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Enhancing the Shelf Life and Sensory Properties of Rainbow
Trout Fillets through Sodium Alginate Coating Containing

Eryngium campestre Extract at 4°C
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ABSTRACT

Fresh fish is a highly perishable food item and spoils easily. In this research, after
investigating the antioxidant properties of the Eryngium Campestre extract (Ece), its effect
along with the sodium alginate coating was evaluated on the shelf-life of rainbow trout
under refrigerated conditions (4°C) for 12 days. To assess the antioxidant properties of
the extract, tests such as DPPH, total phenolics, reducing power, and ABTS were
performed. Subsequently, samples treated with an Ece containing alginate coating applied
via spray method were analyzed for chemical parameters (TBA, TVN, and pH),
microbiological parameters (total psychrotrophic and mesophilic bacteria), and sensory
evaluations at four day intervals up to 12 days. The results indicated that Ece possessed
significant antioxidant properties. Furthermore, treatments that included the extract
combined with the sodium alginate coating significantly reduced pH, TVN, and TBA
levels compared to the control sample (P< 0.05). Microbial tests indicated that all treated
samples inhibited bacterial growth, with a reduction of approximately 3 log CFU g
compared to the control group. In the sensory evaluation, treatments containing Ece and
sodium alginate yielded more favorable results than those of the control group.
Accordingly, coating the samples with sodium alginate and Ece improved the microbial,
chemical, and sensory properties and shelf life of rainbow trout in refrigerator conditions

by about four days.
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INTRODUCTION

Fish is a vital source of protein and
omega-3 fatty acids (w-3 PUFAS), which are
important for a healthy diet. Since the body
cannot produce omega-3s, they must be
obtained from food. These fatty acids offer

numerous health  benefits, including
improved heart health and reduced
inflammation (Zarandi et al., 2022).

Rainbow trout (Oncorhynchus mykiss) is one
of the most extensively farmed freshwater
fish species worldwide and is preferred by
consumers for its high nutritional value. The
chemical composition of trout fillets can
differ based on various factors such as age,

gender, season, water temperature, and
dietary conditions (Foromandi and Khani,
2023). Typically, trout fillets contain
approximately 73% water, 20% protein, 5%
fat, and 1.5% minerals. This nutritional
composition, along with significant levels of
essential amino acids and polyunsaturated
fatty acids, categorizes rainbow trout as
highly perishable food (Popelka et al.,
2014).

The shelf life and overall quality of fish
can be affected by enzymatic and microbial
processes, along with the oxidation of fats
(Mazandrani et al., 2016). Additionally,
there are safety concerns related to lipid
oxidation and microbial growth (Shakour et
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al., 2021). Various strategies have been
investigated to preserve fish products and
extend their shelf life, including the
incorporation of plant extracts as natural
additives (Charoenphun et al., 2023).

Plant extracts have antibacterial and
antioxidant properties (Rathod et al., 2021).
To reduce the negative effects of chemical
preservatives and meet consumer demand
for natural products, plant extracts and
edible coatings are used to extend the shelf
life and prevent spoilage of fresh fish
(Fadiloglu and Emir Coban, 2018). These
properties are essential as they can control
the growth of spoilage microorganisms and
shield the fish from oxidative damage.
Nevertheless, their application is often
restricted due to costs and potential toxicity.

Edible coatings derived from alginate, a
biodegradable hydrocolloid, have been
implemented to preserve fish fillets.
Alginate coatings provide a physical barrier
while also improving the overall quality and
acceptability of the fish by preserving
moisture and minimizing lipid oxidation
(Urbonaviciute et al., 2023).

Eryngium campestre L., part of the
Apiaceae family, is a perennial plant that
grows in Asia, Europe, and Africa. This
plant is widely used in traditional medicine
to treat various conditions, including coughs,
urinary infections, increased urination,
kidney dysfunction, and the removal of
kidney and bladder stones (Azizkhani and
Sodanlo, 2021). E. campestre is abundant in
phenolic compounds, which contribute to its
antioxidant and antimicrobial properties
(Kartal et al., 2006). This study examines
the impact of E. campestre extract in edible
and biodegradable coatings, made from
sodium alginate, on the quality and shelf life
of rainbow trout fillets stored at 4°C. The
incorporation of E. campestre extract is
intended to enhance the preservative
properties of these coatings, thereby
maintaining the fish's sensory characteristics
and nutritional value during extended
storage. The research aimed to support
sustainable practices in the seafood industry
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by promoting natural preservation methods
over synthetic chemicals.

MATERIALS AND METHODS

Preparation of Ethanolic Extract of E.
campestre

The maceration method was used to
prepare the ethanolic extract from the E.
campestre. This plant was picked from the
forest areas of Amol City. The leafy part and
stem were dried in the shade and ground into
a powder, passed through a sieve with a 60
um mesh size. Then, 200 g of powder were
mixed with 1 L of pure ethanol and placed in
a shaker incubator at 150 rpm for 24 hours at
42°C. To remove most of the solvent, the
mixture was placed in a rotary evaporator
(Heidolph, Laborota 400  efficient,
Germany) at 50°C and 100 rpm under
vacuum conditions. To determine the
concentration, it was placed in an oven at
45°C and, finally, lyophilized at -50°C for
24 hours. Then, it was refrigerated in a
closed container (Alizadeh Amoli et al.,
2019).

GC-MS Analysis of E. campestre
Extract

GC-MS analysis was performed using an
Agilent 7890A GC device equipped with an
HP-5MS column and a 5975 mass
spectrometer (Agilent Technologies, USA)
(Mishra and Patnaik, 2020).

Antioxidant Activity Analyses

The following four methods were used to
evaluate and check the antioxidant power of
the plant extract.
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DPPH Test
Picrylhydrazyl)

(1,1-Diphenyl-2-

The study tested the antioxidant activity of
an extract by diluting it to 0.25 mg mL™ and
adding it to a DPPH solution. Absorbance
was measured at 517 nm  with
spectrophotometer  (Pharmacia  Biotech,
Sweden) after 30 minutes in the dark. The
free radical inhibition was calculated using
the formula: ACx100 /(AC-AS), where AC
is the Absorbance of the Control, and AS is
the Absorbance of the Sample. BHT was
used as a positive control at 1 mg mL™*
(Ebrahimi and Larypoor, 2022).

Determination of the Total Phenolic
Content

The total phenolic content of the plant was
measured using the Folin-Ciocalteu method.
Extract dilutions were mixed with Folin's
reagent, gallic acid, and sodium carbonate,
then, kept in the dark for specified times.
Absorbance was measured at 760 nm, and
the total phenolic content was expressed as
mg of gallic acid per gram of material
(Gharedaghi et al., 2020)

Determination of the Reducing Power

Extracts were mixed with sodium
phosphate, potassium ferricyanide, and
incubated at 50°C for 20 minutes. After
adding trichloroacetic acid and centrifuging,
distilled water and iron chloride were added
to the supernatant. Absorbance was
measured at 700 nm to assess the results
(Merghache et al., 2014).

ABTS Radical Cation Method

The antioxidant capacity was assessed
using a modified ABTS method. ABTSe+
radical was generated by mixing ABTS and
potassium persulfate, and incubated for 16
hours. The solution was diluted to achieve
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an absorbance of 0.7 at 734 nm. Extracts or
BHT were added to the ABTSe+ solution
and, after 6 minutes, absorbance was
measured.  Inhibition  percentage  was
calculated using the fowing formula:

(Ablank‘Asample)/Ablankx100

The results were expressed as antioxidant
capacity equivalent to ascorbic acid
(Kikowska and Thiem, 2021).

Preparation of Fish Samples

Rainbow trout, weighing approximately
600+£50 g, was procured from a fish sales
center in Urmia City. The fish was properly
examined, and its internal organs were
removed. The body of the fish was
thoroughly rinsed with water to eliminate
any residual blood. The dimensions of the
fish fillet were measured at approximately
15 cm in length, 10 cm in width, and 3 cm in
height, and its weight was approximately
100 g. Subsequently, the fish was taken to
the Food Hygiene Laboratory at the Faculty
of Veterinary Medicine, Urmia University,
to ensure sample integrity and minimize the
risk of microbial contamination.

Preparation of Treatments

The sodium alginate solution was prepared
by dissolving 1.5 g of sodium alginate in
100 mL of warm distilled water, and the
extract of E. campestre was added to this
solution. The resulting mixture was
thoroughly combined to achieve a uniform
consistency, transferred to a spray bottle,
and shaken well before use. Fish fillets were
then coated with sodium alginate solution
using a spraying method. Subsequently, the
fillets were treated with 2% calcium chloride
solution and air-dried at room temperature.
Then, the fish fillets were prepared for
coating in 3 groups and 1 control sample as
follows:

1.Without coating and extract

2.With alginate spray coating and without

extract
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3.With alginate 1.5% spray coating
containing 0.5% E. campestre extract

4.With alginate 1.5% spray coating
containing 1% E. campestre extract.

The control sample and coated fillets were
stored in resealable plastic bags in a
refrigerator at 4°C.  Microbiological,
chemical, and sensory evaluations were
performed on days 1, 4, 8, and 12 to assess
the quality and stability.

Chemical Analyses of Treated Fish
Fillets

pH Values

For this purpose, 5 g of each fish fillet
sample was placed in 10 mL of distilled
water and homogenized for 30 seconds at a
speed of 13,500 rpm. Subsequently, the pH
of the homogenized sample was measured
using a calibrated pH meter. The pH meter
had been calibrated prior to measurement
using standard buffer solutions with pH
values of 4 and 7 to ensure accuracy and
reliability in the results (Ojagh et al., 2010).

Total Volatile Base Nitrogen (TVB-N)

To determine TVB-N, 10 g of fish fillet
was homogenized with distilled water, then,
mixed with magnesium oxide or NaOH and
heated in a Kjeldahl flask. The distillation
vapors were collected in a boric acid
solution, and after reaching 50 mL, the
solution was titrated with sulfuric acid. The
TVB-N value was calculated based on the
amount of sulfuric acid consumed,
expressed as mg of TVB-N per 100 g of fish
fillets (Ghasemi et al., 2023).

Thiobarbituric Acid Reactive Substance

To measure malonaldehyde content
(TBARS), 10 g of fish fillet was
homogenized with 5% TCA (Trichloroacetic
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Acid) and BHT, filtered, and the filtrate
adjusted to 50 mL. TBA reagent was added
to the filtrate, heated at 100°C for 1 hours,
and absorbance was measured at 532 nm.
The TBARS value, indicating
malonaldehyde, was calculated and
expressed as mg k! of fish meat (Ghasemi et
al., 2023).

Microbiological Analyses
Total Mesophilic Bacterial Count

After diluting the samples from each
dilution tube, 100 microliters of each sample
were inoculated onto plates containing PCA
culture medium and spread uniformly using
a Pasteur pipette. Subsequently, the plates
were incubated upside down at 37°C for 48
hours. Then, the colonies were counted and
reported as CFU g! (Mufioz-Tebar et al.,
2023).

Total Psychrotrophic Count

After diluting the samples from each
dilution tube, 100 pL of each sample was
inoculated onto plates containing PCA
culture medium and spread uniformly across
the medium using a Pasteur pipette. The
plates were then incubated in an inverted
position at 10°C for 7 days. Following
incubation, the colonies were counted and
reported as CFU g*! (Mufioz-Tebar et al.,
2023).

Sensory Evaluation

A trained panel of 10 assessors evaluated
the organoleptic properties of the treated fish
fillets in two stages. In the first stage, they
assessed the taste of cooked fillets, in the
second stage, they evaluated refrigerated
fillets for texture, aroma, and color on days
1, 4, 8, and 12. Fresh fillets at 4°C were used
as the reference for maximum scores, and a
5-point hedonic scale was used for
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evaluation (Bazargani-Gilani and Pajohi-
Alamoti, 2020).

Statistical Analysis

After obtaining the data from the tested
factors, SPSS version 26 software was used
for statistical analysis, including one-way
ANOVA for data analysis. Excell version
2022 was used to draw the graphs. Duncan's
test was used to classify the samples
according to the statistical difference
between them and to measure their average.
Normality tests (e.g., Shapiro-Wilk and
Kolmogorov-Smirnov) were conducted prior
to performing ANOVA to ensure the
suitability of the parametric test. The results
were considered significant at a P-value of <
0.05.

RESULTS AND DISCUSSION
GC-MS Results of E. campestre Extract

According to Table 1, The GC-MS
analysis of Eryngium campestre extract
identified 32 compounds, with limonene, 0-
3-carene, B-sesquiphellandrene, and
cyclobuta having the highest peak areas.
This study's findings align with Fernandes
(2013), who identified compounds like
germacrene D and a-cadinol, although there
are differences. Variations in chemical
profiles are attributed to differences in plant
samples, extraction methods, and
environmental conditions, underscoring the
chemical diversity of Eryngium campestre
and its potential applications in the
pharmaceutical and food industries.
(Fernandes, 2013).

DPPH Antioxidant Test Results

In Figure 1, The DPPH assay results show
that, as the concentration of E. campestre
extract increases, the inhibition of free
radicals also increases, indicating a strong
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concentration-dependent antioxidant effect.
This trend was evident across all
concentrations, with the extract
demonstrating high antioxidant activity in
every dilution. These findings align with the
work of Charoenphun et al. (2023) and
Gharedaghi et al. (2020), who observed
similar antioxidant effects in plant extracts.
Furthermore, Kremer et al. (2021) reported
comparable results in E. amethystinum and
E. alpinum, confirming the potential of E.
campestre as a natural antioxidant for
applications in food preservation and
oxidative stress reduction.

Total Phenolic Content

Based on the data from Table 2 and Figure
2, the total phenolic content in the E.
campestre extract was determined using a
calibration curve for gallic acid. The study
revealed a strong correlation between the
high phenolic content and antioxidant
activity of the extract. This finding is
consistent with Al-Askar et al. (2023), who
also highlighted significant polyphenolic
compounds in E. campestre extracts, which
are directly linked to antioxidant and
antimicrobial properties. These phenolic
compounds play a crucial role in scavenging
free radicals, supporting their potential in
food preservation (Al-Askar et al., 2023)

The Reduction Power Results

According to Figure 3, the reduction and
absorption power at 700 nm for
spectrophotometric  measurements  were
observed with 2 mg of E. campestre extract
(absorbance value of 1.8) and Butylated
Hydroxytoluene (BHT) (absorbance value of
3). These results suggest that E. campestre
extract exhibits significant antioxidant
potential, comparable to BHT. The strong
reducing power observed in this extract,
particularly in its ability to reduce ferric
ions, is vital for antioxidant applications.
This finding is consistent with Merghache et
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supporting the potential of E.

No. Compounds RT persentage
1 Heptanal 11.23 0.15
2 a-Pinene 11.47 1.87
3 n-Heptanol 12.31 0.42
4 Verbenene 13.57 0.84
5 Myrcene 14.54 1.95
6 n-Octanal 14.89 1.53
7 6-3-Carene 15.56 6.79
8 p-Cymene 16.55 0.37
9 Limonene 16.69 26.71
10 Benzene acetaldehyde 17.15 0.16
11 n-Octanol 18.47 0.54
12 p-Mentha-2,4(8)-diene 19.65 0.27
13 Linalool 20.08 0.42
14 cis-p-Mentha-2,8-dien-1-ol 21.91 0.18
15 Z-4-Decenal 24.13 0.13
16 trans-Carveol 25.92 0.53
17 Citronellol 27.12 0.38
18 Thymol 29.97 0.23
19 Carvacrol 30.36 0.35
20 B-Elemene 33.74 0.21
21 a-cis-Bergamotene 35.84 0.72
22 a-Acoradiene 37.17 0.46
23 E-B-lonone 38.02 1.23
24 Z-a-Bisabolene 38.65 257
25 B-Bisabolene 38.94 1.84
26 Myristicin 39.45 0.17
27 B-Sesquiphellandrene 39.61 15.25
28 Widdrol 41.13 0.83
29 trans-Longipinocarveol 45.87 5.28
30 Cyclobuta 46.16 24.19
31 n-Octadecane 50.87 0.28
32 n-Hexadecenoic acid 59.65 2.69
Total identified 99.54
al. (2014), who noted similar reducing comparable.  Increasing  the  extract
power in E. tricuspidatum essential oil, concentration enhanced its free radical

scavenging ability, as confirmed by the

campestre as a natural antioxidant and a
promising  alternative  to  synthetic
antioxidants in food preservation
(Merghache et al., 2014).

ABTS Radical Inhibitory Test Results

In Table 3, E. campestre extract showed
inhibitory activity at all concentrations, with
its performance lower than BHT, except at
the highest concentration where it was
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ABTS test. While its antioxidant activity
was somewhat lower than BHT, the
improved efficacy with higher
concentrations suggests its potential for food
preservation, supporting its use as a natural
antioxidant to extend shelf life and improve
food quality, consistent with previous
studies (Kikowska and Thiem, 2021).
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Figure 1. DPPH radical scavenging rate of different concentrations of E. campestre ethanol extract
compared to BHT. a-b: Different letters in each concentration indicate a significant difference (P< 0.05).

Absorbance rate

4.
S y = 6.8866x + 0.0726
4 R? = 0.9952

35

3
2.5
2
15
1

05 | oo
"4

0 0.2 04 0.6
mg gallicacid gt extract

>

Figure 2. Gallic acid standard curve.

Table 2. Comparison of total phenol content of the ethanolic extract of E. campestre and the correlation
between total phenol and antioxidant activity values.

Antioxidant assay by
DPPH method

R

0.950

. mg gallic acid g
(P) Sig. extract

0.005™ 19549 80 Total phenol in the

Alcoholic Extract

** Correlation is significant at the 0.01 level.
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Figure 3. The rejuvenating potency of E. campestre extracts compared to BHT.

Table 3. Inhibition percentage and antioxidant capacity equivalent to ascorbic acid of different
concentrations of alcoholic extract and BHT.?

Concentration (mg Antioxidant capacity eq.

mL1) ascorbic acid (mg mL™?) Inhibition %
0.125 Extract 0.00 +£0.0013 9.61+ 6.51%A
' BHT 0.01+ 0.001PA 64.85 + 11.01°
0.25 Extract 0.006+ 0.00%4 46.37 + 12.59%8
' BHT 0.12 + 0.01°8 91.51+ 1.67"8
05 Extract 0.013+ 0.02%8 84.21 + 0.68%
' BHT 0.18 + 0.01°¢ 92.46 + 4.30°C
1 Extract 0.09+ 0.01%¢ 85.26 + 8.01%¢
BHT 0.18+0.01¢ 94.64 + 4.21°
2 Extract 0.14 +0.01%° 92.29 + 2.21%°
BHT 0.18 + 0.01%¢ 96.86 + 1.21%F

@ In each column, non-identical lowercase letters indicate a significant difference at the P< 0.05
level; between the extract and BHT at the same concentration. Non-identical uppercase letters also
indicate a significant difference between different concentrations of the same compound at the P<
0.05 level.

amount of ash, fat, protein, and moisture
was presented in Table 4, the obtained
results are consistent with the findings of
Torabi Delshad et al. (2012).

Chemical Composition of Fish Fillet

According to the analysis carried out on
the rainbow trout sample, the approximate

Table 4. Chemical composition of rainbow trout.

Composition Percentage
Moisture 71.5+0.23
Protein 22.16+0.33
Fat 3+0.63
Ash 1.6+0.23
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Figure 4. Comparison of pH changes in rainbow trout fillet samples during the storage at 4°C. Each
day, non-identical lowercase letters indicate a significant difference at the P< 0.05 level. (C: Control, A:
Alginate coating, AE 0.5%: Alginate containing 0.5% extract, AE 1%: Alginate containing 1% extract).

pH Measurement Results

During refrigerated storage, all rainbow
trout samples showed an increase in pH,
with the control sample exhibiting a much
higher increase, especially on days 8 and 12.
As shown in Figure 4, coated fillet samples
with the extract maintained a stable pH
within the permissible range (6-7), showing
no significant increase from day 4 onwards.
This aligns with Alizadeh et al. (2020), who
found that treated samples displayed better
pH stability, highlighting the antimicrobial
and preservative efficacy of plant-derived
bioactive compounds in delaying spoilage
and maintaining food quality (Alizadeh
Amoli et al., 2019).

TVB-N Results

According to Figure 5, our study revealed
an upward trend in TVB-N levels in all
samples during storage. However, the
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bioactive coating effectively kept these
levels below the permissible limit (25 mg
100 g?) throughout the storage period. In
contrast, the control sample exceeded this
limit after 4 days, and the alginate-coated
sample did so after 12 days. These results
align with previous studies (Ojagh et al.,
2010), which found that chitosan-based
coating combined with plant compounds
significantly reduced TVB-N levels in fish
samples and maintained them below the
acceptable limit for 16 days. Similarly, Oz
(2018) demonstrated that garllic
supplementation inhibited microbial growth,
and lowering TVB-N levels during frozen
storag. Ozogul et al. (2017) reported that
nanoemulsions with essential oils like
rosemary and thyme effectively reduced
spoilage, while Oz et al. (2017) highlighted
the role of black cumin oil in slowing TVB-
N increases in fish fillets at 2°C. These
findings are inconsistent with ours, and
underscore the potential of bioactive
coatings in preserving fish quality.
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Figure 5. Changes of TVB-N in rainbow trout fillet during the storage period at 4°C. (C: Control, A:
Alginate coating, AE 0.5%: Alginate containing 0.5% extract, AE 1%: Alginate containing 1% extract).

Table 5. Changes in the index of thiobarbituric acid (mg MDA kg™) in rainbow trout fillets during
storage at 4 °C).

Storage days
Treatments 1 a 8 7
C 0.42 +0.0172 2.02+0.11B2 2.72 £ 0.04¢ 3.12 £ 0.02P2
A 0.40 + 0.00%2 1.7 +0.068° 2.42 +0.01¢ 2.62 +0.020P
AE 0.5% 0.41 +£0.0172 0.89 + 0.045¢ 1.62 +0.02¢¢ 2.40 + 0.06P¢
AE 1% 0.32 +0.0172 0.78 + 0.068¢ 1.48 +0.01¢ 2.22 +0.06"¢

(C: Control, A: Alginate coating, AE 0.5%: Alginate containing 0.5% extract, AE 1%: Alginate
containing 1% extract). Small letters in each column and non-identical capital letters in each row indicate
a significant difference in the level (p<0.05).

TBARS Value Results progressive nature of lipid oxidation. This
body of evidence underscores the efficacy of
the coatings in providing a robust protective
barrier against lipid peroxidation, effectively
retarding the formation of malonaldehyde, a
critical marker of lipid degradation and
concomitant quality decline in the fish
products. This refined permissible range
accentuates the subtle yet significant protective
influence of our coatings. Alginate and extract
coatings slowed TBA increases more
effectively than the control or alginate alone
samples, demonstrating a statistically
significant impact on oxidation. Similarly,
Gharehdaghi et al. (2020) noted alginate
coatings delayed lipid oxidation by acting as
oxygen barriers, with enriched coatings further

In agreement with Mehdizadeh et al. (2019),
our data indicated that all treatments, except
the control group, maintained TBA levels
within the revised permissible range of 1-2 mg
MDA kg! throughout the 12-day storage
period, as delineated O in Table 5. A more
granular analysis revealed a markedly
attenuated rate of TBA increase in the coated
samples, particularly evident from day 4
onwards. During this interval, coated samples
consistently exhibited demonstrably lower
TBA values than the control, a trend that
persisted until day 8. Subsequently, a gradual
elevation in TBA levels was observed from
day 12 onwards, primarily attributed to the
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reducing oxidation and microbial growth in
fish.

Microbiological Results
Total Mesophilic Bacterial Count

Table 6 shows the data related to the total
microbial load of fish samples stored in the
refrigerator during 12 days. According to it,
the microbial load increased with increasing
storage time in all samples. In this study, the
total microbial load in the control sample on

JAST

threshold was surpassed on day 8. Consistent
with the cited study, extract-treated samples in
our research exhibited lower microbial loads,
remaining below the 7 log CFU g* limit,
highlighting the effective  antimicrobial
properties of the extracts.

Total Psychrotrophic Bacterial Count

According to Table 7, the total count of
psychrotrophic bacteria in rainbow trout
fillets exceeded the established 7 log CFU g
limit by day 4 in the control group, whereas

Table 6.Total mesophilic bacterial counts (log CFU g') of rainbow trout fillets during storage

at4°C.z2
Storage days
Treatments 1 4 8 12
C 4,42 +0.12° 6.02 +0.11°8 7.8 £0.042 9.12 +0.028
A 3.40 £ 0.10° 5.7 + 0.06° 7.42+0.1128 7.95 +0.02°
AE 0.5% 2.41+0.11° 3.89 +0.04°¢ 5.62 + 0.02° 7.40 + 0.06°
AE 1% 2.32 +0.16¢ 3.78 +0.19¢ 5.48 + 0.26° 7.22 + 0.06°

2 Different letters in each day indicate significant differences (P< 0.05). C: Control, A: Alginate
coating, AE 0.5%: Alginate containing 0.5% extract, AE 1%: Alginate containing 1% extract.

Table7. Total psychrotrophic bacterial counts (log CFU g*) of rainbow trout fillets during storage
at4°c.?

Storage days

Treatments

1 4 8 12
Cc 5.32+0.252 7.02+0.112 7.72+0.042 9.12+0.022
A 4.40 +£0.10° 5.40 +0.16° 7.32+£0.11° 7.52+0.12°
AE 0.5% 248 +0.01° 4.88 +0.14° 6.85 +0.02° 7.40 £ 0.05°
AE 1% 2.32+0.01° 4.58 +0.19° 6.38 + 0.26¢ 7.22 +0.06¢

day 8, and other treatments on day 12,

a Different letters in each day indicate significant differences (P< 0.05). C: Control, A: Alginate
coating, AE 0.5%: Alginate containing 0.5% extract, AE 1%: Alginate containing 1% extract.

the alginate-coated and

extract-coated

exceeded the permissible limit (7 log CFU g*).
The highest total microbial load was for the
control sample, which exceeded the limit on
all days of study days 1 and 4. The results are
consistent with the research of Bazargani-
Gilani (2018). The initial TVC in both studies
was approximately 4 log CFU g*. In the
control group of the cited study, TVC reached
7.46 log CFU g? by day 6, exceeding the
permissible limit, whereas in our study, this
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samples reached this limit on days 8 and 12,
respectively. These results are consistent
with the findings of Raeisi et al. (2020), who
also observed a significant antimicrobial
effect of plant extracts in extending the shelf
life of fish during cold storage. On day 12,
the psychrotrophic bacterial load reached 7.3
log CFU g7, aligning with our findings and
indicating a progressive increase in
microbial load as storage time increased. In
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contrast, Sallam (2007) reported a similar
trend, with the control group exceeding the 7
log CFU g limit by day 12. However, our
study underscores the effectiveness of the E.
campestre  extract,  which  inhibited
psychrotrophic bacterial growth earlier, by
day 4, highlighting its potential in preserving
fish quality during refrigerated storage. The
antimicrobial effects of E. campestre extract

mesophilic and psychrotrophic bacteria,

delaying  microbial  spoilage  during
refrigeration. This finding aligns with
Ebrahimi and Larypoor (2022), who

observed similar effects of plant extracts on
refrigerated fish. Extract-treated samples
showed lower microbial load than the
controls, with levels remaining below
permissible limits, highlighting its potential

were  significant,  especially  against in delaying spoilage.
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Figure 6. The results of the three parameters (color, smell, texture) of evaluating the sensory properties
of different treatments during storage in the refrigerator (temperature 4+1°C). Different letters in each day
indicate significant differences (P< 0.05). *Note: The control and alginate treatments were removed on the
8th day as they did not receive any scores, while the extract and alginate treatments continued to be
evaluated and remained in the scoring table until the 12th day.

346



Shelf Life and Sensory Properties of Rainbow Trout Fillets

Score
w

JAST

A

AE 0.5% AE 1%

Treatments

Figure 7. The sensory evaluation of taste of different treatments after cooking at first day of storage. (C:
Control, A: Alginate coating, AE 0.5%: Alginate containing 0.5% extract, AE 1%: Alginate containing 1%

extract).
Sensory Evaluation Results

Figure 6 presents the sensory evaluation of
texture, color, and smell. The results of all
three parameters were measured and
presented for each treatment. The results
demonstrating that fish fillets treated with E.
campestre extract maintained a superior
overall quality compared to the untreated
samples throughout storage. As these were
the only sensory attributes assessed in this
study, all relevant findings were included.
The observed delay in sensory deterioration
aligns with the findings of Foromandi and
Khani (2023), who reported that chitosan
coatings enriched with garlic extract and
coriander essential oil enhance the quality of
fish fillets. This highlights the dual
advantage of the E. campestre extract in
preserving both antioxidant and sensory
properties, underscoring its potential as a
valuable option for the food industry

According to Figure 7, no significant
difference was observed in the scoring of the
taste parameter after cooking the samples.
The results of this section are consistent with
the findings of Alizadeh Amoli et al. (2019)
who did not observe any significant
differences between the treatments after
cooking.
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CONCLUSIONS

This research showed that adding E.
campestre extract to alginate coating
enhanced antimicrobial and antioxidant
properties, and effectively preserved the
sensory qualities of the fish fillets. This
coating improved smell, texture, color and
delayed spoilage, leading to the shelf life
extension of rainbow trout by approximately
four days, reaching 8 days compared to the
control. However, further studies are needed
to better understand the efficacy and
mechanisms of E. campestre’s antimicrobial

and antioxidant effects for  food
preservation.
ACKNOWLEDGEMENTS

Thanks to the esteemed professors and the
laboratory staff at the Department of Food
Hygiene and Quality Control, Faculty of
Veterinary Medicine, Urmia University.

REFERENCES

1. Al-Askar, A. A., Bashir, S., Mohamed, A.
E., Sharaf, O. A., Nabil, R, Su, Y,
Abdelkhalek, A. and Behiry, S. 1. 2023.



Abedi et al.

Antimicrobial Efficacy and HPLC Analysis
of Polyphenolic Compounds in a Whole-
Plant Extract of Eryngium campestre.
Separations, 10(6): 362.

Alizadeh, A., Mehdizadeh, T. and Tajik, H.
2021. Comparative Study of Antioxidant
and Antimicrobial Properties of Mentha
Aquatica L. Ethanolic Extract and Essential
Oil. Stud. Med. Sci., 31(11): 863-873. (in
Persian with English Abstract)

Alizadeh Amoli, Z., Mehdizadeh, T., Tajik,
H. and Azizkhani, M. 2019. Shelf Life
Extension of Refrigerated, Vacuum-Packed
Rainbow Trout Dipped in an Alginate
Coating Containing an Ethanolic Extract
and/or the Essential Oil of Mentha
Aquatica. Chem. Pap., 73(10): 2541-2550.
Azizkhani, M. and Sodanlo, A. 2021.
Antioxidant  Activity of  Eryngium
campestre L., Froriepia subpinnata, and
Mentha spicata L. Polyphenolic Extracts
Nanocapsulated in Chitosan and
Maltodextrin. J. Food Process. Preserv.,
45(2): e15120.

Bazargani-Gilani, B. 2018. Activating
Sodium Alginate-Based Edible Coating
Using a Dietary Supplement for Increasing
the Shelf Life of Rainbow Trout Fillet
during Refrigerated Storage (4+1°C). J.
Food Saf., 38(1): €12395.

Bazargani-Gilani, B. and Pajohi-Alamoti,
M. 2020. The Effects of Incorporated
Resveratrol in Edible Coating Based on
Sodium Alginate on the Refrigerated Trout
(Oncorhynchus mykiss) Fillets’ Sensorial
and Physicochemical Features. Food Sci.
Biotechnol., 29(2): 207-216.

Charoenphun, N., Rajasekaran, B.,
Palanisamy, S. and Venkatachalam, K.
2023. Impact of Longkong Pericarp Extract
on the Physicochemical Properties of
Alginate-Based Edible Nanoparticle
Coatings and Quality Maintenance of
Shrimp  (Penaeus  monodon)  during
Refrigerated Storage. Foods, 12(5): 1103.
Ebrahimi, A. H. and Larypoor, M. 2022.
The Effect of Aqueous and Alcoholic
Extracts of Menthe piperata Carrier of
Nanocytosan on Physicochemical and
Sensory Properties of Rainbow Trout Fillet.
Aqua. Sci., 10(1): 154-164.

348

9.

10.

11.

12.

13.

14.

15.

16.

Fadiloglu, E. E. and Emir Coban, O. 2018.
Effects of Chitosan Edible Coatings
Enriched with Sumac on the Quality and
the Shelf Life of Rainbow Trout
(Oncorhynchus mykiss), Walbaum, 1792)
Fillets. J. Food Saf., 38(6): e12545.
Fernandes, E. S. 2013. Identication of
Active Compounds in Extracts of Eryngium
Species from the Iberia. Master's Thesis,
Universidade de Coimbra, Portugal.
Foromandi, M. and Khani, M. 2023. The
Effect of Chitosan Coatings Enriched with
Garlic Extract and Coriander Essential Oil
on the Shelf Life of Rainbow Trout Fillet
Stored at 4 °C. Int. J. Food Sci. Technol.,
58(7): 3618-3627.

Gharedaghi, J., Aliakbarlu, J. and Tajik, H.
2020. Antioxidant Potential of Apple
Pomace Extract and Its Efficacy in Alginate
Coating on Chemical Stability of Rainbow
Trout Fillet. J. Food Meas. Charact., 14(1):
135-141.

Ghasemi, S., Jaldani, S., Sanaei, F.
Ghiafehshirzadi, A., Alidoost, A., Hashemi,
M., Hossaeini Marashi, S. M., Khodaiyan,
F. and Noori, S. M. A. 2023. Application of
Alginate Polymer Films and Coatings
Incorporated with Essential Oils in Foods:
A Review of Recent Literature with
Emphasis on Nanotechnology. Int. J. Food
Eng., 19(3-4): 73-78.

Kartal, M., Mitaine-Offer, A. C., Paululat,
T., Abu-Asaker, M., Wagner, H., Mirjolet,
J. F., Guilbaud, N. and Lacaille-Dubois, M.
A. 2006. Triterpene Saponins from
Eryngium campestre. J. Nat. Prod., 69(7):
1105-1108.

Kikowska, M. and Thiem, B. 2021. In Vitro
Systems of Selected Eryngium Species (E.
planum, E. campestre, E. maritimum, and
E. alpinum) for Studying Production of
Desired Secondary Metabolites (Phenolic
Acids, Flavonoids, Triterpenoid Saponins,
and Essential Oil). Plant Cell Tissue Differ.
Second. Metabolites, 869-901.

Kremer, D., Konc¢i¢, M. Z., Kosalec, I.,
Kosir, I. J., Poto¢nik, T., Cerenak, A.,
SrecCec, S., Dunki¢, V. and Vuko, E. 2021.
Phytochemical Traits and Biological
Activity of Eryngium amethystinum and E.



Shelf Life and Sensory Properties of Rainbow Trout Fillets

17.

18.

19.

20.

21.

22.

23.

24,

alpinum (Apiaceae). Horticulturae, 7(10):
364.

Mazandrani, H. A., Javadian, S. R. and
Bahram, S. 2016. The Effect of
Encapsulated Fennel Extracts on the
Quality of Silver Carp Fillets during
Refrigerated Storage. Food Sci. Nutr., 4(2):
298-304.

Merghache, D., Boucherit-Otmani, Z.,
Merghache, S., Chikhi, 1., Selles, C. and
Boucherit, K. 2014. Chemical Composition,
Antibacterial, Antifungal and Antioxidant
Activities of Algerian Eryngium
tricuspidatum L. Essential Qil. Nat. Prod.
Res., 28(11): 795-807.

Mishra, D. and Patnaik, S. 2020. GC-MS
Analysed Phyto-Chemicals and
Antibacterial ~ Activity of  Withania
somnifera (L.) Dunal Extract in the Context
of Treatment to Liver Cirrhosis. Biomed.
Pharmacol. J., 13(1): 71-78.

Mufioz-Tebar, N., Pérez-Alvarez, J. A.,
Fernandez-Lopez, J. and Viuda-Martos, M.
2023. Chitosan Edible Films and Coatings
with  Added Bioactive Compounds:
Antibacterial and Antioxidant Properties
and Their Application to Food Products: A
Review. Polymers, 15(2): 396.

Ojagh, S. M., Rezaei, M., Razavi, S. H. and
Hosseini, S. M. H. 2010. Effect of Chitosan
Coatings Enriched with Cinnamon Oil on
the Quality of Refrigerated Rainbow Trout.
Food Chem., 120(1): 193-198.

Oz, M. 2018. Effects of Garlic (Allium
sativum) Supplemented Fish Diet on
Sensory, Chemical and Microbiological
Properties of Rainbow Trout during Storage
at —18°C. LWT, 92: 155-160.

Oz, M., Dikel, S., Durmus, M. and Ozogul,
Y. 2017. Effects of Black Cumin Oil
(Nigella sativa) on Sensory, Chemical and
Microbiological Properties of Rainbow
Trout during 23 Days of Storage at 2+1°C.
J. Aqua. Food Prod. Technol., 26(6): 665—
674.

Ozogul, Y., Yuvka, 1., Ucar, Y., Durmus,
M., Késker, A. R., Oz, M. and Ozogul, F.
2017.  Evaluation of Effects of
Nanoemulsion Based on Herb Essential
Oils (Rosemary, Laurel, Thyme and Sage)
on Sensory, Chemical and Microbiological

349

25.

26.

27.

28.

29.

30.

31.

32.

JAST

Quality of Rainbow Trout Fillets during Ice
Storage. LWT, 75: 677—684.

Popelka, P., Marcin¢éak, S., Maskal’ova, 1.,
Guothova, L. and Certik, M. 2014.
Comparison of the Chemical Composition
and Nutritional Values of Fresh and Frozen
Rainbow Trout. Slov. Vet. Res., 51(2): 73-
80.

Raeisi, M., Hashemi, M., Aminzare, M.,
Ghorbani Bidkorpeh, F., Ebrahimi, M.,
Jannat, B., Tepe, B. and Noori, S. M. A.
2020. Effects of Sodium Alginate and
Chitosan Coating Combined with Three
Different Essential Oils on Microbial and
Chemical Attributes of Rainbow Trout
Fillets. J. Aqua. Food Prod. Technol.,
29(3): 253-263.

Rathod, N. B., Ranveer, R. C., Benjakul, S.,
Kim, S. K., Pagarkar, A. U., Patange, S.
and Ozogul, F. 2021. Recent Developments
of Natural Antimicrobials and Antioxidants
on Fish and Fishery Food Products. Compr.
Rev. Food Sci. Food Saf., 20(4): 4182-
4210.

Sallam, K. I. 2007. Antimicrobial and
Antioxidant Effects of Sodium Acetate,
Sodium Lactate, and Sodium Citrate in
Refrigerated Sliced Salmon. Food Control,
18(5): 566-575.

Shakour, N., Khoshkhoo, Z., Akhondzadeh
Basti, A., Khanjari, A. and Mabhasti
Shotorbani, P. 2021. Investigating the
properties of PLA-nanochitosan composite
films containing Ziziphora Clinopodioides
essential oil and their impacts on oxidative
spoilage of Oncorhynchus mykiss fillets.
Food Science and Nutrition. 9(3): 1299-
1311.

Torabi Delshad, S., Sabetian, M., Moini, S.,
Rajabi Islami, H. and Motalebi, A. 2012.
Identification of Fatty Acid Content, Amino
Acid Profile and Proximate Composition in
Rainbow Trout. J. Am. Sci., 8(4).
Urbonaviciate, G., Dyglé, G., Cernauskas,
D., Sipailiené, A., Venskutonis, P. R. and
Leskauskait¢, D. 2023. Alginate/Pectin
Film Containing Extracts Isolated from
Cranberry Pomace and Grape Seeds for the
Preservation of Herring. Foods, 12(8):1678.
Venkatachalam, K., Charoenphun, N,
Lekjing, S. and Noonim, P. 2023.



Abedi et al.

33.

Investigation of Melatonin Incorporated
CMC-Gelatin Based Edible Coating on the
Alleviation of Chilling Injury Induced
Pericarp Browning in Longkong. Foods,
13(1): 72.

Zarandi, M., Hasani, M., Shotorbani, P. M.,
Basti, A. A. and Hamedi, H. 2022.

Assessing Edible Composite Coating of
Sodium Alginate—Galbanum Gum
Impregnated with Nettle Extract on
Improving the Shelf Life of Rainbow Trout
Fillet. J. Food Meas. Charact., 16(4):
2556-2570.

GLyb jl oleS 58y BT U36 wale ald > yolgs g 6)Baile yiuljsl
a2)> 4 Slod yd Eryngium campestre d)loc Sgl> Syl psduw Ginigy
318 Giilw

03l) SIge 2z 9 +Suol s (Sule Joxo
008>

wo dwls izl 4 g Juwl o 2wl Hluw wlie sl S o)l sl
Eryngium obae (GlagS| il olgs wauyyp 51 gy «Gazd ol 5o g
wdlo yBaile y egaw O3l Giubgy olyed a4 ol 431« campestre (Ece)
59) 12 Sae 4 (1S4l azy3 4) dilsyw bylyi 5o GleS 5Ky VT J3s
Ailo u\JLu.ULO_)T W0y)boe  ulawus u\.uT ooler byl slp b oy
sloi sdigai ol 51 puy 2 olil ABTS g puiadlS &)a8 «JS Jgio .DPPH
M 3l og saud Jleel syl gy o oS Ece sgls Ol Il Givbgy b oo
L) wSujelomgrSue slayiel)ly (PH g TVN « TBA) ubewd slayiolyly
U 0j9) slez Joles )3 > sl g (dsdsie 9 o128 0le) slas)ysl
BB oilasS| ol yoles whyls Ece oS sls oli ali o jubT jg, 1T
Sibgy U ol o)lac Jolis @S culylow <ol 3 oglle -l ng2si
@ ai |y TBA g TVN ipH 2 sbuw ingzei Jib yob s 1) apauw liy 31T
olad @S 31y olin wugySue sla yinlejl .aisly jialS(P< 0/05) sali digal
il b wald dgei b auwlie 55 1) St by oaid Hle sladigad
o> byl o 35S Hlge «J)iS 89)S 4 Cuui log 3 CFU/g Ly,ds
JHiS 09)3 a4 w5y gl @lii s ST g Ece ol sl lay
QU_J_')"JTLJ_ L digad Ginbgs (030l CLwd bl 4 asgi U .Cuily olyped @
walo LS_)lg.\.iLo 9 > ol (wugSae yolgs dg1gs icl Ece g puiuw
b je) lez 293> U Jlasy byl )3 oleS i) VI3

350



