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Figure 1: Effect of absorbent pad containing rosemary essential oil on the Staphylococcus aureus (Log CFU/g) of
common carp fillet during refrigerated storage.

Small letters (a, b, ¢) on the different chart indicate significant differences (P<0.05) of treatment and capital letters (A,
B, C, D) on the same chart indicate significant differences (£<0.05) of storage.
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Figure 2: Effect of absorbent pad containing rosemary essential oil on the mesophilic bacteria (Log CFU/g) of
common carp fillet inoculated with Staphylococcus aureus during refrigerated storage.

Small letters (a, b, c) on the different chart indicate significant differences (£<0.05) of treatment and capital letters (A,
B, C, D) on the same chart indicate significant differences (£<0.05) of storage.
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Figure 3: Effect of absorbent pad containing rosemary essential oil on the total psychrotrophic bacteria (Log CFU/g)
of common carp fillet inoculated with Staphylococcus aureus during refrigerated storage.
Small letters (a, b, ¢) on the different chart indicate significant differences (P<0.05) of treatment and capital letters (A,
B, C, D) on the same chart indicate significant differences (£<0.05) of storage.
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Table 2: Effect of absorbent pad containing rosemary essential oil on the peroxide value (meq O2/Kg oil) of common
carp fillet inoculated with Staphylococcus aureus during refrigerated storage.

Storage time (h)

Treatments 22 72 120 268 216
Control 0.65+0.02bA 1.30£0.06bA 2.67+0.18cB 3.67+0.22cC 5.13+0.23bD
1 0.59+0.01bA 113+0.09bA  259+022bcB  3.60£0.10bcC  4.93+0.27bD
2 0.49+0.02aA 0.80£0.07aA  1.93+0.09abB  2.93+0.19abC  3.50+0.13aD
3 0.47+0.03aA 0.62+0.06aA 1.87+0.12aB 2.63+0.09aC 3.37+0.12aD
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Small letters (a, b, c) on the different chart indicate significant differences (P<0.05) of treatment and capital letters (A, B, C,
D) on the same chart indicate significant differences (P<0.05) of storage.
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Table 3: Effect of absorbent pad containing rosemary essential oil on thiobarbituric acid (mg malonaldhyde /kg flesh)
of common carp fillet inoculated with Staphylococcus aureus during refrigerated storage.

Treatments Storage time (h)

24 72 120 268 216
Control 0.434+0.03cA 0.71+0.03bA 1.37+0.14cB 1.574+0.07cB 2.02+0.10bC
1 0.37+0.01bcA 0.68+0.04bB 1.174+0.07bcC 1.33+0.09bcC 1.96+0.07bD
2 0.30+0.01abA 0.53+0.04aAB 0.81+0.05abBC 1.03+0.09abC 1.40+0.09aD
3 0.25+0.03aA 0.45+0.03aA 0.73+0.04aB 0.87+0.06aB 1.33+0.08aC
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Small letters (a, b, c) on the different chart indicate significant differences (P<0.05) of treatment and capital letters (A, B, C,
D) on the same chart indicate significant differences (P<0.05) of storage.
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Table 4: Effect of absorbent pad containing rosemary essential oil on total volatile basic nitrogen (mg N/100g flesh
fish) of common carp fillet inoculated with Staphylococcus aureus during refrigerated storage.

Storage time (h)

Treatments 24 72 120 268 216
Control 8.09+0.24cA 11.93+0.48bA 18.77+0.94bB 24.20+0.90bC 30.47+1.94bD
1 7.13+0.19bA 10.90+0.70bA 16.73+0.96bC 22.43+0.67bD 27.93+0.75bE
2 6.20+0.15aA 8.23+0.32aA 13.13+0.64aB 17.64+1.00aC 20.97+0.84aD
3 6.07+0.14aA 8.00+0.362AB 10.83+0.33aB 15.27+0.67aC 20.10+1.25aD
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Small letters (a, b, c) on the different chart indicate significant differences (P<0.05) of treatment and capital letters (A, B, C,
D) on the same chart indicate significant differences (P<0.05) of storage.
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Table 5: Effect of absorbent pad containing rosemary essential oil on the pH of common carp fillet inoculated with
Staphylococcus aureus during refrigerated storage.

Storage time (h)

Treatments 24 72 120 268 216
Control 6.39:0.01aA 6.22+0.02aAB 6.47+0.07bB 6.70£0.06aC 6.93+0.03cD
1 6.38+0.02aA 6.22+0.02aA 6.33+0.03abA 6.70+0.06aB 6.80+0.06bcB
2 6.38+0.04aBC 6.15:003A  627:004abAB  6.53:003aCD  6.60+0.06abD
3 6.38+0.02aBC 6.12+0.043A 6.23+0.03aAB 6.47+0.07aC 6.53+0.03aC

Sglis saimolis (A, B, C, D) Sglice 55 By, 5 0040 bl s (P</+0) Slo s glas sasmo Lz (8, D, €) wglie Szg8 By,
) i GL"’QL"} O P<-+/-0) )lo‘_,,_;.u

Small letters (a, b, c) on the different chart indicate significant differences (P<0.05) of treatment and capital letters (A, B, C,

D) on the same chart indicate significant differences (P<0.05) of storage.
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Introduction

The water-holding capacity of meat stored under cold conditions gradually decreases, leading to the
release of liquid from muscle tissue—a phenomenon known as exudation. The accumulation of these
liquids can significantly reduce the quality of chilled meat due to microbial activity, fat oxidation, and
enzymatic reactions (Dai et al., 2022). Therefore, controlling the release of exudates during storage is
essential to ensure the quality and safety of fish meat. Antimicrobial absorbent pads represent a key
innovation in active packaging systems (Bovi et al., 2019). These pads are designed to absorb moisture
and exudates from freshly packaged foods and serve as effective carriers for antimicrobial agents.
Essential oils, natural compounds with antibacterial properties, have gained popularity due to the growing
consumer demand for preservative-free foods. Among these, rosemary essential oil is widely utilized in
medical and pharmaceutical industries owing to its antimicrobial, anti-mutagenic, and anti-cancer
properties (Lugman et al., 2021). The control of foodborne diseases is critical due to their economic
implications and serious public health risks. Contaminated food, particularly fish, is often associated with
ilinesses caused by Staphylococcus aureus. The presence of Staphylococcus aureus in fish and its products
typically results from contamination during handling, including catching, transportation, storage,
processing, and preparation (Cortés-Sanchez et al., 2020). Considering these challenges, the present study
aimed to evaluate the effect of absorbent pads containing rosemary essential oil on reducing the growth of
Staphylococcus aureus in common carp (Cyprinus carpio) fillets. Additionally, this study investigated the
chemical and microbial changes in common carp fillets during refrigerated storage.

Methodology

Rosemary (Rosmarinus officinalis) essential oil was extracted by using the Clevenger water distillation
method. To determine the maximum concentration of rosemary essential oil without adverse effects on the
sensory characteristics of fish fillets, absorbent pads containing different concentrations of the rosemary
essential oil (10 mL at 0.5%, 1%, and 1.5%) were prepared. The fish fillets were placed on these pads,
packaged and stored in a refrigerator at 4°C for 24 h. Afterward, the fillets were cooked at 90°C for 15
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minutes and evaluated by a trained sensory panel (Ojagh et al., 2010). After sensory evaluation, the fillets
inoculated with Staphylococcus aureus (103 CFU/g) were placed on absorbent pads containing 10 mL of
rosemary essential oil at concentrations of 0.5% (Treatment 1), 1% (Treatment 2), and 1.5% (Treatment
3). Then the samples were packaged and stored in the refrigerator (4°C). Chemical parameters, including
pH, peroxide value (PV), thiobarbituric acid (TBA), and total volatile basic nitrogen (TVB-N), as well as
microbial parameters (Staphylococcus aureus, total aerobic mesophilic bacterial count [TVC] and
psychrotrophic bacterial count [PTC]) were measured at intervals of 24, 72, 120, 168 and 216 h.
Results

The results demonstrated that Staphylococcus aureus grew well in common carp fillets, with a significant
increase observed over time (p<0.05). However, the bacterial count was lower in treatments containing
rosemary essential oil, showing a significant reduction with increasing rosemary essential oil
concentration. This finding highlights the inhibitory effect of rosemary essential oil on Staphylococcus
aureus growth across different treatments and during refrigerated storage. The highest bacterial count was
observed in the control, while the lowest was recorded in Treatment 3 (10 mL of 1.5% rosemary essential
oil) after 216 h of storage time (p<0.05). The total counts of mesophilic and psychrotrophic bacteria
increased in all treatments with storage time and their peak was observed after 216 h of storage time
(p<0.05) but the control (without essential oil) exhibited a significantly higher increase compared to the
other treatments (p<0.05). Among the all treatments, the lowest bacterial count was observed in Treatment
3 (10 mL of 1.5% rosemary essential oil) at all storage times (p<0.05). The peroxide value (PV) results
revealed significantly higher levels in the control compared to treatments containing rosemary essential
oil. The highest PV was recorded in the control group after 216 h of storage time (p<0.05). Conversely, the
lowest PV was consistently observed in Treatment 3 throughout the storage period (p<0.05).
Thiobarbituric acid-(TBA) results showed that treatments containing rosemary essential oil had lower
TBA levels compared to the control. Significant differences were observed between all treatments during
refrigerated storage (p<0.05). This result indicated the effectiveness of rosemary essential oil in reducing
lipid oxidation. Total volatile basic nitrogen (TVB-N) levels were significantly higher in the control than
the treatments containing rosemary essential oil (p<0.05). TVB-N values increased in all treatments during
refrigerated storage. However, higher rosemary essential oil concentrations resulted in lower TVB-N
levels in treatments containing the essential oil. However, there is no significant difference in TVB-N
observed between treatments 2 and 3 during refrigerated storage. No significant differences in pH were
observed between all treatments after 24 h. After 72 h, a decrease in pH was noted in all treatments. Then
an increase was observed in pH just to the end of the storage period. This increase was less pronounced in
treatments containing rosemary essential oil, and a significant difference was observed between the control
and Treatments 2 and 3 after 216 h (p<0.05).

Discussion and conclusion

The results of the present study demonstrate the effect of rosemary essential oil on controlling the growth
of Staphylococcus aureus in common carp fillets during refrigerated storage. Rosemary essential oil
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contains key active compounds, including rosmarinic acid, camphor, and cineole, which contribute to its
antioxidant and antibacterial properties (Borges et al., 2019). Furthermore, increasing the concentration of
rosemary essential oil resulted in a reduction in Staphylococcus aureus growth in this study. Similar
results have been reported by other researchers (Arbab et al., 2020). The total mesophilic and
psychrotrophic bacteria count in the control and treatment 1 group were higher than treatments 2 and 3 at
the end of the storage time. These results indicate an improvement in the antibacterial properties of the
absorbent pads after the addition of rosemary essential oil. The results of Bakhtiari et al. (2020) showed
that the addition of Carum copticum essential oil to absorbent pads controlled the growth of mesophilic
bacteria in rainbow trout fillets. Reports of other researchers indicated that plant essential oils are effective
in controlling peroxide values (PV). The results of the present study show that the PV of control exceeded
the acceptable limit after 216 h storage time, while the PV of essential oil treatments remained within the
acceptable range. A similar result was observed by Podineh et al. (2020). In this study, the lower value of
TBA was obtained in the essential oil-treated groups compared to the control group. It can be attributed to
the antioxidant properties of the essential oil (Becer et al., 2023). According to the present study, other
studies have shown that essential oils from Origanum vulgare, Thymus mongolicus, and Illicium verum
can effectively reduce TBA value. The TVB-N values in the essential oil treatments were lower compared
to the control. These results are similar to the findings of other researchers (Li et al., 2024; Yang et al.,
2024). The lower pH in the rosemary essential oil treatments can be attributed to the antimicrobial
properties of rosemary essential oil. Finally, the results of this study demonstrate that absorbent pads
containing rosemary essential oil have antioxidant and antibacterial properties and can be used to extend
the shelf life of common carp fillets during refrigerated storage.
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