulder pieces; (c,d) B. thermosphacta counts of different chitosan treatments
in thigh and shoulder pieces; (e,f) B. thermosphacta counts of different alginate treatments in thigh
and shoulder pieces. (Chit: chitosan coating; oreg: oregano essential oil; vac: vacuum packaging;
Alg: alginate coating; olive: olive oil addition).
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Figure 4. Populations of lactic acid bacteria (log;g cfu/g) in meat pieces over time (days). (a,b) LAB of
control against chitosan or alginate coating with or without vacuum packaging in thigh and shoulder
pieces; (¢,d) LAB of different chitosan treatments in thigh and shoulder pieces; (e,f) LAB of different
alginate treatments in thigh and shoulder pieces. (Chit: chitosan coating; oreg: oregano essential oil;

vac: vacuum packaging; Alg: alginate coating; olive: olive oil addition).
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Table 1. Chemical composition of mutton pieces.

Thigh Shoulder

Lot Storage Moisture Total Fats Total Moisture Total Fats Total
(Days) (%) (%) Proteins (%) (%) (%) Proteins (%)

0 71.05 9.60 18.50 75.25 6.20 17.55

1 75.80 2.80 20.80 71.50 8.40 18.60

3 73.30 5.60 20.80 75.70 4.40 19.60

Control 7 74.10 4.80 19.00 71.50 9.50 19.10

14 72.20 6.50 20.20 73.90 5.80 18.80

21 73.00 6.30 19.60 72.40 6.80 19.30

0 71.05 9.60 18.50 75.25 6.20 17.55

1 74.60 3.90 18.80 72.10 7.60 18.90

. 3 76.00 3.60 18.60 72.70 6.10 19.70

Chitosan 7 75.60 5.00 18.20 71.10 8.50 19.70

14 74.90 4.60 18.50 68.80 11.10 17.70

21 74.30 5.40 17.90 74.00 6.70 18.40

0 71.05 9.60 18.50 75.25 6.20 17.55

1 73.90 8.10 17.60 71.50 8.70 19.10

Chitosan + oregano 3 72.90 7.40 18.00 72.50 8.10 18.00

7 73.30 7.40 18.40 73.50 7.50 17.90

14 75.40 3.80 19.60 72.50 5.90 19.20

21 75.00 6.10 17.80 74.60 5.50 18.70

0 71.05 9.60 18.50 75.25 6.20 17.55

1 73.60 9.10 17.40 74.20 6.00 19.50

. 3 73.80 5.30 19.80 75.50 5.10 18.10

Chitosan + vacuum 7 74.70 5.90 18.60 73.10 7.60 18.30

14 73.40 7.40 18.50 73.60 8.40 16.90

21 73.40 6.80 18.70 72.10 9.10 18.10

0 71.05 9.60 18.50 75.25 6.20 17.55

1 73.10 6.60 19.80 71.90 9.60 18.60

Chitosan + oregano + vacuum 3 74.50 3.90 20.10 75.80 450 19.20

7 72.70 6.30 19.10 74.10 6.00 18.00

14 74.90 3.90 20.20 73.40 5.20 20.00

21 74.90 3.80 19.30 71.30 6.80 20.00

0 71.05 9.60 18.50 75.25 6.20 17.55

1 72.80 6.70 21.00 74.70 4.90 19.50

3 70.50 10.20 17.60 73.50 5.70 18.00

Vacuum 7 72.90 8.40 17.70 71.30 8.00 19.60

14 73.80 490 20.80 72.30 8.30 18.10

21 73.00 4.20 20.90 72.90 7.00 19.60

0 71.05 9.60 18.50 75.25 6.20 17.55

1 75.50 430 18.90 74.20 7.70 17.00

Alginate 3 75.80 2.30 21.60 75.20 7.50 16.20

7 74.90 5.10 18.70 76.90 2.80 18.60

14 76.50 4.80 17.70 74.10 6.60 18.00

21 76.00 5.80 16.50 72.60 8.30 17.20

0 71.05 9.60 18.50 75.2 6.20 17.55

1 77.20 4.40 17.30 76.20 4.20 18.60

Alginate + oregano 3 74.50 5.60 19.40 73.20 8.80 17.00

7 76.90 4.80 18.00 75.50 5.50 17.90

14 76.00 2.70 19.40 74.00 7.20 17.60

21 69.30 11.10 17.80 73.20 7.50 17.70

0 71.05 9.60 18.50 75.25 6.20 17.55

1 75.00 5.90 17.70 73.60 8.80 17.60

Alginate + vacuum 3 76.80 3.50 18.90 74.50 7.30 17.20

7 74.70 6.80 18.00 75.00 8.10 15.70

14 75.50 6.30 19.00 69.60 11.60 18.80

21 77.30 3.00 18.50 72.80 8.60 16.60

0 71.05 9.60 18.50 75.25 6.20 17.55

1 74.10 5.10 20.30 73.90 8.00 17.00

Alginate + oregano + vacuum 3 75.70 5.30 18.60 76.20 4.70 17.50

7 73.50 6.30 18.30 74.10 6.30 17.70

14 73.60 7.70 17.60 74.30 7.50 16.90

21 76.80 5.10 17.10 73.60 8.50 17.10
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Table 1. Cont.

Thigh Shoulder
Lot Storage Moisture Total Fats Total Moisture Total Fats Total
(Days) (%) (%) Proteins (%) (%) (%) Proteins (%)

0 71.05 9.60 18.50 75.25 6.20 17.55

1 73.60 8.60 16.90 73.00 8.80 17.40

Alginate + olive + vacuum 3 77.70 4.30 16.70 74.40 9.20 15.20
7 76.50 4.70 17.70 75.80 6.00 16.30

14 70.70 12.70 16.00 74.50 7.00 17.40

21 76.10 5.60 16.80 74.00 11.20 15.10

Regarding the chemical composition of meat pieces, no significant differences were ob-
served among the experimental groups. The moisture, total fats and total proteins of meat
pieces from the thigh region ranged from 69.3-77.7%, 2.3-12.7% and 16-21.6%, respectively,
whereas moisture, total fats and total proteins of meat pieces from the shoulder region
ranged from 68.8-76.9%, 2.8-11.6% and 15.1-20%, correspondingly. The chemical composi-
tion of meat pieces did not alter over time. Table 1 presents the chemical characteristics of
meat pieces.

3.3. Sensory Evaluation

Oregano oil positively affected the organoleptic properties of meat products. Meat
pieces that were coated with chitosan or alginate coatings and oregano oil and stored
either aerobically or under vacuum had significantly higher sensory scores (p-value < 0.05)
regarding their taste, odour and tenderness. Meat pieces were considered as unacceptable
for evaluation on the 21st day of storage, due to the development of off-odour. The results
of sensory evaluation are illustrated in Figure 5.
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Figure 5. Results of sensory evaluation of meat pieces from the shoulder region over time. (Chit:
chitosan coating; oreg: oregano essential oil; vac: vacuum packaging; Alg: alginate coating; olive:
olive oil addition) ((a): tenderness; (b): odour; (c): taste).

4. Discussion

The objective of the study was to determine the effect of edible coatings, combined with
oregano essential oil or olive oil, on the quality properties of mutton. To our knowledge,
this is the first study comparing the effect of chitosan coatings and their emulsions with
oregano and olive oil with the effect of alginate emulsions on the characteristics of mutton
and on the extension of its shelf-life. For this reason, microbiological, physicochemical
analysis and sensory evaluation of mutton, which was treated with edible coatings and
essential or vegetable oils, were held at regular intervals during a 21-day storage period.

4.1. Microbiological Analysis

Chitosan coatings had a negative effect on the growth of TMC, TPC and the popu-
lations of B. thermosphacta and lactic-acid bacteria. This is in accordance with the results
of Pabast et al. [30], who stated that chitosan membranes had slowed down the microbial
growth of TMC, Pseudomonas spp. and LAB in lamb meat pieces, in comparison with the
ones of the control samples. Chitosan coatings also reduced the TMC and the populations
of Pseudomonas spp., B. thermosphacta and LAB in ground meat by 0.4-2.0 log;o cfu/g [31],
whereas Kanatt et al. [32] mentioned that chitosan coatings of mutton kebabs reduced the
TMC by up to 3 logyp cfu/g, compared with the uncoated ones. He et al. [33] claimed that
chitosan coatings extended the shelf-life of mutton by up to three days. In our study, the
TMC and TPC of the control lots exceeded 7 logyg cfu/g, which is considered the limit of
spoilage level for meat [31], at 3 days of storage, whereas the TMC and TPC of chitosan-
coated pieces reached the limit of 7 log1g cfu/g at 21 and 14 days of storage, respectively.
The antimicrobial activity of chitosan has been attributed to three main mechanisms: the
disruption of the cell membrane, due to the cationic properties of chitosan, the selective
binding with metals that are viable for the microbial metabolism, due to its chelating
characteristics, and the formation of an impermeable polymeric layer on the surface of cells
that blocks the entry of nutrients and the excretion of toxic compounds [6].

On the other hand, the TMC, TPC and the populations of B. thermosphacta and LAB
of alginate lots were similar with the ones of the control lots. This is consistent with the
findings of Hamedi et al. [34], who stated that alginate coatings had no significant effect
on decreasing the microbial load of TMC, TPC and LAB in chicken fillets. Similarly, the
TMC, TPC and LAB of alginate-coated rainbow trout fillets had minor differences with the
ones of the control samples [35]. However, other studies claimed that alginate membranes
significantly reduced the TMC and TPC of food products such as buffalo meat patties
and rainbow trout [36,37]. This can be attributed to the different composition of alginate
coatings, namely the incorporation of sodium ascorbate and citric acid in them, the different



Microorganisms 2023, 11, 507

13 0f 18

type of meat and food packaging as well as the lower initial microbial populations of the
food products, compared with this study.

In our study, the addition of oregano oil or olive oil in the edible coatings did not affect
the growth of TMC, TPC, B. thermosphacta and LAB. Even though it has been stated that
oregano oil possesses antimicrobial properties due to its high concentrations of carvacrol
and thymol [38], according to our results, oregano oil did not show any synergistic effect
with the edible coatings. Similarly, Vergara et al. [39] highlighted that lamb meat burgers,
which were treated with oregano oil, had similar TVC, Pseudomonas spp. and LAB counts
with the control burgers, with these microbial counts significantly increasing over time.
Fernandes et al. [40] stated that the TMC of sheep burgers with 1000 ppm of oregano
extract were similar with the control burgers throughout the storage period. However, LAB
counts increased over time in all treatments and after 20 days of storage, the control burgers
presented significantly higher LAB counts than the oregano-treated burgers. In another
study, the TPC of lamb meat coated with oregano active coatings were approximately
2.0 logjg cfu/g lower than the controls, after the eighth day of storage [41]. Regarding olive
coatings, Rubel et al. [42] mentioned that the TMC of mutton meatballs with 0.3% olive leaf
extract were significantly lower in comparison with meatballs with no extract, whereas
Martiny et al. [43] stated that coatings with olive leaf extract reduced the TPC of lamb meat
fivefold. The different forms of oregano and olive oil, as well as the lower initial microbial
counts of sheep meat and the different type of food packaging used in the other studies,
could explain the differences of their results with the results of the current study.

The combined effect of edible coatings and vacuum packaging on the microbial counts
of sheep meat was also investigated. Vacuum packaging did not influence the antimicrobial
activity of chitosan or alginate, as no significant differences were observed in the microbial
populations of meat pieces that were coated with an edible membrane and were stored
either aerobically or under vacuum. This is in accordance with Assanti et al. [44], who
stated that no significant differences were observed in the TMC and the populations of
B. thermosphacta and LAB between chitosan-coated chicken burgers that were stored aer-
obically and the ones that were stored in vacuum packaging. The researchers attributed
this observation to the greater antimicrobial activity of chitosan, compared with vacuum
packaging. On the other hand, Duran and Kahve [45] suggested that the application of
chitosan coatings and vacuum packaging was significantly more effective on the reduc-
tion of the proliferation rates of TMC and LAB, compared with the sole application of
vacuum packaging. This difference to the results of the current study could be attributed
to the different type of meat that was tested. Regarding sheep meat, Karabagias et al. [46]
suggested the combination of thyme or oregano oil with modified atmosphere packag-
ing (80% CO,/20% Ny) for the greater antimicrobial activity and shelf-life extension of
lamb meat.

4.2. Chemical Analysis

Regarding the colour characterization of sheep meat, lightness (L* value) is one of
the primary colour parameters estimated, as it indicates the relative degree of black and
white colour that is mixed with a given hue [29]. The alginate-coated meat pieces from
the thigh region had lower L* values than the control pieces. This is in accordance with
the findings of Vital et al. [47], who reported a decrease in the L* value of alginate-coated
lamb patties compared with the control. The presence of exudates in the coated meat, as
an effect of the edible coating, may explain the darkening of the meat colour. However,
Guerrero et al. [48] stated that the addition of alginate coatings on lamb meat increased
its lightness. Still, alginate lots and vacuum stored lots in the current study exhibited
lower L* values compared with that of the chitosan lots, indicating the protective effect of
alginate coatings and vacuum packaging on colour lightness. The darker colour of meat in
vacuum packaging is associated with the formation of metmyoglobin, due to the absence
of oxygen in the packaging bag [44,46]. Regarding chitosan coatings, Giatrakou et al. [49]
claimed an increase in L* values in ready-to-eat chicken products with the incorporation of
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chitosan. In another study, the L* value of samples that contained chitosan 1% w/v showed
a decreasing trend during storage [31]. The researchers attributed this observation to the
water-holding capacity of chitosan which resulted in increased sample transparency and
a lowering of lightness. However, the same study mentions that the L* value increased
in samples packaged aerobically during storage, due to the action of bacterial proteases
that results in the gradual protein decomposition and the increased light scattering on the
protein macromolecules. This contradicts with the results of the current study, as the L*
value was fluctuating and did not show an increasing or decreasing trend in the course of
time, regardless of the type of packaging.

Redness (a* value) and chroma are colour parameters that are closely related to the
freshness of meat. The alginate-coated meat pieces, with or without the incorporation of
oregano and olive oil that were stored under vacuum, had higher a* value compared with
the control pieces. This is consistent with the findings of Vital et al. [47], who stated that
the treatment of lamb patties with alginate coatings and oregano oil resulted in higher a*
values compared with the control patties. Guerrero et al. [48] claimed that, even though the
addition of alginate coatings on lamb meat decreased its a* value after incorporation, the
alginate-coated samples exhibited higher a* values and chroma during display compared
with the control samples. Still, meat pieces from the shoulder treated with alginate and
olive oil had higher a* values out of the rest of the experimental groups. Martiny et al. [43]
mentioned that the a* value of lamb meat increased with the incorporation of olive leaf
extract due to the phenolic compounds that are present in the extract. On the other
hand, chitosan lots exhibited lower a* values in the current study compared with the
one of vacuum stored lots and alginate lots. The lower a* value can be explained by the
oxidation of myoglobin and the formation of metmyoglobin [41]. However, the a* value of
chitosan-coated meat pieces was >10, indicating a bright red colour of meat. Park et al. [50]
mentioned that the a* value of red meat increased as the amount of chitosan in the matrix
increased, whereas Chounou et al. [31] claimed a higher a* value of chitosan-coated ground
meat during storage, compared with the control. A slight decrease in a* and chroma values
was observed over time in all experimental groups, which was greater in the control lots.
The application of edible coating affects the alteration of meat colour during storage, as
chitosan has a stabilizing effect on the red colour of meat [31] and alginate coatings slow
down the oxygenation process in meat [48].

Concerning yellowness (b* value) and hue angle (colour tone) in general, no significant
differences were observed among treatments. Vital et al. [47] highlighted an increase in
the b* value in lamb patties, after the addition of alginate coatings and/or oregano oil, in
contrast with Guerrero et al. [43] who reported a decrease in the b* value in lamb meat,
after alginate incorporation. Park et al. [50] and Chounou et al. [31] claimed an increase
in the b* value in chitosan-treated red and ground meat, as the amount of chitosan in the
matrix increased, due to the natural yellowish colour of chitosan. Still, in the current study,
the alginate-coated meat pieces from the shoulder region that were stored under vacuum
(plain alginate coatings, alginate emulsions with oregano or olive oil) had a significantly
higher b* value and hue angle, whereas the ones with alginate and oregano oil that were
stored aerobically had a significantly lower b* value and hue angle, compared with the rest
of the experimental groups. The increase in b* value may be attributed to the accumulation
of metmyoglobin, which is more rapid at low O, concentrations [46]. Fernandes et al. [51]
and Barbosa et al. [52] mentioned an increase in the b* value and hue angle of sheep
sausages and lamb burgers, respectively, that were treated with oregano extract, due to its
characteristic coloration. Similarly, an increase in b* value has been observed in lamb meat
with olive leaf extract, due to the phenolic compounds of the extract [43]. The b* value of
the experimental groups in the current study was not significantly altered during storage,
which is in accordance with the results of Vital et al. [47], implying that the incorporation
of an edible coating in meat products may protect against b* discoloration.

The chemical composition of meat pieces was also evaluated throughout their storage.
The moisture, protein and fat content of meat pieces did not differ among treatments or
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change in the course of time. Vital et al. [47] used lamb patties, in order to evaluate the
effects of edible coatings with oregano oil on meat quality. The proximate composition
of lamb meat was 69.95% moisture, 19.00% protein and 6.50% fat, which is in accordance
with the results of our study. Govaris et al. [38] evaluated the antimicrobial effect of
oregano oil and nisin in minced sheep meat. The chemical analysis of minced sheep meat
showed a protein content of 19.8 & 0.1%, fat 6.4 £ 0.1% and moisture 72.1 £ 0.4%. On the
other hand, on an experiment where Fernandes et al. [40] estimated the effects of oregano
extract on sheep meat quality, the researchers stated that the moisture of sheep burgers was
67.34 £ 0.21%, which is lower than the one mentioned in the current study. In another
study [42], the crude protein content of mutton meatballs treated with 0.1-0.3% olive
leaf extract was 23.34-24.13%, which is higher compared with this study. However, the
crude proteins reduced during the 10-day storage of meat. The differences observed in the
chemical composition of sheep meat could be attributed to the different breeds of sheep
and the different cuts of sheep meat used in the studies.

4.3. Sensory Evaluation

In this study, meat pieces that were treated with oregano oil scored significantly
higher than the rest of the experimental groups. This is consistent with the results of
Govaris et al. [38], who reported that the odour, taste and overall acceptability of minced
sheep meat treated with 0.6% oregano oil were significantly higher than the control. On
the other hand, two studies of the same group [40,53] stated that oregano extract did not
impair consumers’ organoleptic acceptance of lamb burgers. No significant differences in
sensory acceptance were observed between burgers produced with synthetic antioxidants
and burgers that contained oregano extract at a concentration of 24.01 mL/kg [53]. The
inconsistent results could be attributed to subjectivity and different consumer preferences,
origins and the dietary habits of the targeted population in each study [2]. Regarding the
effect of edible coatings, no significant organoleptic changes were observed due to the
application of alginate or chitosan coatings in meat samples. Similarly, Kanatt et al. [32]
mentioned that the initial scores of the sensory attributes of mutton seekh kebabs were
not affected by chitosan coatings. No statistical differences were observed in terms of
flavour, tenderness and acceptability between alginate-coated and control lamb patties [47].
Still, He et al. [33] stated that the sensory properties of chitosan-coated chilled mutton
obtained a significantly higher score than the control group. In either case, the application
of edible coatings in sheep meat is generally acceptable by consumers and, depending on
the targeted population, it may improve or leave the organoleptic scores unaffected.

The taste, odour and tenderness of meat pieces of all the experimental groups reduced
significantly during the storage period. The control lots received unacceptable sensory
scores (<5) at day 7, whereas the scores of chitosan and alginate lots that had oregano oil
declined more slowly than the rest of the experimental groups, as they received unaccept-
able scores at day 14 of storage. Similarly, Camo et al. [41] stated that active coatings with
oregano extended the fresh odour and colour of lamb from 8 to 13 days, compared with
the control, whereas Fernandes et al. [40] claimed that the presence of oregano extract in
sheep burgers prevented the loss of their organoleptic qualities up to 15 days of storage.
Rubel et al. [42] mentioned that the colour, flavour and acceptability of mutton meatballs
with olive leaf extract decreased significantly during the 10-day period of storage. In an-
other study, chitosan-coated lamb meat received unacceptable scores at 13 days of storage,
as opposed to the control meat, which had unacceptable scores at 10 days of storage [30].
He et al. [33] reported that chilled mutton with chitosan coating remained in the acceptable
range up to 15 days during refrigeration, in contrast to the control samples that became un-
acceptable after 6 days of storage. All experimental groups in this study were unacceptable
according to the sensory evaluation on the 21st day of storage, due to the development of
off-odour. Changes in off-odour were consistent with the microbial results that indicate
meat spoilage. The off-odour and off-flavour development is the result of the metabolism
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of B. thermosphacta and LAB in vacuum packaged meat and Pseudomonas spp. in aerobically
packaged meat [46].

5. Conclusions

The results of microbiological, physicochemical analysis and sensory evaluation indi-
cated that edible coatings, as well as their combinations with oregano essential oil or olive
oil, could attribute to the retention of good quality characteristics and the extension of the
shelf-life of mutton. Chitosan coatings were effective in controlling the microbial spoilage
of mutton by suppressing microbial proliferation. Alginate coatings had an effect on the
appearance of mutton pieces giving a deeper red colour. No significant differences were
observed in the chemical composition of meat pieces among the experimental groups, nor
it was altered in the course of time. Among the coatings examined, the ones that included
oregano oil were the most agreeable according to their sensory attributes of mutton. Chi-
tosan coatings and vacuum packaging did not show any synergistic effect. The combination
of chitosan with oregano oil was proven to be the most efficient in the maintenance of the
microbiological populations, the improvement of the organoleptic characteristics and the
considerable extension of shelf-life of mutton.
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Total Psychrophilic Counts, Brochothrix thermosphacta and Lactic Acid Bacteria in meat pieces from
thigh region (standard deviation in parenthesis). Supplementary Table S3: Mean colour values of meat
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Mean colour values of meat pieces from thigh region (standard deviation in parenthesis).
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