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Effect of peppermint essential oil and ultrasonication on microbiology evaluation and quality parameters of stored chicken meat
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Chicken meat is a highly perishable food item that provides an ideal environment for microbial growth, which can affect its quality under refrigeration. The objective of this study was to determine the effects of peppermint essential oil (PEO) and ultrasonication (US) on the quality of broiler chicken meat. A total of seven chicken meat samples (T0–T6) were used, where T0 served as the control sample and T1–T6 were treated with different PEO concentrations (0.5 and 1%). These samples were subjected to US at a frequency of 37 kHz (for durations of 2, 4, and 6 min) and a power level of 600 W. Then, the samples were vacuum-packed in polyethylene bags and stored at refrigerator temperature for 12 days. Physicochemical analysis [including thiobarbituric acid reactive substances (TBARS), total volatile basic nitrogen (TVBN), pH, and water holding capacity (WHC)], texture profile analysis (cohesiveness, hardness, and chewiness), and microbial analysis (TPC, E. coli, Salmonella, and coliform) were conducted at 0, 3, 6, 9, and 12 days. Compared to untreated samples, all treated samples exhibited a significant (p < 0.05) decrease in microbial counts during storage. Ultrasonication for 6 min combined with 1% peppermint oil resulted in a significant decrease in TVBN and TBARS, along with an increase in WHC and cooking yield of chicken meat during storage. The treated group showed a significant decrease in total plate count, Salmonella, coliform, and E. coli, with counts decreasing from 1.53–3.76 CFU/g, 1.21–1.99 CFU/g, 1.08–1.48 CFU/g, and 1.95–2.99 CFU/g, respectively. In contrast, the untreated group showed counts of 2.4–7.71 CFU/g, 3.56–5.61 CFU/g, 1.87–4.41 CFU/g, and 4.47–7.23 CFU/g, respectively, over 12 days of refrigeration at 4°C. The highest cooking yield was observed in T6 (74.86%), while the lowest was in the control sample T0 (72.45%) after 12 days of storage. These findings indicate that the T6 sample showed significantly enhanced quality attributes of treated chicken meat samples. These results showed that PEO and US were effective natural methods of meat preservation that ultimately benefit the meat industry in terms of improved product quality and safety.
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Introduction

Meat is an essential component of the human diet and provides a substantial source of protein, vitamin B, lipids, and minerals. Higher-quality protein and other essential nutrients for optimal body function can be readily obtained from chicken meat (Gallo et al., 2018). The United States Department of Agriculture (USDA) reports that the overall production of chicken meat in 2022–2023 was 102.2 million metric tons, reaching 103.83 million metric tons in 2023–2024, a yearly increase of 2%. Global meat consumption is expected to rise from 42.4 kg in 2021 to 43.7 kg in 2030, according to the data from the Organization for Economic Co-operation and Development (OECD) and Food and Agriculture Organization Food and Agriculture Organization (FAO) in 2021 (Outlook, 2021). Microbial growth and physicochemical variations are the primary reasons for the decline in the freshness or quality of chilled chicken meat. Approximately 20% of the initial global meat production (304.2 million tons) is lost each year due to spoilage (Luong et al., 2020). The metabolic activities of microorganisms produce metabolites that lead to chemical and physical changes in chicken meat, such as unpleasant smells, discoloration, and slime formation (Katiyo et al., 2020). The use of food additives (preservatives and antioxidants) has raised global concerns in the last few decades (Aguiar Campolina et al., 2023). In response, numerous plant-based essential oils have been effectively used in meat as natural alternatives to synthetic food additives, due to their antimicrobial properties (Shaltout, 2024). The recent trend is to decrease synthetic additives, which have been vastly used because of the growing concern among consumers about their serious effects on human health (Khaled et al., 2016). Researchers are focusing on studying the effectiveness of natural substitutes to increase the shelf life of raw chicken. Essential oils, originating from plants and their derivatives, are considered natural alternatives in this scenario. In addition to prolonging the freshness of meat and related products, essential oils (EOs) can also effectively treat a number of human diseases (Dakhlaoui et al., 2022). EOs display their antimicrobial action against pathogenic microorganisms. Due to their high concentration of phenolic components along with additional active ingredients that are capable of preventing oxidative processes, natural antioxidants have an advantage over synthetic alternatives (Azadeh et al., 2019).

Plant extracts are used as natural preservatives in meat because they prevent lipid oxidation and the formation of harmful microorganisms (Sobri et al., 2023). The peppermint (Mentha piperita L.) plant is an aromatic perennial herb first grown in Egypt (Abdel-Wareth and Lohakare, 2014). Multiple advantageous attributes are studied, including hepatoprotective, antiviral, antibacterial, antioxidant, and antiulcer properties (Kaur et al., 2020). Menthol makes up 30–55% of the total components in peppermint essential oil, and it is primarily responsible for the antibacterial and antioxidant properties in food systems (Kamatou et al., 2013).

The rising consumer concerns for healthy and high-quality food products and the increasing demand for these items are driving advancements in food processing worldwide. Technological innovations are seen as the most effective solution. Innovations such as microfiltration, high-pressure processing, and ultrasonication have been specifically developed to enhance flexibility, energy efficiency, cost-effectiveness, and sustainability in food production (Al-Hilphy et al., 2020). An ultrasound (US) is a non-invasive and non-ionizing kind of mechanical energy (Alarcon-Rojo et al., 2019). The ultrasound waves cause the formation of fast-moving microbubble streams. In subsequent US cycles, bubbles expand until they become unstable, and they burst and produce high pressure and temperatures (Gavahian et al., 2022). Such phenomena may significantly influence biological tissues at the micro level, potentially improving food quality (Alarcon-Rojo et al., 2015). US is an emerging technique that is used for improving the biochemical and functional properties of meat products (Altemimi et al., 2017). The US is frequently employed to enhance quality, textural, and microbial inhibition, which are key attributes of consumer acceptability (Boateng and Nasiru, 2019).

The combination of peppermint essential oil and ultrasonication can be used as a natural preservative to improve the quality of chicken meat at an industrial level. The current research is designed to investigate the effect of peppermint oil and ultrasonication on the physicochemical and microbial properties of chicken meat and also to improve the storage stability of chicken meat at refrigerator temperature (4°C).



Materials and methods


Procurement of raw material

The chicken breast and peppermint leaves are procured from the local market of Faisalabad, Pakistan. The fresh chicken breast meat (Broiler) was vacuum-packed in polyethylene bags after being cooled to 4°C and weighed. Then, they were brought to the meat lab in an insulated iced container within 20 min. The research was conducted in the meat laboratory (University of Agriculture, Faisalabad, Pakistan). All of the standards, chemicals, and reagents used during the present research were supplied by Sigma-Aldrich (St. Louis, MO, USA).



Isolation of essential oil

Peppermint oil was extracted using the method of Jayakumar et al. (2019). A Soxhlet apparatus was used to extract peppermint oil using hexane as a solvent. A 25 mg sample of peppermint leaves, oven-dried at 30°C for 5 days and grounded, was taken in filter paper and stapled to make a sachet. Then, samples were placed in an extraction chamber attached to a condenser. Hexane (250 mL) was taken in a flask, placed on a heating source, and turned on the condenser and heating supply. To extract the oil from the sample, hexane was boiled (69°C) and dripped onto the sachet. The process should run for a total of 16 h. The hexane was then eliminated using a rotating evaporator operating under vacuum.



Treatment of chicken meat using peppermint oil and ultrasonication

Elma E 60 H (Germany), a laboratory-scale ultrasonic instrument with a 37-kHz frequency at power levels of 600 W, was used. The chicken meat was cut into pieces (20 mm x 20 mm x 20 mm). Then, chicken meat was treated by spraying the peppermint oil on the surface of the meat with different percentages, specifically 0.5 and 1%. After treatment, the samples were vacuum-packed. To transmit acoustic waves, every sample was placed at the bottom of an ultrasonic bath filled with distilled water at 30°C. After that, the samples were subjected to ultrasound for 2, 4, and 6 min at a frequency of 37 kHz and a power level of 600 W. As indicated in Table 1, a total of seven distinct treatment combinations were employed in this investigation. Following each treatment, the samples were vacuum-packed in low-density polythene bags for 12 days at refrigerator temperature. Unprocessed meat is used as a control sample.



TABLE 1 Treatment plan of chicken meat treated with peppermint essential oil and ultrasonication.
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Physicochemical analysis


Thiobarbituric acid reactive substances (TBARS)

The TBARS value of the meat sample treated with ultrasonication and peppermint oil was examined through a methodology of Sun et al. (2021). First, minced meat was diluted with 25 mL water. After adding 25 mL (v/v) trichloroacetic acid (TCA), the mixture was flapped for 3 min using a homogenizer. After filtering, the supernatant was mixed with 5 mL of TCA, heated at 80°C (40–45 min), and cooled to room temperature. The test TBARS absorbance was evaluated at 532 nm.



Total volatile basic nitrogen (TVBN)

TVBN was estimated using a method of Bekhit et al. (2021). The TVBN was measured using the titration method. Ten grams of chicken flesh were dispersed in 100 mL of distilled water. All meat tissues were homogenized to break them down and then filtered. Next, 5 mL of magnesium oxide (MgO) and 5 mL of the filtrate were added to a distillation tube. This tube was connected to the distillation assembly for sample distillation. The distillation assembly contained 20 mL of boric acid solution and a few drops of indicator in a separate beaker to confine the distilled liquid. Finally, the endpoint of the titration was determined using 0.1 N hydrochloric acid.



pH of chicken meat

A pH meter was used to analyze the pH of chicken meat samples following the method mentioned by AOAC (2023). The samples were blended with distilled water. The electrode of the pH meter was used to calculate the pH by immersing it in the homogenized solution of the chicken meat.



Water holding capacity (WHC)

The WHC was assessed using the centrifugation method (AOAC, 2023). A 15 g minced chicken meat sample was placed in centrifuge tubes. Then, 22.5 mL of sodium chloride (NaCl) (0.6 M) was added to the sample and mixed thoroughly. The mixture was then centrifuged for 16 min at 10,000 rpm at a temperature of 4°C. Finally, the volume of the supernatant was measured.

[image: image]



Cooking yield

The raw sample was weighed and then placed into a polythene bag. The polythene bag was placed in a water bath. Then, it was cooked at 90°C for 30 min. After cooling for 30 min under running tap water, the bags containing the sample were weighed and the cooking yield was calculated, as stated by Shin et al. (2022).

[image: image]



Texture profile analysis

The texture profile of the chicken meat samples was evaluated using the Lamy Rheology TX-700 texture analyzer (Champagne at Mont d’Or France), as described by Aguirre et al. (2018). The samples were cooked at 90°C, cut into cubes, and placed under the texture analyzer. The procedure was initiated once the equipment was properly set up. Both graphical and digital readings were obtained. The texture analyzer needle was allowed to penetrate the sample at an average speed of 80 mm per minute, perpendicular to the muscle fibers. The measured variables were the hardness, adhesiveness, and cohesiveness of the chicken meat.



Microbiological analysis

Media (Nutrient agar, Salmonella-Shigella agar, MacConkey agar, and Eosin-methylene blue agar) was prepared for total plate count, “Salmonella,” “Escherichia coli,” and “coliform count” and autoclaved at 121°C. Aliquots of 1 mL were prepared from the dilutions and plated onto agar plates using a sterilized pipette. The prepared Petri plates were inverted and incubated for 24 h at 37°C. The inoculate was spread by sterile glass spreaders over the agar plates. Zhang et al. (2021) calculated the total number of colonies per gram by multiplying the count obtained from a specific dilution by a dilution factor.
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Sensory analysis

The sensory evaluation was conducted using a 9-point hedonic scale, as described by Civille et al. (2024). Panelists with extensive training and expertise in food sensory evaluation were selected for each group to examine the flavor, texture, and color of raw chicken meat. Additionally, each chicken group was oven-cooked for 15 to 20 min at 180 to 200°C and evaluated for color, texture, and flavor. Each panelist was instructed to assign a single numerical grade between 1 (unacceptable) and 9 (extremely like). The panelists performed the sensory evaluation three times.




Statistical analysis

The Montgomery (2017) method was used to statistically analyze the data. Factorial analysis under two-way ANOVA was conducted at a significance level of p < 0.05 to check the effect of storage and different treatments. Tukey’s post-hoc test was used to compare means and find the difference between storage and their interaction among different treatments. The sample size was 7, which was performed in triplicate. To find the significant variations between mean values and standard deviation, Statistix 10 software was used.




Results and discussion


Physicochemical analysis


TBARS analysis

The meat quality degradation and the meat stability index were determined using the TBARS analysis (Wang et al., 2021). The TBARS values of each treated sample throughout a 12-day storage period are shown in Figure 1. Chicken meat had TBARS values between 0.33 and 1.04 mg/kg in controls, 0.30 and 0.76 mg/kg in PEO 0.5% + US 2 min, 0.26 and 0.63 mg/kg in PEO 1% + US 2 min, 0.24 and 0.81 mg/kg in PEO 0.5% + US 4 min, 0.2 and 0.6 in PEO 1% + US 4 min, 0.21 and 0.56 in PEO 0.5% + US 6 min, and 0.12 and 0.45 in PEO 1% + US 6 min samples over 12 days at 4°C. Similar TBAR values were observed by Nath et al. (2024), who noticed that TVBN values for samples treated with clove and bamboo essential oils nano-emulsion were lower than those for untreated samples and were lower until 15 days of storage. The results demonstrated that the untreated sample (T0) had higher TBARS values than the treated samples. It means that PEO and US are beneficial in retarding lipids oxidation and preventing the aldehyde and ketone formation. PEO lessens TBARS values from increasing gradually and plays a role in meat stability (Pavelková et al., 2016). At 0 days, the lowest TBARS value was found in T6 (0.12 mg MDA/kg) and the highest value in the untreated sample (0.33 mg MDA/kg). In 3, 6, and 9 days, there were increases in TBARS values of the T0 sample, which were 0.46, 0.61, and 0.78 mg MDA/kg, respectively, compared to 0 days. These findings demonstrated that there were significant synergistic effects in retarding lipid oxidation when the US+PEO were combined. As the concentrations of PEO and US increased, the combination of PEO + US treatment showed a more favorable effect than each treatment individually. Lipid oxidation causes microbial spoilage, which makes the meat deteriorate due to oxidations, ultimately leading to aldehydes and ketones formation, which are responsible for the deterioration of meat quality. Similar results were described by Sharma et al. (2017) and Jaspal et al. (2021). Sharma et al. (2017) found a significant rise in TBARS values of chicken sausages subjected to various essential oils throughout storage days, although the increasing rate was relatively slower in oil-treated samples, indicating greater oxidative stability of the treated products. An increase in TBARS in stored products may be due to increased lipid oxidation and the release of volatile metabolites under aerobic storage. The decrease of TBARS in the treated group may be linked to the polyphenols included in essential oils, which possess antioxidant properties.

[image: Figure 1]

FIGURE 1
 The impact of PEO + US treated samples on TBAR value.




TVBN of meat

The results demonstrated that the untreated sample (T0) had a high TVBN value (32.59 mg/100 g), while the T5 and T6 samples had minimal values (21.57 mg/100 g and 19.78 mg/100 g) at day 12, respectively. TVBN of chicken meat decreases with increased PEO concentration (Figure 2). All treated samples substantially influenced TVBN (total volatile basic nitrogen) levels in chicken meat. Similar results were found by Musalem et al. (2024), who examined how adding 1% Nanoparticles of chitosan and ginger (NCHG) to chicken fillet significantly reduced its TVBN values while maintaining the rate of protein oxidation from 0 to 28 days of storage. During the 12–28 days storage period, TVBN values were reduced by NCHG 1% instead of by NCHG 0.5%. At 0 days, T0 showed the highest mean value of TVBN (6.85 mg/100 g) and T6 showed the lowest value (6.05 mg/100 g). There was a significant (p < 0.05) increasing trend in TVBN values from 0 to 12 days of storage. T6 showed a minimum increase in the TVBN value (8.93 mg/100 g) on day 3 of storage. The synergistic effect of PEO and ultrasonication significantly decreases the TVBN value and prevents the meat from rancidity because sometimes the lipid structure is disrupted due to ultrasonication, which can lead to oxidation. However, peppermint essential oil has strong antioxidant properties that prevent meat lipid peroxidation. Hence, in combination, the phenomenon of oxidation is controlled while ensuring microbial safety and improving the overall quality of meat (Khare et al., 2014). The TVBN values increased significantly during the refrigerated storage temperature. However, the increasing pattern varied significantly among the different treatment samples. The breakdown of proteins and other non-protein nitrogenous substances, such as free amino acids and nucleotide catabolizes, by spoilage bacteria and endogenous enzymes is mostly responsible for the increased TVBN content (Bekhit et al., 2021). Our results showed that PEO and US might lower TVBN values on day 12 of storage; the breakdown of protein due to bacterial activity and their proteolytic enzymes may be the source of the increase in TVN values in the meat (Ea Hassan, 2011). These findings were found to be similar to those mentioned by Khaled et al. (2023), in which the chicken meat was treated with basil oil at different storage intervals. In meat treated with BEO at concentrations of 1 and 1.5%, TVN values increased less significantly in comparison to untreated samples at days 0, 2, 4, and 6 of storage due to several bacteria and their proteolytic enzymes.

[image: Figure 2]

FIGURE 2
 The impact of PEO + US treated samples upon TVBN value.




pH

pH is an essential criterion to determine the quality of meat. The peppermint oil and ultrasonication significantly (p < 0.05) affected the chicken meat pH value over 12 days. The pH value of chicken meat decreases gradually from 0 to day 12 of storage, as demonstrated in Figure 3. The sample treated with 1% peppermint essential oil (T6) exhibited a lesser decline in pH (5.58) than the untreated sample (4.76) during 12 days of storage. Our findings were consistent with the results of Iulietto et al. (2015). They found that beef meat samples treated with 2% of thyme oil had a lower pH value than those treated with 1% of thyme essential oil. Hamoen et al. (2013) found that the samples treated with 1.5% thyme oil showed lower pH effects. The gradual decrease may be due to the antimicrobial and antifungal effects of phenolic compounds found in peppermint oil. Additionally, the scavenging activity of phenolic and flavonoid compounds in peppermint oil results in high antioxidant activity. According to Pösö and Puolanne (2005), the pH of the sample decreased during storage, which indicates the deterioration and spoilage of meat. These findings were comparable to those of Sobri et al. (2023), who studied the impact of US and oil palm frond extract on the quality attribute of marinated goat, where pH value decreased significantly during the storage period.

[image: Figure 3]

FIGURE 3
 The impact of PEO + US treated samples on pH value.




Water holding capacity (WHC)

The combined effect of PEO + US significantly affected the WHC of the chicken over 12 days (Table 2). The water holding capacity for the control samples varied from 58.61 to 57.15%, while the values for treated samples (T1, T2, T3, T4, T5, and T6) ranged from 59 to 58.37%, 59.12 to 59.81%, 59.19 to 60.15%, 59.28 to 60.5%, 59.36 to 60.9% and 59.49 to 61.76%, respectively, during 0–12 days of refrigerated storage. The results demonstrated that the T0 (untreated sample) had a low WHC value (low rate of water activity), while T5 and T6 had maximum WHC values. WHC of chicken meat increases with the increase of PEO concentration. At 0 days, T0 showed the lowest mean value of WHC (58.61%) and T6 showed the highest mean value (59.49%). There was a significant decreasing trend in WHC values from day 0 to 12 days of storage period. The T6 sample showed an increasing WHC value (61.88%) than other treatments on the third day of storage. The increased WHC values are likely due to an increase in pH and the amount of protein in meat. This enhances meat’s capacity to retain a considerable amount of water (Bowker and Zhuang, 2015). These results can be related to the active chemicals in these oil-treated samples that can prevent cellular membranes from degradation, thereby protecting proteins from breakdown and water loss from protein–water interactions. These findings were comparable to those of Al-Zaidi and Ahmed (2020), who investigated the impact of essential oils on beef sausages at different storage intervals. Treatment T4 (rosemary leaf oil) significantly enhances water holding capacity (WHC) relative to the untreated sample. The results can be related to the active chemicals in these treatments that prevent cellular membranes from degradation in order to keep proteins from decomposition and prevent the loss of water that remains bound to protein–water interactions (Viuda-Martos et al., 2015).



TABLE 2 The impact of PEO + US treated samples on water-holding capacity.
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Cooking yield

Cooking yield is the amount of food product at the end of the cooking process (Ozilgen, 2019). Chicken meat had cooking yield values between 74.6 and 72.45% in controls, 74.75 and 73.69% in PEO 0.5% + US 2 min, 75.01 and 73.01% in PEO 1% + US 2 min, 74.98 and 72.93% in PEO 0.5% + US 4 min, 75.25 and 74.25% in PEO 1% + US 4 min, 75.10 and 74.42% in PEO 0.5% + US 6 min, and 75.51 and 74.86% in PEO 1% + US 6 min samples over 12 days at refrigerator temperature (4°C). The highest cooking yield was observed in T6 (74.86%), while the lowest was in T0 (72.45%) during the 12 days of storage. The PEO + US combined treated samples had more cooking yield than the untreated sample. The treated samples significantly (p < 0.05) decreased the cooking yield value during storage than that of the untreated sample (Table 3). These findings were similar to those of Jama et al. (2008), who studied the effect of cooking losses on beef. They found that cooking losses increased in cattle meat stored at 4°C, resulting in moisture losses and deterioration of meat compounds. However, the edible-coated meat reduces moisture losses during storage, prevents spoilage, and may increase the yield.



TABLE 3 The impact of PEO + US treated samples upon cooking yield.
[image: Table3]



Texture profile analysis

Texture analysis is important in determining meat tenderness, flavor, and juiciness (Warner et al., 2021).



Hardness

The PEO and US significantly (p < 0.05) affected the hardness value of the chicken over 12 days, as shown in Figure 4. During day 0, the hardness values of chicken meat varied between 1.55 and 2.15 among all the treated samples. The highest hardness value was observed in the T0 sample (3.33), while the lowest was in T6 (2.1) during the 12 days of storage. It was observed that using the PEO and US techniques decreased the hardness values during storage. The antioxidant activity of plant extracts in chicken meat helps to prevent textural variations compared to the control meat sample (Ferreira et al., 2017). These findings were comparable to those of Carvalho et al. (2020), who studied the combined impact of active packaging and oregano oil in beef burgers in which the hardness of meat decreased when oil was applied to the samples.

[image: Figure 4]

FIGURE 4
 The impact of PEO + US treated samples on hardness value.




Chewiness

The US+ PEO showed significant variations in the chewiness of all treated samples. During day 0, the chewiness values of chicken meat varied between 1.88 and 2.13 among all the treated samples. The chewiness of chicken meat varies from 1.99 to 2.32 among all treatments during 6 days, with the maximum value of chewiness in T0 (2.62) and the minimum value in T6 (2.08), as shown in Figure 5. These findings were comparable to those of Chang et al. (2012), who studied the effect of characteristic changes in beef during ultrasound processing. The chewiness of meat is determined by the level of fiber expanding, which is impacted by the breakdown of myosin. The development of gels on the meat surface due to heat or additional pressure may account for the enhanced chewiness. Roobab et al. (2024) observed an initial decrease in textural parameters, followed by an increase with higher intensity or longer treatment time.

[image: Figure 5]

FIGURE 5
 The impact of PEO + US treated samples on the chewiness of meat.




Cohesiveness

The cohesiveness values of chicken meat among all treatments on 0 days varied from 1.15 to 1.75, and the maximum value of cohesiveness was observed in T6 while the minimum value was observed in T0, as shown in Figure 6. Roobab et al. (2024) found that samples exposed to ultrasound treatment of 800 W for 30 min exhibited improved cohesiveness relative to untreated samples. The development of protein gels on the meat’s surface due to heat may account for enhancing cohesiveness. Xiong et al. (2020) studied the combined application of oregano oil and nano-emulsion coating, which significantly retained the meat texture better during storage than untreated due to essential oil and nano-emulsion coating that prevents protein degradation.

[image: Figure 6]

FIGURE 6
 The impact of PEO + US treated samples on the cohesiveness of meat.





Microbial analysis


Total plate count (TPC) of meat

The PEO and US techniques significantly (p < 0.05) influenced the TPC value of the chicken over 12 days (Figure 7). The TPC for T0 (control) varied from 2.4 to 7.71 log CFU/g, while the treated samples (T1, T2, T3, T4, T5, and T6) varied from 2.18 to 6.37, 2.07 to 6.67, 1.95 to 5.52, 1.72 to 5.18, 1.58 to 4.29, and 1.53 to 3.36 log CFU/g, respectively, during 0–12 days of storage. A similar TPC trend was observed by Nath et al., who studied the effect of clove and bamboo essential oil nano-emulsion in meatballs to increase their shelf life in which the TPC value in the control sample was 2.18–5.87 CFU/g and in the essential oil-treated sample was 2.42–5.09 CFU/g during 15 days of storage. TPC values increase during storage, while lower counts and slower increases in essential oil-treated meatballs compared to controls are likely due to the antimicrobial properties of these treatments. The results demonstrated that the untreated sample (T0) had a high total plate count (TPC) value, whereas the minimum values were observed in the T4 and T6 samples. On day 0, T0 exhibited the highest TPC value (2.40 CFU/g), while T6 showed the lowest value (1.53 CFU/g). The PEO + US samples have a significant decline in microbial populations compared to the treatment individually. The synergistic effect of US+PEO is greater on microbial reduction because ultrasonication leads to the increase in microbial cell permeability, and peppermint essential oil penetrates more easily or quicker into cells, which results in a greater reduction of microbes as compared to the use of these techniques alone, similar to studies reported by Sun et al. (2021). Millan-Sango et al. (2015) demonstrated that using oregano essential oil and ultrasound could improve the inactivation of microbes on lettuce leaf surfaces. There was an increasing trend in TPC values from day 0 to the 12th day of storage. On the 12th day, T6 showed a less increasing trend of TPC (3.76 CFU/g) compared to T0 (7.71 CFU/g). T6 showed the minimum microbial spoilage compared to other treatments because high-frequency sound waves would rupture the cell membranes, release their intracellular contents, and kill microbes (Mustapha et al., 2024). These results supported Yu et al. (2023), who demonstrated that the bacterial loads significantly increased during storage while total bacterial counts in the thyme essential oil samples were lower than those in the control sample of mutton patties.

[image: Figure 7]

FIGURE 7
 The impact of PEO + US treated samples on Total plate count.




Salmonella count

Salmonella infection commonly occurs when one consumes raw or undercooked meat, poultry, eggs, or egg products (Wessels et al., 2021). The combined effect of US and PEO showed a significant (p < 0.05) effect on the degradation of Salmonella in meat, as demonstrated in Figure 8. The Salmonella counts in the chicken meat samples at 0 days were 3.56, 1.9, 1.79, 1.77, 1.55, 1.64, and 1.21 CFU/g for control (T0), T1, T2, T3, T4, T5, and T6 treated samples, respectively. Similar results were reported by Farokhzad et al. (2023), who studied the chitosan and rosemary essential oil effect in chicken burgers during storage. As rosemary oil has antibacterial properties, the combination of chitosan and rosemary essential oil reduces the growth of microorganisms. During the storage period, the number of microbes increased significantly among all samples. On day 0, the Salmonella growth of the untreated sample was significantly higher at 3.56 (CFU/g) compared to T6 (1.21 CFU/g). On day 12, among the treated samples, T0 showed the highest value of Salmonella count (5.61 CFU/g), while T6 showed the lowest count (1.99 CFU/g). These findings were found to be similar to those of Haughton et al. (2012) and Joo et al. (2020), who studied how ultrasound treatment and peroxy-acetic significantly affected the inhabitation rate of Salmonella and Campylobacter jejuni. The T6 treatment showed the highest decrease in Salmonella count because the combined PEO and US effect was more effective than individual treatment. Similar results were reported by Shu et al. (2021), who studied the synergistic effect of ultrasound and Mannosylerythritol Lipids-A (MEL-A) in which the antibacterial effect was more effective than a separate treatment.
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FIGURE 8
 The impact of PEO + US treated samples on Salmonella count.




Escherichia coli (E. coli) count

The combination of PEO and US significantly (p < 0.05) affected the E. coli value of the chicken during the 12 days, as shown in Figure 9. The T0 (control) sample values varied from 4.47 to 7.23 log CFU/g, while the treated sample values (T1, T2, T3, T4, T5, and T6) ranged from 2.98 to 3.7, 2.63 to 3.25, 2.8 to 3.58, 2.51 to 3.13, 2.63 to 3.32, and 1.95 to 2.99 log CFU/g, respectively, during 0–12 days of storage. Similar results were reported by Badee et al. (2013), who studied the significant reduction of microbial population in chicken meat treated with the Marjoram essential oil. The number of Escherichia coli in treated samples slightly increased during storage. The T4 (3.13 CFU/g) and T6 (2.99 CFU/g) samples have longer periods of exposure and a high percentage of PEO, which showed a significant decrease in E. coli during 12 days of storage. Various secondary metabolites found in PEO can reduce microbial growth. Due to their combined antimicrobial effect, PEO applications and ultrasonication treatment decrease the E. coli count (Roby et al., 2013). The combined utilization of cold plasma and lemongrass essential oil resulted in a synergistic antimicrobial effect against food-borne microorganisms (Cui et al., 2016). These results supported Kačániová et al. (2019), who investigated the combined impact of essential oils and vacuum packaging, which led to a significant reduction in Enterobacteriaceae count compared with the control in chicken thighs. Essential oils and their constituents are responsible for their antibacterial properties. Hanková et al. (2023) investigated the impact of heat treatment, thyme, oregano, and lemongrass essential oils, as well as traditional preservatives, on the survival and development of virulent Escherichia coli within vegetable sauces. In comparison to the other treatments, lemongrass essential oil exhibited quite notable outcomes on the fifth day of storage, reducing 1.9 logs CFU/g. These findings offer helpful perspectives into the possible use of essential oils as alternative preservatives in vegetable sauces and their influence on consumer approval.
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FIGURE 9
 The impact of PEO + US treated samples on E. coli count.




Coliform count

The combined effect of PEO and ultrasonication technique significantly (p < 0.05) affects coliform count during the 12 days of storage (Figure 10). The coliform counts of the chicken meat samples range from 1.87 to 4.41 in T0, 1.55 to 2.58 in T1, 1.46 to 1.88 in T2, 1.37 to 1.69 in T3, 1.24 to 1.59 in T4, 1.11 to 1.55 in T5, and 1.08 to 1.48 CFU/g in T6 during 0–12 days of storage. During 12 days of storage, there was a gradual decreasing trend among all treatments. T0 exhibited the highest mean value across all treatments over the 12-day storage duration. The minimum value was found for the T6 sample (1.08 CFU/g) on day 0 compared to the T0 sample (1.87 CFU/g), indicating a significant effect of the PEO and US techniques on microbial growth. The PEO may break down the lipid bilayers of cell membranes, causing a leak down of cell material, thus losing cell integrity and structure and leading to cell death (Ahmad et al., 2018). Ultrasonication causes cavities in the cell membranes, forming bubbles in the cell membranes and thus causing cell bursts (Saleem et al., 2015). The findings were similar to Bagheri et al. (2016), who studied the fennel extract (FE) on the shelf life of minced common kilka. During the storage period, the total viable count of the 0.5% encapsulated fennel extract samples was relatively low. Microbial study of fennel extract samples showed significant differences (p < 0.05). This suggested that TVC growth might be significantly inhibited by encapsulated fennel extract. These findings were also comparable with Diao et al. (2020), who studied garlic aqueous extracts and carboxymethyl chitosan US coating solutions to increase the shelf life of ready to eat (RTE) meat. The TVC values of the treated group were lower for their antibacterial activity than the untreated sample.
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FIGURE 10
 The impact of PEO + US treated samples on coliform count.




Sensory analysis

The results demonstrate that PEO and US significantly (p < 0.05) affect sensory attributes, including the color, texture, and flavor of the chicken meat, as shown in Figures 11–13. The combined effect of storage and treatments also showed a significant effect on the sensory attributes of the chicken meat. The color intensity decreases significantly with the increase of storage time. The T6 sample showed a declining score of color from 7.81 to 5.68 over 12 days at refrigeration temperature. The untreated treatment T0 (control) had the lowest color score due to the enzymatic and chemical alterations in chicken meat during storage. The highest scoring of meat texture was observed in T6 (7.86) at 0 day. However, T0 (control) had the lowest score of 4.95 compared to T6 (5.69) during 12 days of storage. The improved tenderness of the cooked marinated meat could be due to the disintegration of myofibrils integrity and structural proteins (Shi et al., 2017). The T6 treatment had the highest flavor score (7.84) at 0 days of storage, while T0 (control) had the lowest score (7.77). A significant decline in flavor was observed as storage days increased. However, the control treatment T0 had the lowest flavor score of 4.02 compared to T6, which scored 5.64 after 12 days of storage. Our findings were similar to those of Lee et al. (2023), who studied that muscle samples treated with US showed increased tenderness on days 0, 3, and 7, which resulted in enhanced sensory qualities overall. During storage, ultrasonication treatment significantly improved the umami flavor of cooked beef.
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FIGURE 11
 The impact of PEO + US treated samples on color.
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FIGURE 12
 The impact of PEO + US treated samples on the texture of meat.
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FIGURE 13
 The impact of PEO + US treated samples on the flavor of meat.






Conclusion

The findings showed that PEO and US have antimicrobial qualities that considerably reduce microbiological development, delayed pH changes, and lower amounts of TBARS and TVBN in chicken meat throughout 12 days of storage at room temperature. PEO and US treatment also greatly delayed the textural changes and improved the quality of chicken meat. Ultrasound, an emerging technique in food safety, denatures microbial cell membranes and decreases microbial load. The result indicates that T6 treatment (PEO 1% + US 6 min) reduces the growth of TPC, E. coli, Salmonella, and coliform during 12 days of storage study and enhances the chicken meat quality over 12 days at refrigerator temperature. Additional investigation is necessary to determine the modifications in the nutritional components and investigate the effects of PEO + US on the antioxidant properties of chicken items prepared using various cooking techniques. To maximize the best use of plant components and other potent substances and replace chemical preservatives, these natural preservatives can be employed in food processing industries. Future research will determine the effects of PEO and US on meat and seafood commodities to ensure consumer acceptance rates remain unaffected.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

NA: Methodology, Validation, Writing – original draft. ZA: Investigation, Methodology, Writing – review & editing. RS: Methodology, Project administration, Writing – review & editing. AA: Funding acquisition, Software, Writing – original draft. WA: Resources, Visualization, Writing – original draft. RB: Formal Analysis, Supervision, Writing – original draft. RK: Conceptualization, Data curation, Writing – original draft. AA-Z: Supervision, Validation, Writing – review & editing. SA-D: Project administration, Software, Writing – original draft. SA: Conceptualization, Visualization, Writing – original draft. MH: Investigation, Visualization, Writing – original draft.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This research was funded by Taif University, Saudi Arabia (Project no. TU-DSPP-2024-79).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Generative AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Abdel-Wareth, A., and Lohakare, J. (2014). Effect of dietary supplementation of peppermint on performance, egg quality, and serum metabolic profile of Hy-line Brown hens during the late laying period. Anim. Feed Sci. Technol. 197, 114–120. doi: 10.1016/j.anifeedsci.2014.07.007

 Aguiar Campolina, G., Das Graças Cardoso, M., Rodrigues-Silva-Caetano, A., Lee Nelson, D., and Mendes Ramos, E. (2023). Essential oil and plant extracts as preservatives and natural antioxidants applied to meat and meat products: a review. Food Technol. Biotechnol. 61, 212–225. doi: 10.17113/ftb.61.02.23.7883 

 Aguirre, M., Owens, C., Miller, R., and Alvarado, C. (2018). Descriptive sensory and instrumental texture profile analysis of woody breast in marinated chicken. Poult. Sci. 97, 1456–1461. doi: 10.3382/ps/pex428 

 Ahmad, B. S., Talou, T., Saad, Z., Hijazi, A., Cerny, M., Kanaan, H., et al. (2018). Fennel oil and by-products seed characterization and their potential applications. Ind. Crop. Prod. 111, 92–98. doi: 10.1016/j.indcrop.2017.10.008

 Alarcon-Rojo, A. D., Carrillo-Lopez, L. M., Reyes-Villagrana, R., Huerta-Jiménez, M., and Garcia-Galicia, I. A. (2019). Ultrasound and meat quality: a review. Ultrason. Sonochem. 55, 369–382. doi: 10.1016/j.ultsonch.2018.09.016 

 Alarcon-Rojo, A., Janacua, H., Rodriguez, J., Paniwnyk, L., and Mason, T. J. (2015). Power ultrasound in meat processing. Meat Sci. 107, 86–93. doi: 10.1016/j.meatsci.2015.04.015 

 Al-Hilphy, A. R., Al-Temimi, A. B., Al Rubaiy, H. H. M., Anand, U., Delgado-Pando, G., and Lakhssassi, N. (2020). Ultrasound applications in poultry meat processing: a systematic review. J. Food Sci. 85, 1386–1396. doi: 10.1111/1750-3841.15135 

 Altemimi, A., Lakhssassi, N., Baharlouei, A., Watson, D. G., and Lightfoot, D. A. (2017). Phytochemicals: extraction, isolation, and identification of bioactive compounds from plant extracts. Plan. Theory 6:42. doi: 10.3390/plants6040042 

 Al-Zaidi, R. M. K., and Ahmed, M. M. (2020). The effect of adding some essential oils to the physicochemical properties of frozen beef sausage with different storage periods. Plant Archives 20, 2605–2609. doi: 10.21603/2308-4057-2019-2-301-310

 AOAC. (2023). AOAC Official Methods 992.15, 923.03, 934.01. Official Methods of Analysis of AOAC INTERNATIONAL, 22th Ed. Arlington, USA.

 Azadeh, R., Ali, F., Mehdi, Z., Mehdi, P., and Mohammad, N. (2019). Use of essential oils and vacuum packaging as a way to extend shelf life of burgers from surimi. Foods Raw Materials 7, 301–310.

 Badee, A., Moawad, R., Elnoketi, M., and Gouda, M. (2013). Improving the quality and shelf-life of refrigerated chicken meat by marjoram essential oil. J. Appl. Sci. Res. 9, 5718–5729.

 Bagheri, R., Izadi Amoli, R., Tabari Shahndasht, N., and Shahosseini, S. R. (2016). Comparing the effect of encapsulated and unencapsulated fennel extracts on the shelf life of minced common kilka (C lupeonella cultriventris caspia) and P seudomonas aeruginosa inoculated in the mince. Food Sci. Nutr. 4, 216–222. doi: 10.1002/fsn3.275 

 Bekhit, A. E.-D. A., Holman, B. W., Giteru, S. G., and Hopkins, D. L. (2021). Total volatile basic nitrogen (Tvb-N) and its role in meat spoilage: a review. Trends Food Sci. Technol. 109, 280–302. doi: 10.1016/j.tifs.2021.01.006

 Boateng, E. F., and Nasiru, M. M. (2019). Applications of ultrasound in meat processing technology: a review. Food Sci. Technol. 7, 11–15. doi: 10.13189/fst.2019.070201

 Bowker, B., and Zhuang, H.-M. (2015). Relationship between water-holding capacity and protein denaturation in broiler breast meat. Poult. Sci. 94, 1657–1664. doi: 10.3382/ps/pev120 

 Carvalho, C. B., Madrona, G. S., Mitcha, J. G., Valero, M. V., Guerrero, A., Da Silva Scapim, M. R., et al. (2020). Effect of active packaging with oregano oil on beef burgers with low sodium content. Acta Sci. Technol. 42. doi: 10.4025/actascitechnol.v42i1.42892

 Chang, H.-J., Xu, X.-L., Zhou, G.-H., Li, C.-B., and Huang, M. (2012). Effects of characteristics changes of collagen on meat physicochemical properties of beef semitendinosus muscle during ultrasonic processing. Food Bioprocess Technol. 5, 285–297. doi: 10.1007/s11947-009-0269-9

 Civille, G. V., Carr, B. T., and Osdoba, K. E. (2024). Sensory evaluation techniques. Boca Raton: Crc press.

 Cui, H., Wu, J., Li, C.-Z., and Lin, L. (2016). Promoting anti-listeria activity of lemongrass oil on pork loin by cold nitrogen plasma assist. J. Food Saf. 37:e12316.

 Dakhlaoui, S., Wannes, W. A., Sari, H., Hmida, M. B., Frouja, O., Limam, H., et al. (2022). Combined effect of essential oils from lavender (Lavandula officinalis L.) aerial parts and coriander (Coriandrum sativum L.) seeds on antioxidant, anti-diabetic, anti-cancer and anti-inflammatory activities. J. Essent. Oil Bear. Plants 25, 188–199. doi: 10.1080/0972060X.2022.2049892

 Diao, X., Huan, Y., and Chitrakar, B. (2020). Extending the shelf life of ready-to-eat spiced chicken meat: garlic aqueous extracts-carboxymethyl chitosan ultrasonicated coating solution. Food Bioprocess Technol. 13, 786–796. doi: 10.1007/s11947-020-02428-7

 Ea Hassan, A. (2011). Chemical evaluation of meat and meat products. Assiut Vet. Med. J. 57, 1–10. doi: 10.21608/avmj.2011.176678

 Farokhzad, P., Dastgerdi, A. A., and Nimavard, J. T. (2023). The effect of chitosan and rosemary essential oil on the quality characteristics of chicken burgers during storage. J. Food Process. Preser. 2023:8381828. doi: 10.1155/2023/8381828

 Ferreira, V. C., Morcuende, D., Hérnandez-López, S. H., Madruga, M. S., Silva, F. A., and Estévez, M. (2017). Antioxidant extracts from acorns (Quercus ilex L.) effectively protect ready-to-eat (Rte) chicken patties irrespective of packaging atmosphere. J. Food Sci. 82, 622–631. doi: 10.1111/1750-3841.13640 

 Gallo, M., Ferrara, L., and Naviglio, D. (2018). Application of ultrasound in food science and technology: a perspective. Food Secur. 7:164. doi: 10.3390/foods7100164 

 Gavahian, M., Chu, R., and Ratchaneesiripap, P. (2022). An ultrasound-assisted extraction system to accelerate production of Mhiskey, a rice spirit-based product, inside oak barrel: Total phenolics, color, and energy consumption. J. Food Process Eng. 45:e13861. doi: 10.1111/jfpe.13861

 Hamoen, J., Vollebregt, H., and Van Der Sman, R. (2013). Prediction of the time evolution of pH in meat. Food Chem. 141, 2363–2372. doi: 10.1016/j.foodchem.2013.04.127 

 Hanková, K., Lupoměská, P., Nový, P., Všetečka, D., Klouček, P., Kouřimská, L., et al. (2023). Effect of conventional preservatives and essential oils on the survival and growth of Escherichia coli in vegetable sauces: a comparative study. Food Secur. 12:2832. doi: 10.3390/foods12152832 

 Haughton, P., Lyng, J., Morgan, D., Cronin, D., Noci, F., Fanning, S., et al. (2012). An evaluation of the potential of high-intensity ultrasound for improving the microbial safety of poultry. Food Bioprocess Technol. 5, 992–998. doi: 10.1007/s11947-010-0372-y

 Iulietto, M. F., Sechi, P., Borgogni, E., and Cenci-Goga, B. T. (2015). Meat spoilage: a critical review of a neglected alteration due to ropy slime producing bacteria. Ital. J. Anim. Sci. 14:4011. doi: 10.4081/ijas.2015.4011

 Jama, N., Muchenje, V., Chimonyo, M., Strydom, P., Dzama, K., and Raats, J. (2008). Cooking loss components of beef from Nguni, Bonsmara and Angus steers. Afr. J. Agric. Res. 3, 416–420. doi: 10.5897/AJAR.9000132

 Jaspal, M. H., Ijaz, M., Ul Haq, H. A., Yar, M. K., Asghar, B., Manzoor, A., et al. (2021). Effect of oregano essential oil or lactic acid treatments combined with air and modified atmosphere packaging on the quality and storage properties of chicken breast meat. LWT 146:111459. doi: 10.1016/j.lwt.2021.111459

 Jayakumar, C., Mansa, D., Reddy, P., and Sridar, R. (2019). Oil extraction from Trichosanthes tricuspidata seed using conventional Soxhlet apparatus. Asian J. Chem. 32, 9–12. doi: 10.14233/ajchem.2020.21959

 Joo, H. J., Mizan, M. F. R., Hossain, M. I., Lee, D. U., and Ha, S. D. (2020). Enhanced elimination of Salmonella typhimurium and Campylobacter jejuni on chicken skin by sequential exposure to ultrasound and peroxyacetic acid. J. Food Saf. 40:e12803. doi: 10.1111/jfs.12803

 Kačániová, M., Mellen, M., Vukovic, N. L., Kluz, M., Puchalski, C., Haščík, P., et al. (2019). Combined effect of vacuum packaging, fennel and savory essential oil treatment on the quality of chicken thighs. Microorganisms 7:134. doi: 10.3390/microorganisms7050134 

 Kamatou, G. P., Vermaak, I., Viljoen, A. M., and Lawrence, B. M. (2013). Menthol: a simple monoterpene with remarkable biological properties. Phytochemistry 96, 15–25. doi: 10.1016/j.phytochem.2013.08.005 

 Katiyo, W., De Kock, H. L., Coorey, R., and Buys, E. M. (2020). Sensory implications of chicken meat spoilage in relation to microbial and physicochemical characteristics during refrigerated storage. LWT 128:109468. doi: 10.1016/j.lwt.2020.109468

 Kaur, P., Mehta, N., Malav, O. P., Chatli, M. K., and Panwar, H. (2020). Antimicrobial, antioxidant and antibiofilm potential of peppermint (Mentha piperita) essential oil for application in meat products. J. Anim. Res. 10, 33–40. doi: 10.30954/2277-940X.01.2020.4

 Khaled, G., Abdel Galil, H., Salama, H., Bkear, N., and Ali, E. (2023). Effect of basil essential oil on caprine meat’s quality and shelf-life. Damanhour J. Veterinary Sci. 9, 26–32. doi: 10.21608/djvs.2023.182014.1105

 Khaled, H., Aziziah, A., and Marii, A. (2016). Effect of oregano extract on shelf-life, microbiological quality of chilled chicken carcasses. Int. Food Res. J. 23:1296.

 Khare, A. K., Biswas, A. K., and Sahoo, J. (2014). Comparison study of chitosan, Edta, eugenol and peppermint oil for antioxidant and antimicrobial potentials in chicken noodles and their effect on colour and oxidative stability at ambient temperature storage. LWT Food Sci. Technol. 55, 286–293. doi: 10.1016/j.lwt.2013.08.024

 Lee, E. Y., Rathnayake, D., Son, Y. M., Bakhsh, A., Hwang, Y. H., Seo, J. K., et al. (2023). Effect of novel high-intensity ultrasound technique on physio-chemical, sensory attributes, and microstructure of bovine Semitendinosus muscle. Food Sci. Anim. Resour. 43, 85–100. doi: 10.5851/kosfa.2022.e60 

 Luong, N.-D. M., 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: 10.3390/microorganisms8081198 

 Millan-Sango, D., Mcelhatton, A., and Valdramidis, V. P. (2015). Determination of the efficacy of ultrasound in combination with essential oil of oregano for the decontamination of Escherichia coli on inoculated lettuce leaves. Food Res. Int. 67, 145–154. doi: 10.1016/j.foodres.2014.11.001

 Montgomery, D. C. (2017). Design and analysis of experiments. New York: John wiley & sons.

 Musalem, S., Hamdy, M. M., Mashaly, M. M., Kamoun, E. A., and Malak, N. M. L. (2024). Extending the shelf-life of refrigerated chicken fillets by using polymeric coating layer composed of ginger Zingiber officinale essential oil loaded-chitosan nanoparticles. J. Umm Al-Qura Univ. Appl. Sci., 1–14. doi: 10.1007/s43994-024-00172-8

 Mustapha, A. T., Wahia, H., Ji, Q., Fakayode, O. A., Zhang, L., and Zhou, C. (2024). Multiple-frequency ultrasound for the inactivation of microorganisms on food: a review. J. Food Process Eng. 47:e14587. doi: 10.1111/jfpe.14587

 Nath, S., Majumder, S., Nanda, P., Habib, M., Moirangthem, S., Das, A., et al. (2024) Effect of clove and bamboo essential oil nanoemulsion in extending the shelf life of meat ball. Intern. J. Advanc. Bio. Res. 8, 916–917.

 Outlook, O. (2021). Oecd-fao agricultural outlook 2021–2030. Outlook 2030. Paris: OECD Publishing. 1–337.

 Ozilgen, Z. S. (2019). Cooking as a chemical reaction: Culinary science with experiments. Boca Raton: CRC Press. 1–410.

 Pavelková, A., Bobko, M., Haščík, P., Kačániová, M., and Tkáčová, J. (2016). Oxidative stability of chicken thigh meat after treatment of fennel and savory essential oils. Sci. Papers Anim. Sci. Biotechnol. 49:252.

 Pösö, A. R., and Puolanne, E. (2005). Carbohydrate metabolism in meat animals. Meat Sci. 70, 423–434. doi: 10.1016/j.meatsci.2004.12.017 

 Roby, M. H. H., Sarhan, M. A., Selim, K. A.-H., and Khalel, K. I. (2013). Antioxidant and antimicrobial activities of essential oil and extracts of fennel (Foeniculum vulgare L.) and chamomile (Matricaria chamomilla L.). Ind. Crop. Prod. 44, 437–445. doi: 10.1016/j.indcrop.2012.10.012

 Roobab, U., Chen, B. R., Madni, G. M., Guo, S. M., Zeng, X. A., Abdi, G., et al. (2024). Enhancing chicken breast meat quality through ultrasonication: physicochemical, palatability, and amino acid profiles. Ultrason. Sonochem. 104:106824. doi: 10.1016/j.ultsonch.2024.106824 

 Saleem, R., Hasnain, A.-U., and Ahmad, R. (2015). Solubilisation of muscle proteins from chicken breast muscle by ultrasonic radiations in physiological ionic medium. Cogent Food Agric. 1:1046716. doi: 10.1080/23311932.2015.1046716

 Shaltout, F. A. (2024). Abattoir and bovine tuberculosis as a reemerging foodborne Diseas. Clin. Med. Rev. Report 6, 1–7. doi: 10.26717/BJSTR.2024.54.008545

 Sharma, H., Mendiratta, S., Agarwal, R. K., Kumar, S., and Soni, A. (2017). Evaluation of anti-oxidant and anti-microbial activity of various essential oils in fresh chicken sausages. J. Food Sci. Technol. 54, 279–292. doi: 10.1007/s13197-016-2461-z 

 Shi, L., Mu, K., Arntfield, S. D., and Nickerson, M. T. (2017). Changes in levels of enzyme inhibitors during soaking and cooking for pulses available in Canada. J. Food Sci. Technol. 54, 1014–1022. doi: 10.1007/s13197-017-2519-6 

 Shin, D. M., Kim, T. K., Lee, J. H., Kim, B. K., Cha, J. Y., and Choi, Y. S. (2022). Study on quality-based protocol for meat and meat products. Food and Life. 2022, 69–78.

 Shu, Q., Lou, H., Wei, T., Zhang, X., and Chen, Q. (2021). Synergistic antibacterial and antibiofilm effects of ultrasound and Mel-a against methicillin-resistant Staphylococcus aureus. Ultrason. Sonochem. 72:105452. doi: 10.1016/j.ultsonch.2020.105452 

 Sobri, R. A. M., Fuad, N. H. M., Fakhrullah, A.-H., Kumar, P., Adewale, M. A., Rahman, M. M., et al. (2023). Effect of ultrasound and oil palm (Elaeis guineensis Jacq.) fronds extract on quality characteristics of marinated goat meat. J. Animal Res. 13, 1–11.

 Sun, J., Wang, D., Sun, Z., Liu, F., Du, L., and Wang, D. (2021). The combination of ultrasound and chlorogenic acid to inactivate Staphylococcus aureus under planktonic, biofilm, and food systems. Ultrason. Sonochem. 80:105801. doi: 10.1016/j.ultsonch.2021.105801 

 Viuda-Martos, M., Barber, X., Pérez-Álvarez, J. A., and Fernández-López, J. (2015). Assessment of chemical, physico-chemical, techno-functional and antioxidant properties of fig (Ficus carica L.) powder co-products. Ind. Crop. Prod. 69, 472–479. doi: 10.1016/j.indcrop.2015.03.005

 Wang, X., Wang, Z., Zhuang, H., Nasiru, M. M., Yuan, Y., Zhang, J., et al. (2021). Changes in color, myoglobin, and lipid oxidation in beef patties treated by dielectric barrier discharge cold plasma during storage. Meat Sci. 176:108456. doi: 10.1016/j.meatsci.2021.108456 

 Warner, R., Miller, R., Ha, M., Wheeler, T. L., Dunshea, F., Li, X., et al. (2021). Meat tenderness: underlying mechanisms, instrumental measurement, and sensory assessment. Meat Muscle Biol. 4, 1–25. doi: 10.22175/mmb.10489

 Wessels, K., Rip, D., and Gouws, P. (2021). Salmonella in chicken meat: consumption, outbreaks, characteristics, current control methods and the potential of bacteriophage use. Food Secur. 10:1742. doi: 10.3390/foods10081742 

 Xiong, Y., Li, S., Warner, R. D., and Fang, Z. (2020). Effect of oregano essential oil and resveratrol nanoemulsion loaded pectin edible coating on the preservation of pork loin in modified atmosphere packaging. Food Control 114:107226. doi: 10.1016/j.foodcont.2020.107226

 Yu, H., Ma, Z., Wang, J., Lu, S., Cao, D., and Wu, J. (2023). Effects of thyme essential oil microcapsules on the antioxidant and quality characteristics of mutton patties. Food Secur. 12:3758. doi: 10.3390/foods12203758 

 Zhang, J., Zhang, Y., Zou, Y., and Zhang, W. (2021). Effects of ultrasound-assisted cooking on quality characteristics of spiced beef during cold storage. LWT 136:110359. doi: 10.1016/j.lwt.2020.110359


Copyright
 © 2025 Ashraf, Arshad, Sami, Almehmadi, Alsanei, Bedaiwi, Kadi, Abu-Zaid, Al-Dhumri, Abushal and Helal. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fsufs-09-1552570-g010.jpg
Coliform count (CFU/g)

To

Tl T2 T3 T4 T5
mDay 0 mDay3 mDay6 mDay9 mDay 12

To





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Effect of peppermint essential oil and ultrasonication on microbiology evaluation and quality parameters of stored chicken meat



		Introduction



		Materials and methods



		Procurement of raw material



		Isolation of essential oil



		Treatment of chicken meat using peppermint oil and ultrasonication



		Physicochemical analysis



		Thiobarbituric acid reactive substances (TBARS)



		Total volatile basic nitrogen (TVBN)



		pH of chicken meat



		Water holding capacity (WHC)



		Cooking yield



		Texture profile analysis



		Microbiological analysis



		Sensory analysis









		Statistical analysis









		Results and discussion



		Physicochemical analysis



		TBARS analysis



		TVBN of meat



		pH



		Water holding capacity (WHC)



		Cooking yield



		Texture profile analysis



		Hardness



		Chewiness



		Cohesiveness









		Microbial analysis



		Total plate count (TPC) of meat



		Salmonella count



		Escherichia coli (E. coli) count



		Coliform count



		Sensory analysis















		Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fsufs-09-1552570-g009.jpg
Escherichia coli (CFU/g)

N W R L o 9 ®

o =

T0

Tl T2 T3 T4 TS
mDay 0 mDay3 mDay6 wDay9 mDay 12

T6





OPS/images/fsufs-09-1552570-g012.jpg
Texture Score

T0

T T2 T3 T4 5

=@=Day) =@=Day3 =@=Day6 =@=Day9 ==@=Day12

T6





OPS/images/fsufs-09-1552570-g011.jpg
Color score

7 & 2 3 4 5 6

e Day ) e=@u=Day3 e=@==Day6 e=@==Day9 e=@u=Day12





OPS/images/fsufs-09-1552570-g008.jpg
Salmonella count (CFU/g)

-

o

o

-

%

5}

o

TO

T1 T2 T3 T4 TS5
mDay 0 mDay3 mDay6 mDay9 mDay 12

T6





OPS/images/fsufs-09-1552570-g007.jpg
Total plate count (CFU/g)

N W A LU 9 o O

o

T0

Tl T2 T3 T4 TS
mDay 0 mDay3 mDay6 mDay9 mDay 12

T6





OPS/images/cover.jpg
& frontiers | Frontiers in Sustainable Food Systems

Effect of peppermint essential oil
and ultrasonication on
microbiology evaluation and
quality parameters of stored
chicken meat












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
’ frontiers Frontiers in Sustainable Food Systems






OPS/images/fsufs-09-1552570-g002.jpg
TVBN value (mg/100g)

o v

T0

T1 T2 T3 T4 TS
mDay 0 mDay3 mDay6 mDay9 mDay 12

T6





OPS/images/fsufs-09-1552570-g003.jpg
PH value

T0

T1 T2 T3 T4 TS
mDay 0 mDay3 mDay6 mDay9 mDay 12

T6





OPS/images/fsufs-09-1552570-e003.jpg
Averagenoof colonies x Dilution factor
Total viable count = 2 oregeno0” cotonies x TTWUONaclor, g

Volume factor





OPS/images/fsufs-09-1552570-g001.jpg
TBARS Value (mg MDA/kg)

TO T1 T2 T3 T4 T5
mDay 0 mDay3 mDay6 mDay9 mDay 12

T6





OPS/images/fsufs-09-1552570-g006.jpg
Cohesiveness value

T0

Tl T2 T3 T4 T5
mDay0 mDay3 mDay6 =Day9 mDay 12

T6





OPS/images/fsufs-09-1552570-g004.jpg
Hardness value

To Tl T2 T3 T4 TS
mDay 0 mDay3 mDay6 mDay9 mDay 12

T6





OPS/images/fsufs-09-1552570-g005.jpg
Chewiness value

2.5

15

0.5

TO

mDay 0

T1

T2

mDay3

13

u Day 6

T4

»Day 9

TS

mDay 12

T6





OPS/images/fsufs-09-1552570-e001.jpg
WiCYs — Dinal volume = Iniial volume _ ..
Weight of sample





OPS/images/fsufs-09-1552570-e002.jpg
Edible Producl

Yield (%
()= ctual Product ™





OPS/images/fsufs-09-1552570-t001.jpg
Treatments ~ Peppermint Ultrasonic Time
) frequency (kHz) )
jyee— o (] 0
T, 0.5 37 2
T 1 37 2
Ty 05 37 4
T 1 37 4
TS 05 37 6

To 1 37 6





OPS/images/fsufs-09-1552570-g013.jpg
Flavor score

T0

T1 T2 T3 T4 T5

——Day0 —@—Day3 —&—Day6 ——Day9 =—H—Day12

T6





OPS/images/fsufs-09-1552570-t003.jpg
Day 0
746:+007%
7475 £ 0.06%
75.01£005°
7498 £ 0.06%
7525+ 0.05"
7519+ 0.06"

75,51+ 0,05

y 3
74024004
7444004
74224005
7445003
7495 +0.05¢
75.01£0.03°

75420.05'

Day 6
7345£005"
74.02+0.05*
73.66£0.04"
7425005
7471 0.06%
7481005

7524+ 006"

Day 9
7308 £0.06"
7385£0.04'
7335 0,047
73232004
7452005
7461005

75.06+ 0.05°

Day 12
7245005
7369£0.03"
7301 £0.04%
7293+ 0,05
7425005
7442004

74,86+ 0.05%





OPS/images/fsufs-09-1552570-t002.jpg
Day 0
5861 +0.05°
59£003"
5912 0.06"
59.19 £ 0.05*
5928+ 0,03
5936005

59.49 +0.04"

Day 3
5853+ 0047
5896 £ 0.06™
6008 0,05
6041 £0.03
6087 £ 0.05°
61364004

6188+ 0,03

Day 6
5848+ 0,067
5886+ 0.04"
60.13 £ 0.05°
60422007
60.86 £ 0.03°
6135+0.06"

6185+ 0.04'

Day 9
57.65 £ 0.05°
58842007
59.96 003"
6039 £ 0.06'
60.79+0.04°
61294003

6180 £0.05°

Day 12
57.15+0.03"
58370050
5981 £ 0,04
6015 0.06°
6054007

609001

6176+ 0,05





