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Abstract

To extend the shelf life of vacuum-packaged turkey legs, this study examined the antibacterial
effect of oregano and sage essential oils (O&SEOQ) heated to the same temperature as gentle
scalding (53°x 1 °C for 3 minutes) on spoilage microorganisms. Air-packaged (AP, control
samples), AP with oregano oil emulsion (OOE), AP with warm (53°) OOE, AP with sage oil
emulsion (SOE), AP with warm (53°) SOE, vacuum-packaged (VP, control samples), VP
with OOE, VP with warm (53°) OOE, VP with SOE, and VP with warm (53°) SOE are the
treatments of turkeys legs used in this study. The O&SEO composition was determined by a
GC/MS analysis. The turkey legs were stored under air-packaging for 20 days and VP for 28
days at 2°C £ 0.5°C. Samples microbiological quality and sensory analysis was assessed by
the enumeration of psychrotrophic bacteria, Pseudomonas, Enterobacteriaceae, yeasts and
molds, Lactobacillus sp., and Brochothrixthermosphacta (B. thermosphacta). Oregano and
sage EOs contain carvacrol (Carv), o-Cymene (0-Cym), and Linalool (Lin). Using warmed
oregano or SOE with air packing or VP extended turkey leg shelf life by 24 or 28 days by
inhibiting SM. The treatment with oil emulsion and VP heated at high temperature received
the greatest sensory evaluations from panellists for raw and cooked turkey leg samples.
Based on these results, warmed oregano or SOE may be used as a natural preservative to
extend turkey leg shelf life and microbiological shelf life.

Keywords: turkey legs; warmed essential oil emulsion; vacuum packaging; scalding; spoilage
microorganisms

Introduction

The total output of poultry reached 139 million tonnes (Mt) in 2022, making it the type of
meat that was produced and consumed the most on a global scale. According to OECD and
FAO information from 2023, the countries who produced the most were discovered to be the
United States of America (22.8 Mt), China (21.8 Mt), Brazil, and the European Union (14.8
Mt”). According to projections made by the Organisation for Economic Cooperation and
Development (OECD) and the Food and Agriculture Organisation of the United Nations
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(FAO), poultry is anticipated to be the primary contributor to the expansion of the global meat
output during the course of the next ten years (2022-2032)(Linden 2014). According to
FAOSTAT's 2020 report, turkey is one of the most important components of the poultry
business within this sector. Today, increased demand for turkey meat is due to its excellent
nutritional composition, significant health-beneficial properties (Yuan and Yuk 2018), high
protein and mineral content, low fat content, cost-effective production and its sensory
properties (Ribarski and Oblakova 2016).

Despite these advantages, turkey meat is considered as a very perishable commodity.
Microbial growth (spoilage and pathogenic), endogenous and external enzymatic action, and
oxidative degradation of lipids and heme pigments account for its short shelf life (Wang et al.
2017). Psychrotrophic bacteria, Enterobacteriaceae, Lactobacillus spp.,
Brochothrixthermosphacta, yeasts, and molds are the primary pathogens that degrade turkey
flesh. They produce slime, tissue color change, and off-flavors with their metabolisms
(Nychaset al. 2008).

The issue of microbiological safety, sensory acceptability and extended shelf life of turkey
meat has continued to be a great challenge for the poultry sector. Because of an increase in
consumer awareness of the potential health risk of synthetic preservatives and an emergence
of the need for natural alternatives, as a result, several preservation methods have been
explored. These include application of natural antimicrobials from plant origin, low
temperature storage and VP (Zhang et al. 2016).

O&SEO exhibit excellent antibacterial activity and good sensory qualities, making them good
chemical preservative alternatives (Jayasena et al. 2013). EOs' main bioactive compounds—
Carv, thymol (Thy), linalyl acetate, and Lin —have broad-spectrum antibacterial activity
against spoilage and pathogenic microbes. These chemicals, alone or with VP, have been
shown to extend turkey meat shelf life (Pavelkovaet al. 2014; MojaddarLangroodi 2021).

To present, little study has examined how warmed essential oil emulsions affect VP turkey leg
flesh quality and shelf life. This study examined the antibacterial effects of warmed oregano
and SOE on SM in turkey legs stored at 2 = 0.5 °C under VP. Chemical composition and
sensory properties of the tested EOs were assessed.

Materials and methods

Essential oils
Essential oils (EOs) of oregano and sage were procured from Voshuiles Store (France). Both
oils were certified by Ecocert FR-BIO 01 (France) as 100% pure and natural, obtained from
Mediterranean biological cultivation through steam distillation. The oils were stored in sealed
amber glass vials under dark conditions at 3 £ 1 °C until subsequent use.

Analysis of essential oil (GC-MS)
The study used a SHIMADZU GCMS-QP2020 system (Technical Platform of
Physicochemical Analyses, PTAPC-CRAPC, Laghouat, Algeria) with a fused Rxi®-5ms
capillary column (30 m x 0.25 mm i.d., 0.25 pm film thickness) for gas chromatography-mass
spectrometry (GC-MS)(Bauer & Buettner, 2018). Helium (99.995% purity) was used as the

122

NG PHYTON:

2. ANNALES RET BOTANICAE af


https://phyton-annales.com/

PHYTON-ANNALES REI BOTANICAE
ISSN : 0079-2047

Volume 65 No.2 (2025)
https://phyton-annales.com

carrier gas at 1 mL/min. The column oven was heated at 50 °C for 2 min, then increased at 3
°C/min to 310 °C and held for 2 min(Borucka et al. 2023). Injections of 250 pL samples were
made in splitless mode (5:1). The mass spectra were compared to the Wiley 7N, NIST 02,
and NIST 98 libraries to identify components.

Emulsions preparation
EOs of oregano and sage were formulated into emulsions for immersion treatments. Each EO
emulsion was prepared by mixing 0.3 mL of oregano oil and 0.9 mL of sage oil in 100 mL of
distilled water. To facilitate dispersion, 0.3 mL of Tween 80 was incorporated as a surfactant.
The mixture was homogenized using a mechanical homogenizer for 2 min until a uniform
emulsion was achieved. The emulsions were prepared immediately before application to
ensure stability.

Preparation of turkey legs
A local poultry processing company provided the fresh turkey legs that were collected around
one hour after the turkey had been killed. Insulated polystyrene containers were used to
transfer the samples to the laboratory, and the conditions were kept at a temperature that was
below freezing. In order to prepare the legs for treatment, they were first washed with cold
sterile distilled water upon arrival, and then they were allowed to drain on sterile stainless-
steel mesh racks for twenty minutes while being refrigerated.

Treatments of samples and storage conditions
A total of ten meat batches were prepared, with each experimental group replicated three
times. Samples were packaged using two industrially relevant methods: air packaging (AP,
also referred to as PVC overwrap) and vacuum packaging (VP).
For the AP control group, legs were packed in polyethylene bags without pre-treatment and
stored aerobically at 2 + 0.5 °C(Cai et al. 2014). In the treated AP groups, legs were immersed
for 4 min in oregano or sage EO emulsions at either room temperature (~20 °C) or preheated
to 53 °C, then packaged and stored under the same conditions.
For the VP groups, legs were subjected to the same immersion treatments (room temperature
or 53 °C) and subsequently vacuum-sealed in polyethylene bags. Every sample was kept in a
dark, refrigerated environment at a temperature of 2 £ 0.5 °C. On days 0, 3, 6, 9, 12, 16, 20,
24, and 28, respectively, microbiological and physicochemical studies were carried out. In
contrast, VP samples were monitored for a period of up to 28 days, while AP samples were
analyzed for a period of up to 20 days.

Microbiological analysis
Homogenization was performed with a stomacher (Interscience, France) on each day of the
sample process. Ten grams of turkey leg flesh were put aseptically into sterile stomacher bags
that contained ninety milliliters of buffered peptone water with a concentration of 0.1% (TM
Media, India). Following the preparation of serial tenfold dilutions, the necessary dilutions
were plated on selective media in order to count the number of microorganisms present.
A total of psychrotrophic bacteria were counted on Plate Count Agar (TM Media, India)
following a 10-day incubation period at a temperature of 6.5 °C. On Cetrimide—Fusidin—
Cephaloridine (CFC) agar (TM Media, India), which was incubated at 30 °C for forty-eight
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hours, the number of Pseudomonas species was measured. Following an incubation period of
twenty-four hours at 37 °C, the counts of Enterobacteriaceae were determined on Violet Red
Bile Glucose (VRBG) agar (TM Media, India). On YGC agar (Merck, Germany), yeasts and
molds were counted after being incubated at a temperature of 25 °C for three to five days.
Following incubation at 25 °C for forty-eight hours, the number of Brochothrixthermosphacta
was counted on STAA Agar Base supplemented with STAA selective supplement (TM
Media, India)(Reale et al. 2008). Lactobacillus spp. were cultivated on MRS agar (TM Media,
India) at a temperature of thirty °C for a period of seventy-two hours.
Visual examination and documentation were performed on colonies that exhibited the
morphology that is distinctive of each species of organism. It was determined that the
logarithm of colony-forming units per gram of beef (log CFU/g) was the most accurate way to
express the microbial counts(Gan et al. 2024).

Sensory analysis
The sensory evaluation of raw turkey legs was conducted following international standards
for sensory testing—covering panelist selection, training, test execution, and sensory room
design (ISO 2007). A description was conducted by blind conditions to a panel of seven
judges who had no prior knowledge of the experimental treatments. Panelists were instructed
to evaluate and describe meat freshness sensory qualities as look, color, odor, and general
acceptability during preparatory sessions.
Sensory characteristics were general appearance (G), color (C), off-odor (O), and overall
acceptability (OA). Lower hedonic scores indicated freshness and quality on a 0-point scale.
A sensory shelf-life score of 5 was acceptable. The Kreyenschmidt (2003) equation was used
to calculate a weighted sensory index (SI):

IS=2A+2C + 30 + 2A0/9.

The Patsias et al. (2006) procedure was used to sensory analyze cooked turkey meat. About
100 g of each sample was microwaved at 700 W for 6 min. The same seven professional
evaluators assessed flavor, texture, appearance, and odor. Each trait was scored on a 5-point
acceptability scale, with 5 being “most liked” and 0 being “least liked.” The minimum
acceptable score was 3. Each sample was evaluated independently in duplicate (n = 3).

Statistical analysis
Triplicates were used for all experiments. The results are shown as mean values + SD. After
one-way analysis of variance (ANOVA), Duncan's multiple range test was used to find
significant mean value changes across treatments (El-Shahatet al. 2020). The statistical
analysis was done using SPSS 19.0 (SPSS Inc., Chicago, IL, USA). Significant differences
were defined at p < 0.05(Wang et al. 2020).

Discussion of Results

Gas Chromatography-Mass Spectrometry analysis
The volatile constituents of O&SEO were 41 and 23 by GC-MS profiling, representing
99.88% and 99.81% of the overall composition, respectively. EOs of oregano contain Carv
(56.77%), o-Cym (11.29%), Thy (6.61%), y-terpinene (y-Trp) (6.37%), Lin (3.55%),
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caryophyllene (Cary) (3.18%), and o-terpinene (a-Trp) (2.00%). Like Govaris et al. (2011),
Boskovic et al. (2015), and Hossain et al. (2016), these findings confirm that Carv and Thy
dominate oregano EO.

Sage essential oil (SEO) contains primary constituents: linalyl acetate (61.39%), Lin
(18.79%), B-copaen-4a-ol (3.37%), myrcene (Myr) (2.93%), and Cary (2.52%). The large
amounts of linalyl acetate and Lin in sage EO were also found by Hristova et al. (2013),
Yaseen et al. (2015), and Acimovic et al. (2022).

Table 1: Chemical composition of oregano Eo.

Nom Tr (min) Composition %
a-Phellandrene 8.691 0.38
a-Pinéne 8.948 0.94
Camphene 9.512 0.13
1-Octen-3-ol 10.749 0.93
Amylethylketone 11.042 0.25
Myrcene 11.260 1.72
B-phellandrene 11.804 0.34
03-Carene 12.063 0.10
a-Terpinéne 12.339 2.00
0-Cymene 12,711 11.29
Eucalyptol 12.873 1.09
B -Pinene 13.307 0.02
(E)-Ocimene 13.767 0.06
y-Terpinéne 14.253 6.37
(cis)-4-Thujanol 14.591 0.08
Cyclohexene, 1-methyl-4-(1- 15.588 0.46
methylethylidene)-
Linalool 16.124 3.55
2,5-Dimethylhex-5-en-3-yn-2-ol 16.756 0.04
1,3,8-p-Menthatriene 17.949 0.01
Borneol 19.158 0.37
3-Cyclohexen-1-ol, 4-methyl-1-(1- 19.707 0.91
methylethyl)-, (R)-
a-Terpineol 20.568 0.09
Cyclohexanone, 2-methyl-5-(1- 20.870 0.03
methylethenyl)-, trans-
Benzene, 1-methoxy-4-methyl-2-(1- 22.774 0.06
methylethyl)-
Cyclohexanone, 5-methyl-2-(1- 23.157 0.04
methylethylidene)-, (R)-
Duroquinone 23.243 0.03
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2,3,5,6-Tetramethylphenol 24.706 0.11
Thymol 25.069 7.61
Carvacrol 25.818 56.97
Copaene 28.668 0.02
Bicyclo[7.2.0Jundec-4-ene, 4,11,11- 29.973 0.01
trimethyl-8-methylene-
a-Gurjunene 30.094 0.01
Caryophyllene 30.533 3.18
Aromandendrene 31.305 0.02
(Z,2,2)-1,5,9,9-tetra- methyl-1,4,7- 31.909 0.18
cycloundecatriene
y-Muurolene 32.857 0.01
1H-Cycloprop[e]azulene, 33.618 0.02
1a,2,3,5,6,7,7a,7b-octahydro-1,1,4,7-
tetramethyl-, [1aR-
(la.alpha.,7.alpha.,7a.beta.,7b.alpha.)]-
B-Bisabolene 34.136 0.35
y-Cadinene 34.367 0.01
d-Cadinene 34.732 0.03
Oxyde de caryophyllene 37.048 0.07

Table 2: Chemical composition of sage Eo.

Nom tr Composition (%)
(min)

Myrcene 11.33 2.93

Limonene 12.88 0.17
a-Pinéne 13.32 0.64
(E)-B-Ocimene 13.80 1.62
Linalool 16.17 18.79
Allo-ocimene 17.50 0.32
a-Terpinéol 20.29 1.66
Formate de linalyle 21.49 0.34
(2)-géraniol 22.04 0.21
Acétate de linalyle 23.52 61.39
(2)-Formate de néryle 25.39 0.08
y-Elemene 26.95 0.24
Acétate de neryle 28.10 1.08
Copaene 28.63 1.17
Acétate de géranyle 28.92 1.88
Bicyclosesquiphellandrene | 29.24 0.28
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Germacrene A 29.31 0.17
Caryophyllene 30.47 2.52
y-Cadinene 31.87 0.29
B-Copaen-4a-ol 33.02 3.37
Valencene 33.29 0.11
Lepidozene 33.66 0.35
d-Cadinene 34.71 0.20

Microbiological analysis

Air packaging
In chilled circumstances, aerobic, Gram-negative psychotrophic bacteria flourish. Aerobic
deterioration of chilled meat, poultry, and fish is caused by these microorganisms (Fung
2009). Turkey leg samples had an initial psychrotrophic count of 5.21 log CFU/g on day O,
indicating good product quality, as the ICMSF (1986) recommends a maximum of 107 CFU/g
for poultry. Day 9 storage increased air-packaged sample psychrotrophic counts to 6.42 log
CFU/g (Table 3).
According to Wages (2020), most psychrotrophic bacteria detected on poultry carcasses after
processing originate not from the intestinal tract but from external sources such as feathers,
feet, processing water, cooling tanks, and handling equipment. During the course of this
investigation, the psychrotrophic population exhibited a noteworthy increase with the passage
of time (p < 0.05). The control group exhibited a considerably higher quantity of bacteria
compared to all of the treated groups (p <= 0.05). This indicates that in the absence of any
antimicrobial action, the development of bacteria is occurring at a rapid pace. Among the
treatments, the samples of oregano essential oil emulsion (OOE) and sage essential oil
emulsion (SOE) that were treated with warm oregano and sages, respectively, had the lowest
psychrotrophic counts while they were being stored. However, beginning on the ninth day,
there was no discernible difference (p > 0.05) between the samples that were treated with
OOE and those that were treated with SOE(Rafiq et al. 2016).
Most psychrotrophic bacteria that cause poultry spoiling in aerobic packages are
Pseudomonas spp. (Wang et al. 2017). The load in this investigation was 5.04 log CFU/g at
the start and 6.46 after nine days of air-packaged sample storage. Treatment with sage and
oregano oils at 2 + 0.5 °C resulted in significant differences (p < 0.05) compared to control
samples, but not between air-packaged samples (p > 0.05) (Table 3). Under vacuum
packaging (VP), warm SOE treatments had higher Pseudomonas counts during storage,
indicating a significant difference (p < 0.05) from warm OOE treatments. Warm-temperature
OOE inhibited Pseudomonas spp. growth more. According to Nychas et al. (2008),
Pseudomonas spp. counts over 7.0-8.0 log CFU/g indicate potential fresh meat deterioration.
Before the 16th day of storage, all samples were below 7 log CFU/g, and warm essential oil
emulsion samples were below 6 log.
Refrigerated foods often include Gram-negative, facultatively anaerobic Enterobacteriaceae
that aerobically degrade poultry flesh (Chen et al. 2014). Under VP circumstances, they grow
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slower (Chouliaraet al. 2007). The study found that Enterobacteriaceae levels in aerobically
stored control samples increased from 5.14 + 0.01 log CFU/g on day 1 to 6.38 log CFU/g on
the last day of measurement (Table 3)(Zou et al. 2022). The treated samples had considerably
lower colony counts than the control (p < 0.05), with heated OOE resulting in the lowest
results. Oregano and sage oils had no significant influence (p > 0.05) on turkey legs'
antimicrobial response after day 9, and they performed similarly during storage. The
product's sanitary and microbiological quality is also shown (Mladenovic et al. 2021).

The yeast and molds which have the ability to grow at refrigeration temperature are also
responsible for spoilage of poultry by producing undesirable aromas and flavors (Fung 2009;
Jayasena et al. 2013). Air-packaged control samples had 5.36 log CFU/g yeast and mold at
day 1, which increased to 6.35 log CFU/g, day 9. Compared to the control group, warm SOE
had a greater inhibitory impact on fungus growth (p < 0.05). Warm SOE treatment resulted in
substantially decreased bacteria populations (4.91 + 0.01 log CFU/qg) till day 9, indicating
powerful antifungal effects. Raymondbaudi-Massilia et al. (2006) found that antibacterial
efficacy varies by microbial species and essential oil. At the conclusion of storage (day 20),
warm OOE-treated samples showed lower yeast and mold counts (5.73 + 0.01 log CFU/qg),
indicating improved long-term protection.

Table 3: Effect of dipping a warmed and not warmed oregano and sage essential oils
emulsion on the growth of spoilage bacteria in turkey legs stored aerobically at 2 + 0.5°C

Microorgani  Treatment Storage days
sms Jo J3 J6 J9 J12  Ji6  J20
Psychrotrop  Control 521 5.44 555 6.42
hics +0.00a  +0.00a +0.00 +0.00
a a
Oregano oil 521 5.10 508 593 6.09
emulsion +0.00a  +0.01b £0.00 +0.00 +0.00
b b a

Oreganowarm  5.21 4.83 479 492 498 545 6.16
oil emulsion +0.00a +0.00e +0.00 #0.02 #0.01 +0.00 =+0.01b
e d c b

Sage oil 5.21 5.00 500 593 6.09
emulsion +0.00a  +0.01c +0.00 #0.01 0.02
c b a
Sage warm oil 5.21 4.86 482 509 530 564 6.37
emulsion +0.00a  +0.01d +0.01 #0.01 #0.03 +0.01 +0.02a
d c b a
Pseudomona Control 5.04 5.28 569 6.46
S spp. +0.00a  +0.00a +0.01 #0.00
a a
Oregano oil 5.04 5.00 494 584 6.01
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emulsion +0.00a  +0.00b +0.03 #0.13 0.01
b b b
Oregano warm  5.04 4.35 436 494 508 539 6.32
oil emulsion +0.00a  +0.01d £0.00 +0.00 +0.01 +0.02 +0.01b
d d d b

Sage oil 5.04 5.00 498 594 6.11
emulsion +0.00a +0.00b +0.01 #0.01 =0.00
b b a
Sage warm oil 5.04 4.64 462 549 561 577 6.76
emulsion +0.00a  +0.04c +0.04 +0.03 +0.02 +0.01 +0.01a
c c c a
Enterobacter Control 5.14 5.32 534 6.38
iaceae +0.0l1a +0.00a 0.00 =0.00
a a
Oregano oil 5.14 5.07 506 575 6.01
emulsion +0.0la +0.00c +0.01 +0.01 0.00
c b a

Oreganowarm  5.14 4.89 475 502 509 519 585
oil emulsion +0.0la  +0.00e +0.00 #0.00 #0.01 +0.00 =0.03b
d d c b

Sage oil 5.14 511 508 576 6.01
emulsion +0.0la +0.00b +0.00 +0.00 =+0.00
b b a
Sage warm oil 5.14 4.92 475 517 522 523 5096
emulsion +0.0la +0.00d #0.01 £0.01 +0.00 +0.00 =+0.0la
d c b a
yeasts and Control 5.36 5.37 545 6.35
molds +0.00a  +0.00a +0.00 =0.00
a a
Oregano oil 5.36 5.08 496 563 5.68
emulsion +0.00a  +0.00b +0.00 £0.02 +0.00
b b a

Oreganowarm  5.36 4.81 464 496 498 508 573
oil emulsion +0.00a  +0.00d +0.01 #0.00 +0.00 +0.00 =£0.01b

c d c b
Sage oil 5.36 5.01 500 552 5.69
emulsion +0.00a  +0.00c +0.00 #0.01 +0.01
b c a
Sage warm oil 5.36 4,72 464 491 504 518 6.42
emulsion +0.00a +0.03e #0.04 +£0.01 +0.01 #0.01 +0.01a
c e b a
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Values are expressed as average + standard deviation (n =3).

a, b, c, d: Different lowercase letters in the same column indicate significant
differences (p<0.05) between the different treatments on the same sampling
days.

Vacuum packaging

As facultative anaerobic bacteria, Lactobacillus spp. tend to proliferate under conditions with
limited oxygen, forming a major component of the natural microbiota in VP meat
(Doulgerakiet al. 2011). This genus is one of the most resistant Gram-positive bacteria to EO
antimicrobials. Lactic acid bacteria (LAB) can create ATP efficiently and resist osmotic
stress (Kostakiet al. 2009; Frangos 2010). Table 4 shows that LAB counts in control samples
maintained under VP increased from 5.16 log CFU/g on day O to 6.22 on day 12. In
combination with EOs, VP significantly reduced LAB proliferation, with lower bacterial
counts in treated groups compared to controls (p < 0.05). The treatment groups with the
lowest LAB counts from samples handled with heated OOE during the experiment differed
significantly. The sample treated with OOE and heated OOE under VP at 2 + 1°C showed
LAB cell counts of 5.16 log CFU/g at day 0 and 5.06 and 4.97 log CFU/g at day 16. The
study found that VP, warm OOE, and chilled storage (2 + 0.5°C) effectively suppressed LAB
multiplication over 28 days.

In the control group stored under VP, Enterobacteriaceae population was 5.14 + 0.01 log
CFU/g on day 1 and 6.24 on day 12, while EO-treated samples took over 20 days to reach
similar values, indicating a significant difference (p < 0.05). All therapy groups reduced
enterobacteriaceae counts, but VP and OOE had the greatest decreases. The combination of
VP with OOE reduced Enterobacteriaceae by 1.14 log CFU/g (p < 0.05) on day 12, while
warm OOE and warm SOE had reductions of 1.22 and 1.23 log CFU/g, respectively.

It has been reported as a prominent spoiling organism of VP refrigerated meat (Nowak et al.
2013) and to be a reliable indicator for shelf life and meat decomposition (Gribble and
Brightwell 2013; Stanborough 2018). Brochothrixthermosphacta is a Gram-positive
facultative anaerobic bacterium because it grows in the absence of oxygen(Lu et al. 2023).
Furthermore, in the present investigation, a statistically significant difference (p < 0.05) was
discovered between the control group and the EO-treated group that was stored under VP.
During the storage period of 24 days for warm soya bean oil (SOE) and 28 days for warm
O&SEOQO, the number of B. thermosphacta in the control group increased from 5.20 = 0.01
CFU/g on day 0 to 6.45 CFU/g on day 12. However, the values were comparable to those of
EO-treated samples. This was stated in Table 4. Therefore, the shelf life of the turkey legs
was expanded to approximately 28 days for the heated OOE and 20 days for the heated SOE
as a result of the combined application of VP and heated EOs. This markedly prolonged the
growth of B. thermosphacta.

O&SEOQO consistently exhibit potent and consistent antimicrobial activity against
psychrotrophs, Pseudomonas spp., Enterobacteriaceae, B. thermosphacta, Lactobacillus spp.,
yeasts, and molds. Since EOs lack a protective membrane, they are more effective against
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Gram-positive bacteria than Gram-negative bacteria(Jayasena et al. 2013). At low
temperatures, VP showed anti-bacterial growth activity, which reduced spoiling and extended
poultry shelf life (Can and Sahin 2019). In the present study, turkey legs packaged
aerobically and treated with oregano or SOE had a shelf life of 12 days, but those treated with
warm essential oil emulsions were stable for 20 days, with cold OOE having the lowest
microbial loads.
The combined effect of VP and EOs, especially in their heated emulsion form, was found to
be synergistic. Moreover, the shelf-life of legs treated with oregano or SOE under VP was 16
days, whereas warmed oregano or warmed SOE increased the shelf-life of legs to 20 days.
This improved antimicrobial activity can be explained by volatile bioactive compounds that
are found in the oils: Carv and Thy in oregano, and linalyl acetate and Lin in sage (Ramos et
al. 2012), which exert their antimicrobial effect by damaging cytoplasmic membrane, by
inactivating key enzymes, by disrupting proton gradients, and by depleting ATP levels,
leading to cell death (Diao et al. 2014; Lee et al. 2019). Besides, the application of EO
emulsions at 53° C, a temperature comparable to the one used in soft scalding, would have
probably enhanced their effectiveness by opening pores in the skin, facilitating deeper
penetration of volatile EO molecules without harming the external layers of the skin (Irshad
and Arun 2013; Wages 2020).
Hence, the results of this study indicate that the integration of VP with warmed EO emulsions
(53°C), particularly warmed oregano EO, was highly effective in controlling spoilage
microorganisms and extending the storage life of turkey legs maintained at 2 = 0.5°C.
Table 4. Effect of dipping a warmed and not warmed oregano and sage essential oils
emulsion on the growth of spoilage bacteria in turkey legs stored under vacuum
packagingat2 + 0.5 °C

Microorgan Treatment Storage days

isms JO J3 J6 J9 J12  Ji6e J20 J24 )28
Lactobacill Control 516 530 546 6.10 6.22

us spp +0.0 +0.0 0.0 +0.0 0.0

Oa Oa Oa Oa Oa
Oreganooil 516 511 507 5.06 504 506 592 625 6.71
emulsion +0.0 0.0 00 +0.0 +0.0 +0.0 0.0 0.0 0.0
Oa 0d 0d 0d Oc Oc Ob Oa Oa
Oregano 516 500 499 498 498 497 561 6.10 6.51

warm oil +0.0 00 +00 +00 +0.0 0.0 +0.0 0.0 0.0
emulsion Oa Oe Oe Oe Oe od 3c Ob 0b
Sage oil 5.16 5.16 5.11 574 587 6.09

emulsion +0.0 0.0 #0.0 x0.0 #0.0 0.0

Oa Ob Ob Ob Ob Oa
Sagewarm 516 514 509 5.08 5.01 513 6.21 6.25
oil emulsion +#0.0 +*0.0 +#0.0 #0.0 0.0 0.0 0.0 0.0
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Oa Oc Oc 2c od Ob la Oa

Enterobact Control 514 541 544 6.16 6.24
eriaceae +0.0 0.0 #0.0 #0.0 0.0
la Oa la 2a Oa
Oreganooil 514 529 517 512 510 518 6.04 657 6.76
emulsion +0.0 +#0.0 0.0 +0.0 +0.0 +0.0 0.0 0.0 0.0
la Oc 2C Oc Oc 1b Ob 2b la
Oregano 514 493 489 5.03 5.02 497 578 6.19 6.43

warm oil +0.0 00 +00 +00 +00 0.0 +0.0 0.0 =0.0
emulsion la le od od 1d 0d Oc 1c 1b
Sage oil 514 530 524 586 6.05 6.16

emulsion +0.0 0.0 x0.0 0.0 0.0 0.0
la Ob 1b Ob  0Ob la
Sagewarm 514 498 491 499 501 516 6.34 6.79
oil emulsion 0.0 0.0 +0.0 #0.0 #0.0 0.0 0.0 0.0
la 0d 1d Oe 1d 1c 2a la

Brochothri  Control 520 5.30 5.32 6.35 6.45
xthermosp +0.0 +0.0 +0.0 #0.0 *0.0
hacta la Oa la Oa Oa

Oreganooil 520 529 523 522 521 517 6.29 653 6.72

emulsion +0.0 +0.0 0.0 #0.0 #0.0 +0.0 #0.0 0.0 0.0
la Oa Ob 1c Oc Ob Oa Oa Oa

Oregano 520 5.00 495 498 498 493 550 5.83 6.09

warm oil +0.0 +00 +0.0 00 00 +0.0 +0.0 0.0 0.0
emulsion la od Oe Oe Oe 1d 4c Oc Ob
Sage oil 520 5.27 521 573 577 6.09

emulsion +0.0 0.0 x0.0 0.0 0.0 0.0
la Ob Oc 1b 1b Oa
Sagewarm 520 5.13 508 5.02 500 499 591 6.29
oil emulsion 0.0 +*0.0 +0.0 #0.0 #0.0 #0.0 #0.0 0.0
la 1c 0d 0d 0d Oc 3b 2b

Values are expressed as average * standard deviation (n =3).

a, b, c, d: Different lowercase letters in the same column indicate significant
differences (p<0.05) between the different treatments on the same sampling
days.

Sensory analysis
The sensory characteristics of both raw and cooked turkey legs stored under aerobic and VP
conditions, with or without EO treatment, were assessed throughout the refrigeration period.
The total demerit points for the raw and cooked samples are presented in Figures 1 and 2,
respectively. At first all samples had a sensory score of zero, showing that the legs of turkeys
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had acceptable freshness and quality at the start of storage. Sensory scores decreased with
storage in the treated and untreated groups, although this decrease was probably gradual due
to the growth of SO. Nevertheless, the EO-treated samples always obtained better sensory
scores due to the improved aroma and flavor characteristics. The study showed that the lower
limit of shelf life (score of 5) for cooked turkey thighs stored under air at 2°C was reached
after 3 days of storage for the control groups, at 12 and 16 days for the groups treated with
oregano essential oil emulsion at room temperature or heated temperature, respectively, and
after 9 and 12 days for the groups treated with sage essential oil emulsion at room temperature
or heated temperature, respectively.In contrast, this limit was reached on the 6th day of
storage for the control groups, on the 16th and 20th days of storage for the groups treated with
sage essential oil emulsion at room temperature or heated temperature, respectively, and on
the 12th and 16th days for the groups treated with sage essential oil emulsion at room
temperature or heated temperature, respectively.Figure 2 shows the sensory scores of cooked
turkey legs. At each of the sampling periods, significant differences (p < 0.05) were found
between the control and treated groups with the treated groups receiving higher ratings by the
panelists for taste and overall acceptability(Lopez-Olvera et al. 2007). The observed decline
in color and appearance scores may be attributed to the higher myoglobin content in turkey
legs compared to breast meat (Ahn and Maurer 1990). Numerous studies have also associated
spoilage-related sensory deterioration with microbial activity. According to Pooni and Mead
(1984), the development of off-odors during cold storage is mainly due to the accumulation of
metabolic byproducts from psychrotrophic bacteria utilizing available nutrients in carcasses.
Likewise, the predominance of spoilage-associated microorganisms such as Pseudomonas,
LAB, Brochothrixthermosphacta, and yeasts contributes to the formation of hydrogen sulfide
and other volatile compounds responsible for undesirable greenish, sour, or cheesy odors
(Zhang et al. 2016).

50,00 - 50,00 7
45,00 - AP 45,00 VP
= 40,00
. £ 35,00 _
=3#e=0il 2 warm % 30,00 == 01il 2 warm
==0il 2 £ 25,00 ==0il 2
Oil 1 warm E 20,00 01l 1 warm
. = 15,00 .
==0il 1 % 10.00 =f=0il 1
==$==Control 5,00 === Control
0.‘00 1 T T 1 T T 1 1
30 33 36 9 j12316j20 j0 36 312 j20 ;28
Storage days Storage days

Figure.1. Change in sensory index (SI) of raw turkey legs stored at 2 £ 0.5 °Cin differently
packaged methods under different treatments; AP: air-packaging, VP: VP, Oil 1: oregano, Oil
2: sage.
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Figure.2. Sensory analysis of cooked turkey legs stored at 2 + 0.5 °C in differently packaged
methods under different treatment. Sensory attributes: Air packaging a = Odor, b = Texture, ¢
= Appearance, d = Taste intensities. VP A = Odor, B = Texture, C = Appearance, D = Taste
intensities. Oil 1: oregano, Oil 2: sage.

Conclusion

The results of this investigation demonstrate that the EOs of oregano and sage possess
a powerful antibacterial action against a wide range of SMs, including psychrotrophic
bacteria, Pseudomonas, Enterobacteriaceae, Lactobacillus spp., Brochothrixthermosphacta,
and a variety of yeasts and molds. According to the findings, the incorporation of heated
oregano or SOE, which is heated to 53 °C, in conjunction with VP is an efficient method for
enhancing the sensory qualities of turkey legs that are stored at a temperature of 2 °C+ 0.5 °C.
The use of warmed essential oil mixtures as a natural preservation strategy that is capable of
demonstrating an additive effect in keeping the ecological stability and organoleptic quality of
turkey meat while it is being stored in the refrigerator is therefore recommended.
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