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ABSTRACT

The meat industry increasingly considers meat shelf life as a critical problem. Some essential oils contain
antibacterial and antioxidant characteristics that help to keep meat safe. Therefore, the purpose of this study was to
evaluate the preservation benefits, including antibacterial and antioxidant properties, of cumin, garlic, and thyme
essential oils at 1% on chilled beef meat steaks, as well as their effects on pH, total volatile basic nitrogen (TVBN),
thiobarbituric acid (TBA), and related sensory aspects (color, odor, appearance, consistency, and overall
acceptability). The results of the current study showed that pretreating beef meat steaks with EOs of cumin, garlic,
and thyme at a concentration of 1% effectively reduced levels of APC, coliform count, staph aureus count, TVBN,
and TBA while extending shelf life to 12, 15, and 18 days when stored at 4°C. In terms of antibacterial and
antioxidant properties, shelf life, and sensory quality on beef meat steaks, the thyme essential oil group outperformed
cumin and garlic essential oils. The current study introduced an effective natural preservative alternative that could
replace undesirable synthetic substances in the future while also lowering antibiotic resistance.
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INTRODUCTION

At every stage of processing, meat is contaminated with microorganisms and chemicals. It is believed that meat is the
optimum environment for the growth of bacteria that cause food poisoning and spoiling since it is a perishable item with
a high nitrogen content and an appropriate pH range (Alizadeh Behbahani et al., 2021). The main causes of beef spoilage
are the multiplication of microbes that induce protein disintegration and the release of toxic components (Lorenzo et al.,
2018). Meat spoilage is mainly caused by microbial growth, but it is also influenced by oxidation and enzymatic
processes, such as the oxidation of lipids, which results in crucial changes to the meat’s flavor and nutritional value
(Bonilla et al., 2014; Vital et al., 2016). Furthermore, lipid oxidation not only results in organoleptic changes but is also
associated with the production of dangerous chemicals, such as aldehydes (Banerjee et al., 2017).

Synthetic preservatives are used in the meat industry to reduce potential toxicity associated with microbial load and
lipid oxidation processes. Natural preservatives are plant-based molecules that could extend the shelf life of numerous
foods (Atarés and Chiralt, 2016). Natural preservatives, such as phenolic compounds, are gaining popularity in the food
sector as effective preservatives (Shin et al., 2017). Natural antioxidants are chosen over synthetic antioxidants because
they not only extend product shelf life but also protect nutritional components (Cakmakgi et al., 2014). They are also
used in the pharmaceutical and cosmetic sectors (Pateiro et al., 2018). Spices and herbs commonly used in food
preparation include peppers, thyme, and cumin (Hayaloglu and Farkye, 2011). Cumin is used in traditional medicine as
an astringent and stimulant, as well as to alleviate diarrhea and indigestion (Alizadeh Behbahani et al., 2019). Due to its
antibacterial and antioxidant effects, cumin, a plant from the Ranunculaceae family, is a valuable medication used for
years (Salem, 2005). Cumin potency is greatly boosted by a plethora of vital vitamins, minerals, and volatile chemicals
(Cakmake¢1 and Cakir, 2011). Thyme (Thymus vulgaris L), used as a flavoring ingredient, also has significant
antibacterial potential because of its thymol composition (Burt, 2004). Thymus vulgaris L. possesses fragrant and
therapeutic properties as a chemically polymorphic cuisine (El-Sayed and El-Sayed, 2021b); hence thyme essential oil
(TEO) has been researched for its antibacterial activities (Nieto, 2020). Thyme’s antibacterial efficacy against food
spoilage pathogens has been studied extensively in vitro, but rarely in foods (Govaris et al., 2011). Garlic and its extracts
are employed as antioxidants due to the presence of several chemicals, such as alliin, allyl cysteine, and allyl disulfide;
they also play an essential role as antibacterial agents (Casella et al., 2013). The use of essential oils (EOs) in foods is
authorized by the Food and Drug Administration (FDA) in the United States and the European Commission in Europe.
Essential oils are not subject to quantitative limits because they are generally recognized as safe (GRAS) by the FDA
(FDA, 2016).
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To evaluate the microbiological and biochemical deterioration of meat products, both traditional and cutting-edge
measures are still applied (Luong, 2020). Some of these indicators are required to be included by food safety authorities
in some nations, such Egypt, for the accurate evaluation of spoilage. Aerobic plate count (APC), coliform, and
staphylococcus aureus count are the top microbial spoilage evaluation parameters, whereas pH, total volatile basic
nitrogen, and thiobarbituric acid reactive substances (TBARS) are the best for accurate and quick evaluation of meat
chemical spoilage (EOS, 2013). The hydrogen potential (pH), at some point during food preparation, processing and
storage, influences enzyme reactions and promotes microbial growth. The manufacture of safe and well-preserved food
benefits from pH control. Simply put, lower pH values hinder bacterial multiplication, whereas higher pH levels
encourage it (Mendes, 2013). Most meat has a pH range between 5.2 to 7, with higher-quality meat often occurring
between 5.7 and 6 (Barbut, 2009). Malonaldehyde (MDA), a characteristic biomarker that offers helpful information on
the lipid rancidity in meat products, is measured using the thiobarbituric acid reactive substances (TBARS) assay
(Tornuk et al., 2015). The third component is the organoleptic evaluation of the meat, regardless of the employed
technique—panel or instrumental—because food sensory attributes are thought to have a significant role in shaping
customer choices (Fernandez-L6pez et al., 2005). Changes in the acceptable aroma, taste, color, and rancid flavor are
frequently linked to the development of lipids and myoglobin oxidation in fresh or cooked meat (Pires et al., 2018;
Luong, 2020). Off flavors, altered textures, and altered colors associated with spoiling reactions all reduce consumer
acceptance and choice (Gong et al., 2010). Therefore, one of the most important factors to take into account is the
assessment of changes in the acceptable aroma, taste, color, and flavor (Luong et al., 2020). The antibacterial
effectiveness of EOs in various foods has previously been studied. However, studies continue to support the concept that
different EOs possess distinct antibacterial and antioxidant properties in different ecosystems. This is primarily because
various bacteria in the same environments react differently to the same applied EOs. Another aspect is the variation in
EOs chemical composition used in different studies as a result of plant species used, growing area, and extraction
procedure (Alexopoulos et al., 2011; Eisenman et al., 2013; Bag and Chattopadhyay, 2015). Thus, more research is
required to assess the vulnerability of the microbiota of particular ecosystems to various EOs and to determine whether
or not they could effectively replace synthetic preservatives.

This study aimed to investigate the preservation activities of cumin, garlic, and thyme EOs (1%) on chilled beef
meat steaks, as well as their impact on associated sensory aspects (color, odor, appearance, consistency, and overall
acceptability).

MATERIAL AND METHODS

Fresh beef steaks weighing 4 Kg were purchased from a butcher shop in the Egyptian province of al-Qalyubia. The
collected samples were kept in sterile plastic bags and in an ice container as soon as feasible before being transported to
the lab.

Preparation of samples

The beef meat steaks were separated equally into four groups, with five replicates in each group (200g per
replicate). The first group was established as the control, while the other three groups received interventions at the
concentrations of 1% cumin EO, 1% garlic EO, and 1% thyme EO. The experiment was repeated five times for each
group, with mean values calculated.

Treatment of sample with the essential oil

On the first day, each sample that was selected to receive EO pretreatment was immersed in the emulsion solution
(1% pure essential oil to a final volume of 100 ml of sterile distilled water) for 15 minutes before being allowed to drain
completely for 5 minutes on a clean stainless wire mesh screen. 100 cc of sterile, distilled water was used to dip the
control group. Steaks that had already undergone pretreatment were individually labeled and wrapped in polyethylene
bags. The experiment involved chilling storage for 18 days at 4°C (Barbosa et al., 2009).

All samples from these groups, control and treated, were evaluated for microbiological, chemical, and sensory
characteristics at the start of the experiment (within 2 hours after treatment), then on a regular basis every 3 days until
decomposition was observed in each group (days 1, 3, 6, 9, 12, 15, and 18).

Bacteriological examination

Determination of aerobic plate count

The aerobic plate count (APC) in beef samples was determined in the same way that it had been done for ground
beef products (Sabike et al., 2015). Each sample was prepared as a 10% homogenate, followed by tenfold serial
dilutions, and 1 ml from each dilution was loaded onto two separate sterile Petri dishes. The solidified inoculation plates
were then incubated at 37°C for 24 hours (1SO, 2013).
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Determination of coliforms count

For the enumeration of coliforms in beef steaks following incubation on a Violet red bile agar at 37°C, 1SO
4832:2006 general guidelines were employed (ISO, 2006). As specified in APC, the samples were prepared,
homogenized, and decimally diluted. Plating procedures were used to transfer 1 mL aliquots of each dilution (twice) to
Petri dishes.

Determination of Staphylococcus aureus count

The count of Staphylococcus aureus (S. aureus) in beef steaks was determined twice using the surface-plating
method on the Baird Parker agar plate, similarly as it had been described earlier for milk (Sabike et al., 2014). One ml
from each of the previously prepared serial dilutions was spread over using a sterile bent glass spreader. The plates were
kept upright in the incubator for around 10 minutes or one hour until the agar absorbed the inoculums. The infected and
control plates were then inverted and incubated for 48 hours at 37°C (Bennett et al., 2001)

Chemical examination

Determination of pH

Approximately 10 g of the beef flesh sample was blended with 10ml of sterilized distilled water in a blender. The
homogenate was shaken continuously at room temperature for 10 minutes. An electrical pH meter was used to determine
the pH value (Bye model 6020, USA). The pH meter calibration used two buffer solutions with known pH (alkaline pH
7.01, acidic pH 4.01). As a result, after adjusting the temperature correction system, the pH electrode was cleaned with
neutralized water and inserted into the homogenate (Kirk and Sawyer, 1991).

Determination of total volatile basic nitrogen

Total volatile basic nitrogen (TVBN) in beef meat steaks was evaluated by distillation (Micro-Kjeldahl technique;
Vapodest 30 S distillation unit, Gerhardt, Germany), as described in previous studies (Pearson, 1968; El-Bahr et al.,
2021). TVN/100g = (mls H, So4 n 0.1 for sample — ml H, So, n 0.1 for Blank) x 14

Determination of Thiobarbituric Acid Number

The spectrophotometric method was used to determine the Thiobarbituric Acid Number (TBA) in beef meat steaks,
as defined by Egyptian organization standards (EOS, 2006).

TBA value = absorbance of sample x 7.8 (malonaldehyde (mg/Kg)

Sensory evaluation

Six member panels that had received the necessary training and testing in sensory sensitivity assessed the sensory
qualities of raw meat samples. Training sessions were declared complete when panelists were satisfied with the
evaluation procedure and individual scores did not deviate more than one unit from the mean score. Randomly chosen
representative meat samples were served in the laboratory on porcelain plates (open area). The panelists evaluated the
freshness grade using a 5-point scale, with each attribute receiving a score between 1 and 5 points based on the sensory
quality requirements. The qualities of color, odor, appearance, and consistency were all assessed. The beef steaks were
rated as very good, good, acceptable, unacceptable, and bad in line with the overall sensory quality scores of 5, 4, 3, 2,
and 1, respectively (4.5- 5: Very good, 4-4.5: Good, 3-4: Acceptable, 2-3: Unacceptable and less than 2: Bad; Fik and
Leszczynska-Fik, 2007).

Statistical analysis

The obtained data were subjected to one-way variance analysis (ANOVA) with SPSS Version 22 (SPSS Inc.
Chicago, IL, USA) and are provided as means with standard errors of the mean. The statistical model includes Duncan’s
multiple range tests was used to compare the means of treatments. Significant differences were observed at p <0.05
(Duncan, 1955).

RESULTS AND DISCUSSION

This study aimed to determine the antibacterial and antioxidant benefits of 1% Cumin, garlic, and thyme EOs on the
shelf-life and sensory attributes of chilled beef steaks. Meat spoilage is almost generally triggered by microbial
pathways, in addition to lipid oxidation, and enzyme reactions (lulietto et al., 2015). The characterization of microbial
populations using conventional culture techniques has been the gold standard for assessing food shelf life (Luong et al.,
2020). The effect of cumin, garlic, and thyme EOs on the APC of beef meat steaks chilled at 4°C is shown in Table 1.
There were significant variations in APC between the control group and the beef steak groups treated with 1% Cumin,
garlic, and thyme EOs and chilled at 4°C (p < 0.05). Compared to spoiled control beef steak on day 9 of chilling, the
results showed that cumin oil pretreated beef steak had a longer shelf life on day 12.

Furthermore, garlic and thyme-treated groups exhibited the best keeping quality until the 15th and 18th days of
chilling, respectively. Compared to control and cumin essential oil-treated beef steaks, groups given garlic and thyme
treatments were able to keep APC below the spoiling level of 10° cfu/g previously defined by the Egyptian standards
organization (EOS (Egyptian standards), 2004; EQS, 2005; EOS (Egyptian standards), 2013) for fresh and frozen beef.
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The current study results are consistent with previous research that supports the antibacterial activity and potential of
EOs to improve the shelf life of meat products (Kalemba and Kunicka, 2003; Garcia-Diez et al., 2017; Nieto, 2020).

The reduction, as well as a prolonged increase in APC count in beef steak pretreated with EO extracts, may be
attributable to Eos's ingredients that have significant antibacterial activity (Kalemba and Kunicka, 2003; Garcia-Diez et
al., 2017). The total phenolic content of EOs is among the components most closely related to biological properties, such
as antibacterial and antioxidant activity, and they have been demonstrated to be effective in protecting meat products
from foodborne pathogens (Daglia, 2012; Papuc et al., 2017; Pateiro et al., 2018; Stan et al., 2021). Cumin essential oils
are a valuable source of 16 major bioactive chemicals, such as cumin aldehyde, y-terpinene, p-coumaric acid and B-
pinene, with antibacterial activities (Bag and Chattopadhyay, 2015; Fang et al., 2018; El-Sayed and El-Sayed, 2021a).
Moreover, in vitro tests using foodborne pathogens as well as in situ tests using total bacterial count and other spoilage
indicators showed antioxidant and antimicrobial activity for TEO (Ghabraie et al., 2016; Sharma et al., 2017; Radiinz et
al., 2020; Huang et al., 2021). The primary bioactive antioxidant and antibacterial components in TEO derive from
phytochemicals such as carvacrol thymol, p-cymene, carvacrol, and y-terpinene (Boruga et al., 2014). QOil-soluble
organosulfur compounds, such as allicin, ajoenes, and allyl sulphides, are the main phytochemicals in garlic that have
antibacterial properties (Bhatwalkar et al., 2021). Significant inhibitory effects, mainly thyme, shown in the current study
are consistent with past research, indicating the potential for EOs application as a natural preservative in a variety of
meat products (Zhang et al., 2017a; Huang et al., 2021).

Table 2 highlights the impact of cumin, garlic, and thyme EOs on the coliform levels of beef meat steaks chilled at
4°C. Coliforms are not always pathogens; yet, fecal coliforms, such as Escherichia coli (E. coli) continue to be the usual
indicator organisms indicating direct or indirect feces contamination caused by poor handling and sanitation measures
throughout the meat production chain (Halkman and Halkman, 2014). Compared to a high coliform level of 4.74 log in
control beef steaks after the sixth day of storage, TEO was the most effective coliform inhibitor, keeping the coliform
count of beef steaks refrigerated at 4°C below four log cfu/g until day 15 of storage. However, the succeeding
treatments, garlic, and cumin essential oil, delayed this count back until days 9 and 12, respectively. According to
previous research, Gram-negative organisms are slightly less vulnerable to the antibacterial activity of EOs than Gram-
positive bacteria (Burt, 2004). Citrobacter, Enterobacter, Hafnia, Klebsiella, and E. coli are examples of coliforms, which
comprise a significant subfamily of the Enterobacteriaceae family. Thyme essential oil was more potent than other EOs
due to their phytochemicals being more effective under the present studied ecosystem conditions. In diverse food
habitats such as horse and chicken sausage, TEO was an efficient inhibitor of Gram-negative Enterobacteriaceae
members, such as Coliform count, E. coli, and Salmonella enterica (Sharma et al., 2017; Huang et al., 2021).
Additionally, earlier research showed that EOs have a quorum-sensing inhibitive effect on specific microorganisms,
particularly unfavorable ones like gram-negative bacteria, delaying their capacity to adapt to their environment (Zhang et
al., 2016; Zhang et al., 2017a).

Table 3 shows the effect of thyme, cumin, and garlic EOs (1%) on naturally occurring Staphylococci aureus (S.
aureus) in beef meat steaks chilled at 4°C. The results revealed that pretreatment of beef meat steaks chilled at 4°C with
thyme, garlic, and cumin EOs (1%) resulted in a substantial decrease in S. aureus count as compared to the control group
(p > 0.05). It was observed that thyme and garlic EOs could keep S. aureus counts below 4 logs until day eighteen of
storage, while cumin essential oil (1%) slowed it down until day fourteen. Essential oils and phytochemicals, particularly
polyphenols, have been found to suppress microbial growth and possibly even kill bacteria in various ways. Among
these, EOs can interact with bacterial cell wall components and the bacterial cell membrane, destabilizing the bacterial
lipid bilayer and causing bacterial death. Along with that, EOS has the potential to inhibit microbial enzymes, disrupt
protein regulation, deprive bacterial cell enzymes of substrates and metal ions, and reduce a variety of microbial
virulence factors (Daglia, 2012; Papuc et al., 2017; Radlnz et al., 2020).

Table 1. The influence of cumin, garlic, and thyme essential oils on the aerobic plate count of beef meat steaks chilled at
4°C

Treatment Control Cumin oil 1% Garlic 0il 1% Thyme oil 1%
Storage time (day) Count (log cfu/g)  count (log cfulg) R (%)' | Count (cfulg) R (%) | Count(cfulg) R (%)
1 3.87+0.95° 3.86 +0.95° - 3.86 + 0.95° - 3.86 + 0.95° 3
3 5.76 +1.77° 491+0.84° 4444  481+04° 4974  458+0.3°  61.90
6 6.46 + 5.6° 554+0.46° 3514 523+01% 4710 4.88+04°  60.62
9 s? 5.76 + 0.0.47° - 5.46 +0.3¢ - 5.26 +0.11° -
12 S 5.97 + 0.5 - 5.72 + 0.5 - 5.48 +0.25° -
15 S 6.41+0.1" - 5.92 + 0.5 - 5.77 +0.0.33¢ -
18 S S - 6.18+0.1° - 577 +0.7" -

R! (%): Reduction percentage was calculated using following equation: [(C® - C®) — (T @- T ®))/(C @ - Cc ®)] X 100

C @: Control new count (at storage day 3 or 6), C ®: Control initial count, T @: EOs new count (at storage day 3 or 6), T ®: EOs initial count, S %
spoilage. -* With the exception of the first day, this means that the control count for the tested day point became spoiled, making it difficult to
calculate the reduction percentage. Mean values with different superscripts in the same rows are significantly different at p < 0.05. EOS (2005)
established that APC of meat should not exceed 10%g, otherwise it is unfit for human consumption.
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Table 2. The impact of the essential oils of thyme, cumin, and garlic on the coliform of beef meat steaks chilled at 4°C

Treatment Control Cumin oil 1% Garlic oil 1% Thyme oil 1%
1(o (s 0
Storage time (day Count (log cfu/g) Count (log cfu/g) R*(%) | Count (log cfu/g) R (%) Count (log cfu/lg) R (%)

1 3.34+0.11° 3.34+0.117 3.32+£0.13° - 33.2+0.11° S
3 4.23+0.11° 3.69 +0.14° 60.67 3.57 £0.01° 71.91 351 +0.13° 78.65
6 474 +0.12° 3.90 +0.16° 60.00 3.72+0.17° 71.43 3.66 +0.14% 75.71
9 s? 3.96+0.11° - 3.84+0.12° - 3.79+ 0.15° -
12 S 4.26+0.2° - 3.95+0.14° - 3.89+ 0.03¢ -
15 S 4.49+ 0.16° - 4.04+0.11° - 3.95+0.12 -
18 S S - 4.46+ 0.16° - 4.20+0.12° -

R! (%): Reduction percentage was calculated using following equation: [((C @ - C ®) — (T @- T ®))/ (C @ - ¢ ®)] X 100.

C @: Control new count (at storage day 3 or 6), C ®: Control initial count, T ®: EOs new count (at storage day 3 or 6), T ®: EOs initial count, S Z
spoilage. -* With the exception of the first day, this means that the control count for the tested day point became spoiled, making it difficult to
calculate the reduction percentage. Mean values with different superscripts in the same rows are significantly different at p < 0.05. EOS (2005)
established that S. aureus count should not exceed 10%g.

Table 3. The effect of essential oils of thyme, cumin, and garlic on naturally occurring Staphylococci aureus in beef
meat steaks chilled at 4°C

Treatment Control Cumin oil 1% Garlic oil 1% Thyme oil 1%
Storage time (day) Count (log cfu/g)  Count (log cfu/g) R % Count (log cfu/lg) R % Count (log cfu/g) R %*
1 2.7+0.11° 2.7+0.123 - 2.7+0.11° - 2.6+0.12° 3
3 3.61+0.2% 340+0.13*  23.08 328+0.12°  36.26 3.15+0.14° 39.56
6 4.08 +0.22% 3.76+0.15°  23.19 357+0.2° 36.96 3.46 +0.21° 37.68
9 s? 3.85+0.11% - 3.69 +0.19¢ - 3.6 +0.09° -
12 S 3.95 +0.14¢ - 3.79+0.11° - 3.71+0.12° -
15 S 4.04 +0.4° - 3.9+0.15¢ - 3.8+0.11° -
18 S S - 3.95 + 0.16° - 3.88+0.1f -

R! (%): Reduction percentage was calculated using following equation: [((C @ - C ®) — (T @- T ®))/ (C @ - ¢ ®)] X 100.

C @: Control new count (at storage day 3 or 6), C ®: Control initial count, T ®: EOs new count (at storage day 3 or 6), T ®: EOs initial count, S 2
spoilage. -* With the exception of the first day, this means that the control count for the tested day point became spoiled, making it difficult to
calculate the reduction percentage. Mean values with different superscripts in the same rows are significantly different at p < 0.05. EOS (2005)
established that S. aureus count should not exceed 10%/g

Table 4. The influence of thyme, cumin, and garlic essential oils on the pH of beef meat steaks chilled at 4°C
Treatment

S - Control Cumin oil 1% Garlic oil 1% Thyme oil %
torage time (day)

1 5.69 + 0.012 5.68 + 0.012 5.67 +0.012 5.67 +0.01%
3 6.14 +0.02° 5.80 +0.01° 5.77 +0.01° 5.73+0.01°
6 6.82 +0.02° 6.01 +0.03° 5.86 + 0.01% 5.79 +0.01¢
9 gt 6.22 +0.02° 6.03 +0.03° 5.91+0.02°
12 S 6.39 +0.01° 6.19 +0.02° 6.04 +0.02°
15 S 6.57 +0.03° 6.33+0.1° 6.20 +0.01¢
18 S S 6.61 +0.03¢ 6.42 +0.02°

S, means spoilage. Mean values with different superscripts in the same rows are significantly different at p < 0.05.

Chemical quality criteria

pH

The length of time that a product will retain its good quality is known as its shelf life (lulietto et al., 2015). The pH
is one of the intrinsic elements influencing meat shelf life; the pH of beef muscle is approximately 7.0 at the moment of
slaughter and drops to 5.3 to 5.8 for 18 to 40 hours. The growth of spoilage bacteria is accelerated by a higher pH
(Hazards and Panel, 2016). Table 4 shows the impact of garlic, cumin, and thyme EOs (each at 1%) on the pH of beef
steaks refrigerated to 4°C. Within 6 days of chilling, the pH of the control steaks rose to an adverse level of 6.82, making
steaks unfit for consumption. Pretreating steaks with 1% EOs of cumin, garlic, and thyme minimized pH fluctuations and
preserved their viability for 12, 15, and 18 days of chilling, respectively (p < 0.05). This is most likely due to antioxidant
and antibacterial components of EOs preventing chemical, microbiological, and physical lipid/protein damage, hence
preventing nitrogen and high alkaline volatile base generation such as ammonia creation and minimizing pH increase
(Esmer et al., 2011; Badee et al., 2014). Furthermore, the susceptibility of bacteria to the antimicrobial activity of EOs
tends to increase as the pH of the food decreases. At low pH, an EO’s hydrophobicity rises, allowing it to dissolve more
easily in the lipids of the target bacteria’s cell membrane (Alizadeh Behbahani et al., 2021).

Total volatile basic nitrogen

Total volatile basic nitrogen is among the chemical indicator for assessing the microbiological quality of meat
((Luong et al., 2020). Table 5 displays the effect of thyme, cumin, and garlic EOs (1% each) on the TVBN content of
chilled beef meat steaks at 4°C. TVBN accumulations of more than 20 mg N/100g in raw samples, according to Egyptian
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Standards, indicate the unfitness of chilled beef products due to associated decomposition (Egyptian standards, 2013).
Pretreating beef steaks with 1% EOs of cumin, garlic, and thyme reduced TVBN accumulation below the critical
spoiling level and retained beef quality for 12, 15, and 18 days (p < 0.05). Nitrogen and high alkaline volatile base
formation, such as ammonia generation, is connected with chemical, microbiological, and physical lipid/protein
degradation (Luong et al., 2020). The results of this investigation support previous findings that EOs, particularly TEO,
are effective at suppressing undesirable microbiological and chemical alterations like TVBN in examined beef products
(Ghabraie et al., 2016; Sharma et al., 2017; Huang et al., 2021). The differences in EO composition may account for the
variations in pH, TVBN, and TBA among EOs containing beef steaks (Sharma et al., 2017).

Thibarbituric acid

Lipid oxidation is a type of meat deterioration that causes meats to gradually lose sensory and nutritional quality,
impacting customer acceptance. It happens when polyunsaturated fatty acids interact with reactive oxygen species,
causing a cascade of secondary events that end in lipid breakdown and the development of oxidative rancidity (Amaral et
al., 2018). To assess rancidity or the onset of decomposition in chilled beef meat, TBARS must be tested and must not
exceed 0.9 mg/kg, or the meat will be judged unfit for consumption of EOS (Egyptian standards, 2013). The effect of 1%
garlic, cumin, and thyme EOs on the oxidative stability (TBA) of chilled beef meat steaks at 4°C is shown in Table 6.
Some oils are more antimicrobial than others when used on meat. High-fat content appears to reduce the efficacy of EOs
in meat products significantly. Depending on the type of oil applied, the amount of fat provides varying degrees of
protection to the bacterial cells (Burt, 2004). When compared to Egyptian TBARS standards (Egyptian standards, 2013),
the results demonstrate that the control chilled beef meat steaks are unsatisfactory on day 6 of chilling.

In contrast, those treated with 1% cumin, garlic, and thyme EOs remain acceptable till days 12, 15, and 18,
respectively. The strong antioxidant activity of EOs derived from their phenolic diterpene structure, which inhibits free
radical formation, might explain the lower TBRS progression in steaks treated with EOs. A few plant phenolic
compounds also can act as singlet O2 quenchers and metal chelators (Shahidi et al., 1992). Nonetheless, the organosulfur
compounds alliin, allylsulfide, propylsulfide, and diallylsulfide, as well as tert-butylhydroquinone (TBHQ), which are
active in garlic, are responsible for its potent antioxidant and prevent malonaldehyde generation (Dewi et al., 2010;
GHEISARI and RANJBAR, 2012; Nurwantoro et al., 2015).

Sensory evaluation

Sensory assessments conducted by a panel of multiple members were recognized as the most often utilised methods
for assessing meat products' organoleptic quality and spoilage judgments (Luong et al., 2020). Table 7 shows the sensory
characteristics of control and treated beef steak with cumin, garlic oil, and thyme EOs at a concentration of 1% stored at
4°C. According to sensory analysis, beef steaks treated with cumin, garlic oil, and thyme EOs at a concentration of 1%
considerably maintained their acceptable quality until days 9, 12, and 18 of chilling, respectively (p < 0.05). In contrast,
control beef steaks had poor sensory features on day 6 of chilling. These findings reflect the effects of applied EOs’
antibacterial and antioxidant properties on the sensory quality of beef steaks (Sirocchi et al., 2017). Changes in lipid and
pigment oxidation, as well as fatty liberation, are considered to be the primary variables influencing product appearance
and flavor scores during storage (Sharma et al., 2015). In some situations, natural preservatives may alter the original
flavor of the product, which is unsatisfactory to some consumers (Zhang et al., 2017b). Fortunately, the organoleptic
influence would have the least detrimental effects on foods that are frequently treated with herbs, spices, or other
seasonings. Nevertheless, specific EO components, such as 0.3% TEO can also give food a unique flavor (Boskovic et
al., 2017), with some of them being recognized as food flavorings (Burt, 2004). Thyme oil up to 0.9 % had no negative
impacts on the flavor or appearance of a coating for cooked shrimp, but when applied at 1.8%, the shrimp were much
less appealing (Ouattara et al., 2001).

Table 5. The effect of thyme, cumin, and garlic essential oils on the total volatile basic nitrogen of chilled beef meat
steaks at 4°C

Treatment Control Cumin oil 1% Garlic oil 1% Thyme oil 1%

Storage time (day) (mg/100g) (mg/100g) (mg/100g) (mg/100g)

1 2.07+ 0.09° 2.03 +0.09° 1.97 +0.09% 1.94 +0.09%
3 12.95 +0.78" 5.76 +0.12° 4.92+0.11° 4.08 +0.09°
6 27.61+1.10¢ 9.21 +0.53° 7.57 +0.29° 6.39 +0.22°
9 S 14.56 + 0.69" 11.84 +0.47¢ 9.72+0.41"
12 S 18.17 + 0.80% 15.26 + 0.52f 12.98 +0.59¢
15 S 23.64 +0.96¢ 19.40 +0.71" 16.05 + 0.63'
18 S S 24.15 + 1,049 19.61 + 0.65"

S' means spoilage. Mean values with different superscripts in the same rows are significantly different at (p < 0.05).
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Table 6. The impact of garlic, cumin, and thyme essential oils on the oxidative stability of chilled beef meat steaks at

4°C
Treatment Control Cumin oil 1% Garlic oil 1% Thyme oil 1%

Storage time (day) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg)

1 0.06 +0.01° 0.06 +0.01° 0.06 +0.01° 0.05 +0.01°
3 0.57 +0.04° 0.18 +0.02¢ 0.15 +0.01¢ 0.13+0.01¢
6 1.19 +0.06° 0.47 +0.03¢ 0.31+0.01f 0.24 +0.01f
9 st 0.60 + 0.05¢ 0.44 + 0.03% 0.32 +0.02
12 S 0.79 + 0.05° 0.58 + 0.03 0.40 + 0.03
15 S 1.05 +0.08° 0.81+0.07° 0.67 £0.04"
18 S S 0.98 + 0.06' 0.83 +0.05°

S' means spoilage. Mean values with different superscripts in the same rows are significantly different at (p < 0.05

Table 7. Sensory characteristics of control and treated beef steak with cumin oil, garlic oil, and thyme oil at a

concentration of 1% stored at 4°C

Trait Color Odor Appearance Consistency Overall Grade
Storage time (day) (5) (5) (5) (5) (5)
Control
1 4.8 4.7 4.8 4.8 4.8 Very good
3 35 2.9 3.1 3.3 3.2 Acceptable
6 1.8 14 15 1.4 15 Bad
9 st S S S S Spoiled
12 S S S S S Spoiled
15 S S S S S Spoiled
18 S S S S S Spoiled
Cumin oil 1%
1 4.9 4.8 49 4.8 49 Very good
3 4.0 4.0 4.2 4.0 4.0 Good
6 3.6 3.8 3.8 3.6 3.7 Acceptable
9 3.4 3.2 3.1 31 3.3 Acceptable
12 24 1.8 2.4 2.2 2.2 Unacceptable
15 S S S S S Spoiled
18 S S S S S Spoiled
Garlic oil 1%
1 4.9 5 4.9 4.8 4.9 Very good
3 44 4.0 4.2 4.6 4.3 Good
6 4.0 3.8 4.0 4.2 4.0 Good
9 34 3.2 3.6 3.6 35 Acceptable
12 3.2 2.8 3.4 3.2 3.2 Acceptable
15 2.6 24 2.6 24 2.5 Unacceptable
18 S S S S S Spoiled
Thyme oil 1%
1 4.8 5 5 4.8 49 Very good
3 4.6 4.8 45 4.7 4.6 Very good
6 4.2 44 4.2 44 4.3 Good
9 4.0 4.2 4.2 4.0 4.1 Good
12 3.8 3.8 4.0 3.6 3.8 Acceptable
15 34 3.4 3.6 3.2 34 Acceptable
18 3.0 3.2 3.2 3.0 3.1 Acceptable

4.5- 5: Very good, 4-4.5: Good, 3-4: Acceptable, 2-3: Unacceptable, less than 2: Bad. S! means spoilage.

CONCLUSION

According to the current study findings, pretreatment of beef meat steaks with 1% cumin, garlic, and thyme EOs
effectively diminished APC, coliform count, staph aureus count, TVBN, and TBARS levels, increasing shelf life up to
12, 15, and 18 days under chilling 4°C. Thyme essential oils surpassed garlic and cumin essential oils in terms of
antibacterial and antioxidant activities, as well as shelf life and sensory quality on beef meat steaks. The current work
introduces efficient natural preservative alternatives that, in the future, could replace undesired synthetic compounds
while also reducing antibiotic resistance.

DECLARATIONS

Acknowledgments
The authors express their sincere gratitude to the Egyptian knowledge bank for language and grammar editing to
the manuscript.

280
LCKAICRGINESEREN Atia TS, Moustafa EA, and Ibrahim SI (2022). Improving Bacterial, Oxidative, and Sensory Quality of Meat Steaks Using Cumin, Garlic, and Thyme
Essential Oils. World Vet. J., 12 (3): 274-283. DOI: https://dx.doi.org/10.54203/scil.2022.wvj34



Funding
This research was not financially supported in any way and is a section of an ongoing academic Ph.D. thesis.

Competing interests
The authors declare that they have no competing interests.

Author contributions
Abo baker Edris and Islam Sabeq designed the plan of work, and Sabah Tawfick, wrote the manuscript. Islam
Sabeq revised and confirmed the statistical results. All authors confirmed the final revised articles.

Ethical consideration
The authors checked for ethical concerns, such as plagiarism, consent to publish, misconduct, data fabrication
and/or falsification, double publishing and/or submission, and redundancy.

REFERENCES

Alexopoulos A, Kimbaris AC, Plessas S, Mantzourani |, Theodoridou |, Stavropoulou E, Polissiou MG, and Bezirtzoglou E (2011). Antibacterial
activities of essential oils from eight Greek aromatic plants against clinical isolates of Staphylococcus aureus. Anaerobe, 17(6): 399-402. DOI:
https://www.doi.org/10.1016/j.anaerobe.2011.03.024

Alizadeh Behbahani B, Falah F, Vasiee A, and Tabatabaee Yazdi F (2021). Control of microbial growth and lipid oxidation in beef using a Lepidium
perfoliatum seed mucilage edible coating incorporated with chicory essential oil. Food Science & Nutrition, 9(5): 2458-2467. DOI:
https://www.doi.org/10.1002/fsn3.2186

Alizadeh Behbahani B, Noshad M, and Falah F (2019). Cumin essential oil: Phytochemical analysis, antimicrobial activity and investigation of its
mechanism  of  action  through  scanning  electron  microscopy. Microbial ~ pathogenesis,  136:  103716. DOI:
https://doi.org/10.1016/j.micpath.2019.103716

Amaral AB, Silva MVd, and Lannes SCdS (2018). Lipid oxidation in meat: Mechanisms and protective factors — a review. Food Science and
Technology, 38: 1-15. DOI: https://www.doi.org/10.1590/fst.32518

Atarés L and Chiralt A (2016). Essential oils as additives in biodegradable films and coatings for active food packaging. Trends in Food Science &
Technology, 48: 51-62. DOI: https://www.doi.org/10.1016/j.tifs.2015.12.001

Badee AZM, Moawad RK, EINoketi MM, and Gouda M (2014). Improving the quality and shelf-life of refrigerated chicken meat by marjoram
essential oil. Journal of Applied Sciences Research, 9(11): 5718-5729. Available at: http://www.aensiweb.com/old/jasr/jasr/2013/5718-5729.pdf

Bag A and Chattopadhyay RR (2015). Evaluation of synergistic antibacterial and antioxidant efficacy of essential oils of spices and herbs in
combination. PLoS One, 10(7): e0131321. DOI: https://www.doi.org/10.1371/journal.pone.0131321

Baiomy M (2002). Studies on chemical quality of heat processed meat products. PH. D Thesis, Beni-Suef University, Cairo. Faculty of Veterinary
Medicine. Available at: http://nile.enal.sci.eg/cgi-bin/koha/opac-detail.pl?biblionumber=16484

Banerjee R, Verma AK, and Siddiqui MW (2017). Control of lipid oxidation in muscle food by active packaging technology. Natural Antioxidants, 1%
Edition. Apple Academic Press., pp. 363-402. Available at: https://www.taylorfrancis.com/chapters/edit/10.1201/9781315365916-16/control-
lipid-oxidation-muscle-food-active-packaging-technology

Barbosa LN, Rall VLM, Fernandes AAH, Ushimaru PI, da Silva Probst I, and Fernandes Jr A (2009). Essential oils against foodborne pathogens and
spoilage bacteria in minced meat. Foodborne Pathogens and Disease, 6(6): 725-728. DOI: https://www.doi.org/10.1089/fpd.2009.0282

Barbut S (2009). Pale, soft, and exudative poultry meat—Reviewing ways to manage at the processing plantl. Poultry Science, 88(7): 1506-1512. DOI:
https://www.doi.org/10.3382/ps.2009-00118

Bennett RW, Jennifer Hait, Lancette G, and Sandra Tallent (2001). Chapter 12: Staphylococcus aureus, bacteriological analytical manual (BAM)
online, 8th Edition. US food and drug administration. Available at: https://www.fda.gov/food/laboratory-methods-food/bam-chapter-12-
staphylococcus-aureus

Bhatwalkar SB, Mondal R, Krishna SBN, Adam JK, Govender P, and Anupam R (2021). Antibacterial properties of organosulfur compounds of garlic
(Allium sativum). Frontiers in Microbiology, 12: 613077. DOI: https://www.doi.org/10.3389/fmich.2021.613077

Bonilla J, Vargas M, Atarés L, and Chiralt A (2014). Effect of chitosan essential oil films on the storage-keeping quality of pork meat products. Food
and Bioprocess Technology, 7(8): 2443-2450. DOI: https://www.doi.org/10.1007/s11947-014-1329-3

Borugd O, Jianu C, Misca C, Golet I, Gruia AT, and Horhat FG (2014). Thymus vulgaris essential oil: Chemical composition and antimicrobial
activity. Journal of medicine and life, 7 Spec No. 3(Spec Iss 3): 56-60. Available at:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4391421/pdf/S1IMedLife-07-56.pdf

Boskovic M, Djordjevic J, lvanovic J, Janjic J, Zdravkovic N, Glisic M, Glamoclija N, Baltic B, Djordjevic V, and Baltic M (2017). Inhibition of
Salmonella by thyme essential oil and its effect on microbiological and sensory properties of minced pork meat packaged under vacuum and
modified atmosphere. International Journal of Food Microbiology, 258: 58-67. DOI: https://www.doi.org/10.1016/j.ijfoodmicro.2017.07.011

Burt S (2004). Essential oils: Their antibacterial properties and potential applications in foods-a review. International Journal of Food Microbiology,
94(3): 223-253. DOI: https://www.doi.org/10.1016/j.ijfoodmicro.2004.03.022

Cakmaker S and Cakir Y (2011). Black cumin (Nigella sativa L.): Composition, its use in food industry and health effects. Akademik Gida, 9(3): 61-
69. Available at: https://www.cabdirect.org/globalhealth/abstract/20113256531

Cakmakg1 S, Giindogdu E, Dagdemir E, and Erdogan U (2014). Investigation of the possible use of black cumin (Nigella sativa L.) essential oil on
butter  stability. Journal of the Faculty of Veterinary Medicine, Kafkas University, 20(4): 533-539. DOI:
https://www.doi.org/10.9775/kvfd.2013.10550

Casella S, Leonardi M, Melai B, Fratini F, and Pistelli L (2013). The role of diallyl sulfides and dipropyl sulfides in the in vitro antimicrobial activity
of the essential oil of garlic, Allium sativum L., and Leek, Allium porrum L. Phytotherapy Research, 27(3): 380-383. DOI:
https://www.doi.org/10.1002/ptr.4725

Daglia M  (2012). Polyphenols as antimicrobial agents. Current Opinion in  Biotechnology, 23(2): 174-181. DOI:
https://www.doi.org/10.1016/j.copbio.2011.08.007

281
LCKAICRGINESEREN Atia TS, Moustafa EA, and Ibrahim SI (2022). Improving Bacterial, Oxidative, and Sensory Quality of Meat Steaks Using Cumin, Garlic, and Thyme
Essential Oils. World Vet. J., 12 (3): 274-283. DOI: https://dx.doi.org/10.54203/scil.2022.wvj34


https://www.doi.org/10.1016/j.anaerobe.2011.03.024
https://www.doi.org/10.1002/fsn3.2186
https://doi.org/10.1016/j.micpath.2019.103716
https://www.doi.org/10.1590/fst.32518
https://www.doi.org/10.1016/j.tifs.2015.12.001
http://www.aensiweb.com/old/jasr/jasr/2013/5718-5729.pdf
https://www.doi.org/10.1371/journal.pone.0131321
http://nile.enal.sci.eg/cgi-bin/koha/opac-detail.pl?biblionumber=16484
https://www.taylorfrancis.com/chapters/edit/10.1201/9781315365916-16/control-lipid-oxidation-muscle-food-active-packaging-technology
https://www.taylorfrancis.com/chapters/edit/10.1201/9781315365916-16/control-lipid-oxidation-muscle-food-active-packaging-technology
https://www.doi.org/10.1089/fpd.2009.0282
https://www.doi.org/10.3382/ps.2009-00118
https://www.fda.gov/food/laboratory-methods-food/bam-chapter-12-staphylococcus-aureus
https://www.fda.gov/food/laboratory-methods-food/bam-chapter-12-staphylococcus-aureus
https://www.doi.org/10.3389/fmicb.2021.613077
https://www.doi.org/10.1007/s11947-014-1329-3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4391421/pdf/SIJMedLife-07-56.pdf
https://www.doi.org/10.1016/j.ijfoodmicro.2017.07.011
https://www.doi.org/10.1016/j.ijfoodmicro.2004.03.022
https://www.cabdirect.org/globalhealth/abstract/20113256531
https://www.doi.org/10.9775/kvfd.2013.10550
https://www.doi.org/10.1002/ptr.4725
https://www.doi.org/10.1016/j.copbio.2011.08.007

Dewi M, Huda N, and Ismail N (2010). Use of fresh garlic and garlic powder in duck sausages during refrigerated storage. Food and Agro-Industry,

3(5): 526-524. Available at:
https://www.ajofai.info/Abstract/Use%200f%20fresh%20garlic%20and%20garlic%20powder%20in%20duck%20sausages%20during%20refrigerated%20storage. pdf

Duncan DB (1955). Multiple range and multiple F-test. Biometics, 11(1): 1-42. DOI: https://www.doi.org/10.2307/3001478

Egyptian Organization for Standardization (EOS) (2005). Egyptian standards: Frozen minced meat. Cairo, Egypt. Awvailable at:
https://www.eos.org.eg/en/standard/4646

Egyptian Organization for Standardization (EOS) (2006). Egyptian standards: Methods of analysis and testing for meat and meat products part: 10
determination of thiobarbituric acid (TBA) meat & meat products. Cairo, Egypt. Available at: https://www.eos.org.eg/en/standard/2372

Egyptian  Organization for Standardization (EOS) (2008). Egyptian standards: Fresh meat. Cairo, Egypt. Available at:
https://www.eos.org.eg/en/standard/13209

Egyptian  Organization for Standardization (EOS) (2013). Egyptian standards: Chilled meat. Cairo, Egypt. Available at:
https://www.eos.org.eg/en/standard/1222

Eisenman SW, Juliani HR, Struwe L, and Simon JE (2013). Essential oil diversity in North American wild tarragon (Artemisia dracunculus L.) with
comparisons to French and Kyrgyz tarragon. Industrial Crops and Products, 49: 220-232. DOI:
https://www.doi.org/10.1016/j.indcrop.2013.04.037

El-Bahr SM, Shousha S, Khattab W, Shehab A, El-Garhy O, El-Garhy H, Mohamed S, Ahmed-Farid O, Hamad A, and Sabike I (2021). Impact of
dietary betaine and metabolizable energy levels on profiles of proteins and lipids, bioenergetics, peroxidation and quality of meat in Japanese
quail. Animals, 11(1): 117. DOI: https://www.doi.org/10.3390/ani11010117

El-Sayed HS and El-Sayed SM (2021). A modern trend to preserve white soft cheese using nano-emulsified solutions containing cumin essential oil.
Environmental Nanotechnology, Monitoring & Management, 16: 100499. DOI: https://www.doi.org/10.1016/j.enmm.2021.100499

El-Sayed SM and El-Sayed HS (2021). Antimicrobial nano emulsion formulation based on thyme (Thymus vulgaris) essential oil for UF labneh
preservation. Journal of Materials Research and Technology, 10: 1029-1041. DOI: https://www.doi.org/10.1016/j.jmrt.2020.12.073

Esmer OK, Irkin R, Degirmencioglu N, and Degirmencioglu A (2011). The effects of modified atmosphere gas composition on microbiological
criteria, color and oxidation values of minced beef meat. Meat Sci, 88(2): 221-226. DOI: https://doi.org/10.1016/j.meatsci.2010.12.021

Fang L, Wang X, Guo L, and Liu Q (2018). Antioxidant, antimicrobial properties and chemical composition of cumin essential oils extracted by three
methods. Open Chemistry, 16(1): 291-297. DOI: https://www.doi.org/10.1515/chem-2018-0034

Fernandez-Lépez J, Zhi N, Aleson-Carbonell L, Pérez-Alvarez JA, and Kuri V (2005). Antioxidant and antibacterial activities of natural extracts:
application in beef meatballs. Meat Science, 69(3): 371-380. DOI: https://www.doi.org/10.1016/j.meatsci.2004.08.004

Fik M and Leszczynska-Fik A (2007). Microbiological and sensory changes in minced beef treated with potassium lactate and sodium diacetate during
refrigerated storage. International Journal of Food Properties, 10(3): 589-598. DOI: https://www.doi.org/10.1080/10942910601048911

Food and Drug Administration (FDA) (2016). CFR-code of federal regulations title 21, food for human consumption (continued), substances generally
recognized as safe subpart A (182.20)- General Provisions, Essential oils, oleoresins (solvent-free), and natural extractives (including distillates).
Auvailable at: https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=182.20

Garcia-Diez J, Alheiro J, Falco V, Fragueza MJ, and Patarata L (2017). Chemical characterization and antimicrobial properties of herbs and spices
essential oils against pathogens and spoilage bacteria associated to dry-cured meat products. Journal of Essential Oil Research, 29(2): 117-125.
DOI: https://www.doi.org/10.1080/10412905.2016.1212738

Ghabraie M, Vu KD, Tata L, Salmieri S, and Lacroix M (2016). Antimicrobial effect of essential oils in combinations against five bacteria and their
effect on sensorial quality of ground meat. LWT - Food Science and Technology, 66: 332-339. DOI:
https://www.doi.org/10.1016/j.Iwt.2015.10.055

Gheisari HR and Ranjbar VR (2012). Antioxidative and antimicrobial effects of garlic in ground camel meat. Turkish Journal of Veterinary & Animal
Sciences, 36(1): 13-20. DOI: https://www.doi.org/10.3906/vet-1012-620

Gong Y, Parker RS, and Richards MP (2010). Factors affecting lipid oxidation in breast and thigh muscle from chicken, turkey and duck. Journal of
Food Biochemistry, 34(4): 869-885. DOI: https://www.doi.org/10.1111/j.1745-4514.2010.00341.x

Govaris A, Botsoglou E, Sergelidis D, and Chatzopoulou PS (2011). Antibacterial activity of oregano and thyme essential oils against Listeria
monocytogenes and Escherichia coli O157:H7 in feta cheese packaged under modified atmosphere. LWT - Food Science and Technology, 44(4):
1240-1244. DOI: https://www.doi.org/10.1016/j.Iwt.2010.09.022

Halkman HBD and Halkman AK (2014). Indicator Organisms. In: CA. Batt and ML. Tortorello (Editors), Encyclopedia of Food Microbiology, 2nd
Edition. Oxford Academic Press, pp. 358-363. Available at: https://www.elsevier.com/books/encyclopedia-of-food-microbiology/batt/978-0-12-
384730-0

Hayaloglu AA and Farkye NY (2011). Cheese: Cheese with added herbs, spices and condiments. In: JW. Fuquay (Editor), Encyclopedia of Dairy
Sciences, 2nd Edition. Academic Press, San Diego, pp. 783-789. DOI: https://www.doi.org/10.1016/B978-0-12-374407-4.00507-0

Hazards E and Panel OB (2016). Growth of spoilage bacteria during storage and transport of meat. EFSA Journal, 14(6): e04523. DOI:
https://www.doi.org/10.2903/j.efsa.2016.4523

Huang L, Wang Y, Li R, Wang Q, Dong J, Wang J, and Lu S (2021). Thyme essential oil and sausage diameter effects on biogenic amine formation
and microbiological load in smoked horse meat sausage. Food Bioscience, 40: 100885. DOI: https://www.doi.org/10.1016/j.fbio.2021.100885

International Standards Organization (ISO) (2006). Microbiology of food and animal feeding stuffs horizontal method for the enumeration of
coliforms:  Colony-count technique (4832-2006). International standards organization, Geneva, Switzerland. Available at:
https://www.iso.org/standard/38282.html

International Standards Organization (ISO) (2013). Microbiology of the food chain-horizontal method for the enumeration of microorganisms Part 1:
Colony count at 30 degrees C by the pour plate technique (4833-2013). International standards organization, Geneva, Switzerland. Available at:
https://www.iso.org/standard/53728.html

lulietto MF, Sechi P, Borgogni E, and Cenci-Goga BT (2015). Meat spoilage: A critical review of a neglected alteration due to ropy slime producing
bacteria. Italian Journal of Animal Science, 14(3): 4011. DOI: https://www.doi.org/10.4081/ijas.2015.4011

Kalemba D and Kunicka A (2003). Antibacterial and antifungal properties of essential oils. Current Medicinal Chemistry, 10(10): 813-829. DOI:
https://www.doi.org/10.2174/0929867033457719

Kirk RS and Sawyer R (1991). Pearson’s composition and analysis of foods, 9 Edition. Longman group Ltd. Harlow, UK. Available at:
https://www.cabdirect.org/cabdirect/abstract/19931459518

Lorenzo JM, Pateiro M, Dominguez R, Barba FJ, Putnik P, Kovacevi¢ DB, Shpigelman A, Granato D, and Franco D (2018). Berries extracts as natural
antioxidants in meat products: A review. Food Research International, 106: 1095-1104. DOI: https://www.doi.org/10.1016/j.foodres.2017.12.005

282
LCKAICRGINESEREN Atia TS, Moustafa EA, and Ibrahim SI (2022). Improving Bacterial, Oxidative, and Sensory Quality of Meat Steaks Using Cumin, Garlic, and Thyme
Essential Oils. World Vet. J., 12 (3): 274-283. DOI: https://dx.doi.org/10.54203/scil.2022.wvj34


https://www.ajofai.info/Abstract/Use%20of%20fresh%20garlic%20and%20garlic%20powder%20in%20duck%20sausages%20during%20refrigerated%20storage.pdf
https://www.doi.org/10.2307/3001478
https://www.eos.org.eg/en/standard/4646
https://www.eos.org.eg/en/standard/2372
https://www.eos.org.eg/en/standard/13209
https://www.eos.org.eg/en/standard/1222
https://www.doi.org/10.1016/j.indcrop.2013.04.037
https://www.doi.org/10.3390/ani11010117
https://www.doi.org/10.1016/j.enmm.2021.100499
https://www.doi.org/10.1016/j.jmrt.2020.12.073
https://doi.org/10.1016/j.meatsci.2010.12.021
https://www.doi.org/10.1515/chem-2018-0034
https://www.doi.org/10.1016/j.meatsci.2004.08.004
https://www.doi.org/10.1080/10942910601048911
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=182.20
https://www.doi.org/10.1080/10412905.2016.1212738
https://www.doi.org/10.1016/j.lwt.2015.10.055
https://www.doi.org/10.3906/vet-1012-620
https://www.doi.org/10.1111/j.1745-4514.2010.00341.x
https://www.doi.org/10.1016/j.lwt.2010.09.022
https://www.elsevier.com/books/encyclopedia-of-food-microbiology/batt/978-0-12-384730-0
https://www.elsevier.com/books/encyclopedia-of-food-microbiology/batt/978-0-12-384730-0
https://www.doi.org/10.1016/B978-0-12-374407-4.00507-0
https://www.doi.org/10.2903/j.efsa.2016.4523
https://www.doi.org/10.1016/j.fbio.2021.100885
https://www.iso.org/standard/38282.html
https://www.iso.org/standard/53728.html
https://www.doi.org/10.4081/ijas.2015.4011
https://www.doi.org/10.2174/0929867033457719
https://www.cabdirect.org/cabdirect/abstract/19931459518
https://www.doi.org/10.1016/j.foodres.2017.12.005

Luong N-DM, Coroller L, Zagorec M, Membré J-M, and Guillou S (2020). Spoilage of chilled fresh meat products during storage: A quantitative
analysis of literature data. Microorganisms, 8: 1198. DOI: https://www.doi.org/10.3390/microorganisms8081198

Mendes JIS (2013). Nutritional and microbiological quality of sausages. Instituto Politecnico de Braganca, Available at:
https://hdl.handle.net/10198/8254

Nieto G (2020). A review on applications and uses of thymus in the food industry. Plants, 9(8): 961. DOI: https://www.doi.org/10.3390/plants9080961

Nurwantoro, Bintoro VP, Legowo A, Purnomoadi A, and Setiani B (2015). Garlic antioxidant (Allium sativum L.) to prevent meat rancidity. Procedia
Food Science, 3: 137-141. DOI: https://www.doi.org/10.1016/j.prof00.2015.01.014

Ouattara B, Sabato SF, and Lacroix M (2001). Combined effect of antimicrobial coating and gamma irradiation on shelf life extension of pre-cooked
shrimp (Penaeus spp.). International Journal of Food Microbiol, 68: 1-9. DOI: https://www.doi.org/10.1016/s0168-1605(01)00436-6

Papuc C, Goran GV, Predescu CN, Nicorescu V, and Stefan G (2017). Plant polyphenols as antioxidant and antibacterial agents for shelf-life extension
of meat and meat products: Classification, structures, sources, and action mechanisms. Comprehensive Reviews in Food Science and Food
Safety, 16(6): 1243-1268. DOI: https://www.doi.org/10.1111/1541-4337.12298

Pateiro M, Barba FJ, Dominguez R, Sant'/Ana AS, Mousavi Khaneghah A, Gavahian M, Gémez B, and Lorenzo JM (2018). Essential oils as natural
additives to prevent oxidation reactions in meat and meat products: A review. Food Research International, 113: 156-166. DOI:
https://www.doi.org/10.1016/j.foodres.2018.07.014

Pearson D (1968). Application of chemical methods for the assessment of beef quality. Il. Methods related to protein breakdown. Journal of the
Science of Food and Agriculture, 19(7): 366-369. DOI: https://www.doi.org/10.1002/jsfa.2740190703

Pires JRA, de Souza VGL, and Fernando AL (2018). Chitosan/montmorillonite bionanocomposites incorporated with rosemary and ginger essential oil
as packaging for fresh poultry meat. Food Packaging and Shelf Life, 17: 142-149. DOI: https://www.doi.org/10.1016/j.fpsl.2018.06.011

Radiinz M, dos Santos Hackbart HC, Camargo TM, Nunes CFP, de Barros FAP, Dal Magro J, Filho PJS, Gandra EA, Radiinz AL, and da Rosa
Zavareze E (2020). Antimicrobial potential of spray drying encapsulated thyme (Thymus vulgaris) essential oil on the conservation of hamburger-
like meat products. International Journal of Food Microbiology, 330: 108696. DOI: https://www.doi.org/10.1016/j.ijfoodmicro.2020.108696

Sabike 11, Fujikawa H, Sakha MZ, and Edris AM (2014). Production of Staphylococcus aureus enterotoxin a in raw milk at high temperatures. Journal
of Food Protection, 77(9): 1612-1616. DOI: https://www.doi.org/10.4315/0362-028x.jfp-13-527

Sabike, 11, Fujikawa H, and Edris AM (2015). The growth kinetics of salmonella enteritidis in raw ground beef. Biocontrol Science, 20(3): 185-192.
DOI: https://www.doi.org/10.4265/bi0.20.185

Salem ML (2005). Immunomodulatory and therapeutic properties of the Nigella sativa L. seed. International Immunopharmacology, 5(13-14): 1749-
1770. DOI: https://www.doi.org/10.1016/j.intimp.2005.06.008

Shahidi F, Janitha PK, and Wanasundara PD (1992). Phenolic antioxidants. Critical Reviews in Food Science and Nutrition, 32(1): 67-103. DOI:
https://www.doi.org/10.1080/10408399209527581

Sharma H, Mendiratta SK, Agrawal RK, Gurunathan K, Kumar S, and Singh TP (2017). Use of various essential oils as bio preservatives and their
effect on the quality of vacuum packaged fresh chicken sausages under frozen conditions. LWT - Food Science and Technology, 81: 118-127.
DOI: https://www.doi.org/10.1016/j.Iwt.2017.03.048

Sharma H, Sharma BD, Talukder S, and Ramasamy G (2015). Utilization of gum tragacanth as bind enhancing agent in extended restructured mutton
chops. Journal of Food Science Technology, 52(3): 1626-1633. DOI: https://www.doi.org/10.1007/s13197-013-1172-y

Shin S-H, Chang Y, Lacroix M, and Han J (2017). Control of microbial growth and lipid oxidation on beef product using an apple peel-based edible
coating treatment. LWT, 84: 183-188. DOI: https://www.doi.org/10.1016/j.lwt.2017.05.054

Sirocchi V, Devlieghere F, Peelman N, Sagratini G, Maggi F, Vittori S, and Ragaert P (2017). Effect of rosmarinus officinalis L. essential oil combined
with different packaging conditions to extend the shelf life of refrigerated beef meat. Food Chemistry, 221: 1069-1076. DOI:
https://www.doi.org/10.1016/j.foodchem.2016.11.054

Stan D, Enciu A-M, Mateescu AL, lon AC, Brezeanu AC, Stan D, and Tanase C (2021). Natural compounds with antimicrobial and antiviral effect and
nanocarriers used for their transportation. Frontiers in Pharmacology, 12: 723233. DOI: https://www.doi.org/10.3389/fphar.2021.723233

Tornuk F, Hancer M, Sagdic O, and Yetim H (2015). LLDPE based food packaging incorporated with nanoclays grafted with bioactive compounds to
extend shelf life of some meat products. LWT - Food Science and Technology, 64(2): 540-546. DOIl:
https://www.doi.org/10.1016/j.lwt.2015.06.030

Vital ACP, Guerrero A, Monteschio JdO, Valero MV, Carvalho CB, de Abreu Filho BA, Madrona GS, and do Prado IN (2016). Effect of edible and
active coating (with rosemary and oregano essential oils) on beef characteristics and consumer acceptability. PLoS One, 11(8): e0160535. DOI:
https://www.doi.org/10.1371/journal.pone.0160535

Zhang Q, Rui X, Li W, Chen X, Jiang M, and Dong M (2016). Anti-swarming and-biofilm activities of rose phenolic extract during simulated in vitro
gastrointestinal digestion. Food Control, 64: 189-195. DOI: https://www.doi.org/10.1016/j.foodcont.2015.12.030

Zhang QQ, Jiang M, Rui X, Li W, Chen XH, and Dong MS (2017). Effect of rose polyphenols on oxidation, biogenic amines and microbial diversity
in naturally dry fermented sausages. Food Control, 78: 324-330. DOI: https://doi.org/10.1016/j.foodcont.2017.02.054

Zhang S, Zhang M, Fang Z, and Liu Y (2017). Preparation and characterization of blended cloves/cinnamon essential oil nanoemulsions. LWT, 75:
316-322. DOI: https://www.doi.org/10.1016/j.Iwt.2016.08.046

283
LCKAICRGINESEREN Atia TS, Moustafa EA, and Ibrahim SI (2022). Improving Bacterial, Oxidative, and Sensory Quality of Meat Steaks Using Cumin, Garlic, and Thyme
Essential Oils. World Vet. J., 12 (3): 274-283. DOI: https://dx.doi.org/10.54203/scil.2022.wvj34


https://www.doi.org/10.3390/microorganisms8081198
https://hdl.handle.net/10198/8254
https://www.doi.org/10.3390/plants9080961
https://www.doi.org/10.1016/j.profoo.2015.01.014
https://www.doi.org/10.1016/s0168-1605(01)00436-6
https://www.doi.org/10.1111/1541-4337.12298
https://www.doi.org/10.1016/j.foodres.2018.07.014
https://www.doi.org/10.1002/jsfa.2740190703
https://www.doi.org/10.1016/j.fpsl.2018.06.011
https://www.doi.org/10.1016/j.ijfoodmicro.2020.108696
https://www.doi.org/10.4315/0362-028x.jfp-13-527
https://www.doi.org/10.4265/bio.20.185
https://www.doi.org/10.1016/j.intimp.2005.06.008
https://www.doi.org/10.1080/10408399209527581
https://www.doi.org/10.1016/j.lwt.2017.03.048
https://www.doi.org/10.1007/s13197-013-1172-y
https://www.doi.org/10.1016/j.lwt.2017.05.054
https://www.doi.org/10.1016/j.foodchem.2016.11.054
https://www.doi.org/10.3389/fphar.2021.723233
https://www.doi.org/10.1016/j.lwt.2015.06.030
https://www.doi.org/10.1371/journal.pone.0160535
https://www.doi.org/10.1016/j.foodcont.2015.12.030
https://doi.org/10.1016/j.foodcont.2017.02.054
https://www.doi.org/10.1016/j.lwt.2016.08.046

