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1 | INTRODUCTION

| Hamid Farahmand | Seyed Vali Hosseini

Abstract

Human listeriosis is predominantly associated with contaminated food consump-
tion, including seafood, shrimp, and RTE foods. Listeria monocytogenes is a foodborne
pathogen that is mainly found in freshwater, seawater, and fish mucus. Seafood
contamination can occur during food processing. L.monocytogenes levels of below
100 cfu/g can be found in seafood samples. The present study was conducted to
investigates the effect of Zataria multiflora essential oil (ZEO) and potassium sorbate
(PS) on microbial and chemical changes in raw rainbow trout at 4°C to extent shelf
life and improve food safety. First, the chemical compositions of ZEO were identi-
fied. Then, different percentage of ZEO (1.5, 0.8, and 0.5%) and PS (2%) were inocu-
lated in raw fish fillets and analyzed for TVC, TBA, TVB-N, pH, sensory attributes,
Pseudomonas aeruginosa, and inoculated L. monocytogenes (1 x 10° cfu/g) survival
at 4°C for 12 days. The best sensory evaluation score was observed for the sam-
ples treated with 0.8% and 1.5% ZEO. Overall, this study results indicated that the
treatment of rainbow trout fillet with 1.5% ZEO is the best method for controlling
the growth of L. monocytogenes at refrigerator temperature without any undesirable

sensory effects.
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marinated or cold-smoked fishes by forming a biofilm (Papaioannou
et al., 2018). In the seafood processing industry, the transmission of

Foodborne infections are one of the most expensive and serious
public health concerns in the world. With a 30% mortality rate,
L. monocytogenes is an important foodborne pathogen (Botsaris
et al., 2016). L. monocytogenes is a gram-positive bacterium that in-
vades cells as an internal parasite (McMullen & Freitag, 2015). This
species is an aerobic to facultative anaerobic bacillus and can sur-
vive on the surface of food processing equipment and seafood like

L. monocytogenes from raw materials can contaminate the final prod-
ucts such as cold-smoked. Similarly, strains of L. monocytogenes that
are already present in the environment can also contaminate final
products (Aymerich et al., 2019).

L. monocytogenes previously found in catfish and final raw prod-
ucts made from catfish (Dhowlaghar et al., 2017). In a study on fresh
rainbow trout in the United States, 54% of samples on the retail
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market tested positive for L. monocytogenes. Another study on raw
rainbow trout sold in Iran's retail stores reported a contamination
rate of 12.5% (Abdollahzadeh et al., 2016).

Several of chemical compounds can control and eliminate this
pathogen, such as potassium sorbate (PS) and sodium benzoate
(Necidova et al., 2019; Das et al., 2016). Because chemical pre-
servatives are carcinogenic and toxic, researchers have suggested
that these compounds be replaced with natural preservatives (Cui
et al., 2020; Guitian et al., 2019). Natural plant extracts and spices
have long been used as seasoning for meats. Plant extracts also
exhibit antibacterial activity by destabilizing the bacterial plasma
membrane and disrupting enzyme activity and genetic material in
bacteria (Burt, 2004; Pilevar et al., 2020).

Zataria multiflora (Z. multiflora) is a species in the Laminaceae
family that exclusively grows in Afghanistan, Iran, and Pakistan. In
Iran, this plant is known as “Aavishan-e Shirazi” (Shirazi thyme) and is
used in traditional medicine as an antiseptic, analgesic, and antispas-
modic (Mahmoudvand et al., 2017). In local cuisine, Z. multiflora is
used as a seasoning in a wide range of dishes. The main components
of Z. multiflora essential oil (ZEO) are phenolic compounds such as
carvacrol, thymol, y-terpienene, and P-cymene (Niczad et al., 2019).
The structure of carvacrol and thymol is very similar. Both of them
damage the cell wall of gram-positive bacteria by permeating the
plasma membrane (Burt, 2004). Studies show the anti-listeria and
antioxidant activity of ZEO in several foods such as seafood, ham,
cooked beef, chicken, and vegetables (Abbasi et al., 2020; Desai
et al., 2012; Raeisi et al., 2016).

These properties have attracted considerable attention to ZEO
in the food industry researchers. However, using essential oils as
food antibacterial agents might change the taste, smell, and organo-
leptic properties undesirably. Generally, adding essential oils to food
is limited due to the unwanted taste in the final product. Therefore,
it is recommended to use essential oils in concert with other anti-
bacterial compounds and other preservation techniques such as mild
heat, hydrostatic pressure, and adding sodium citrate and monolau-
rin (Calo et al., 2015).

Multiple factors, such as species, fish size, temperature, physical
conditions, harvest conditions, and transportation, affect the shelf
life of fish (Dawson et al., 2018). In this study, rainbow trout was
selected as the substrate to investigate the antibacterial and anti-
oxidant properties of ZEO against L. monocytogenes. Rainbow trout
fillets were selected due to the widespread farming and availability
of different species in Iran.

2 | MATERIAL AND METHODS
21 | ZEO
ZEO (Code 706 013, 40 grams jar) purchased from Barij Essence

Pharmaceutical Company (Kashan, Iran), and it was stored in the

dark bottle at refrigerator temperature (4°C + 1°C).

2.2 | Chemical composition of ZEO

The essential oil was analyzed by gas chromatography (GC)
(Thermoquest 2000, UK) equipped with DB5 capillary column
(30 x 0.25mm ID x 0.25 um film thickness). Data obtained under
the following analytical conditions: initial temperature 50°C; pro-
gram rate 2.5°C; final temperature 265°C; and injector tempera-
ture 250°C. Helium was used as a carrier gas, and the split ratio
was 120. In addition, essential oil analysis was performed using
gas chromatography-mass spectrometry (GC-MS) (Termoques
Finningan, UK) and similar conditions mentioned above. The MS ran
under the electron ionization mode at the ionization energy of 70eV
(Adams, 1989).

2.3 | Preparation of ZEO oil and PS

ZEO (Code 706 013, 40 grams jar) purchased from Barij Essence
Pharmaceutical Company (Kashan, Iran). 0.5%, 0.8%, and 1.5%
(w/w) solutions of Z. multiflora in glycerin 1.5% (w/v) (Merck,
Germany) were prepared (Hashemi et al., 2020). Glycerin was used
to improve solubility. Glycerin works as an emulsifier for blend-
ing oil-based ingredients such as essential oils. Solutions were
prepared with sterile distilled water. Each concentration of es-
sential oil was prepared with 500 ml of sterile distilled water and
glycerin mixture. To prepare 2% (w/v) of PS (Merck, Germany)
solution, the appropriate amount of potassium sorbate was dis-
solved in distilled water. This percentage of potassium sorbate is
safe in the food industry and is not harmful to the consumer (Das
etal., 2016).

2.4 | Bacterial strain

The standard strain of L. monocytogenes PTCC 1,163 was obtained
from the Razi Vaccine and Serum Research Institute (Persian Type
Culture Collection (PTCC), Tehran, Iran). The strain was then re-
activated in glycerol stock containing 20% (w/v) glycerol in Brain
Heart Infusion (BHI) broth (Scharlua, Spain) and stored at -20°C.
Subsequently, the isolated strain was inoculated into vials contain-
ing 15 ml BHI and incubated at 37°C at 150 rpm for 24 hr, with two
consecutive transfers (Ojagh et al., 2010). The output was then cen-
trifuged three times at 6,000 rpm for 5 min to separate bacterial cells
from BHI. After twice centrifuging, the supernatant was removed,
followed by twice washing, resuspended in PBS (50 mM K2HPO4/
KH2PO4; pH 7.4; Sigma-Aldrich, St. Louis, USA) to obtain standard
cell suspensions. For bacteria counting, the optical density (OD)
method at 600 nm (OD600) was used by a spectrophotometer UV-
1204 (Shimadzu, Kyoto, Japan) (according to the pretest, 0.1-0.08
OD was equal to 1 x 108 cfu/g). After preparing serial dilution, the
raw fish fillets were inoculated by 1 x 105 cfu/g of L. monocytogenes
(de Sousa Guedes & de Souza, 2018).
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2.5 | Inoculated rainbow trout fillets

15 kg of rainbow trout was purchased from Alborz Aquatic Plant,
immediately placed in iceboxes, and transferred to the Aquatic
Processing Laboratory of the Faculty of Fisheries, University of
Tehran. The fish were gutted, bled, and cut into 200 grams fillets.
All fillets were then immersed in a suspension of bacteria for 5 min,
except for the control treatments. Then, water and the solution con-
taining bacteria were allowed to drip out. 500 ml of each ZEO solu-
tion (0.5%, 0.8%, and 1.5%) and PS solution 2% were prepared and
sprayed on fillets. After 5 min, all stained fillets were transported to
the packaging laboratory of the University of Tehran Food Science
and Industry faculty for packaging. The fillets were treated with 6
treatments: control treatment (no bacteria or antibacterial agents),
ZEO solution (0.5, 0.8, and 1.5%), PS solution 2%, and the last
treatment, which included pure bacterial stain (L. monocytogenes).
Chemical, microbial, and sensory evaluation indexes were measured
ondays 0, 3, 6, 9, and 12. All treatments were aseptically packed by
a modified atmosphere packaging machine with 30% N2, 30% 02,
and 40% CO2 and transferred to another laboratory then stored at
4°C + 1°C (Goulas & Kontominas, 2007).

2.6 | Microbial tests

For each treatment, five packages of 200 grams of meat were
used. 10 grams of each sample was blended with 90 ml of normal
saline solution (NSS) by stomacher blender (Seward Stomacher
80) at normal speed for 60 s. Then, 10-fold serial dilutions were
prepared. Total viable count (TVC) was estimated by standard
plate count technique. Plate count agar (PCA) was used for the
total viable count (TVC) after incubation at 37°C for 24 hr, and the
number of bacteria was expressed as log cfu/g. All treatments had
two replications (Shokri et al., 2015). P. aeruginosa were counted
using P. aeruginosa Cetrimide agar (Laboratorios Conda S.A.) after
48 hr of incubation at 37°C. Selective media are used for the
growth of only selected microorganisms (Shokri et al., 2015). L.
monocytogenes population were detected by seeding 0.1 ml of
serial dilutions on CHROMagar™ Listeria agar (CHROMagar
Microbiology, France). Subsequently, the plates were incubated at
37°C for 48 hr. CHROMagar helps to easily differentiate Listeria
monocytogenes from other Listeria directly at the isolation step:
The colonies were blue and surrounded by a white halo due to a
specific phospholipase activity. The number of Listeria per gram of
fillet was expressed as log cfu/g (Hegde et al., 2007).

2.7 | Chemical tests
2.7.1 | Determination of thiobarbituric acid (TBA)

Lipid oxidation is one of the major causes of quality deteriora-

tion in meat. Several methods have been developed to assess lipid

oxidation products in raw foods. The thiobarbituric acid (TBA) test
is most widely used to quantify lipid oxidation products in meat
products because it is fast and straightforward. The TBA test de-
termines the amount of malondialdehyde (MDA), a major secondary
by product of lipid oxidation, in a sample (Zeb & Ullah, 2016). First, 2
grams samples blended with 8 ml of 4% perchloric acid and 1 ml BHA
solution (to prevent lipid oxidation during analysis). Then, samples
were homogenized by a stomacher blender (Seward Stomacher 80),
finally placed in a dark cabinet for 30 min. After this phase, samples
were centrifuged. Then, 5 ml of the filtered supernatant and 5 ml
of 0.03% solution of thiobarbituric acid was transferred to the test
tube. The mixture was placed in 95°C water for 30 min. After cool-
ing down the tubes at ambient temperature, the absorbance solu-
tion was read for each spectrum by a UV-2100 spectrophotometer
(Unico, USA) at 530 nm and malondialdehyde concentration (mg/kg)
(Chatzikyriakidou & Katsanidis, 2012).

2.7.2 | Determination of Total Volatile Basic Nitrogen
(TVB-N)

TVB-N refers to a wide range of basic volatile compounds such as am-
monia, methylamine, dimethylamine, trimethylamine, and other sim-
ilar compounds produced during microbial activity, which are used
as indicators for meat decomposition. The sign of decomposition
threshold in rainbow trout muscle is 25 mg TVB-N per 100 grams of
meat (Arashisar et al., 2004). First, 2 grams of the sample was mixed
with 8 ml of 4% trichloroacetic acid (TCA) solution and homogenized
by a stomacher blender (Seward Stomacher 80). The homogenized
solution was then centrifuged for 30 min at 4,000 rpm. The super-
natant was poured into the outer ring of the Conway apparatus.
Subsequently, 1% boric acid and a mixed bromocresol green and
methyl red were added to the inner ring. Then, potassium carbonate
(Merck, Germany) was added to the outer ring to start the reaction.
The final output was incubated at 37 °C for an hour. Subsequently,
the inner ring solution was titrated with 0.02 N HCI until the color of
the solution changed to pink. (Rawdkuen et al., 2010):

TVB-N (mg N/100 g sample) = {14 (N) (A-B) (V) (100)}/ M.

In the above formula, N is the normal value of the chloride acid
used to titrate the samples. A and B, respectively, are the volume
(ml) of acid used for titration of the sample and the volume (ml) of
acid used to titrate the control sample. V is the volume (ml) of the
phase sample liquid after centrifugation, and M is the initial sample
weight in grams.

2.7.3 | Determination of pH

5 g of the fish filet was homogenized, mixed with 45 ml of dis-
tilled water, and placed on a shaker with 180 rpm (Model G24
Environmental shaker, New Brunswick Scientific Co., NJ, USA). The
pH of the sample was analyzed by Corning pH meter (Model 430,
Corning Inc., NY, USA) (Suvanich et al., 2000).
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2.8 | Sensory evaluation

For sensory evaluation, the noninoculated fish fillet samples were
sliced into 200 g pieces. To prepare treatments, each sample sprayed
with ZEO solution (0.5%, 0.8%, or 1.5%) or PS solution 2% solu-
tion. Each sample was wrapped in aluminum foil individually and
cooked in a steam cooker (MultiGourmet FS20, Braun, Germany) for
30 min. Ten university students were chosen and trained according
to the American Meat Science Association (AMSA) (,2016, February
11) guidelines to evaluate the sensory property of fish filets treated
with ZEO including, color, odor, taste, texture, and overall accept-
ability attributes. The panelists graded test sheets from excellent (9),
very good (8), good (7), acceptable (6), to the poor (5). A sensory
score of less than 5 was considered unacceptable. Furthermore, at
the end of the test, panelists scored the samples based on overall

customer satisfaction from 1 to 9.

2.9 | Statistical Analysis

The obtained data were statistically analyzed by one-way ANOVA
using the SPSS software, version 21 (IBM software, NY, 201 USA).
Duncan test and one-way analysis of variance (ANOVA) were
used at 0.05 levels to examine the significant difference between

treatments.

3 | RESULTS AND DISCUSSION
3.1 | Chemical composition of ZEO

Table 1 shows the ratio of essential oil components based on GC
and GC-MS. As can be seen, carvacrol is the chief component of
essential oil (66.2%), followed by thymol (26.5%) and p-cymene
(3.98%). Some differences were observed between our findings and
Mahmoudvand et al., (2017) results. They reported thymol (40.8%),
carvacrol (27.8%), p-cymene (8.4%), y-terpinene (4%), and linalool

TABLE 1 Essential oil composition of Z. multiflora identified by
gas chromatography and gas chromatography-mass spectrometry

Compound Retention index Percentage
Carvacrol 1,300 66.2
Thujene 930 0.12
Thymol 1,342 26.5
Linalool 1,086 0.78
P-cymene 1,015 3.98
Eucalyptol 1,024 0.31
Trans-Caryophyllene 1,418 0.41
Alpha-pinene 937 1.02
Beta-pinene 976 0.4
Sum 99.72

(0.78%) as the most representative constituents of ZEO. However,
our results agreed with Barkhori-Mehni et al., (2017) that reported
carvacrol (51.55%), thymol (25.49%), and p-cymene (5.23%) were
the most representative components of ZEO. According to Shahbazi
et al., (2016), the chemical composition variation is mainly due to the
differences in herbal species, age, ecotypes, and other environmen-

tal factors.

3.2 | Survival of L. monocytogenes

Different treatments significantly affected the number of L. mono-
cytogenes, and meaningful differences were observed between
different treatments (p <.05, p <.001). The number of bacteria in
the control treatment was zero (Figure 1). Storage time also had a
meaningful effect on the bacteria survival (p <.001), and significant
changes were observed in the number of bacteria during 12 days of
storage. The most inhibitory effect on L. monocytogenes growth was
seen in treatment with 1.5% ZEO on day 3 (6 + 0.06 log cfu/g), which
agreed with a previous study, Yaghoubzadeh and Safari (2015), who
reported, 1.2% ZEO had the best result in controlling L.monocy-
togenes inoculated into ground silver carp (Hypophthalmichthys
molitrix). The relationship between the main factors of the test,
treatments, and storage time was significant. In the current study,
the number of L. monocytogenes for rainbow trout fillets ranged from
5.51 + 0.08 log cfu/g in treatment with 1.5% ZEO to 9.79 + 0.14 log
cfu/g in the L. monocytogenes treatment. In different ZEO treat-
ments, the lowest number of Listeria bacteria was observed in
the 1.5% ZEO from 5.51 + 0.08 log cfu/g to 7.12 + 0.02 log cfu/g
(Figure 1). 1.5% ZEO treatment showed the best anti-listeria effect.
Pilevar et al., (2020) and Tajik et al., (2015) found similar inhibition
effects of ZEO on growth L.monocytogenes in broth and minced rain-
bow trout and raw buffalo patty, respectively. The high anti-listeria
power of ZEO is associated with the large ratio of phenolic com-
pounds. As table 1 data show, the main phenolic compounds in the
ZEO were carvacrol (66.2%) and thymol (26.5%). The hydrophobic
nature of phenolic compounds in essential oils dissolves the hydro-
phobic region of the bacterial cytoplasmic membrane, and ruptures
the external layer of the membrane, therefore inhibiting bacterial
growth (Niczad et al., 2019). After 30 min of contact, carvacrol
destroys the L. monocytogenes cell membrane more efficiently.
150-200 ppm of pure carvacrol or thymol significantly inhibits the
growth of L. monocytogenes (Arioli et al., 2019).

3.3 | Evaluation of P. aeruginosa

P. aeruginosa is a gram-negative, rod-shaped bacterium and one
of the most important psychrophilic bacteria that can decompose
fish products during cold storage. P. aeruginosa induced quality
changes such as sensory, physiochemical, and microbiological in
the shelf life of rainbow trout fillets during refrigerator storage
(Kamani et al., 2020). Results of this study indicated the significant
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FIGURE 1 Average number (+ SD) of 11
L. monocytogenes in rainbow trout fillets

during 12 days storage at 4°C. Different 10

letters indicate significant differences
between days of storage

= Control

B L. monocytogenese
uPS

uZEO (0.5%)
uZEO (0.8%)

L. monocytogenese (Log cfu/g)

= ZEO (1.5%)

effect of different treatments (p <.001), different days of stor-
age (p <.001), and the relationship between these two factors
(p <.001) on the numbers of P. aeruginosa. These results showed
the initial population of P. aeruginosa was ranged from 4.29 + 0.12
log cfu/g in the treatments with 1.5% ZEO to 8.5 + 0.08 log cfu/g
in the control treatment. The number of P. aeruginosa was almost
similar in the zero-day sampling for all treatments and increased
after 3 days. On day 12, the highest amount of P. aeruginosa was
observed in the control sample (8.5 + 0.08 log cfu/g) (Figure 2).
The number of P. aeruginosa reached the highest in all treatments
on day 12. The lowest number of P. geruginosa in different treat-
ments was present in 1.5% ZEO. The phenolic compounds in es-
sential oil cause this reduction growth of P. aeruginosa in 1.5%
ZEO. These results agreed with the previous study Barkhori-
Mehni et al., (2017) on the antibacterial activity of ZEO against
some fish spoilage bacteria. Their findings showed that P. aerugi-
nosa is the most resistant bacterium among Aeromonas hydrophila,
Pseudomonas fluorescens, Shewanella putrefaciens, Bacillus subtilis,
and Escherichia coli to the antibacterial properties of ZEO. This re-
sult indicates the effect of the antibacterial substance of ZEO. P.
aeruginosa had faster and dominant growth than other bacteria in
all treatments and in different days of storage, which is in line with
Heydari-Majd et al., (2019) findings. They studied the new active

10

Storage Time (Day)

nanocomposite film-based on ZEO for the preservation of refrig-
erated Otolithes ruber fillets. Their results showed that 1.5% ZEO
had the most inhibition on P. aeruginosa growth.

3.4 | Total Viable Count (TVC)

Figure 3 shows the total mesophilic aerobic bacteria level signifi-
cantly differed between all treatments on different days of storage
(p <.05). The relation between the treatments and storage time also
significantly affected the bacteria level in the samples (p <.05). The
highest bacterial level in the control treatment and the pure bacte-
ria (L. monocytogenes) treatment was observed on day 12. During
the storage period, the lowest bacteria level was observed in the
1.5% ZEO. These agreed with Khedri and Roomiani (2019) results,
which studied the effects of ZEO on silver carp fillets and reported
that 1.5% of ZEO nanoemulsion had a meaningful impact on de-
creasing TVC. In the current study, initial TVC for rainbow trout
fillets ranged from 5.25 + 0.05 log cfu/g in 1.5% ZEO treatment
to 7.97 + 0.01 log cfu/g the control group (p <.05). According to
other studies on freshwater fish (e.g., tilapia, bass, rainbow trout,
and silver perch), TVC depends on water and ambient temperature,
and the bacterial load of freshwater fish was about 102-10° (cfu/g)

= Control
u L. monocytogenese

P. aeruginosa (Log cfu/g)

FIGURE 2 Average number (+ SD) of P.
aeruginosa bacteria in rainbow trout fillets
during 12 days storage at 4°C. Different
letters indicate significant differences
between days of storage

uPS

HZEO (0.5%)
uZEO (0.8%)
HZEO (1.5%)

Storage Time (Day)
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(Chytiri et al., 2004). On day 12, the lowest TVC was observed in
1.5% ZEO treatment. Similar results were reported in another study
on nanoemulsions containing ZEO on microbial quality of trout fillet
(Khanzadi et al., 2020). The TVC standard limit in rainbow trout fillet
is 6 log cfu/g. In this study, the TVC amount in 1.5% ZEO treatment
reached its maximum limitation on day 12. The 1.5% ZEO decreased
the bacterial load because of its antibacterial compounds includes
carvacrol and thymol. This type of compound can have synergis-
tic effects. Carvacrol and thymol are structurally very similar, and
both have a hydroxyl group at different locations on their phenolic
ring (Burt, 2004). The hydroxyl group of carvacrol, thymol, and the
presence of a delocalized electron system (double bonds) empow-
ers carvacrol and thymol to perform as a proton exchanger, thus the
gradient reduction across the cytoplasmic membrane, consequently
resulting in a collapse of the proton motive force and depletion of
the ATP pool subsequently leading to cell death (Arioli et al., 2019;
Burt, 2004; Kachur & Suntres, 2020). Indeed, after exposure to
thymol and carvacrol, increased membrane permeability is a sign of
cell membrane damage by terpenes, acting as substitutional impuri-
ties in the phospholipidic bilayer (Cristani et al., 2007). This study
data acknowledged the membrane permeabilization due to terpene
activity, already reported for gram-positive and gram-negative
bacteria (Kachur & Suntres, 2020; Memar et al., 2017; Sharifi-Rad
et al., 2017).

FIGURE 3 Average number (+ SD) of
TVC in rainbow trout fillets at different
during 12 days storage at 4°C. Different
letters indicate significant differences

u Control between days of storage

B L. monocytogenese

=PS

B ZEO (0.5%)

1 ZEO (0.8%)

HZEO (1.5%)

FIGURE 4 Mean values (+ SD) of TBA
in rainbow trout fillets at different during
12 days storage at 4°C. Different letters
indicate significant differences between

days of storage
m Control

B L. monocytogenese
=PS

mZEO (0.5%)
EZEO (0.8%)

B ZEO (1.5%)

3.5 | Thiobarbituric Acid Index (TBA)

Thiobarbituric acid is a secondary product of fat oxidation. It
is extensively used as an indicator for fat oxidation evaluation
(Raeisi et al., 2015). Figure 4 shows thiobarbituric acid levels in-
creased during storage time in the refrigerator in all treatments.
The trend of TBA in different treatments shows that the pure L.
monocytogenes treatment had the highest values of TBA from
0.53 + 0.04 mg/kg to 2.22 + 0.03 mg/kg on days 3, 6, 9, and 12
(Figure 4). ANOVA results indicated the significant effect of dif-
ferent ZEO treatments on TBA (p <.001). Storage time also signifi-
cantly affected TBA level in different treatments (p <.05, p <.001).
The pure L. monocytogenes and control treatment had high TBA
levels during the storage period, which was significantly higher
than ZEO treatments (Figure 4). These results align with Lashkari
et al., (2020) studied on shelf life extension of veal meat by ZEO,
which reported that 1.5% of ZEO had the greatest impact on de-
creasing TBA. The TBA acceptable level for fish meat consumers is
about 1-2 mg of malondialdehyde per kg. There is TBA limitation
due to unpleasant odor and taste (Khedri & Roomiani, 2019). In
this study, the acceptable TBA level reached its limitation in con-
trol (1.16 + 0.03 mg/kg), pure L. monocytogenes (1.3 + 0.06 mg/
kg), and PS (1.41 + 0.06 mg/kg) treatments on day 6. 0.5% and
0.8% of ZEO treatments around day 9, and 1.5% of ZEO treatment
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on day 12 reached this limitation. TBA changed in 1.5% ZEO treat-
ment from 0.12 + 0.01 mg/kg on day O to 0.98 + 0.08 mg/kg on
day 12. These indicate that ZEO prevents the formation of free
radicals due to the presence of phenolic antioxidants (carvacrol
and thymol), thus delays the fat oxidation. In 2020, Lashkari et al.
reported phenolic compounds in essential oils reduce oxidative
strength. Carvacrol and thymol are two main phenolic compounds
in ZEO. Hence, it could be concluded that ZEO has relatively sig-
nificant anti-radical activity. Several studies reported the key
role of phenolic compounds such as carvacrol and thymol in the
neutralization of free radicals (Khedri & Roomiani, 2019; Lashkari
et al., 2020; Raeisi et al., 2015).

3.6 | Total Volatile Basic Nitrogen (TVB-N)

Volatile nitrogenous bases are mainly produced through bac-
terial decomposition. Various compounds, including ammonia,
methylamine, dimethylamine, and trimethylamine, contribute to
TVB-N. These compounds are derived from the activity of bacte-
ria responsible for the degradation and production of internal en-
zymes (Khedri & Roomiani, 2019; Raeisi et al., 2015). Nitrogenous
compounds are often used to indicate the decomposition of fish
(Raeisi et al., 2015). According to the ANOVA results, different treat-
ments (p <.05), days of storage (p <.001), and the relation between
these two factors (p <.001) significantly affected TVB-N (p <.05).
Figure 5 shows TVB-N levels of different treatments were the same
on the zero-day of storage but increased over time in all treatments.
Over storage time, the amount of volatile nitrogen increased. The
increase in TVB-N level was slow in the first days but intensified
on day 6. The highest amount of TVB-N was observed in pure L.
monocytogenes treatment from 10.87 + 0.44 mg/100g muscle to
47.31 + 0.58 mg/100g muscle on day 12 due to the more significant
number of bacteria. In the early days, bacterial growth is slow (Lag
Phase); then, the growth rate increased. TVB-N production in food
causes an unpleasant odor similar to spoilage. The maximum accept-
able amount of TVB-N for rainbow trout is 25 mg per 100 grams of

the fillet (Arashisar et al., 2004). According to this study, the low-
est TVB-N rate was recorded for 1.5% ZEO (10.14 + 0.25 mg/100g
muscle). In 1.5% ZEO treatment, TVB-N level was acceptable until
day 9 (20.06 + 0.38 mg/100g muscle), but this amount was a little
too much on day 12 (25.55 + 0.65 mg/100g muscle). These results
agreed with the previous study on the effect of ZEO physicochemi-
cal properties of rainbow trout fillets during cold storage (Shadman
et al., 2017), which used 0.5% and 1% of ZEO and found 1% of ZEO
had the best result in decreasing TVB-N amount. These outcomes
showed that ZEO effectively reduces volatile nitrogen bases, attrib-
uted to the higher carvacrol and thymol levels in these treatments,
which is in line with Raeisi et al., (2015) study on ZEO and grape seed
oil on the shelf life of rainbow trout fillets. They found the minimum
level of TVB-N was measured in the fillets coated with a high per-
centage of ZEO.

3.7 | pH

Different percentages of ZEO and storage day had a significant
impact on pH during the experimental period (p <.05), (p <.001).
Also, the interaction between the two factors was significant
(p =.001). The lowest pH was recorded in 1.5% ZEO treatment from
6.31 + 0.001 to 6.5 + 0.004 during storage time. Figure 6 shows
the increasing trend of pH. These outcomes confirm with Ozogul
et al., (2017) study, effects of herb essential oils on quality of rain-
bow trout fillets during ice storage, which reported an upward trend
in pH level during 24 days. Bacterial activity produces metabolic
substances thus increasing the alkalinity of the environment (Khedri
& Roomiani, 2019). Contrary to these results, Shadman et al., (2017)
reported a significant decrease in the pH values.

3.8 | Sensory evaluation

Table 2 shows the results of odor, color, taste, texture, and over-
all acceptability evaluations of rainbow fillets. In general, samples

u Control

B L. monocytogenese

= PS

u ZEO (0.5%)

TVBN (mg/100 g muscle)

uZEO (0.8%)
HZEO (1.5%)

FIGURE 5 Mean values (+ SD) for
TVB-N in rainbow trout fillets at different
during 12 days storage at 4°C. Different
letters indicate significant differences
between days of storage

Storage Time (Day)
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TABLE 2 Sensory evaluations of rainbow trout fillets containing different concentrations of Z. multiflora essential oil (ZEO) during 12 days

storage at 4 + 1°C (mean + SD)

Storage time (Day)

Parameter Treatment 0 8 6 9 12

Odor Control 8.1 +0.44 7.1 +0.04° 6 +0.06° 5+0.01¢ 2.5 +0.01¢
PS 8 +0.4° 7.8 +0.01° 6.1+0.08¢ 5+0.03¢ 2.4+0.01°
ZEO 0.5% 8.2+0.01° 7.3+0.01¢ 6.3+0° 5.2 +0.08° 3.3+0.01°
ZEO 0.8% 8.4 +0.01° 7.4 +0.04° 6.5+0.01° 5.5+0.01° 4.5+0.01°
ZEO 1.5% 8.5 +0.02° 7.5 +0.02° 67 +0° 5.8 +0.02° 4.7 +0.01°

Color Control 8.5 +0.03¢ 7.4 +0.03° 6.3 +0.02° 4.2 +0.03° 2.1+ 0.03¢
PS 8.4 + 0 7.3 +£0.01° 6.2 +0.03¢ 4.3 +0.03¢ 2+0.03°
ZEO 0.5% 8.5+ 0.01° 7.2 +£0.01¢ 6.3 +0.03° 5.2 +0.03° 3.1 +0.03°
ZEO 0.8% 8.6 +0.01° 7.5 +0.03° 6.6 +0.03° 5.5 +0.02° 41+0.01°
ZEO 1.5% 8.7 + 0° 7.4 +0.01° 6.7 +0.01° 5.7 +0.03° 4.3+0.02°

Taste Control 8.2 +0.02¢ 6.3+0.01° 5.2+0.03° 4.8 +0.03° 2.5+0.03°
PS 8 +0.03° 6.5 +0.02¢ 6.1 +0.02¢ 4.9 +0.03¢ 2.3 +0.03¢
ZEO 0.5% 8.3 +0.02° 7.4 +0.01° 6.8 +0.02° 5+0.03° 3.2+0.03°
ZEO 0.8% 8.5 +0.03° 7.8 +£0.02° 7.1 +0.02° 5.5 +0.03 4.1 +0.02°
ZEO 1.5% 8.4 +0.03° 7.6 £0.01° 6.9 +0.03° 5.4 +0.02° 4.1+0.03°

Texture Control 8.8 +0.02° 7.7 +0.03¢ 6.3 +0.02°¢ 5.2 +0.02¢ 4.3 +0.01°
PS 8.7 + 0.02¢ 7.6 +0.01¢ 6.4 +0.02¢ 5+0.01° 4.2 +0.02¢
ZEO 0.5% 8.9 +0.01° 7.7 +0.02° 6.5 +0.01° 5.5+ 0.01° 4.3 +£0.03°
ZEO 0.8% 8.9 +0.03° 7.8 +£0.03" 6.7 +0.03° 5.6 +0.02° 4.4 +0.03°
ZEO 1.5% 8.8 + 0.03" 7.9 +0.03° 6.8 +0.01° 5.8 +0.02° 4.5 +0.03°

Overall Control 8.2 +0.02° 6.7 +0.02¢ 5.2 +£0.02° 4.1+0.03° 3.2+0.01°
PS 8.3 +0.03¢ 6.6 +0.03° 6.1 +0.03¢ 5.5+0.01¢ 4.1+0.01°
ZEO 0.5% 8.2 +0.02° 7.1 +0.02° 6.3 +0.03 5.7 £ 0.03° 4.3+0.03"
ZEO 0.8% 8.6 +0.03? 7.5+ 0° 6.6 +0.03 5.8 +0.03" 4.5+0.02°
ZEO 1.5% 8.5 +0.03" 7.4 +0.03° 6.5+0.02° 5.9 + 0.02° 4.5 +0.02°

with ZEO received higher sensory evaluation scores than the
control group and PS treatments. According to the overall ac-
ceptability index, the best score was observed for the fillets that
had 0.8% and 1.5% of ZEO. These results agreed with Mousavi
et al., (2019), who reported that sausage with 1.5% of ZEO had

the highest overall acceptance score during refrigerated storage.
Moreover, Khedri and Roomiani (2019) reported that silver carp
fillets with 1.5% of ZEO had the highest sensory properties score
during 12 days of storage. Another previous study by Jannatiha

et al., (2020) on chicken legs showed that carboxymethyl cellulose
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film incorporating 2% ZEO decreased overall acceptability slightly.
None of the samples could receive a score 6 in the current study
during 12 days of storage. This study also showed the quality fac-
tors of rainbow trout fillets on day 9 were unacceptable. In the
control group, it happened on day 6 of the storage time. In addi-
tion, the activity of microorganisms and enzymatic autolysis can
reduce the shelf life and quality of fish meat. According to this
study results, adding ZEO to rainbow trout fillets can keep the
sensory property at an acceptable level for up to 6 days at refrig-

erator temperature.

4 | CONCLUSIONS

In this study, rainbow trout was selected as the substrate to inves-
tigate the antibacterial and antioxidant properties of ZEO against L.
monocytogenes. The use of 1.5% ZEO on rainbow trout fillets had the
best effect on the reduction growth of inoculated L. monocytogenes,
TVC as wellas TVB-N, TBA, and levels of P. aeruginosa. As a result, it
extended the shelf life of raw rainbow trout fillets. Therefore, natu-
ral preservatives can be replaced with chemicals. Hence, considering
the acceptable antibacterial effect and sensorial scores of ZEO, it
could practically use in the food industry as a natural antimicrobial

and antioxidant agent, especially in raw fish fillets.

ACKNOWLEDGMENTS
We appreciate the Natural Resources faculty of the University of

Tehran, which provided us with facilities and equipment.

CONFLICT OF INTEREST
The authors declare that they have no conflict of interest.

ORCID

Alireza Mirvaghefi https://orcid.org/0000-0002-8620-501X

Seyed Vali Hosseini https://orcid.org/0000-0001-6927-1093

REFERENCES

Abbasi, Z., Aminzare, M., Azar, H. H., & Rostamizadeh, K. (2020). Effect
of corn starch coating incorporated with nanoemulsion of Zataria
multiflora essential oil fortified with cinnamaldehyde on microbial
quality of fresh chicken meat and fate of inoculated Listeria monocy-
togenes. Journal of Food Science and Technology, 57, 1-11.

Abdollahzadeh, E., Ojagh, S. M., Hosseini, H., Irajian, G., & Ghaemi, E.
A. (2016). Prevalence and molecular characterization of Listeria spp
and Listeria monocytogenes isolated from fish, shrimp, and cooked
ready-to-eat (RTE) aquatic products in Iran. LWT-Food Science and
Technology, 73, 205-211. https://doi.org/10.1016/j.lwt.2016.06.020

Adams, R. P. (1989). Identification of Essential Oil Components by Gas
Chromatography/Mass Spectroscopy (p. 469). IL.

Arashisar, S., Hisar, O., Kaya, M., & Yanik, T. (2004). Effects of mod-
ified atmosphere and vacuum packaging on microbiological and
chemical properties of rainbow trout (Oncorynchus mykiss) fillets.
International Journal of Food Microbiology, 97, 209-214.

Arioli, S., Montanari, C., Magnani, M., Tabanelli, G., Patrignani, F.,
Lanciotti, R., Mora, D., & Gardini, F. (2019). Modelling of Listeria
monocytogenes Scott A after a mild heat treatment in the presence

CWILEY- %%

of thymol and carvacrol: Effects on culturability and viability. Journal
of Food Engineering, 240, 73-82. https://doi.org/10.1016/j.jfood
eng.2018.07.014

Aymerich, T., Rodriguez, M., Garriga, M., & Bover-Cid, S. (2019).
Assessment of the bioprotective potential of lactic acid bacteria
against Listeria monocytogenes on vacuum-packed cold-smoked
salmon stored at 8° C. Food Microbiology, 83, 64-70.

Barkhori-Mehni, S., Khanzadi, S., Hashemi, M., & Azizzadeh, M. (2017).
Antibacterial activity of Zataria multiflora boiss essential oil
against some fish spoilage bacteria. Journal of Human, Environment
and Health Promotion, 2(4), 220-225. https://doi.org/10.29252/
jhehp.2.4.220

Botsaris, G., Nikolaou, K., Liapi, M., & Pipis, C. (2016). Prevalence of
Listeria spp. and Listeria monocytogenes in cattle farms in Cyprus
using bulk tank milk samples. Journal of Food Safety, 36, 482-488.

Burt, S. (2004). Essential oils: Their antibacterial properties and po-
tential applications in foods-a review. International Journal of
Food Microbiology, 94, 223-253. https://doi.org/10.1016/j.ijfoo
dmicro.2004.03.022

Calo, J. R., Crandall, P. G., O'Bryan, C. A, & Ricke, S. C. (2015). Essential
oils as antimicrobials in food systems-A review. Food Control, 54,
111-119. https://doi.org/10.1016/j.foodcont.2014.12.040

Chatzikyriakidou, K., & Katsanidis, E. (2012). Effect of liquid smoke dip-
ping and packaging method on the keeping quality of raw and cooked
chub mackerel (Scomber japonicus) fillets. J. Aquat. Food Product
Technology, 21, 445-454.

Chytiri, S., Chouliara, I., Savvaidis, I. N., & Kontominas, M. G. (2004).
Microbiological, chemical, and sensory assessment of iced whole and
filleted aquacultured rainbow trout. Food Microbiology, 21, 157-165.
https://doi.org/10.1016/50740-0020(03)00059-5

Cristani, M., D'Arrigo, M., Mandalari, G., Castelli, F., Sarpietro, M. G.,
Micieli, D., & Trombetta, D. (2007). Interaction of four monoterpenes
contained in essential oils with model membranes: Implications for
their antibacterial activity. Journal of Agricultural and Food Chemistry,
55(15), 6300-6308.

Cui, H., Li, H., Li, C., Abdel-Samie, M. A., & Lin, L. (2020). Inhibition ef-
fect of moringa oil on the cheese preservation and its impact on the
viability, virulence and genes expression of Listeria monocytogenes.
LWT, 134, 110163.

Das, S., Lalitha, K. V., Joseph, G., Kamalakanth, C. K., & Bindu, J. (2016).
High pressure destruction kinetics along with combined effect of po-
tassium sorbate and high pressure against Listeria monocytogenes in
Indian white prawn muscle. Annals of Microbiology, 66(1), 245-251.
https://doi.org/10.1007/s13213-015-1100-7

Dawson, P., Al-Jeddawi, W., & Remington, N. (2018). Effect of freezing
on the shelf life of salmon. International Journal of Food Science, 2018,
1-12.

De Sousa Guedes, J. P., & de Souza, E. L. (2018). Investigation of dam-
age to Escherichia coli, Listeria monocytogenes and Salmonella
Enteritidis exposed to Mentha arvensis L. and M. piperita L. es-
sential oils in pineapple and mango juice by flow cytometry. Food
Microbiology, 76, 564-571.

Desai, M. A, Soni, K. A., Nannapaneni, R., Schilling, M. W., & Silva, J.
L. (2012). Reduction of Listeria monocytogenes in raw catfish fillets
by essential oils and phenolic constituent carvacrol. Journal of Food
Science, 77, 516-522.

Dhowlaghar, N., Abeysundara, P. D. A., Nannapaneni, R., Schilling, M. W,
Chang, S., Cheng, W.-H., & Sharma, C. S. (2017). Growth and bio-
film formation by Listeria monocytogenes in catfish mucus extract
on four food contact surfaces at 22 and 10 °C and their reduction
by commercial disinfectants. Journal of Food Protection, 81, 59-67.
https://doi.org/10.4315/0362-028X.JFP-17-103

Goulas, A. E., & Kontominas, M. G. (2007). Combined effect of light
salting, modified atmosphere packaging and oregano essential
oil on the shelf-life of sea bream (Sparus aurata): Biochemical and


https://orcid.org/0000-0002-8620-501X
https://orcid.org/0000-0002-8620-501X
https://orcid.org/0000-0001-6927-1093
https://orcid.org/0000-0001-6927-1093
https://doi.org/10.1016/j.lwt.2016.06.020
https://doi.org/10.1016/j.jfoodeng.2018.07.014
https://doi.org/10.1016/j.jfoodeng.2018.07.014
https://doi.org/10.29252/jhehp.2.4.220
https://doi.org/10.29252/jhehp.2.4.220
https://doi.org/10.1016/j.ijfoodmicro.2004.03.022
https://doi.org/10.1016/j.ijfoodmicro.2004.03.022
https://doi.org/10.1016/j.foodcont.2014.12.040
https://doi.org/10.1016/S0740-0020(03)00059-5
https://doi.org/10.1007/s13213-015-1100-7
https://doi.org/10.4315/0362-028X.JFP-17-103

MOTAVAF ET AL.

3024
—I—Wl LEY—

sensory attributes. Food Chemistry, 100(1), 287-296. https://doi.
org/10.1016/j.foodchem.2005.09.045

Guitian, M. V., Ibarguren, C., Soria, M. C., Hovanyecz, P., Banchio, C.,
& Audisio, M. C. (2019). Anti-Listeria monocytogenes effect of
bacteriocin-incorporated agar edible coatings applied on cheese.
International Dairy Journal, 97, 92-98. https://doi.org/10.1016/j.idair
yj.2019.05.016

Hashemi, M., Dastjerdi, A. M., Shakerardekani, A., & Mirdehghan, S. H.
(2020). Effect of alginate coating enriched with Shirazi thyme essen-
tial oil on quality of the fresh pistachio (Pistacia vera L.). Journal of
Food Science and Technology Mysore, 36, 21-27.

Hegde, V., Leon-Velarde, C., Stam, C., Jaykus, L., & Odumeru, J. (2007).
Evaluation of BBL CHROMagar Listeria agar for the isolation and
identification of Listeria monocytogenes from food and environmen-
tal samples. Journal of Microbiological Methods, 68, 82-87. https://doi.
org/10.1016/j.mimet.2006.06.011

Heydari-Majd, M., Ghanbarzadeh, B., Shahidi-Noghabi, M., Najafi, M. A,
& Hosseini, M. (2019). A new active nanocomposite film based on
PLA/ZnO nanoparticle/essential oils for the preservation of refriger-
ated Otolithes ruber fillets. Food Packaging and Shelf Life, 19, 94-103.
https://doi.org/10.1016/].fpsl.2018.12.002

Jannatiha, N., Shojaee-Aliabadi, S., Moslehishad, M., Hashemi Moosavi,
M., Moslemi, M., Mosleh, N., & Ferdowsi, R. (2020). Carboxymethyl
cellulose film incorporating satureja khuzistanica and zataria multi-
flora essential oils for extending the shelf life of chicken legs. Journal
of Medicinal Plants and By-product, 9(2), 235-248.

Kachur, K., & Suntres, Z. (2020). The antibacterial properties of phe-
nolic isomers, carvacrol and thymol. Critical Reviews in Food Science
and Nutrition, 60(18), 3042-3053. https://doi.org/10.1080/10408
398.2019.1675585

Kamani, J., Motalbei Moghanjoghi, A. A., Razavilar, V., & Rokni, N.
(2020). Effects of nanochitosan with and without sodium ace-
tate coating on Pseudomonas fluorescens and the quality of re-
frigerated rainbow trout filets. pzdo eJ9pe Ubvsdlos lsylu, 19(3),
1479-1499.

Khanzadi, S., Keykhosravy, K., Hashemi, M., & Azizzadeh, M. (2020).
Alginate coarse/nanoemulsions containing Zataria multiflora Boiss
essential oil as edible coatings and the impact on microbial quality of
trout fillet. Aquaculture Research, 51(3), 873-881.

Khedri, N., & Roomiani, L. (2019). Effects of zataria multiflora essential oil
nanoemulsion on chemical, microbial and sensory properties of sil-
ver carp fillets. Iranian Journal of Nutrition Sciences & Food Technology,
14(3), 63-74.

Lashkari, H., Halabinejad, M., Rafati, A., & Namdar, A. (2020). Shelf life
extension of veal meat by edible coating incorporated with zataria
multiflora essential oil. Journal of Food Quality, 2020, 8.

Mahmoudvand, H., Mirbadie, S. R., Sadooghian, S., Harandi, M. F,,
Jahanbakhsh, S., & Saedi Dezaki, E. (2017). Chemical composition
and scolicidal activity of Zataria multiflora Boiss essential oil. Journal
of EssEntial Oil rEsEarch, 29(1), 42-47.

McMullen, P. D., Freitag, N. E. (2015) Listeria monocytogenes. In: Y.-
W. Tang, M. Sussman, D. Liu, I. Poxton, & J. Schwartzman (Eds).
Molecular Medical Microbiology (pp. 1345-1361, 2nd ed.). Academic
Press.

Memar, M. Y., Raei, P., Alizadeh, N., Aghdam, M. A, & Kafil, H. S. (2017).
Carvacrol and thymol: Strong antimicrobial agents against resistant
isolates. Reviews in Medical Microbiology, 28(2), 63-68. https://doi.
org/10.1097/MRM.0000000000000100

Mousavi, M., Choobkar, N., & Aghajani, A. (2019). Evaluation of Zataria
multiflora and Salvia leriifolia extract on the physicochemical and
organoleptic characteristics of sausage during refrigerated storage.
Food & Health, 2(2), 6-14.

Necidova, L., Mriiousova, B., Harustiakova, D., Bursova, S., Janstova,
B., & Golian, J. (2019). The effect of selected preservatives on the
growth of Listeria monocytogenes in ready-to-eat foods. LWT-Food

Science and Technology, 116, 108459.-https://doi.org/10.1016/j.
Iwt.2019.108459

Niczad, A., Sharafzadeh, S., Alizadeh, A., Amiri, B., & Bazrafshan, F.
(2019). Variability in essential oil constituent, phenolic content, an-
tioxidant and antimicrobial activities of different ecotypes of Zataria
multiflora Boiss. from Iran. Journal of Essential Oil Bearing Plants,
22(6), 1435-1449.

Ojagh, S. M., Rezaei, M., Razavi, S. H., & Hosseini, S. M. H. (2010).
Development and evaluation of a novel biodegradable film made
from chitosan and cinnamon essential oil with low affinity toward
water. Food Chemistry, 122, 161-166. https://doi.org/10.1016/j.
foodchem.2010.02.033

Ozogul, Y., Yuvka, I., Ucar, Y., Durmus, M., Késker, A. R., Oz, M., & Ozogul,
F.(2017). Evaluation of effects of nanoemulsion based on herb essen-
tial oils (rosemary, laurel, thyme and sage) on sensory, chemical and
microbiological quality of rainbow trout (Oncorhynchus mykiss) fil-
lets during ice storage. LWT, 75, 677-684. https://doi.org/10.1016/j.
Iwt.2016.10.009

Papaioannou, E., Giaouris, E. D., Berillis, P., & Boziaris, I. S. (2018).
Dynamics of biofilm formation by Listeria monocytogenes on stain-
less steel under mono-species and mixed-culture simulated fish pro-
cessing conditions and chemical disinfection challenges. Int. Journal
of Food Microbiology, 267, 9-19. https://doi.org/10.1016/].ijfoo
dmicro.2017.12.020

Pilevar, Z., Hosseini, H., Abdollahzadeh, E., Shojaee-Aliabadi, S., Tajedin,
E., Yousefi, M., & Khosroshahi, N. K. (2020). Effect of Zataria multi-
flora Boiss. Essential oil, time, and temperature on the expression of
Listeria monocytogenes virulence genes in broth and minced rain-
bow trout. Food Control, 109, 106863.

Raeisi, M., Tajik, H., Aliakbarlu, J., Mirhosseini, S. H., & Hosseini, S. M.
H. (2015). Effect of carboxymethyl cellulose-based coatings incor-
porated with Zataria multiflora Boiss. Essential oil and grape seed
extract on the shelf life of rainbow trout fillets. LWT-Food Science and
Technology, 64(2), 898-904.

Raeisi, M., Tajik, H., Rohani, S. M. R., Tepe, B., Kiani, H., Khoshbakht, R.,
Tadrisi, H.. (2016). Inhibitory effect of Zataria multiflora Boiss. essen-
tial oil, alone and in combination with monolaurin, on Listeria mono-
cytogenes. In: F. Sarrafzadeh-Rezaei (Ed). Veterinary Research Forum
(Vol. 7, No. 1, p. 7). Faculty of Veterinary Medicine, Urmia University.

Rawdkuen, S., Jongjareonrak, A., Phatcharat, S., & Benjakul, S. (2010).
Assessment of protein changesin farmed giant catfish (Pangasianodon
gigas) muscles during refrigerated storage. International Journal of
Food Science & Technology, 45(5), 985-994.

Shadman, S., Hosseini, S. E., Langroudi, H. E., & Shabani, S. (2017).
Evaluation of the effect of a sunflower oil-based nanoemulsion with
Zataria multiflora Boiss. essential oil on the physicochemical prop-
erties of rainbow trout (Oncorhynchus mykiss) fillets during cold
storage. LWT-Food Science and Technology, 79, 511-517. https://doi.
org/10.1016/j.lwt.2016.01.073

Shahbazi, Y., Shavisi, N., & Mohebi, E. (2016). Potential application of
Ziziphora clinopodioides essential oil and nisin as natural preserva-
tives against Bacillus cereus and Escherichia coli O157:H7 in com-
mercial barley soup. Journal of Food Safety, https://doi.org/10.1111/
jfs.12257

Sharifi-Rad, J., Salehi, B., Schnitzler, P., Ayatollahi, S. A., Kobarfard, F.,
Fathi, M., & Sharifi-Rad, M. (2017). Susceptibility of herpes simplex
virus type 1 to monoterpenes thymol, carvacrol, p-cymene and es-
sential oils of Sinapis arvensis L., Lallemantia royleana Benth. and
Pulicaria vulgaris Gaertn. Cellular and Molecular Biology, 63(8), 42-47.

Shokri, S., Ehsani, A., & Jasour, M. S. (2015). Efficacy of lactoperoxidase
system-whey protein coating on shelf-life extension of rainbow trout
fillets during cold storage (4°C). Food and Bioprocess Technology, 8,
54-62.

Suvanich, V., Jahncke, M. L., & Marshall, D. L. (2000). Changes in selected
chemical quality characteristics of channel catfish frame mince


https://doi.org/10.1016/j.foodchem.2005.09.045
https://doi.org/10.1016/j.foodchem.2005.09.045
https://doi.org/10.1016/j.idairyj.2019.05.016
https://doi.org/10.1016/j.idairyj.2019.05.016
https://doi.org/10.1016/j.mimet.2006.06.011
https://doi.org/10.1016/j.mimet.2006.06.011
https://doi.org/10.1016/j.fpsl.2018.12.002
https://doi.org/10.1080/10408398.2019.1675585
https://doi.org/10.1080/10408398.2019.1675585
https://doi.org/10.1097/MRM.0000000000000100
https://doi.org/10.1097/MRM.0000000000000100
https://doi.org/10.1016/j.lwt.2019.108459
https://doi.org/10.1016/j.lwt.2019.108459
https://doi.org/10.1016/j.foodchem.2010.02.033
https://doi.org/10.1016/j.foodchem.2010.02.033
https://doi.org/10.1016/j.lwt.2016.10.009
https://doi.org/10.1016/j.lwt.2016.10.009
https://doi.org/10.1016/j.ijfoodmicro.2017.12.020
https://doi.org/10.1016/j.ijfoodmicro.2017.12.020
https://doi.org/10.1016/j.lwt.2016.01.073
https://doi.org/10.1016/j.lwt.2016.01.073
https://doi.org/10.1111/jfs.12257
https://doi.org/10.1111/jfs.12257

MOTAVAF ET AL.

CWILEY- %%

during chill and frozen storage. Journal of Food Science, 65(1), 24-29.
https://doi.org/10.1111/j.1365-2621.2000.tb15950.x

Tajik, H., Aminzare, M., Mounesi Raad, T., Hashemi, M., Hassanzad Azar,
H., Raeisi, M., & Naghili, H. (2015). Effect of Zataria Multiflora boiss
essential oil and grape seed extract on the shelf life of raw buffalo
patty and fate of inoculated listeria monocytogenes. Journal of Food
Processing and Preservation,39(6), 3005-3013.

Yaghoubzadeh, Z. & Safari, R. (2015). Effect of Boiss Zataria Multiflora
essential oil on escherichia coli and listeria monocytogenes inocu-
lated into ground silver carp (Hypophthalmichthys molitrix). Journal
of Mazandaran University Medicine Science, 24(120), 100-107.

Zeb, A., & Ullah, F. (2016). A simple spectrophotometric method for the
determination of thiobarbituric acid reactive substances in fried fast
foods. Journal of Analytical Methods in Chemistry, 2016, 1-5.

How to cite this article: Motavaf F, Mirvaghefi A, Farahmand
H, Hosseini SV. Effect of Zataria multiflora essential oil and
potassium sorbate on inoculated Listeria monocytogenes,
microbial and chemical quality of raw trout fillet during
refrigerator storage. Food Sci Nutr. 2021;9:3015-3025. https://
doi.org/10.1002/fsn3.2259



https://doi.org/10.1111/j.1365-2621.2000.tb15950.x
https://doi.org/10.1002/fsn3.2259
https://doi.org/10.1002/fsn3.2259

