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Article
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Essential Oils
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Abstract: Ajwain essential oil (AEO) and Thyme essential oil (TEO) naturally contain bioactive compounds
important for its growth and development. Various researchers have discovered that these compounds
contribute biological benefits for living things such as humans and animals. Bioactive compounds found in
essential oils, such as terpenes and terpenoids, possess antibacterial and flavouring qualities, making them
promising natural preservatives in the food business. This study investigates the effect of essential oil treatment
methods on their incorporation into dehydrated beef and its subsequent sensory acceptability. The meat
samples underwent hot air blanching (HAB) and oil treatment (OT) with doses of 0.75 mL and 1.5 mL,
respectively. Subsequently, the samples were dried at 55 °C for 6 hours after each treatment. The identification
and quantification of volatile chemicals were performed using headspace solid-phase microextraction (HS-
SPME) and gas chromatography-mass spectrometry (GC-MS). Thymol, y-terpinene, p-cymene, and B-pinene
were the predominant compounds before and after the treatments. The findings revealed that the application
of AEO and TEO treatments resulted in significant differences in the final concentration of the monoterpenes.
However, the sensory evaluation indicated that the ajwain and thyme EO samples received similar overall
ratings. Consequently, ajwain essential oil could be a suitable alternative to thyme in beef jerky.

Keywords: Thyme essential oil; Ajwain essential oil; HS-SPME-GC-MS; dried meat

1. Introduction

There has been a growing interest in the consumption of medicinal plants over the last two
decades. The application of their extracts and essential oils (EOs) is an exciting trend in the food and
pharmaceutical industries since they are considered a likely source of bioactive natural compounds
[1-5]. One of the many plants used is thyme (Thymus vulgaris), an aromatic plant and herb belonging
to the family Lamiaceae, with a grassy appearance that grows in many parts of the globe, is used for
infusions, as a seasoning agent as well as a very valuable meat additive [6-9]. So far, the application
of thyme essential oil (TEO) in meat products attracts food processors and consumers mainly due to
its antimicrobial and flavouring properties.

Ajwain seeds, commonly used as a spice in Indian and Middle Eastern Asian dishes, are small,
oval-shaped, and pale brown, with a bitter and spicy taste and aroma like thyme. It has been used as
much for cooking as natural medicine, particularly for digestive ailments [10,11]. The application of
ajwain (Trachyspermum Ammi L.) essential oil (AEO), a prominent fragrant herb belonging to the
Apiaceae family, has been employed as a food preservative, antioxidant, flavouring agent,
perfumery, and medicine [12]. In meat products, they could be used as a natural preservative and
flavouring compound since they present very similar properties to thyme. There are some studies in
meat using ajwain as a spice. The study tested different food preservative formulations to produce
various shelf-stable and intermediate moisture meat products with hurdle technology [13]. One was
a mix of spices, including ajwain seeds, to prepare shelf-stable buffalo meat chunks. Another recent
study investigated the effects of chitosan coating containing AEO on the shelf life of chicken breasts
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during refrigerated storage [14]. However, the application of ajwain essential oil has not been studied
in other meat products.

Thyme usually contains between 1% and 2.5% essential oil, which is the cause of a moderate and
pleasant aroma and often very marked balsamic and spicy taste [5,15]. Thymol and its phenol isomer,
carvacrol, are frequently the significant components of extracted EO (representing around 30-50%).
They are usually accompanied by p-cymene and y-terpinene; these four monoterpenes are often
biogenetically associated [16]. In the case of ajwain, studies have reported that the amount of essential
oil extracted from the fruits was from 0.5% to 5%. Four different chemotypes are commonly
determined in AEO: thymol, carvacrol, p-cymene, and y-terpinene. The thymol chemotype could be
accountable for 35 to 60% of the AEO. Nevertheless, these chemotypes vary according to different
cultivation conditions, time of harvest, different extracting methods, and fruit storage conditions,
among others [17]. Also, the main compounds in both EOs are reported as the cause of antioxidant,
antimicrobial, fungicidal, antispasmodic, and expectorant, among other health benefits [4,5,9,18].

In this manuscript, the volatile headspace composition of the dried meat treated with different
essential oils has been characterised using a headspace solid-phase microextraction (HS-SPME)
method in combination with gas chromatography-mass spectrometry (GC-MS) for the final
quantification of the volatile organic compounds (VOCs). To our knowledge, there is no defined
technique for isolating volatile compounds from food. Fortunately, SPME extraction with GC-MS
separation and identification is a valuable and reliable method for analysing the VOCs in meat
products [19,20]. Some authors also suggested that a complete quantification of volatiles is difficult
when using the SPME-GC-MS technique. Still, comparing the relative percentages of these
compounds among samples is viable when the same analytical practice is implemented [5,21,22].

We took a traditional meat snack product and enriched it with conventional essential oil, thyme,
to add sensory and healthier properties. Moreover, we wanted to find an alternative EO from the folk
culture that can potentially replace the TEO, namely, ajwain, for our value-added jerky. Bearing this
in mind, after applying the EOs treatments and drying the product, we wanted to determine and be
able to quantify the final monoterpene composition (which is responsible for most of the medicinal,
preservative, and flavouring properties in EOs) on the final dried meat. Besides, to evaluate the
impact of those treatments on the sensory properties of our jerky-type snack foods, as we intend to
make them an option for consumption.

2. Materials and Methods

2.1. Essential Oil

Thyme essential oil (TEO) was obtained from Katyani Exports (New Delhi, India). According to
the manufacturer's specifications, TEO was extracted by steam distillation from the entire flowering
plant (herb) without the root. Ajwain essential oil (AEO) was purchased from the same supplier and
was extracted from the crushed seeds through steam distillation. For the chemical analyses, TEO and
AEO were diluted with hexane; 5 uL EO was added to 1 mL of hexane. After 10 minutes of shaking,
samples were analysed by GC-MS.

2.2. Meat Sample Preparation

For this study, fresh beef from biceps femoris was purchased from a local butchery in Prague,
Czech Republic. The beef muscle surface was washed and stored at -6 °C for 1 day. After that, the
frozen muscle was defrosted at ambient temperature (= 25 °C) for 1 hour and was sliced into thick
steaks of 1 cm by a meat cutter SILVER (Kalorik, Miami Gardens, FL, USA). Additionally, it was cut
into 5 cm x 2.5 cm small rectangular samples. Meat slices were packaged in zipper plastic bags and
stored at - 6 °C in the freezer.

2.3. Preparation of Modified Blanching Treatments

Two modified blanching methods were used to prepare meat samples with EO: hot air blanching
(HAB) and oil treatment (OT). The doses of EOs in the treatments were set at 0.75 ml and 1.5 ml.
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Before each treatment, the meat sample was immersed for 10 minutes in a salt solution containing 12
grams of sodium chloride per litre (12 g NaCl/L). HAB involved saturating the filter paper with
various amounts of EO and placing it in front of a fan in a dryer (Memmert dryer UFE 400, Germany)
with two trays. Subsequently, the meat sample was placed in a dryer and dried for 10 minutes at 35
°C. Saturation of the filter paper led to the formation of vapours containing TEO and AEO and their
incorporation into the meat samples. In the oil treatment, the sample was immersed in 20 ml of
sunflower oil with each EO and the prescribed amount at room temperature for 10 minutes. All beef
samples were subsequently dried in an oven (Memmert oven UFE 400, Germany) at 55 °C for 6 hours.
After 3 hours of drying, the samples were turned over to ensure thorough drying of the entire surface.

2.4. HS-SPME Extraction Method

The solid phase microextraction (SPME) technology was employed to extract volatile chemicals
from the headspace (HS). The quantitative relationships between the primary volatile components of
TEO and AEO have been identified. Before analysis, the fibre was conditioned at 250 °C for 60
minutes in the gas chromatograph inlet. After completing the drying process for each modified
blanching treatment, a 4 mL vial sealed with PTFE-faced silicone septa was used to weigh 1+0.02 g of
ground dried meat. The vial was then injected with an SPME fibre, which had a thickness of 50/30
pum and was coated by Divinylbenzene/Carboxen/Polydimethylsiloxane DVB/CAR/PDMS. The fibre
was subjected to the gas phase above the sample at room temperature (+ 25 °C) for 30 minutes.
Following adsorption, the fibre was extracted from the vial and promptly placed into the gas
chromatography inlet.

2.5. Gas Chromatography-Mass Spectrometry (GC-MS) Analysis/Quantification

The volatile components of TEO and AEO were quantitatively analysed using gas
chromatography-mass spectrometry (GC-MS) on samples subjected to various doses and treatments.
The study used an Agilent 7890B GC equipped with an Agilent 5977 MSD mass spectrometer.
Following the extraction procedure, the fibre was manually inserted into the injection port of the GC-
MS. The temperature was set to 250 °C in spitless mode. The gas chromatography column used was
HP/5MS 5% Phenyl methyl Siloxane with dimensions of 30m length, 250 um inner diameter, and 0.25
pm film thickness. Helium was utilised as the carrier gas, maintaining a consistent flow rate of 1
mL/min. The temperature of the GC oven was increased in a controlled manner. It started at 45 °C
and remained at this temperature for 5 minutes. Then, it was raised to 250 °C at 10 °C per minute.
Once it reached 250 °C, it was further increased to 280 °C at a faster rate of 20 °C per minute. The
temperature was then held at 280 °C for 5 minutes. The entire analysis process took a total of 32
minutes. Following each injection, the fibre was cleaned at a temperature of 250 °C for 10 minutes to
guarantee its impeccable condition. The constituents' identification was based on comparing their
retention indices, retention times, and spectra with the National Institute of Standards and
Technology Library ver. 2.0.f (NIST, USA) and literature [23,24]. The RI was calculated for
compounds separated by HP5-MS column using the retention times of n-alkanes series ranging from
C8 to C40 for each EO analysed. The relative percentages of the components were calculated based
on the gas chromatography peak areas, with only compounds exceeding 0.1 % being considered. The
analyses were performed in triplicate.

2.6. Chemical Composition of TEO and AEO (GC-MS)

The chemical content of both essential oils was determined using GC-MS. The essential oil was
diluted in hexane at a 5 um/mL concentration for sample preparation. The sample was injected into
the GC-MS Agilent 7890B GC port in split mode, with a split ratio of 10:1. The injection temperature
was set to 250 °C, and the carrier gas used was Helium, flowing at a constant rate of 1 mL/min. An
identical column to the previous GC-MS quantification method was utilised. The initial oven
temperature was set to 45°C and maintained for 5 minutes. It was then increased to 250°C at a rate of
10 °C/min. Finally, the temperature was further increased to 280°C at a rate of 20 °C/min and kept for
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5 minutes. The total run duration of the oven was 45.5 minutes. The constituents' identification was
based on comparing their retention indices, retention times, and spectra with the National Institute
of Standards and Technology Library ver. 2.0.f (NIST, USA) and literature [23,24]. The RI was
calculated for compounds separated by HP5-MS column using the retention times of n-alkanes series
ranging from C8 to C40 for each EO analysed. The relative percentages of the components were
calculated based on the gas chromatography peak areas, with only compounds exceeding 0.1% being
considered. The analyses were performed in triplicate.

2.7. Statistical Analysis

The statistical study was conducted using Statistica Vs.13.5.0.17 software on Windows 10. A total
of 60 samples were utilised in this investigation, each consisting of 2 dosages, 2 essential oils, and 2
blanching treatments. Additionally, each sample was duplicated., resulting in a total of 2 controls per
replication. Furthermore, three independent experiments, or replications, were carried out. The
normal distribution was assessed using the Kolmogorov-Smirnov and Lillefors tests, while variance
homogeneity was verified using the Levene test. The chemical composition (expressed as a
percentage of the total area) was analysed using analysis of variance (ANOVA) to determine the
major effects of each treatment type. The experimental design included each composition (expressed
as a percentage of the total area) as a dependent variable. The categorical parameters in this study
were samples, dosages, and repetition, all of which were considered simultaneously. The key
interaction we utilised in the analysis was the combination of the sample and dosage variables. A
Tukey correction was performed for doing multiple mean comparisons. Statistical significance is
defined as p < 0.05.

Additionally, to analyse the sensory data, we accomplished ANOVA main effects and Tukey's
HSD post hoc test to separate mean differences. In the model, each evaluated trait was a dependent
variable, and the categorical factor was the sample type. Afterwards, a generalised Procrustes
analysis (GPA) was performed using XLSTAT software (Addinsoft, France) to reduce the differences
between five scored traits significantly affected by the sample type (ANOVA previously assessed),
establish a consensus, and summarise the results in an attribute and samples biplot map [25].

2.8. Sensory Analysis

Sensory analysis was performed in a specialised laboratory for sensory analysis. A panel of 15
assessors, consisting of students and staff from the Faculty of Tropical AgriSciences at the Czech
University of Life Sciences Prague, was assembled to conduct a descriptive product assessment. The
assessors underwent training on how to assess the sensory characteristics and how to complete the
evaluation framework. A non-structured graphical 100 mm scale, composed of straight lines aligned
with descriptions at both ends, was employed for sensory evaluation and rating. The samples were
prepared one day in advance and stored in sealed plastic bags to preserve the thyme and ajwain
flavour. In addition, during the salting process, the meat sample was immersed in a salt solution (12
grams of NaCl per litre for ten minutes). The meat was then dried using the same method as before
to prepare the modified blanching treatments (at 55 °C for 6 hours).

The samples were encoded using randomly generated three-digit numbers. Each panellist was
provided with six samples. 1. Control + salt 2. Ajwain OT 0.75 mL 3. Thyme HAB 0.75 mL 4. Ajwain
HAB 0.75 mL 5. Thyme OT 1.5 mL and 6. Ajwain OT 1.5 mL. To cleanse the assessor's taste, unsalted
bread, water, and Ethanol 30% were provided after each sample.

The factors assessed were the visual appearance, aroma, colour, texture, taste, intensity of
individual flavours, and overall evaluation of the jerky samples (Table 1).
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Sensory trait

Scale orientation

left=0 % right =100 %
Appearance:
general appearance very bad excellent
Smell:
general pleasantness of the smell very bad excellent
intensity of thymol smell imperceptible very strong
Colour:
general likableness of the colour dislike like
general intensity of the colour extremely light  extremely dark
Texture:
general pleasantness of the texture very bad excellent
juiciness dry juicy
chewiness difficult easy
Taste:
general pleasantness of the taste very bad excellent
general intensity of the taste imperceptible very strong
Intensity of partial tastes:
Thymol taste imperceptible very strong
salty imperceptible very strong
bitter imperceptible very strong
astringent imperceptible very strong
pungent imperceptible very strong
Owerall evaluation of the sample: very bad excellent

3. Results

3.1. Chemical Analysis of TEO and AEO

The results of the chemical composition of the analysed TEO and AEO are shown in Table 2. Ten
components were analysed in pure TEO, which accounted for 95.15% of the total area. The primary
constituent was thymol, accounting for 46.98%. It was accompanied by three monoterpene
hydrocarbons: y-terpinene (26.78%), p-cymene (18.32%), and B-pinene (1.89%). Simultaneously, 11
compounds were found for AEO, accounting for 99.99% of the total area. Same as in the TEO, the
AEO contained thymol (37.03%), followed by y-terpinene (35.75%), p-cymene (23.67%), and 3-pinene

Table 2. Chemical composition of ajwain and thyme essential oils.

Compounds aR] bContent [%]

Obs. Lit. AEO TEO
a-Thujene 924 931 0.20 0.18
a-Pinene 930 939 0.30 0.26
[-Pinene 975 980 2.24 1.89
Myrcene 990 991 0.33 0.32
a-Terpinene 1016 1018 0.27 0.27
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p-Cymene 1027 1026 23.67 18.32

v-Terpinene 1062 1062 35.75 26.78

Isoterpinolene 1090 1086 0.04 _

p-Cymenene 1093 1090 0.07 0.08

Limonene oxide 1172 1184 0.09 _

Carvone 1259 1242 _ 0.07

Thymol 1315 1290 37.03 46.98

Total identified 99.99 95.15

aRI = retention indices. Obs. = retention indices determined relative to a homologous series of n-alkanes (Cs—Cao)
on the HP-5MS column. Lit. = literature RI values [23,24]. "Relative peak area percentage as the mean of three
measurements.

Subsequently, the chemical composition of the headspace of dried meat, treated with the HAB
and OT methods with ajwan and thyme EOs, was analysed. With this, it was observed how
individual chemical components were incorporated into dried meat samples. For this study, (-
pinene, p-cymene, y-terpinene, and thymol were selected as the main components since they were
still presented as significant after applying the EOs treatments.

The results in Table 3 revealed significant differences between the composition of treated

samples.
Table 3. Headspace analysis of the main components of EOs in dried meat samples.
TEO TEO TEO TEO AEO AEO AEO AEO
HAB HAB oT oT HAB HAB oT oT
0.75 1.50 0.75 1.50 0.75 1.50 0.75 1.50
Compo Content [%] (SD)
und
- 0.22 0.63 2.29 2.66 0.46 1.14 1.75 2.79
Pinene (0.12)2 (0.13)= (1.44) (1.19)2 (0.09)ac  (0.55)2c  (0.63)b<d  (0.38)d
p- 11.55 25.09 24.53 19.94 20.67 40.84 20.82 27.47
Cymene  (6.28)* (5.42)c (8.75)¢ (6.04)be (5.15)pc (6.91)4 (2.48)be (5.84)c
¥_er ine 4.28 11.73 9.45 7.08 9.59 16.15 8.84 12.52
ne P (2.55)®  (3.33)bed  (4.85)abcd  (1.95)bc  (2.48)abcd  (7.66)d  (2.98)abcd  (4.56)d
12.87 11.89 593 11.63 6.66 7.81 5.26 8.82
Thymol

(3.80)c (3.91)de (1.53)pe (5.41)d (1.72)be (0.85)pc (1.3)> (2.19)«

Note: TEO HAB 0.75 = EO: Thyme, treatment method: Hot air blanching; the dose of EO: 0.75; TEO HAB 1.5 =
EO: Thyme, treatment method: Hot air blanching; the dose of EO: 1.5; TEO OT 0.75 = EO: Thyme, treatment
method: Oil treatmet; the dose of EO: 0.75; TEO OT 1.5 = EO: Thyme, treatment method: Oil treatmet; the dose
of EO: 1.5; AEO HAB 0.75 = EO: Ajwain, treatment method: Hot air blanching; the dose of EO: 0.75; AEO HAB
1.5 EO: Ajwain, treatment method: Hot air blanching; the dose of EO: 1.5; AEO OT 0.75 = EO: Ajwain, method
of treatment: Oil treatmet; the dose of EO: 0.75; AEO OT 1.5 = EO: Ajwain, method of treatment: Oil treatmet;
the dose of EO: 1.5. Values are given as mean + SD (n=12). Values represent the means of three replicates/trials.

Values in the same line followed by different high-case letters are significantly different at p <0.05.

For B-Pinene, OT samples in the higher dose were reported higher (P<0.05) than the HAB
samples. B-pinene content was the highest in OT 1.5 mL (2.66%, 2,75 %) in both essential oils. P-
cymene was recorded significantly higher in ajwain HAB 1.5 mL (40.84%) than the control and OT
samples. Interestingly, p-cymene content is almost double that of pure AEO, representing 23.67%.
The share for y-terpinen showed ajwain HAB 1.5 mL (16.15%), thyme HAB 1.5 mL (11.73%), and
ajwain OT 1.5 mL (as the primary samples significantly higher (P<0.05) than the control. Moreover,
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the y-terpinene portion was lower than the initial share in thyme and ajwain essential oils, 26.78 and
35.75%, respectively. Additionally, thymol content was superior in OT and HAB samples with the
higher dose (1.5 mL). It is notably higher in thyme HAB 0.75 mL (12.87%) and, in the case of ajwain
with OT 1.5 mL (8.82%).

3.2. Sensory Analysis

Hence, to approach dried meat's main sensory properties, we evaluated 16 traits (Table 1). The
ANOVA main effects analysis disclosed significant differences for 5 of 16 assessed sensory attributes.

The means for appearance, smell, colour, and texture attributes are shown in Table 4.
Considering the differences between the means among samples, panellists evaluated ajwain OT 0.75
mL as superior to the control in general pleasantness of the smell and more intensive in thyme smell
than the control (P<0.05). Regarding the likableness of the colour, samples treated with OT got
superior scores compared to the HAB samples and the control. Concurrently, the results obtained
from general appearance presented the best score samples as ajwain OT 0.75 mL and thyme OT 1.5
mL.

In general, texture and flavour are usually identified as the most important descriptors of beef
quality. Regarding texture, the ajwain OT 1.5 mL sample was evaluated as superior to the other
samples in general pleasantness of the texture, the juiciest and moderated chewable. Ajwain OT 0.75
mL and thyme OT 1.5 mL were acceptable regarding the general pleasantness of the texture
compared to other samples and the control, and they were rated as not tough and less intensive for
juiciness.

Table 4. Mean [%] (standard deviation) sensory trait scores of dried meat sample.

Control Thyme Ajwain Ajwain Thyme Ajwain

Sensory Attribute « galt HAB HAB 0T0.75 OT15 OT 15

0.75mL  0.75mL mL mL mL

51.07 51.33 53.00 59.80 63.73 52.77
(20.32)a  (23.17)»  (22.95)»  (27.45)*»  (19.78)»  (22.68)

General pleasantness of the  51.90 50.60 44.03 56.00 55.00 48.93
smell (10.26)>  (19.90)  (14.84)»  (20.20)»  (24.47)»  (24.57)
19.13 45.13 30.27 50.47 49.90 45.07
(16.08)2  (18.94)>  (26.96)  (17.83)>  (23.64)>  (21.11)°

General likableness of the  51.13 54.67 45.10 66.53 67.47 61.67
colour (22.81)2  (22.93)»  (29.90)»  (24.82)»  (24.68)  (24.97)
45.47 55.07 51.37 66.07 66.13 49.60
(12.59)2  (17.66)>  (24.43)>  (18.90)>  (16.70)>  (22.37)*

General pleasantness of the — 46.23 45.53 49.00 50.30 49.40 56.80
texture (17.33)a  (20.32)»  (25.28)»  (19.80)»  (25.87)  (19.84)x
27.93 33.20 29.80 35.10 39.33 42.87
(20.35)2  (23.64)»  (23.73)»  (21.43)»  (30.01)»  (22.32)

51.60 52.77 44.27 58.33 54.20 60.60

(20.66)>  (19.91)  (19.24)»  (21.13)»  (27.45)* (21.24)

Note: Means in the same row followed by different superscript letters are significantly different (P < 0.05). For

General Appearance

Intensity of the thymol smell

General intensity of the colour

Juiciness

Chewiness

the evaluation, unstructured graphical 100 mm linear scales were used. The overall evaluation and the general
pleasantness of the taste (0% = very bad and 100% = excellent). General intensity of taste and intensity of partial
tastes: thyme taste, salty, bitter, astringent, and pungent (0% = imperceptible and 100% = very strong).

d0i:10.20944/preprints202411.0608.v1
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In terms of taste and intensity of partial tastes, the results are revealed in Table 5. Ajwain OT
0.75 mL was scored superior to the control and other samples concerning the general pleasantness
and general intensity of the taste. At the same time, it was ranked as the most intense in thymol taste
compared to the control, which matches our previous results concerning smell intensity (Table 4).
Regarding the salty taste (Table 5), the samples did not show significant differences and were ranked
as bland in saltiness. The control was perceived as the saltiest; very likely, the lack of thymol allows
other partial tastes to overcome.

Table 5. Mean [%] (standard deviation) sensory trait scores for taste of dried meat sample.

Control Thyme Ajwain Ajwain Thyme Ajwain
Sensory Attribute + salt HAB0.75 HAB 0.75 OT 0.75 OT15mL OT 1.5 mL
mL mL mL
Gliﬁiﬁmess offhe 4833 4253 44.47 56.53 48.53 50.53
faste (17.48) (23.82)n (22.11) (19.59) (26.02)> (22.38)n
General intensity 39.73 52.40 56.33 62.40 58.73 57.33
of the taste (19.98)2 (16.96)* (17.74) (16.43)> (15.62)° (15.62)®
Thvmol taste 23.40 55.27 56.27 57.33 51.97 47.00
Y (19.79) (16.68)> (19.69)° (17.83)> (17.22)> (16.96)°
Salt 41.40 29.13 31.93 34.53 37.13 35.30
y (16.72) (16.15) (22.18) (19.04) (12.51)> (17.48)
Bitter 12.00 31.60 33.00 23.33 39.20 29.63
(15.15) (27.23)a (23.03)® (21.47) (28.27)> (24.12)
Astrineent 18.40 28.20 29.23 21.73 39.33 28.73
& (16.37)a (25.72)a (27.14) (20.38)a (30.32)a (26.26)7
Puneent 18.73 28.53 28.06 26.23 27.43 23.33
ung (15.16)2 (24.27)a (27.06)2 (21.84)a (24.85)2 (21.66)2
Overall evaluation 50.70 46.60 45.07 52.80 48.80 54.33
of the sample (17.19)a (19.60)2 (24.51)a (17.92)a (25.15)a (17.55)a

Note: Means in the same row followed by different superscript letters are significantly different (P < 0.05). For
the evaluation, unstructured graphical 100 mm linear scales were used. The overall evaluation and the general
pleasantness of the taste (0% = very bad and 100% = excellent). General intensity of taste and intensity of partial
tastes: thyme taste, salty, bitter, astringent, and pungent (0% = imperceptible and 100% = very strong).

As for bitterness, there were significant differences among the samples. Thyme OT 1.5 mL was
the bitterest compared to the control. The analysis shows no significant differences between meat
samples (Table 5) regarding astringent and pungent descriptors. Even though ajwain OT 0.75 mL and
1.5 mL were not significantly different regarding the intensity of the taste, the trend shows that
increasing the dose of EO also increases the magnitude of the taste and is often associated with a
more bitter taste.

We run a Generalised Procrustes Analysis (PCA) to reduce the scale effects and obtain a
consensus among panellists among the scores given to some critical sensory attributes [26]. We
selected five sensory attributes as the criteria according to the results previously assessed by
ANOVA, considering the sample effect. F1 and F2 dimensions obtained from the GPA explained
73.89% of the total variability (Figure 1). According to these results, the thymol taste characterised
thyme HAB 0.75mL, the intensity of the taste and intensity of the colour to ajwain OT 0.75 mL, and
the intensity of the thymol smell to thyme and ajwain OT 1.5 mL; At the same time, the whole criteria
have very low effect on the control and thyme HAB 0.75 mL samples.

In the end, the ajwain OT 0.75 mL and 1.5 mL samples scored superior in the overall evaluation
of the sample.

d0i:10.20944/preprints202411.0608.v1
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Figure 1. GPA biplot for attributes and samples. The sensory attributes are represented with blue
dots. Treatments are represented with blue and red circles.

4. Discussion

4.1. Chemical Analysis of EOs

Thymol, p-cymene and y-terpinene are important components of the essential oils of Thymus
vulgaris and Trachyspermum ammi L [11,27,28]. The monoterpenes found in TEO are consistent with
those documented by Viuda-Martos et al. [29], where the essential oil of T.vulgaris from Egypt
collected from the whole plant including stems, leaves and flowers contains thymol (32.23%), y-
terpinene (21.19%) and p-cymene (20.27%) as its primary constituents. Furthermore, these findings
are consistent with results previously documented in Romania [30], which identified the primary
components of T.vulgaris essential oil (obtained from the aerial part of the plant) as thymol (47.59%),
v-terpinene (30.90%) and p-cymene (8.41%)

The findings of our study on the composition of Trachyspermum ammi L were consistent with the
findings of Zarshenas [18] from Torbat-e Heydaryeh, Iran. In both studies, thymol was the most
significant component identified, which comprised 35.04% of the composition. The y-terpinene
content was 23.11%, while the p-cymene content was 31.80%. While other research indicated that y-
terpinene and p-cymene had higher thymol content in northern Sinai, Egypt, it was concluded that
the plant was grown in soil with a higher saline concentration [31].

This study used the primary components B-pinene, p-cymene, y-terpinene and thymol for SPME
analysis because they remained the predominant components in dried meat after EOs application.
Higher doses of OT samples containing B-pinene were reported to be higher (P<0.05) than HAB
samples. Ahmed et al. (2019) [34] also found the same high concentration of 3-pinene as this study
result showed. 3-pinene was observed to be most significant in OT 1.5 mL of both essential oils; this
could be because soaking in sunflower oil increased the proportion of some monoterpene
hydrocarbons and, at the same time, accelerated the oxidation process [32].

HAB-treated samples containing 1.5 ml of EOs contained a higher concentration of p-cymene
than OT samples. This may be because p-cymene is generated by isomerisation and oxidation from
monoterpene hydrocarbons, and its amount potentially increases during heat treatment [33]. The -
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terpinene content was comparably lower than the original thyme and ajwain essential oil ratio. This
result could be attributed to the higher volatility of antibacterial compounds in EO [1].

In addition, the content of phenols, specifically thymol, which indicates the quality of ajwain
and thyme oil, was higher in the OT and HAB samples administered at the higher dose. Thymol
concentrations in the various treatments were significantly lower than in purified essential oils. One
possible explanation is that the concentrations of y-terpinene and p-cymene, precursors of thymol
biosynthesis, increased while thymol concentrations decreased [16,34].

4.2. Sensory Analysis

Visual appearance and the perception of taste and texture in the mouth are among the most
critical sensory properties influencing consumer perception of meat products [35-37]. Regarding
colour preference, OT-treated samples scored higher than HAB and control samples. The increased
colour preference of the OT-treated samples is associated with their intense dark reddish colour and
polished appearance. Font-i-Furnols Maria and Guerrero Luis [38] found that consumers associate
red-purple shades with freshness and brown colours with a lack of brightness.

Texture and flavour are considered primary indicators of beef quality. No significant differences
were found between the samples in terms of texture. Consumers are likely to expect and tolerate a
certain level of toughness in dried meat instead of freshly prepared meat. The evaluation of texture
attributes appears more challenging than the evaluation of aroma and taste concerning these specific
items [39].

In this study, smell, colour, and taste were the attributes that influenced the overall evaluation
score, unlike in other studies, where the differences in texture might affect the overall experienced
quality [40,41].

5. Conclusions

In conclusion, ajwain essential oil has great potential to improve the quality of dried meat in
terms of bioactive composition and sensory properties. The solvent-free HS-SPME technique
combined with GC-MS analysis is a valuable alternative for the extraction, identification and
quantification of volatile compounds. Four major monoterpene compounds were identified in ajwain
essential oil and thyme essential oil: thymol, y-terpinene, p-cymene, and B-pinene. These bioactive
compounds are responsible for antimicrobial, antioxidant and other medicinal properties and are
valuable as a natural preservative for cured meats. Dried meat samples treated with HAB and OT
showed different trends based on each volatile compound observed.

OT samples had higher levels of 3-pinene than HAB samples. Regarding p-cymene content,
ajwain HAB 1.5 ml sample showed the highest amount. The y-terpinene content was highest in
ajwain HAB 1.5 mL. Thymol content was found to be as high in the HAB thyme samples as in the OT
1.5 ml and ajwain OT 1.5 ml samples. Since the European Commission and the US Food and Drug
Administration (FDA) consider thymol a safe flavouring agent, AEO can be used as a food
preservative in value-added meat products.

In the sensory analysis, the panellists determined ajwain OT 0.75 ml as the best rated for a
general pleasant aroma and more intense thyme aroma. Regarding colour, the OT samples performed
better than the HAB and control samples. Ajwain OT 0.75ml and Thyme OT 1.5ml were rated best in
overall appearance. Moreover, ajwain OT 0.75 ml and 1.5 ml were the highest in the overall ranking
as they were preferred for their aroma, colour and taste.

For future research, a larger number of trained sensory assessors would be appropriate,
supporting the results in determining the best treatment of dried jerky with essential oils. In addition,
it would be advisable for research to continue with shelf-life tests to determine the antimicrobial
activity of applied essential oils on dried jerky and to determine the appropriate and consumer-
acceptable dose of essential oils.

Author Contributions: For research articles with several authors, a short paragraph specifying their individual
contributions must be provided. The following statements should be used "Conceptualisation, H.H., K.U. and


https://doi.org/10.20944/preprints202411.0608.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 November 2024 d0i:10.20944/preprints202411.0608.v1

11

J.B.; methodology, HH. and K.U.; software, A.E.; validation, H.H., ].B., formal analysis, A.E. and K.U.;
investigation, A.E.; resources, K.U.; data curation, K.U., H.H.; writing—original draft preparation, A.E;
writing —review and editing, K.U., HH, A.E,, J. B.; visualisation, A.E.; supervision, ].B.; project administration,
J.B.; funding acquisition, J.B. All authors have read and agreed to the published version of the manuscript.".

Funding: This research was funded by the Internal Grant Agency of the Faculty of Tropical AgriSciences, Czech
University of Life Sciences Prague, Grant number 20243103.

Acknowledgments: Thanks to Melissa Santos, who contributed as a participant investigator and collected data
in the first part of the research.

Conflicts of Interest: Declare conflicts of interest or state.

References

1.  Burt, S. Essential Oils: Their Antibacterial Properties and Potential Applications in Foods--a Review. Int |
Food Microbiol 2004, 94, 223-253. https://doi.org/10.1016/j.ijffoodmicro.2004.03.022.

2. Giarratana, F.; Muscolino, D.; Ragonese, C.; Beninati, C.; Sciarrone, D.; Ziino, G.; Mondello, L.; Giuffrida,
A.; Panebianco, A. Antimicrobial Activity of Combined Thyme and Rosemary Essential Oils against Listeria
Monocytogens in Italian Mortadella Packaged in Modified Atmosphere: Thyme & Rosemary EOs vs L.
Monocytogenes. | Essent Oil Res 2016, 28, 467-474. https://doi.org/10.1080/10412905.2016.1165744.

3. Hernandez, H,; Claramount, D.; Kucerova, L; Banout, J. The Effects of Modified Blanching and Oregano
Essential Oil on Drying Kinetics and Sensory Attributes of Dried Meat. | Food Process Preserv 2017, 41,
e13161. https://doi.org/10.1111/jfpp.13161.

4.  Hernandez, H.; Fraiikova, A.; Sykora, T.; Kloucek, P.; Koufimska, L.; Kucerova, I.; Banout, J. The Effect of
Oregano Essential Oil on Microbial Load and Sensory Attributes of Dried Meat. ] Sci Food Agric 2017, 97,
82-87. https://doi.org/10.1002/jsfa.7685

5. Lorenzo, J. M.; Mousavi Khaneghah, A.; Gavahian, M.; Marszalek, K.; Es, I.; Munekata, P. E. S.; Ferreira, I.
C. F. R; Barba, F. J. Understanding the Potential Benefits of Thyme and Its Derived Products for Food
Industry and Consumer Health: From Extraction of Value-Added Compounds to the Evaluation of
Bioaccessibility, Bioavailability, Anti-Inflammatory, and Antimicrobial Activities. Crit. Rev Food Sci Nutr
2019, 59, 2879-2895. https://doi.org/10.1080/10408398.2018.1477730

6.  Garcia-Diez, J.; Alheiro, J.; Falco, V.; Fraqueza, M. ].; Patarata, L. Chemical Characterization and
Antimicrobial Properties of Herbs and Spices Essential Oils against Pathogens and Spoilage Bacteria
Associated to  Dry-Cured Meat Products. ] Essent Oil Res 2017, 29, 117-125.
https://doi.org/10.1080/10412905.2016.1212738.

7. Hernandez, H.; Frankov4, A.; Kloucek, P.; Banout, J. The Effect of the Application of Thyme Essential Oil
on Microbial Load During Meat Drying. JoVE 2018, 133, 57054. https://doi.org/10.3791/57054.

8.  Roby, M. H. H,; Sarhan, M. A,; Selim, K. A.-H.; Khalel, K. I. Evaluation of Antioxidant Activity, Total
Phenols and Phenolic Compounds in Thyme (Thymus vulgaris L.), Sage (Salvia officinalis L.), and Marjoram
(Origanum majorana L.). Ind Crops Prod 2013, 43, 827-831. https://doi.org/10.1016/j.indcrop.2012.08.029.

9. Verma, R. S; Padalia, R. C.; Goswami, P.; Upadhyay, R. K,; Singh, V. R.; Chauhan, A.; Tiwari, A. K.
Assessing Productivity and Essential Oil Quality of Himalayan Thyme (Thymus linearis Benth.) in the
Subtropical ~ Region  of  North  India. Ind  Crops  Prod 2016, 94,  557-561.
https://doi.org/10.1016/j.indcrop.2016.09.037.

10. Anwar, S.; Ahmed, N.; Habibatni, S.; Abusamra, Y. Ajwain (Trachyspermum Ammi L.) Oils. In Essential
Oils in Food Preservation, Flavor and Safety; Elsevier, 2016; pp 181-192. https://doi.org/10.1016/B978-0-12-
416641-7.00019-5.

11. Bairwa, R.; Rajawat, B.; Sodha, R. Trachyspermum Ammi. Phcog Rev 2012, 6, 56.
https://doi.org/10.4103/0973-7847.95871

12.  Vitali, L. A,; Beghelli, D.; Biapa Nya, P. C.; Bistoni, O.; Cappellacci, L.; Damiano, S.; Lupidi, G.; Maggi, F.;
Orsomando, G.; Papa, F.; Petrelli, D.; Petrelli, R.; Quassinti, L.; Sorci, L.; Zadeh, M. M.; Bramucci, M. Diverse
Biological Effects of the Essential Oil from Iranian Trachyspermum Ammi. Arab ] Chem 2016, 9, 775-786.
https://doi.org/10.1016/j.arabjc.2015.06.002

13. Malik, A. H.; Sharma, B. D. Comparison of Hurdle Treatments for Buffalo Meat. Int | of Food Sci Tech 2010,
45, 1552-1563. https://doi.org/10.1111/j.1365-2621.2010.02291 .x.

14. Babolanimogadam, N.; Khanjari, A.; Akhondzadeh Basti, A.; Sajjadi Alhashem, S. H.; Teimourifard, R.;
Amiri, F. Effect of chitosan coating contain Ajwain essential oil on the shelf-life of chicken breast meat
during refrigerated condition. Food and Health ] 2020, 3, 20-24.

15. Ballester-Costa, C.; Sendra, E.; Fernandez-Lopez, J.; Pérez-Alvarez, J. A.; Viuda-Martos, M. Chemical
Composition and in Vitro Antibacterial Properties of Essential Oils of Four Thymus Species from Organic
Growth. Ind Crops Prod 2013, 50, 304-311. https://doi.org/10.1016/j.indcrop.2013.07.052


https://doi.org/10.1016/j.ijfoodmicro.2004.03.022
https://doi.org/10.1080/10412905.2016.1165744
https://doi.org/10.1111/jfpp.13161
https://doi.org/10.1002/jsfa.7685
https://doi.org/10.1080/10408398.2018.1477730
https://doi.org/10.1080/10412905.2016.1212738
https://doi.org/10.3791/57054
https://doi.org/10.1016/j.indcrop.2012.08.029
https://doi.org/10.1016/j.indcrop.2016.09.037
https://doi.org/10.1016/B978-0-12-416641-7.00019-5
https://doi.org/10.1016/B978-0-12-416641-7.00019-5
https://doi.org/10.4103/0973-7847.95871
https://doi.org/10.1016/j.arabjc.2015.06.002
https://doi.org/10.1111/j.1365-2621.2010.02291.x
https://doi.org/10.1016/j.indcrop.2013.07.052
https://doi.org/10.20944/preprints202411.0608.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 November 2024 d0i:10.20944/preprints202411.0608.v1

12

16. Condurso, C.; Verzera, A.; Ragusa, S.; Tripodi, G.; Dima, G. Volatile Composition of Italian Thymus
Capitatus (L.) Hoffmanns. et Link Leaves. ] Essent QOil Res 2013, 25, 239-243.
https://doi.org/10.1080/10412905.2013.775680.

17. Zarshenas, M.; Samani, S.; Petramfar, P.; Moein, M. Analysis of the Essential Oil Components from
Different Carum copticum L. Samples from Iran. Phcog Res 2014, 6, 62-66. https://doi.org/10.4103/0974-
8490.122920

18. Kumar, A,; Mishra, R. K,; Srivastava, S.; Tiwari, A. K.; Pandey, A.; Shukla, A. C.; Dikshit, A. Role of
Phylogenetic Analysis for Anti-Bacterial Activity of Essential Oil of Trachyspermum Ammi L. against
Water Borne Pathogens. Adv Environ Bio. 2011, 1271-1279.

19. Dominguez, R.; Gémez, M.; Fonseca, S.; Lorenzo, J. M. Influence of Thermal Treatment on Formation of
Volatile Compounds, Cooking Loss and Lipid Oxidation in Foal Meat. LWT-Food Sci Technol 2014, 58, 439—
445. https://doi.org/10.1016/j.1wt.2014.04.006

20. Sha, K; Lang, Y.-M.; Sun, B.-Z.; Su, H.-W; Li, H.-P.; Zhang, L.; Lei, Y.-H.; Li, H.-B.; Zhang, Y. Changes in
Lipid Oxidation, Fatty Acid Profile and Volatile Compounds of Traditional Kazakh Dry-Cured Beef during
Processing and Storage: Lipid Oxidation and Volatile Compounds of Kazakh Dry-Cured Beef. | Food Process
Preserv 2017, 41, 1745-4549. https://doi.org/10.1111/jfpp.13059.

21. Dominguez, R; Purrifios, L.; Pérez-Santaescolastica, C.; Pateiro, M.; Barba, F. J.; Tomasevic, I.; Campagnol,
P. C. B.; Lorenzo, J. M. Characterization of Volatile Compounds of Dry-Cured Meat Products Using HS-
SPME-GC/MS Technique. Food Anal Methods 2019, 12, 1263-1284. https://doi.org/10.1007/s12161-019-01491-
X

22. Hospital, X. F.; Hierro, E.; Fernandez, M. Survival of Listeria Innocua in Dry Fermented Sausages and
Changes in the Typical Microbiota and Volatile Profile as Affected by the Concentration of Nitrate and
Nitrite. Int | Food Microbiol 2012, 153, 395-401. https://doi.org/10.1016/j.ijfoodmicro.2011.11.032

23. Adams, R.P. Identification of Essential Oil Components by Gas Chromatography/Mass Spectrometry. 4th
Edition Allured Publishing Corporation, Carol Stream. 2007.

24. Wallace E. W. "Retention Indices" by NIST Mass Spectrometry Data Center, WebBook Chemie. NIST
Standard Reference Database Number 69. Available online: http://webbook.nist.gov/chemistry/ (accessed
on 05 January 2021).

25. Pateiro, M.; Purrifios, L.; Dominguez, R.; Barretto, A. C. S.; Munekata, P. E. S.; Fraqueza, M. J.; Pazos, A. A ;
Lorenzo, J. M. Descriptive Sensory Analysis of Meat—The Baseline for Any Sensory Innovation for Meat
Products: Case Study. In Sensory Analysis for the Development of Meat Products; Elsevier, 2022; pp 107-120.
https://doi.org/10.1016/B978-0-12-822832-6.00007-2

26. Vargas-Ramella, M.; Lorenzo, J. M.; Dominguez, R.; Pateiro, M.; Munekata, P. E. S.; Campagnol, P. C. B;
Franco, D. Effect of NaCl Partial Replacement by Chloride Salts on Physicochemical Characteristics,
Volatile Compounds and Sensorial Properties of Dry-Cured Deer Cecina. Foods 2021, 10 (3), 669.
https://doi.org/10.3390/foods10030669

27. Horvath, G.; Szab¢, L. Gy.; Héthelyi, E.; Lemberkovics, E. Essential Oil Composition of Three Cultivated
Thymus Chemotypes from Hungary. Journal of Essential Oil Research 2006, 18, 315-317.
https://doi.org/10.1080/10412905.2006.9699101.

28. Stahl-Biskup, E. Essential Oil Chemistry of the Genus Thymus — a Global View. In Thyme; CRC Press, 2002.

29. Viuda-Martos, M.; El Gendy, A. E.-N. G. S.; Sendra, E.; Fernandez-Lépez, J.; Abd El Razik, K. A.; Omer, E.
A.; Pérez-Alvarez, J. A. Chemical Composition and Antioxidant and Anti-Listeria Activities of Essential
Oils Obtained from Some Egyptian Plants. ] Agric Food Chem 2010, 58, 9063-9070.
https://doi.org/10.1021/jf101620c

30. Boruga, O.; Jianu, C.; Misca, C.; Golet, I.; Gruia, A. T.; Horhat, F. G. Thymus Vulgaris Essential Oil:
Chemical Composition and Antimicrobial Activity. | Med Life 2014, 7, 56—60.

31. Onmer, E. A, Said-Al Ahl, H. A. H; El Gendy, A. G. Yield and Essential Oil of Ajwain ( Trachyspermum
Ammi ) Plant Cultivated in Saline Soil of North Sinai in Egypt. J. Essent. Oil - Bear. Plants 2014, 17, 469—
477. https://doi.org/10.1080/0972060X.2014.895178.

32. Ahmed, F. B. M; Alla, A. E.-M. J. Phytochemical Screening of Coriandrum Sativum Extract and Influence
in Chemical Properties of Sunflower Oil. Am ]| Appl Ind Chem 2019, 3, 15-21. https://doi.org/
10.11648/j.ajaic.20190302.11

33. Heatherbell, D. A.; Wrolstad, R. E.; Libbey, L. M. CARROT VOLATILES.: 1. Characterisation and Effects of
Canning and Freeze Drying. J. Food Sci 1971, 36, 219-224. https://doi.org/10.1111/j.1365-2621.1971.tb04028.x

34. Gomori, C,; Vidacs, A.; Kerekes, E. B.; Nacsa-Farkas, E.; Boszorményi, A.; Vagvolgyi, C.; Krisch, J. Altered
Antimicrobial and Anti-Biofilm Forming Effect of Thyme Essential Oil Due to Changes in Composition.
Nat Prod Commun 2018, 13, 483 - 487. https://doi.org/10.1177/1934578X1801300426

35. Bredahl, L. Cue utilisation and quality perception with regard to branded beef. Food Qual Prefer 2004, 15,
65-75. https://doi.org/10.1016/50950-3293(03)00024-7


https://doi.org/10.4103/0974-8490.122920
https://doi.org/10.4103/0974-8490.122920
https://doi.org/10.1016/j.lwt.2014.04.006
https://doi.org/10.1111/jfpp.13059
https://doi.org/10.1007/s12161-019-01491-x
https://doi.org/10.1007/s12161-019-01491-x
https://doi.org/10.1016/j.ijfoodmicro.2011.11.032
http://webbook.nist.gov/chemistry/
https://doi.org/10.1016/B978-0-12-822832-6.00007-2
https://doi.org/10.3390/foods10030669
https://doi.org/10.1080/10412905.2006.9699101
https://doi.org/10.1021/jf101620c
https://doi.org/10.1080/0972060X.2014.895178
https://doi.org/10.11648/j.ajaic.20190302.11
https://doi.org/10.11648/j.ajaic.20190302.11
https://doi.org/10.1111/j.1365-2621.1971.tb04028.x
https://doi.org/10.1177/1934578X1801300426
https://doi.org/10.1016/S0950-3293(03)00024-7
https://doi.org/10.20944/preprints202411.0608.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 November 2024 d0i:10.20944/preprints202411.0608.v1

13

36. Grunert, K. G.; Bredahl, L.; Brunsg, K. Consumer Perception of Meat Quality and Implications for Product
Development in the Meat Sector—a Review. Meat Sci 2004, 66, 259-272. https://doi.org/10.1016/S0309-
1740(03)00130-X

37. Morales, R.; Serra, X.; Guerrero, L.; Gou, P. Softness in Dry-Cured Porcine Biceps Femoris Muscles in
Relation to Meat Quality Characteristics and Processing Conditions. Meat Sci 2007, 77, 662-669.
https://doi.org/10.1016/j.meatsci.2007.05.020

38. Font-I-Furnols, M.; Guerrero, L. Consumer Preference, Behavior and Perception about Meat and Meat
Products: An Overview. Meat Sci 2014, 98, 361-371. https://doi.org/10.1016/j.meatsci.2014.06.025.

39. Safiudo, C.; Gomes Monteiro, A. L.; Velandia Valero, M.; Fugita, C. A.; Monge, P.; Guerrero, A.; Campo,
M. D. M. Cross-Cultural Study of Dry-Cured Sheep Meat Acceptability by Native and Immigrant
Consumers in Spain. | Sens Stud 2016, 31, 12-21. https://doi.org/10.1111/joss.12185

40. Bello Acebrén, L.; Calvo Dopico, D. The Importance of Intrinsic and Extrinsic Cues to Expected and
Experienced Quality: An Empirical Application for Beef. Food Qual Prefer 2000, 11, 229-238.
https://doi.org/10.1016/5S0950-3293(99)00059-2

41. Morales, R.; Guerrero, L.; Claret, A.; Guardia, M. D. Gou, P. Beliefs and Attitudes of Butchers and
Consumers towards Dry-Cured Ham. Meat Sci 2008, 80, 1005-1012.
https://doi.org/10.1016/j.meatsci.2008.04.015

Disclaimer/Publisher's Note: The statements, opinions and data contained in all publications are solely those of
the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.1016/S0309-1740(03)00130-X
https://doi.org/10.1016/S0309-1740(03)00130-X
https://doi.org/10.1016/j.meatsci.2007.05.020
https://doi.org/10.1016/j.meatsci.2014.06.025
https://doi.org/10.1111/joss.12185
https://doi.org/10.1016/S0950-3293(99)00059-2
https://doi.org/10.1016/j.meatsci.2008.04.015
https://doi.org/10.20944/preprints202411.0608.v1

