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Abstract | The present study aimed to investigate the effects of Parsley Essential Oil (PEO) on the chemical param-
eters (pH, TVN, and TBA) and bacteriological quality of fish fillets during refrigerated storage. So, 100 fillets of Nile
tilapia were bought and split into 4 groups: the first group was used as a control, and the second, third, and fourth
groups were given different amounts of PEO (1, 2, and 3%), respectively, to see how they affected different chemical
parameters, the amount of biogenic amines, and the bacteria levels while the fish was stored in the fridge at 4°C for 8
days. Results of the study show that adding different amounts of PEO (1, 2, and 3%) to fish fillets improved their taste
and texture. After treating the fillets with 3% PEO, pH levels were significantly (p< 0.05) dropped by 22.06%, TVN
levels dropped by 62.55%, and TBA levels dropped by 82.75%. The most significant reduction in biogenic amines was
observed in tyramine, which decreased by 89.04%. This was followed by reductions in putrescine, cadaverine, and hista-
mine, respectively, at the end of the experiment using 3% PEQO. Regarding the microbiological status, the results were
dose-dependent, showing that higher concentrations of PEO, especially 3%, led to greater reduction percentages. The
highest reduction, reaching 100%, was observed in the counts of Enterobacteriaceae and coliforms. The study concluded
that using parsley essential oils at varying concentrations, particularly at 3%, could extend the shelf life of fish up to 8
days during refrigeration, specifically due to to their antioxidant and antibacterial properties.
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INTRODUCTION (Zhang et al., 2020). Being highly perishable, fish requires
careful storage and handling to maintain its quality and

ish plays a vital role in providing humans with essential ~freshness until cooking and consumption. The tilapia fish
dietary protein, contributing to more than 20% of the is one of the world’s most widely farmed fish species. Its
global average per capita consumption of animal proteins ~popularity in aquaculture makes it a relevant subject for re-
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search aimed at improving fish quality and shelf life, and
it was selected for this study because of its economic rel-
evance.

Monitoring the fish muscle’s pH indicates the physical
changes occurring in the fish muscle throughout storage
(Izumi, 2012). Also, volatile amines like total volatile ni-
trogen and trimethylamine give fish their unique smell and
taste. These amines stay in the fish for several days after it
is caught and are thought to be an important way to judge
their quality (Etienne, 2005).

An important group of nitrogenous compounds called bi-
ologic amines are made when amino acids are decarbox-
ylated or when aldehydes and ketones are aminated and
transaminated. They are produced by raw material enzymes
and microbial decarboxylation of amino acids (Visciano ez
al., 2020). Several genera of bacteria in the Enterobacte-
riaceae family, such as Citrobacter, Klebsiella, Escherichia,
Proteus, Salmonella, and Shigella, have been linked to the
production of large amounts of putrescine, cadaverine, and
histamine in meats and fish products (Erdag ez a/., 2018).
Additionally, Vibrionaceae, lactic acid bacteria, species of
Pseudomonas, and Clostridia may also play a role in this
process (Feddern ez a/., 2019). Histamine is the most sig-
nificant and extensively researched amine among all bio-
genic amines, and it holds critical toxicological importance
because it serves as the causative agent of scombroid fish
poisoning and food intolerance (Comas-Basté ez a/., 2020).
Furthermore, cadaverine and putrescine have been found
to enhance histamine toxicity (Ruiz-Capillas and Herrero,
2019). Histamine and tyramine can lead to vasoactive and
psychoactive health issues, including nausea, headaches,
skin rashes, and variations in blood pressure, as well as al-
lergic reactions (Doeun ez a/.,2017).

Microbial growth is the primary contributor to fish de-
terioration, significantly impacting the quality of fresh or
lightly preserved varieties. Initially, fish muscles are sterile,
but they become contaminated by microbes from the skin
post-mortem. The high activity in the water, the low acidity
(pH > 6), and the large amount of non-protein nitrogen
compounds in fish all help microbes grow quickly, which
changes the taste, texture, appearance, and smell of the fish

in a bad way (Sperber and Doyle, 2010).

The investigation into natural preservatives is growing due
to consumer concerns about the potential health risks asso-
ciated with synthetic preservatives. Essential oils, aromatic
plant extracts, contain bioactive components with various
biological properties, including antioxidant, insecticid-
al, and antimicrobial effects (Saleh et al., 2019). Parsley, a
member of the Umbelliferae family, is extensively cultivat-
ed across various regions, and its essential oil has garnered
attention for its potential as a natural preservative. Parsley

essential oil is extracted from all parts of the plant, with a
focus on the leaves. It has a flavor that reminds us of a fresh
herb. Recent research has identified its bioactive constitu-
ents, including o-pinene, D-limonene, myristicin, and oleic
acid. These constituents contribute to the antioxidant prop-
erties of parsley essential oil, as reported by Abdellatief ¢z a/.
(2017) and Farag ez a/. (2021). The high FRAP and DPPH
radical inhibition values of parsley essential oil (PEO) show
that it is a strong antioxidant. Additionally, it shows sig-
nificant antibacterial activity. Myristicin (36.15%), apiole
(20.97%), a-pinene (15.47%), and a-pinene (10.43%) are
the main ingredients in parsley essential oil. Other impor-
tant ingredients are alkyltetramethoxybenzene (6.45%), li-
monene (4.74%), and elemicin (2.74%) (Marin ez al.,2016).
Furthermore, the use of PEO successfully suppressed the
generation of biogenic amines in fish samples (Ozogul et
al., 2010). However, the effects of PEO in extending the
shelf life of the fish received less attention.

The current study aimed to investigate the effect of pars-
ley oil on maintaining quality parameters (pH, TVN, and
TBA), biogenic amine content, and bacteriological status
in tilapia fillets during refrigerated storage.

MATERIALS AND METHODS

PREPARATION OF PARSLEY EssentTiaL O1L (PEO)
AcCCORDING TO KARIMI £7 41.. (2014)

500 grams of dried leaves and seeds of parsley were pur-
chased from a reputable grocery store in Damanhour City
and were prepared at the lab of food hygiene, Animal
Health Research Institute, Damanhur branch, by dipping
in 400 ml of cold distilled water in a volumetric flask (2L)
in hydrodistilled water for 3 hours using a Clevenger-type
apparatus that is connected to a water condenser placed
over a heating mantle. The parsley’s essential oil yield can
range from 0.5% to 2% of the dry weight. The oils of pars-
ley used in this study were in pure state and were stored in a
sealed dark amber glass bottle at 4°C until subsequent tests.
'The extracted parsley oils were added to fish fillet at three
different concentrations (1, 2, and 3%).

COLLECTION, PREPARATION, AND TREATMENT OF
Fisa FiLLET wiTH PEO ACCORDING TO KHALAFALLA
ET 4L.(2015).

About 60 Nile tilapia (Oreochromis niloticus) fish samples
(average weight 350-500 g) were purchased from a fish
market in Damanhour City, Egypt, on the same day of har-
vesting. Each sample was gutted, deheaded, cleaned, and
filleted into two pieces of about 100 g weight per piece
(60 fish fillet samples). The samples were then wrapped
in sterile polyethylene bags and transferred directly to the
laboratory in a sterile icebox for further preparation with-
in 2 hours after purchase. The samples were divided into
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4 groups; the 1st was untreated control (C), and 3 groups
were dipped in three concentrations of PEO (1, 2, and 3%)
for 10 minutes inside a refrigerator, then the dipping solu-
tion was discarded. Treated fish fillet samples were labeled
and aerobically packaged in triplicates inside fiber dishes,
then stored at 4 °C in the refrigerator. The treated groups
were subjected to chemical and microbiological assessment
at day zero (within 2 h after treatment) and then periodi-
cally every 2 days until decomposition (0, 2nd, 4th, 6th, and

8th). The experiment replicates three times.

SENsORY EvaLuaTioN ofF FisH FILLETS ACCORDING
TO KENAR E7 41.. (2010)

For each concentration, seven adults who were trained but
unaware of the experimental approach were given 100 + 10
grams of fish fillet. The samples were coded with a specific
number, and the panelists were asked to rate the overall ac-
ceptance while they were fresh (uncooked). After that, both
the control fish fillet and the treated fillets with varying
concentrations of parsley essential oil (PEO) were cooked
and presented to the panelists for sensory evaluation. To
cleanse their palate between samples, the panelists drank
warm water, and a 9-point scale was utilized to assess each
attribute, where a score of 9 corresponded to “very good
quality,” scores of 7-8 to “good quality,” and a score of 6
to “sufficient quality.” The value equal to 5 represented the
acceptability threshold, while a score of 1-4 corresponded
to “unacceptable quality.” For each fillet sample, the total
sensory evaluation score (the average of sensory quality at-
tributes) was calculated and submitted.

CHEMICAL ANALYSIS OF TREATED FisH FILLET
POTENTIAL OF HYDROGEN ION CONCENTRATION (PH)
MEASUREMENT ACCORDING TO EOS, 63-11/ (2020): Ten
milliliters of neutralized distilled water and 10 grams of fish
samples were mixed together. After shaking the mixture
continuously at room temperature for 10 minutes, it was
left to stand. The pH value was then measured using a pH
electrical meter (Bye Model 6020, USA). The pH meter was
calibrated using two buffer solutions with accurately defined
pH values (alkaline pH 7.01, acidic pH 4.01). Neutralized
water was used to clean the pH electrode, which was then
introduced to the samples after the temperature correction
system was adjusted.

DETERMINATION OF TOTAL VOLATILE NITROGEN “T'VN”
ACCORDING TO EOS: 63-9/ (2006): In a clean distillation
flask, 300 ml of distilled water and 10 grams of fish
samples were thoroughly mixed. The resulting mixture was
then enriched with two grams of magnesium oxide and
an anti-foaming agent. Subsequently, 25 ml of 2% boric
acid and a few drops of the indicator were added to a 500
ml receiving flask, and the receiver tube was positioned so
that it extended below the boric acid solution. Within 10

minutes, the distillation flask reached boiling temperature,
and distillation continued for an additional 25 minutes.
Following this, a titration of TVN (total volatile nitrogen)
against H2504 M 0.1 was carried out until a pink color
appeared. TVN was calculated according to the following
formula:

TVN/I0Ograms = (mls H2 So4 n 0.1 for sample — ml H2 So4
n 0.1 for blank) x 14

DETERMINATION OF THIOBARBITURIC ACID NUMBER “TBA”
ACCORDING TO EOS: 63-10/ (2006): The test relies on
measuring malonaldehyde (MDA) as a byproduct of
lipid peroxidation. To summarize, 50 ml of distilled water
was mixed with ten grams of prepared fish samples and
transferred to a distillation flask. An antifoaming agent and
50 ml of diluted hydrochloric acid were then added to the
flask. Within 10 minutes of reaching boiling, the distillation
flask was heated to distill 50 ml of diluted hydrochloric acid.
Subsequently, 5 ml of the distilled solution was placed in a
covered tube, and 5 ml of prepared thiobarbituric acid was
added. The tube was covered, placed in a water bath, boiled
for 35 minutes, and then cooled with water for 10 minutes.
'The sample’s absorbance at 538 nm was measured using a

spectrophotometer (UNICAM 969AA Spectronic, USA).

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

DETERMINING THE CONCENTRATION OF BIOGENIC
AmINEs usiINé HPLC

Using the method suggested by Pinho ez a/. (2001) and
Magwamba ez al. (2010), four biogenic amines were found
in chilled fish that had been treated with different amounts
of parsley oil. These were histamine (HIS), tyramine (TYR),
putrescine (PUT), and cadaverine (CAD).

AMINE EXTRACTION: 25 g of treated fish samples were
homogenized with 125 ml of 5% trichloroacetic acid for 3
min. using a warning blender. Then, we achieved filtration
using Whatman No. 1 filter paper and transferred 10 ml
of the filtrate into a glass tube containing 4 g of NaCl and
1 ml of 50% NaOH. We then sacked and extracted three
times, using 5 ml of n-butanol: chloroform (1:1 v/v), before
stopping and sacking vigorously for 2 minutes. Finally, we
centrifuged for 5 minutes at 3000 rpm. The upper layer was
transferred to a 50-ml separating funnel using a disposable
Pasteur pipette. The organic extracts (upper layer) were
mixed with 15 ml of n-heptane, which was then extracted
three times with 0.2 ml of n-HCL. The n-HCL layer was
then collected in a glass plug tube. Solution was evaporated
just to dryness using a water bath at 95°C with the aid of
air currents.
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FOrMATION OF DANSYL AMINES: 100 ul of each stock
standard solution was transferred to a vial (50 ml) and
dried under vacuum. About 0.5 ml of saturated NaHCO3
solution was added to the residue of the sample extract (or
the standard), the vial was stoppered, and its content was
carefully mixed to prevent loss due to spattering. Carefully,
a 1.0 mL of dansyl chloride solution was added and mixed
thoroughly using a vortex mixer. The reaction mixture was
incubated at 55° for 45 min., then 10 ml of distilled water
was added to the reaction mixture and the vial was stopped
and shaken vigorously using the Vortex mixer. Three times, 5
mL of diethyl ether was used to extract dansylated biogenic
amines. Again, the vial was stopped, and then shacked
carefully for 1 minute, and the ether layers were collected
in a culture tube using a disposable Pasteur pipette. The
combined ether extracts were carefully evaporated at 35 °C
in a dry bath with the aid of air current. The obtained dry
film was dissolved in 1 mL of methanol, and then 10 pl was

injected in HPLC.

BACTERIOLOGICAL EXAMINATION OF TREATED FISH
FILLET WITH PEO
'The fish fillet treated with PEO underwent a bacteriolog-

ical examination.

We weighed 10 grams of treated fish fillet samples in a
clean environment and mixed them for one minute in a
lab blender with 90 ml of 0.1% sterile peptone water (Ox-
ide CM0009) to make a 1:10 original dilution. Ten-fold
serial dilutions up to 106 were made to cover the range
of sample contamination that was expected. Plates with
plate count agar were kept at 30 °C for 48 hours to get an
idea of the total aerobic bacterial count, which is what ISO
4833:2003 says must be done. For psychrotrophic counting,
surface plating on plate count agar was used, and the plates
were incubated at 6.5 °C for 10 days as required by ISO
17410:2019. As per I1SO 21528-2 (2017), violet red bile
glucose agar medium was used to count enterobacteriaceae,
and plates were kept at 37°C for 24 hours. Coliforms were
counted on violet red bile agar medium (VRB), and the
plates were kept at 37°C for 48 hours, as required by ISO
7218/(2007).

STATISTICAL ANALYSIS

To statistically analyze the data, we used the statistical
analysis system (SAS, 2014), Cary, USA, Version 9.3 soft-
ware. The mean and standard deviation (SD) of the or-
ganoleptic, chemical, and bacteriological parameters were
displayed. Tukey’s Kramer (HSD) post-hoc test (p > 0.05)
and a nested procedural model (p<0.05) were used to com-
pare significant means.

RESULTS AND DISCUSSION

As shown in Table 1, the control fish fillet sample was

completely spoiled after the sixth day of storage at 4 °C.
Ivanov ez al. (2015) reported that the fillet sample with a
total sensory evaluation score lower than 3 was evaluated as
unacceptable for consumption. The fish fillet samples that
were treated with different amounts of parsley essential oil
(1%, 2%, and 3%) were more well-received overall during
the whole cold storage period. On the eighth day of the ex-
periment, the 3% PEO treatment got the highest score of
6.33, which is higher than the acceptable level of 5. In con-
trast, the control group scored only 3.33 on day 4, which is
unacceptable. Among the treated fish fillet samples, those
treated with 3% parsley demonstrated the highest accepta-
bility, while the samples treated with 1% parsley essential
oil (PEO) had the lowest acceptability compared to the
control samples. Our findings showed that PEO enhanced
the overall acceptability of fish fillets, with the results var-
ying depending on the concentration; these findings were
consistent with previous research. According to Riel ez
al., (2017), the different concentrations of parsley extract
powder (1.07,2.14 g, and 4.29 g/kg sausage) improved the
overall acceptance of the treated sausages during storage. In
addition, Badee e a/. (2020) reported that parsley essential
oil at concentrations of 600 ppm advanced sensory char-
acteristics and improved the wholesomeness of the beef
burger during refrigeration storage.

Table 1: Pattern of general acceptance of Tilapia niloticus
fillet treated with variant concentrations of Parsley oils
throughout chilling storage duration at 4°C.

Storage  Control Overall acceptance

period
PEO 1.0 PEO20 PEO3.0%
% %

Zero day 7.33 +0.57% 734z 833+ 9.00 + 0.0
0.57% 0.57¢

2" day  5.66x0.05™  6.00 7.66 * 8.34 +0.56"
+1.00%>  0.02¢"

4t day  3.33+0.03"  5.66+ 6.67+ 8.00+ 01.0%
0.04F« 0.03¢

6" day  1.66+0.01" 4.66x 6.00+ 6.66x 0.014¢
0.03% 0.00%

8" day  1.00+0.00° 4.35+ 5.34+ 6.33% 0.57%
0.57" 0.05"

* Means carrying different superscript Capital letter on the
same row are significantly different (P<0.05).

“Means carrying different superscript small letter on the same
column are significantly different (P<0.05).

'The data in Table 2 shows that the chilled fish samples that
were treated with different amounts of parsley essential
oil (PEO) always had lower pH values than the control
samples during the experiment. This was especially true
at a concentration of 3%, which led to a higher reduction
percentage of up to 22.06% by the eighth day of chilled
storage. While the pH of the control chilled fish samples
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Table 2: Pattern and reduction percent of pH, TVB-N and TBA values of Tilapia niloticus fillet treated with variant

concentrations of Parsley oil throughout chilling storage duration at 4°C.

Storage period Control

pH values

Parsley 0il 1.0 %

Meanz SD Meanz SD Red %
Zero day 6.26 + 0.06% 5.99 + 0.038¢ 431
20 day 6.51 + 0.06 5.98+ 0.01% 8.14
4* day 6.94 + 0.054¢ 6.11 + 0.018° 11.95
6% day 7.03 + 0.10% 6.13 + 0.01% 12.80
8 day 7.84 + 0.0342 6.16 + 0.03% 21.42
TVB-N values
Zero day 3.94 + 0.09% 4.03 + 0.01B4 -2.28
2" day 5.33 £0.0424 5.02+ 0.0282 5.81
4% day 7.34+ 0.064¢ 4.30+ 0.01B° 41.41
6% day 8.04= 0.034> 4.10+ 0.028¢ 49.01
8™ day 8.52+ 0.0742 4.09+ 0.01B¢ 51.99
TBA values (mg/kg)
Zero day 0.17 = 0.06%¢ 0.17 + 0.064° 0.0
2" day 0.21 £0.0424 0.19 +0.048 9.52
4% day 0.42+ 0.034¢ 0.15+ 0.0458¢ 64.28
6% day 0.58+ 0.034° 0.13+ 0.03B4 77.58
8™ day 0.72+ 0.064* 0.15+ 0.06%¢ 79.16

Parsley 0il 2.0 % Parsley oil 3.0 %

Meanz= SD Red % Mean+ SD Red %
5.89 £ 0.01¢ 5.91 5.79 + 0.01™ 7.50
6.06 + 0.03% 6.91 6.01 £ 0.03" 7.68
6.08 + 0.01%¢ 12.39 6.02 £ 0.05¢ 13.25
6.11 + 0.02% 13.08 6.07 £ 0.03 13.65
6.13 £ 0.02% 21.81 6.11 + 0.08“ 22.06
4.31+0.01% -9.39 3.11 £0.01"¢ 21.06
4.83 +0.09 " 9.38 3.86 £0.02¢ 27.57
4.25 +0.04 42.09 3.54+0.01"" 51.77
4.10 + 0.02% 9.01 3.42+0.06¢ 57.46
3.94+ 0.03"¢ 53.75 3.19 £ 0.01%¢ 62.55
0.15 £ 0.06® 11.76 0.14 = 0.06® 17.64
0.17 0.04% 19.04 0.15 +0.02"= 28.57
0.16+ 0.03" 61.90 0.13+0.03¢ 69.04
0.13+ 0.03" 77.58 0.10+ 0.01¢ 82.75
0.13+ 0.06“ 81.94 0.09+ 0.06™ 87.50

* Means carrying different superscript Capital letter on the same row are significantly different (P<0.05).
“Means carrying different superscript small letter on the same column are significantly different (P<0.05).

exceeded the permissible limit established by Egyptian
standards (3494/2005) (not more than 6.5), on the 4* day
of storage, the pH values of the chilled fish treated with
PEO consistently remained within the normal range. This
can be attributed to the antimicrobial properties of parsley
oil, which effectively reduce the microbial load in the fish
fillet. As a result, the pH of the fish is maintained with-
in the normal range (Badee ez a/., 2020). Therefore, parsley
essential oil may have a significant effect on the pH levels
of chilled fish, potentially contributing to the preserva-
tion and quality of the fish during storage, as reported by
Ozogul et al. (2010).

The results shown in Table 2 show that the TVN levels
of the control fish samples went up over the storage pe-
riod, but they didn’t go over the limit allowed by Egyp-
tian standards (3494/2005), which say that 30 mg/100 g of
TVN in fish muscle is the point at which the fish should go
bad. On the other hand, the fish samples treated with var-
ious concentrations of parsley essential oil exhibited lower
TVN values compared to the control samples. On the 8th
day of storage, the highest reduction percentage reached
62.55%, particularly at a concentration of 3% PEO. That
the TVN values dropped in samples that were treated with
PEO might be because phenolic compounds and other
compounds stopped meat protein from breaking down on
its own (Ashour ez al.,2014; Marn ez al., 2016).

Table 2, shows that the control fish samples’ TBA levels
went up over the storage period but stayed within the ac-
ceptable range set by Egyptian standards (3494/2005),
which says that the highest allowable TBA level is 4.5
MDA/kg of fish meat, indicating that the fish is still very
fresh. Conversely, the fish samples treated with varying
concentrations of parsley essential oil (1%, 2%, and 3%)
displayed lower TBA values compared to the control sam-
ples. On the eighth day of storage, the highest reduction
percentage reached 87.50%, particularly at a concentration
of 3% PEQO. This might be due to its antioxidant proper-
ties, which contribute to reducing lipid oxidation and pre-
serving the quality of the fish samples throughout storage
(Farag ez al., 2021). According to Zhang ez al., (2006), the
dominant compound found in parsley essential oil (PEO)
is myristicin, accounting for 32.75% of the composition.
Myristicin exhibits a moderate level of antioxidant activ-
ity. The second dominant compound is apiol, comprising
17.54% of the oil. Although apiol is not the primary com-
pound, it may contribute significantly to the antioxidant
activity of PEO. Our findings agreed with Badee ez a/.,’s
(2020) documentation that parsley oil at concentrations of
600 ppm lowers the TBA values of beef burgers during the
chilling period for 8 days.
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Table 3: Pattern and reduction percent of some biogenic amines in Tilapia niloticus fillet treated with variant concentrations

of parsley oil throughout chilling storage duration at 4°C.

Storage period Control Histamine
PEO 1.0 %

Meanz SD Meant SD Red %
Zero day 18.01 + 0.0124 15,51 + 0.03B4 13.88
20 day 20.30+0.028¢ 34.20 +0.047 -69.47
4% day 25.0+ 0.034 25.09+ 0.042° -0.36
6% day 25.20+ 0.014 17.59+ 0.038¢ 30.19
8™ day 27.90+ 0.024 13.0+ 0.01B¢ 53.40
Tyramine
Zero day 2.51 + 0.014d 0.0 = 0.08¢ 100
2" day 4.05+0.028¢ 7.20 £0.0442 -77.77
4% day 4.49+ 0.018¢ 6.10+ 0.014° -35.85
6% day 5.19+ 0.014b 4.89+ 0.038¢ 5.78
8™ day 6.30+ 0.0142 4.51+ 0.0184 28.41
Putrescine
Zero day 9.11 + 0.01B¢ 15.51 = 0.014¢ -70.25
2" day 12.30+0.018¢ 29.09 £0.0242 -136.50
4% day 14.49+ 0.018P 19.30+ 0.014° -33.19
6% day 13.30+ 0.01B¢ 14.20+ 0.03Ad -6.76
8™ day 15.10+ 0.0142 10.99+ 0.018¢ 27.21
Cadaverine
Zero day 15.50 + 0.018¢ 20.0+ 0.014¢ -29.03
2" day 17.20+0.018> 45.0 £0.014° -161.62
4% day 17.99+ 0.018 29.30+ 0.0142 -62.86
6™ day 19.10+ 0.014 18.99+ 0.034 0.57
8+ day 20.39+ 0.014 12.0+ 0.0182 41.14

PEO 2.0 % PEO 3.0 %

Meant SD Red % Meant+ SD Red %
4.51 +0.01P¢ 74.95 7.61 £ 0.03% 57.74
10.10 +0.02P¢ 50.24 12.30 +0.02¢ 39.40
15.20+ 0.03%: 39.20 9.19+ 0.04% 63.24
13.29+ 0.03® 47.26 8.79+ 0.01P¢ 65.11
11.99+ 0.05% 57.02 8.09+ 0.05P¢ 71.00
0.0 + 0.08d 100 0.0 + 0.0B¢ 100
2.51 £0.01¢ 38.02 1.20 +0.02P» 70.37
3.20+ 0.03%* 28.73 1.00+ 0.04P> 77.72
3.09+ 0.01¢ 40.46 0.90+ 0.01%¢ 82.65
2.89+ 0.05¢ 54.12 0.69+ 0.02P¢ 89.04
7.21 + 0.02¢P 20.85 1.61 + 0.01P¢ 82.32
9.30+0.01¢ 24.39 2.70+0.02P: 78.04
5.50+ 0.03¢¢ 62.04 2.50+ 0.01P® 82.74
4.29+ 0.01¢¢ 67.74 1.99+ 0.01P¢ 85.71
3.51+ 0.02¢¢ 76.75 1.80+ 0.02P¢ 88.07
10.01 + 0.02¢ 34.83 7.51 + 0.01P¢ 51.54
10.10 +0.01< 41.27 7.90 +0.02P" 54.06
13.49+ 0.03% 25.01 6.50+ 0.01P* 63.86
4.50+ 0.01¢ 76.43 5.80+ 0.01% 69.63
8.50+ 0.02¢ 58.31 5.30+ 0.02%* 74.01

According to Egyptian standards (3494/2005), the most
histamine that can be in 100 grams of fish meat is 10 mg.
'The results in Table 3 show that the amount of biogen-
ic amines in the control fish samples went over the limit
while they were being stored and increased. This means
that the fish that was tested had higher histamine content.
Surprisingly, on the other hand, treated fish samples with
varying concentrations of parsley essential oil (1,2, and 3%)
displayed lower biogenic amines content compared to the
control samples. Using different concentrations of parsley
essential oil improved the levels of histamine, tyramine,
putrescine, and cadaverine during chilled storage. On the
eighth day of storage, the levels of histamine, tyramine, pu-
trescine, and cadaverine all dropped by 71.0, 89.04, 88.07,
and 74.01%, respectively. This was especially true at a con-
centration of 3%, which was below the MPLs set by Egyp-
tian standards for histamine. This could be due to PEO’s
antimicrobial properties, which inhibit the growth of hista-
mine-producing bacteria and reduce histamine levels in the
treated sample. It also reduces other biogenic amines, such
as tyramine, putrescine, and cadaverine, which are linked to

tood-borne hazards and possible health risks (Visciano ez
al.,2012). According to Cai et al. (2015), treating fish fillets
with plant essential oils could lower the amount of biogenic
amines present. This supports our finding that histamine
levels dropped after treating the fish fillets with 1, 2, and
3% PEO, with levels of 15.51+ 0.03,4.51+ 0.01,and 7.61+
0.03 mg/kg, respectively. These findings support the results
of Luyun ez a/. (2015), who suggested that the addition of
essential oils can lower histamine concentrations, prolong

the shelf life of fish meat products, and maintain the qual-
ity of fish fillet.

'The numbers in Table 4 show that the numbers of aerobic
bacteria, psychrotrophic bacteria, Enterobacteriaceae bac-
teria, and coliform bacteria in the control samples went up
over time, up until the eighth day of storage. Converse-
ly, the fish samples treated with various concentrations of
parsley essential oil (1,2, and 3%) exhibited lower levels of
bacterial count compared to the control samples. This could
be attributed to the antimicrobial properties of parsley es-
sential oil (PEO), which primarily stem from its capacity
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Table 4: Pattern and reduction percent of bacteriological count (log10 cfu/g) of Tilapia niloticus fillet treated with variant

concentrations of Parsley oil throughout chilling storage duration at 4°C.

Storage pe- Control

riod

Aerobic plate count

PEO 1.0 %

Meanz SD Meanz SD Red %
Zero day 6.20+0.03A4 6.11 +£0.035 1.45
2" day 6.28+0.014¢ 6.06 £0.05%° 3.50
4 day 6.29+ 0.024¢ 6.05+ 0.035¢ 3.81
6™ day 6.36x 0.024° 6.00+ 0.02B¢ 5.66
8+ day 6.48+ 0.0342 5.97+ 0.038¢ 7.87
Psychrotrophic count
Zero day 4.50+0.17"¢ 4.73 +0.038# -5.11
20 day 5.91+0.06%¢ 5.63 +0.05% 4.73
4% day 6.00+ 0.048¢ 5.86+ 0.035¢ 2.33
6% day 6.23+ 0.024° 5.85+ 0.028d 6.09
8™ day 6.30+ 0.034 5.84+ 0.03B¢ 7.30
Enterobacteriaceae count
Zero day 4.28+0.095¢ 4.31 £0.024¢ -0.70
2" day 4.98+0.1724 4.31 £0.128¢ 13.45
4t day 5.08+0.014¢ 4.39+0.175 13.58
6t day 5.30+0.044 4.56 +0.03B 13.96
8™ day 5.48+0.03% 4.16+0.158¢ 24.08
Coliforms count
Zero day 4.33+0.07%¢ 4.30 £0.07% 0.69
2" day 4.41+0.062 4.03 £0.165¢ 8.61
4% day 5.25+0.024¢ 4.01+0.178¢ 23.61
6™ day 5.44+0.014 4.16 £0.15% 23.52
8™ day 5.50+0.014 3.96+0.248¢ 28.0

PEO 2.0 % PEO 3.0%

Meant SD Red % Mean+ SD Red %
5.96 £0.02¢ 3.87 5.51 £0.11P¢ 11.12
5.99 +0.03¢ 4.61 5.73 £0.04>> 8.75
5.99+ 0.05¢ 4.76 5.70+ 0.08Pb 9.37
5.94+ 0.04%4 6.60 5.66+ 0.03"¢ 11.01
5.84+ 0.04 9.87 5.59+ 0.05P4 13.73
0.00 +0.00¢® 100 4.89 £0.11P¢ -8.66
5.79 +0.46% 2.03 5.53 +0.09P2 6.42
5.70+ 0.03¢¢ 5.00 5.49+ 0.06P" 8.50
5.58+ 0.09¢d 10.43 5.41+ 0.15P¢ 13.16
5.54+ 0.04¢ 12.06 5.25+ 0.09P4 16.66
3.86+0.08¢ 9.81 3.75 + 0.08P: 12.38
3.92 +0.15% 21.28 0.00 +0.00P® 100
4.00+0.09¢> 21.25 0.00 +0.00P* 100
4.25+ 0.03¢ 19.81 0.00 +0.00P® 100
4.07+ 0.11¢ 25.72 0.00 +0.00P» 100
3.83+0.12¢¢ 11.54 3.80 +0.22P> 12.24
0.00 +0.00¢ 100 0.00 +0.00¢P 100
3.39+0.35 35.42 0.00 +0.00P* 100
4.07+0.06% 25.18 0.00 +0.00P® 100
3.89+0.11¢ 29.27 0.00 +0.00P* 100

to disrupt bacterial cell membranes. Compounds like myr-
isticin mess up the lipid bilayer of the plasma membrane.
This makes it easier for contents inside cells to leak out,
which kills the cell (Swamy et al., 2016). Using different
amounts of parsley essential oil had a big positive effect
on the number of Enferobacteriaceae and coliforms that
were present during chilled storage. By the second day, the
3% concentration of parsley essential oil had completely
stopped the growth of all the bacteria. On the eighth day of
storage, the aerobic bacterial count dropped by 13.73 per-
cent, the psychrotrophic count dropped by 16.66 percent,
the Enterobacteriaceae count dropped by 100%, and the
coliform count dropped by 100%. According to our find-
ings, parsley essential oil exhibits antimicrobial properties
against the tested microorganisms. These results are con-
sistent with the study conducted by Karimi ez a/. (2014),
which reported that the essential oils derived from parsley
seeds and leaves possess a more potent antibacterial effect.
'Their research also highlighted the ability of parsley essen-
tial oil to control pathogenic bacteria, thereby extending
the shelf life and enhancing the safety of processed food

products. In a study by Cai et al. (2015), it was observed
that treatment with plant essential oils not only preserved
the sensory quality of fish fillets during storage but also
showed the ability to reduce microbial counts. Additionally,
Seyyednejad ez /. (2008) reported that parsley extract has
inhibitory effects on the growth of different species of both
gram-positive and gram-negative bacteria. These findings
suggest that plant essential oils, including parsley extract,
have the potential to act as natural antimicrobial agents and
can help maintain the quality and safety of fish products.
Similarly, Wong and Kitts (2006) demonstrated the anti-
bacterial activity of parsley extract against E. co/i.

The present study demonstrated that parsley essential oil
effectively inhibits Enterobacteriaceae and coliform bacte-
ria, particularly at a concentration of 3% PEQO. This finding
agrees with what Wahba ez a/. (2010) found: parsley is ex-
cellent at killing Gram-negative bacteria like Enterobacte-
riaceae and coliform.
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CONCULSIONS AND
RECOMMENDATIONS

Based on the aforementioned data, it can be concluded
that 1, 2, and 3% of parsley essential oil could be used for
dipping tilapia fillets to improve the sensory characteristics
and prolong their shelf life for 8 days. It has been said that
parsley oil can act as an antioxidant, which lowers the TBA
value, TVN value, and biogenic amine content of the fil-
lets that were treated with it. The results depended on how
much parsley essential oil was used. Higher concentrations
(2% and 3%) had bigger effects on lowering the number
of microbes, especially Enterobacteriaceae and coliform
bacteria. Therefore, parsley essential oil holds promise as a
natural preservative in food to combat microbial growth

and enhance shelf life.
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