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Abstract

This study aimed to evaluate the physicochemical, microbiological and sensory quality of soaked catfish
fillets in herbal extracts during storage at 4+1°C for 15 days. The obtained results indicated that the
physicochemical parameters of pH, TVB-N, TMA-N, PV, TBA values and microbial counts of all soaked
samples increased (p <0.05) with increasing the storage time. In contrast, the scores of sensory properties of
color, odor, texture and overall acceptability were decreased (p <0.05) during storage period as a result of
spoilage advancement. The control sample followed by BHT treatment were exhibited the highest deterioration
rate (p <0.05) during cold storage. In the meantime, the herbal extracts were retarded the spoilage as the result
of their antioxidant and antimicrobial effects, to be reduced lipid oxidation, and protein degradation by the
reduction of microbial growth in treated fish fillets. Therefore, the sensory quality of soaked catfish fillets
positively affected by soaking in herbal extracts, to present the best scores during storage period compared to
control and BHT treatments. The herbal extracts were extended the consumption acceptability of soaked catfish
fillets for 12 days, higher than (p <0.05) of the 6 and 9 days for control sample and BHT treatment, respectively
restricted by physicochemical, microbiological and sensory properties.
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Introduction

Fish serves as a good source of dietary protein
is very inexpensive related to other protein from
animal foods, and excellent component of human
diet (Olalekan, 2019), primary dietary source of
omega-3 polyunsaturated fatty acid (PUFA),
including docosahexaenoic acid (DHA) and
eicosapentaenoic acid (EPA) (Siscovick et al., 2017),
a good source of several minerals and vitamins are
vital to human health (Gandotra et al., 2015). For
example, catfish (C. gariepinus) is most important
aquaculture freshwater species with tilapia in Egypt.
In 2017, the world aquaculture production quantity
of farmed catfish species (i.e. freshwater fishes of the
order Siluriformes) is 5.5 million tonnes as percent of
4.93% (FAO, 2019). Although, the African catfish
meat has high nutritional values, it was reported that
the great benefit for human health if these fish are
included in the human diet (Abozid et al., 2017 and
Linhartova et al., 2018), good and cheap source for
animal protein, other than it has low marketing value
compared to other species of fresh water fish, due to
less appealing taste and undesirable characteristics
such as rapid development of rancid off-flavor due
lipid rancidity and change in color, therefrom it is
necessary to improve quality properties of such fish
(El-Hanafy, 2013 and El-Shennawy et al., 2017).
On the other hand, fish is extremely perishable
comparable other food items, as a result of rapid
microbial growth naturally present in fish or from
contamination (Mei et al., 2019), lipid oxidation
(Isaacs, 2016). The decomposition of fish muscle

concluded macro and micro nutrients is a result of
biological reactions such as lipid and protein
oxidation, which are also due to the microbial and
enzymatic  activity, in either cases muscle
decomposition leads to shelf-life reduction in fish
and fish products, based on the changes in quality
characteristics of fish (Liu et al, 2018,
Moniruzzaman et al.,, 2020 and Hussain et al.,
2021).

Concerning the fish processing is an important
branch from food processing, always is seeking for
maximize the utilization of available aquatic
resources to provide human societies by high
accepted and safety fishery products. Recently many
consumers greatly preferred freshly ready to
eat/prepare or cook food items. This could be
achieved by cooling, other than the cold storage
alone is shortly period, unless it applied with
synergistic processing treatments as edible coatings.
The coating technique as well as soaking application
in herbal extracts and essential oils is one of the
leading method of producing new safety and freshly
seafood products, the most common edible
films/coatings nowadays are from natural
preservatives such extracts and essential oils of
various spices characterized by antioxidant and
antimicrobial activity (Dehghani et al., 2018;
Socaciu et al., 2018 and Morachis-Valdez et al.,
2021). The natural preservatives such essential oils
and herbal extracts have gained by consumer interest
due to the awareness on the harmful effect synthetic
preservatives because their toxicity. Plant-based
phenolic extracts can be used to decrease oxidation
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process and increase the shelf life of fish products,
additionally antioxidant compounds from different
natural sources such herbal extracts have also proven
to be effective antimicrobial agents, where it is
incorporation of herbal extracts into ice was also
found useful for inhibiting the microbial and
biochemical spoilage of fresh fish compared to
conventional icing (Akbarirad et al., 2016; Viji et
al., 2017; Ali et al.,, 2019 and Shahbazi, 2019).
Herbal extracts have antioxidant activity due to their
poly-phenolic, phenolic acids, biological and
anticoagulant compounds, which responsible for
antimicrobial and antioxidant properties. Generally,
essential oil and plant extracts, as natural
antioxidants are added to fresh and processed meat
and meat products to delay, or prevent lipid
oxidation, rancidity, decrease microbial growth,
improve color stability and extend shelf-life, without
any effect to the sensory or nutritional properties
(Rather et al., 2016; Begum et al., 2019 and Soji¢
et al., 2019). Soaked and chilled fish steaks in natural
preservatives are one of fresh ready to eat fish
products. The common application methods were
dipping, spraying or casting, material was coated or
wrapped with film prior to the further process for
chilled and frozen stored products (Viji et al., 2017).
The freshly and naturally ready to eat fish products is
proper to maximize utilize of fish meat, such as
soaked products with essential oil (Moawad et al.,
2017; Morshdy et al., 2018; S6nmez et al., 2020
and Abbas et al., 2021). The objective of this
investigation mainly was to utilize from preservative
effects of clove, thyme and mint extracts to extend
the shelf life of soaked catfish fillets during
refrigeration, furthermore to developed sensory
quality of catfish meat as well as to obtain high
quality, safety and accepted ready to eat fish product
from low value catfish meat.

Materials and methods

Fish samples: About 30 kg from a live catfish
(Clarias gariepinus) with average weight from 2.25
to 3.00 kg, length from 50 to 60 cm were purchased
from local market of EI-Obour city, Qalyoubia
Governorate, Egypt, and transported in icebox to
Fish Processing and Technology Laboratory, Fish
Research Station, El-Kanater EI-Khiria, National
Institute of Oceanography and Fisheries. All Fish
prepared for processing under hygienic conditions,
rewashed, slaughtered, bleeding, beheaded,
eviscerated, skin removed and filleted, then rewashed
and drained till use.
Herbal materials: Three types of herbals were used
to the study as fresh mint (Mentha sp.), fresh thyme
(Thymus vulgaris) and dried clove buds (Syzygium
aromaticum) obtained from local market (Toukh,
Qalyoubia, Egypt).
Synthetic antioxidants, chemicals and media:
Butylated hydroxy toluene (BHT), ethyl alcohol
99.9%, methanol, chloroform, sodium hydroxide,

trichloroacetic acid, glacial acetic acid, picric acid,
hydrochloric acid, thiobarbituric acid, sodium
sulphate anhydrous, toluene, and sodium chloride
were obtained from Techno Lab for Trade Co.
(Cairo, Egypt). Nutrient agar medium obtained from
International Trade Association (ITA) Co., (El-Kasr
El-Aini, Cairo, Egypt).

Methods:

Herbal preparation and extraction: The herbal of
thyme, mint and clove were prepared and extracted
by ethanol (99.9%) according to the method of
“solid-liquid extraction” as described by Sung-Jin et
al. (2013) and Hermund (2016).

Catfish soaking: The fresh catfish fillets were cut
into slices with dimensions of 2 x 8 x 1.3-1.5 cm
(width x length x highest), the fish slices were
divided to 8 equal batches and subjected to study the
effect of their soaking in various herbal extracts and
BHT solution in comparison with control. The
soaking treatments were carried out according to
Morshdy et al. (2018) as following: the 1
treatment (T1) soaked in distilled water (control), the
2" treatment (T2) in 0.1% BHT solution, the 3" and
4" treatments (T3&T4) in 0.5 and 1% thyme
extracts, the 5" and 6" treatments (T5&T6) in 0.5
and 1% clove extracts, and the 7" and 8" treatments
(T7&T8) in 0.5 and 1% mint extracts. All soaking
treatments separately were carried out in the
meantime for 10 minutes with moderate agitation,
afterward the treated fillets were separately collected,
drained on pored stainless steel board for 5 minutes.
After that the all samples were packed in foam plates
and stored in polyethylene bags at 4+1°C for 15 days.
Soaked samples were subjected to physicochemical,
microbiological and sensory analysis intervals 0, 3,
6, 9,12 and 15 days.

Analytical methods:

Proximate chemical composition: The proximate
analysis on basis of the moisture, crude protein, fat
and ash contents were determined according to the
methods recommended by the AOAC (2000), total
carbohydrates was calculated by difference.
Physicochemical analysis: The freshness tests and
chemical quality of soaked catfish treatments
concluded the pH value was carried out according to
the procedure of Abdel-Aziz et al. (2019), the total
volatile basic nitrogen (TVB-N) and trimethyle
amine nitrogen (TMA-N) contents were determined
according to the method described by Pearson
(1976). Peroxide Value (PV) was determined using
the method of Egan et al. (1997), and the
thiobarbituric acid (TBA) value was measured
according to the method described by Tarladgis et
al. (1960).

Microbiological examination: the fish samples were
primarily prepared for microbiological analysis
according to Heydari et al. (2015), then pour plating
method was utilized for microbiological analysis of
total viable count (TVBC) by using nutrient agar
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media incubated at 37+1 °C for 48 h as described by
Heydari et al. (2015). Total psychrophilic bacterial
count (TPBC) was determined by using nutrient agar
media incubated at 5+1°C for 7days as described by
Sénmez et al. (2020), all microbiological results are
expressed as log of the colony forming units (cfu) per
gram of sample, all analyses were done in triplicate.
Sensory evaluation: The sensory evaluation of
soaked catfish fillets was carried out according to the
procedure of Greeshma et al. (2019), it was done in
terms of color, odor, texture and overall
acceptability. All sensory properties of tested soaked
catfish fillets were evaluated by 10 panelists. A 9
point hedonic scale was employed in this sensory
analysis.

Statistical analysis:

Three replicates of each trial were performed for
each parameter, and values expressed as the mean
+SD. Statistical analyses were performed using
Statistical package social science (SPSS) version
16.00 for Windows. Analysis of variance (ANOVA)
was used and statistical significance was set at p

<0.05 to detect the significant effect between means
during storage periods according to Duncan' test
(1955) to separate means at a probability level of p
<0.05.

Results and Discussion:

The chemical composition (w/w) of fresh flesh
and raw soaked catfish fillets was presented in Table
(1), The moisture, crude protein, crude fat, total ash
and total carbohydrate contents were 69.92, 14.99,
13.31, 1.10 and 0.69%, respectively. This results are
in agreement with those obtained by Akpambang
(2015); Yu et al. (2017) and Sudirman et al., 2018).
Meanwhile, there were changes in moisture, protein,
fat, ash and carbohydrate contents of fish fillets after
soaking treatment to be 71.41, 14.07, 13.12, 0.90 and
0.50%, respectively. Apparently the soaking process
of fish fillets in aqueous solutions caused slight
increasing in moisture contents compared to raw
fillets, in counter to inconsiderable loss in protein,
fat, ash and carbohydrate contents compared to fresh
fish fillets.

Table 1. Chemical composition of fresh and soaked catfish fillets (on wet weight bases).

Components (%) Energy
Fish samples . Crude Total * value
Moisture Protein Crude Fat Ash Carbohydrate Kcal/100g
Fresh catfish fillets 69.92+0.6 14.99+1.53 13.31+2.7 1.10+0.53 0.68+0.06 182.47
3 7
soaked catfish 71.41+1.8 14.07+1.82 13.12+3.1  0.90+0.03 0.50+0.07 176.36
fillets 5 6

Data are the mean + SD, n = 3 *carbohydrates percent calculated by difference.

The similar change in chemical composition
due to soaking likewise washing caused by water
absorption into fish tissue, and outing water soluble
substances such some soluble proteins, pigments,
enzymes and minerals, also surface fat loss through
floating in water phase and removed afterward with
drain water or solution, such observations were also
noticed by Das et al. (2015) and EI-Shennawy et al.
(2017) after washing fish fillets during surimi
preparation, and Moawad et al. (2017) after soaking
Tilapia fish fillets in aqueous solutions of marjoram
oil or sodium tri polyphosphate.
pH value: The pH value is a useful quality index of
fish products, which affected by the changes in
protein and lipids of fish during storage. The changes
in pH of soaked catfish fillets in some aqueous herbal
extracts during storage at 4+1°C were shown in
Table (2). The pH values of fresh soaked catfish
fillets treatments as well as T1, T2, T3, T4, T5, T6,
T7 and T8 were 6.57, 6.52, 6.50, 6.48, 6.46, 6.46,
6.47 and 6.42, respectively. Then, a gradual increase
(p <0.05) in pH values of all treatments was observed
during cold storage period. The difference between
control and treated fish fillets samples was
significant during cold storage period (p <0.05), the
pH values of control and T2 samples were the

highest (p <0.05) in comparison with herbal extracts
treated catfish fillets, which had pH values of 7.16
and 7.12 at the 9™ day of cold storage, respectively.
In contrast, all herbal extracts treatments were
presented pH value below 7.10, wherever the excess
on this level is considering an index for outset of
spoilage as reported by Ozyurt et al. (2009).

The increase of pH values during the
storage period might be attributed to the production
of wvolatile basic compounds from proteins
breakdown, due to the activity of spoilage bacteria
and autolysis enzymes (Biswas et al., 2017; Li et al.,
2017; Pal et al.,, 2017 and Nisar et al., 2019).
Noteworthy, the herbal extracts especially that
obtained from clove were more effective in
suppressing pH value from increasing upper value of
7.00 in soaked catfish fillets till 12 days of cold
storage as shown in Table (2), because their
antimicrobial effects contributed to their contents of
bioactive phenolic compounds. Therefore, the
difference between herbal extracts in controlling the
raise of pH value also might be discussed by the
difference in their contents of phenolic compounds,
likewise the highest extract level the lowest pH
value. These results are in accordance with those
found by Moawad et al. (2017); Morshdy et al.
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(2018); Lahreche et al (2019); John and Siddappaji (2019) and Elhafez et al. (2020).
Table 2. pH values of soaked catfish treatments during cold storage period at 4+1°C.
. Treatments
Storage period Control  BHT Thyme (TH) Clove (CL) Mint (M1)
(day) ontro 0.5% 1% 0.5% 1% 05% 1%
0 657 652 650"  6.48% 6.46  6.46™  6.47° 6.42""
+0.06 +0.04 +0.05 +0.05 +0.05 +0.07 +0.08 +0.05
3 6.65° 6.64% 6.50%" 6.47%° 6.465°  6.46™ 650 6.49
+0.09 +0.03 +0.10 +0.07 +0.05 +0.04 +0.02 +0.05
6 6.87% 6.81 6.68"" 6.69°° 6.69%° 667"  6.73 6.71%°
+0.05 +0.03 +0.04 +0.04 +0.01 +0.04 +0.05 +0.03
9 7.16" 7.12% 6.93% 6.90°° 6.92°° 674  6.93° 6.90
+0.06 +0.05 +0.04 +0.02 +0.03 +0.03 +0.03 +0.01
12 R 7.31%  7.16%° 7.11%° 7.13%  691B0  7.23%° 7.13%¢
+0.08 +0.01 +0.02 +0.03 +0.03 +0.02 +0.03
15 R R 7.35%% 7.30% 7.32%  7.15% 742%™ 7.32%
+0.04 +0.03 +0.06 +0.06 +0.06 +0.04

Means of triplicate + Standard deviation on wet weight basis. Mean values in the same row (small letter) or column
(capital letter) with the same letter are not significantly different (at p <0.05). R = rejected.

Total volatile basic nitrogen (TVB-N): Generally,
the TVB-N may be considered an important quality
index for fish. Respecting the effect of herbal
extracts on TVB-N values of soaked catfish fillets
during cold storage at 4+1°C was shown in Fig. (1).
At zero time, the TVB-N values of T1, T2, T3, T4,
T5, T6, T7 and T8 were 12.78, 12.33, 11.71, 11.43,
11.15, 11.60, 11.88 and 11.32 mg/100g, respectively
which indicated to good quality of raw soaked fish
fillets. Afterthought, the TVB-N values of all soaked
fish treatments was increased (p <0.05) with different
rates during cold storage period, based on treatment
type. The highest increment (p <0.05) of TVB-N was
observed in T1 and T2 which reached to 34.28 and
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35.06 mg/100g in the 9" and 12" days of storage,
respectively to be exceeded the maximum acceptable
limit of TVB-N as 30 mg/100g for chilled fish
according to ESS (2019). While, all herbal extracts
treatments significantly reduced (p <0.05) TVB-N
formation during storage compared to control and
BHT treatments, as spoilage delaying to have TVB-
N values below the rejection limits till 12 days of
cold storage more than 6 and 9 days for T1 and T2,
respectively. The increasing in TVB-N during
storage of fish was associated with activity of
endogenous enzyme and bacterial growth (Moawad
etal., 2017).

T4 mT5 "= T6 wT7 T8
= =l
- i
e - "u' +Ih.
= o oy |(ogza
N g [k
Al e - i - "y ]
= i o |(rgim o [y
Xy = = Pyt iy yiien
o i - e - e gl
- [ = ot Wy ||| e
=, riat! - i - Lt
x i || E ||
- riats! - HLh, - Lt
X gl - P g i
h, rLatst - HLaht iyt [t
- wata] - EIE - den
o, k! - Hh = gl
- il - A g oy ._+=h.
S SR Bl
=Ny [lF e || e g [ (A
- it - i iy LRt W
- il - Al -7 =
- ot - Hh e [t
= e =y (| ptim ||y
BollEim SENflm SN
12 15

Fig. (1): Total volatile basic nitrogen values of soaked catfish fillets treatments during cold storage period at 4+1°C.

Thereof, the efficacy of herbal extracts to be
reduced the formation of volatile bases more related
by their antimicrobial activity, but the statistically
analysis was also presented difference (p <0.05) in
values of TVB-N between treated samples with
different herbal extracts themselves, while the

difference between applied concentrations (0.5 and
1%) of every extract was not significant (p > 0.05).
This variation might be influenced by their
antimicrobial activity, due to the difference in their
contents and types of bioactive compounds. The
highest reduction obtained from clove extracts
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compared to thyme and mint extracts (p <0.05). This
results are similarly with those found by Moawad et
al. (2017); Kuzgun (2019); John and Siddappaji
(2019); Elhafez et al. (2020) and S6nmez et al.
(2020).

Trimethylamine nitrogen (TMA-N): The TMA-N
is considered helpful indicator of freshness of fish
and fish products, enzymatically formed from
trimethylamine oxide (TMA-O), and due to enzyme
and microbial activity. Data in Fig. (2) show the
changes in TMA-N contents of soaked catfish fillets
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treatments during cold storage at 4+1°C. At zero
time, the TMA-N contents of soaked fish fillets
treatments of T1, T2, T3, T4, T5, T6, T7 and T8
were 1.06, 1.04, 0.95, 0.95, 0.90, 0.90, 1.01 and 0.98
mg N /100g, respectively. Thereafter, the TMA-N
values of all fish treatments slowly increased (p
<0.05) during cold storage, the significant difference
(p <0.05) between control sample and treated catfish
fillets samples was detected after 9 days of cold
storage.
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Fig. (2): Trimethyl amine values of soaked catfish fillets treatments during cold storage period at 4+1°C.

Further the TMA-N formation as a result of
protein degradation was formed in control samples
faster than (p <0.05) treated samples with clove,
thyme and mint extracts and BHT, respectively
during cold storage, the highest TMA-N contents
was 3.75 mg/100g in control sample on the 9" day of
cold storage. The increase in the TMA-N content
could be attributed to the TMA-N oxide, naturally
present in fish tissues, which chemically reduced to
the TMA-N by either SH group existing in fish
protein and to the formation of the TMA-N itself
from betaine and choline which also naturally occur
in fish tissues (Rodriguez et al., 2009). Likewise
TVB-N, all herbal extracts were successfully
retarded spoilage in fish fillets through their
inhibitory effects on spoilage microorganisms,
subsequently reduced the formation of volatile bases
produced from protein degradation such TVB-N and
TMA-N. Noteworthy, the TMA-N values of all
treatments were remained with values below the
acceptable limit of 10 mg/100 g according to ESS
(2019). These results are in agreement with those
found by Pal et al. (2017); Morshdy et al. (2018)
and John and Siddappaji (2019).

Peroxide value: The chemical oxidation of
unsaturated fatty acids in fish and fish products
could be determined by peroxide value (PV), due
to primary oxidation. Data in Table (3) show the
changes in PV of soaked catfish fillets samples

during cold storage at 4+1°C. At zero time the PV
of soaked catfish treatments of T1, T2, T3, T4, T5,
T6, T7 and T8 were 1.59, 1.72, 1.78, 1.76, 1.32,
1.51, 1.82 and 1.66 meq O,/Kg fat, respectively.
The initial values were referred very good fresh
soaked fish fillets according to Ucak et al. (2011)
reported that the peroxide value is expected to be
below 2 meq O,/ kg lipids in very good material,
and not to exceed 5 meq O,/ kg lipids in good
material. Then, PV of all soaked catfish treatments
gradually increased (p <0.05) in slow rate during
the first 3 days of cold storage, subsequently this
rate increased in all treatments during remained
storage periods. There was significant difference
(p <0.05) between T1 and treated catfish samples
during cold storage. The control sample showed
the highest PV till the 9" day of storage as 5.83
meq O, Kg fat compared to the lowest values of
5.23, 5.28, 5.36, 5.64, 5.20, 5.69 and 5.58 meq O,
/Kg fat for T2, T3, T4, T5, T6, T7 and T8,
respectively by the same day of analysis.
Generally, the soaking catfish fillets in herbal
extracts and BHT solutions were significantly (p
<0.05) lowered peroxides formation during cold
storage, due to their antioxidant activity, over than
this activity of different materials was differed (p
<0.05), in relation to their contents from bioactive
compounds those responsible for antioxidant

property.
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Table 3. Peroxide values (meq O,/ kg) of soaked catfish fillets treatments during storage period at 4+1°C.

. Treatments
Stor?g; '2;’”00' comtral BT Thyme (TH) Clove (CL) Mint (M1)
y ontro 0.5% 1% 0.5% 1% 0.5% 1%
0 1.59°¢ 1728 1.78™ 1.76™ 1.32™ 1517 1.82%  1.66™
+0.06  +0.11 +0.14 +0.04 +0.04 +0.15 +0.19 +0.03
3 2.31%c 239D 9 ppEMC 2.495% 2245 1928¢ 2358 2 gEE
+0.31  +0.15 +0.08 +0.12 +0.19 +0.14 +0.39 +0.04
6 433%  4.02% 4.17° 4.27% 4.19% 416  421%* 4.18™
+0.59  +0.25 +0.28 +0.09 +0.12 +0.05 +0.13 +0.19
9 5.83%  523% 5.28%° 536°°  564% 520 569 558
+0.33  +0.32 +0.18 +0.33 +0.32 +0.20 +0.36 +0.36
1 R 6.24"° 6.475% 6.405% 6.328% 6348  g91B 718
+0.34 +0.23 +0.19 +0.46 +0.24 0.34 0.44
15 R R 7.5478¢ 7.347%¢ 7.20% 7107 7.92%  7.77A%
+0.13 +0.21 +0.29 +0.20 +0.44 +0.33

Means of triplicate + Standard deviation on wet weight basis. Mean values in the same row (small letter) or column
(capital letter) with the same letter are not significantly different (at p <0.05). R"= rejected.

Consequently, the clove extract was
presented the highest antioxidant efficacy to be
delayed lipid oxidation better than 0.1% BHT and
similar levels of thyme and mint extracts. Generally,
the means of PV for all fish treatments were lesser
than permissible limits of 8-10 meq Oykg as
reported by Varlik et al. (1993). These results are
over lab with those obtained by Heydari et al.
(2015); John and Siddappaji (2019) and Lahreche
et al. (2019).

Thiobarbituric acid value (TBA): TBA is
expressing for secondary oxidation in fish and fish
products. TBA index gives a measure of
malonaldehyde formed in the muscle as a result of
oxidation of lipid peroxides. The changes in TBA
values of soaked catfish fillets during storage at
4+1°C are showed in Fig. (3). The TBA values of
soaked catfish fillets were 0.73, 0.59, 0.56, 0.51,
0.51, 0.48, 0.55 and 0.52 mg mal/kg for T1, T2, T3,
T4, T5, T6, T7 and T8, respectively at zero time of
cold storage, the TBA values of fresh soaked fish
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fillets lower than acceptable limits of 4.5 mg mal/kg
for chilled fish according to (ESS, 2019) indicated to
high quality raw fish products. Thereafter, as cold
storage prolonged the TBA values of all catfish
treatments significantly increased (p <0.05) with
significant difference (p <0.05) amongst fish
treatments. Whereas, the treated fish fillets were
possessed the lowest values (p <0.05) of TBA to be
confirmed their antioxidant efficacy, compared to
control sample. Since, malonaldehyde is forming
from peroxides breakdown, so the control sample
also presented the highest TBA values during storage
in similarity finding of PV determination. The
increase in TBA value during the chilled storage may
be attributed to the partial dehydration of fish and to
the increased oxidation of unsaturated fatty acids
(Mendes et al., 2008). Moreover, the TBA values of
treated fish fillets with showed significant
differences amongst treated samples themselves
affected by their contents of bioactive constituents.

nTs = T6 #T7 ~T8
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Fig. (3): Thiobarbituric acid values of soaked catfish fillets treatments during cold storage period at 4+1°C.
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The TBA value of control sample was the
highest (p<0.05) as 1.92 mg mal/kg after 9 days of
cold storage, in contrast with the lowest value (p
<0.05) was 1.46 mg mal/kg for 1% clove treatment in
the same time. Generally, the treated samples with
1% clove extract significantly (p<0.05) reduced lipid
oxidation, as well as hydro-peroxidation and
successively secondary oxidation (TBA) better than
the other herbal extracts. Although, the increasing
pattern in the TBA value during storage, the TBA
values of all treatments were much lower than the
maximum permissible value (4.5 mg MAL /kg fish
flesh) reported by ESS (2019) for chilled fish. These
results are similarities between obtained results and
those found by Morshdy et al. (2018); Kuzgun
(2019); Elhafez et al. (2020); S6nmez et al. (2020)
and Abbeas et al. (2021).

Total viable bacterial count (TVBC): Respecting
the TVBC is an index could be given an idea for the
evolution of bacterial growth during storage, the
spoilage of fish products usually limited by the
numbers of total bacteria based on local/ global
standardizations. As expected, the TVBC as logig

cfu/g were developed during cold storage in soaked
fish fillets in aqueous preservatives as illustrated in
Table (4). The means of TVBC of soaked catfish
treatments in terms of T1, T2, T3, T4, T5, T6, T7 and
T8 were 4.92, 4.78, 4.60, 4.60, 4.67, 4.59, 4.62 and
4.66 (log cfu/g), respectively with difference (p <
0.05) between untreated and treated fillets with
herbal extracts. The initial counts of all soaked
catfish samples were lower than the maximum
acceptable limits of 6 log,, cfu/g according to ESS
(2019), and indicate to good fish products.
Afterthought, the progress of storage periods
significantly caused a gradual increase (p < 0.05) in
TVBC of all catfish treatments, to be presented the
highest increment in the control sample as 7.18 (log
cfu/g) in the 9" day of cold storage, followed by 7.03
(log cfu/g) for T2 on the 12" day of cold storage.
Meanwhile, the herbal extracts significantly reduced
this increasing to retain with values lower than value
of 7.00 log cfu/g, which used a permissible limit of
microbial spoilage in fish and fish products
according to (ICMSF, 1986 and Sallam, 2007).

Table 4. Total viable bacterial counts as log cfu/g of soaked catfish fillets treatments during cold storage period

at 4+1°C.
Storage period Treatments
(days) T1 T2 T3 T4 T5 T6 T7 T8
0 4,928 4.78P° 4.60°° 460 467  459% 4,62 4.66™
+0.06 +0.03 +0.09 +0.03 +0.08 +0.02 +0.13 +0.01
3 5438 57 4,965 48450 485" 4.72%¢ 4.98F 4.89F%
+0.03 +0.03 +0.04 +0.02 +0.12 +0.05 +0.07 +0.05
6 6.87/ 6.77%° 6.120¢ 6.04°¢ 595 5.840¢ 5.98>¢ 5.86°¢
+0.07 +0.06 +0.05 +0.06 +0.05 +0.05 +0.02 +0.04
9 7.18" 6.765° 6.43° 6.46°°  6.43%° 6.34<° 6.48° 6.39<°
+0.58 +0.04 +0.04 +0.05 +0.09 +0.07 +0.04 +0.16
1 R 7.03%  6.69%°  670%¢ 6.67°¢  6.58% 6.755° 6.635¢
+0.02 +0.06 +0.03 +0.11 +0.04 +0.05 +0.13
15 . . 7.47% 7.37%  7.45M 7.35" 7.42% 7.40™
+0.26 +0.03 +0.31 +0.15 +0.06 +0.08

Means of triplicate + Standard deviation on wet weight basis. Mean values in the same row (small letter) or column
(capital letter) with the same letter are not significantly different (at p <0.05). R"= rejected.

These results indicated that, the reduction
in total bacteria in treated samples with herbal
extracts might be ascribed to their antimicrobial
activity, while the difference between treated
samples themselves contributed with quantity and
type of phenolic compounds of each extract.
Therefore, the maximum shelf life of control
sample was 6 days under refrigeration condition,
in contrast with the clove, mint and thyme extracts
could be extended the shelf life of soaked catfish
fillets by additional 3 days over than 9 days for
BHT treatment. This results are with those found
by Greeshma et al. (2019); John and Siddappaji
(2019); Kuzgun (2019); Sénmez et al. (2020)
and Elhafez et al. (2020).

Total psychrophilic bacterial count (TPBC):
Psychrophilic bacteria are the main microorganisms
responsible for most of the spoilage such as off
flavor, easily capable of growing under low cold
storage temperature. Psychrophilic bacteria load of
fish fillets could change depending on processing,
handling, and fish species. Data in Table (5) show
the changes TPBC as log cfu/g of catfish fillets after
soaking in aqueous solutions without/with 0.1%
BHT, 0.5 and 1% of thyme, clove and mint extracts
during cold storage. The initial counts of TPC in
catfish treatments as well as T1, T2, T3, T4, T5, T6,
T7 and T8 were 3.63, 3.61, 3.59, 3.46, 3.55, 3.42,
3.61 and 3.50 (log cfu/g), respectively. In order to
the increase of storage period, the counts of
psychrophilic bacteria of all fish treatments
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significantly increased (p <0.05), and its evolution
significantly affected (p <0.05) by treating with
herbal extracts in comparison with control. The
TPBC was quickly increased in T1 and T2 to 4.85
and 4.79 log cfulg, respectively at the 9" day of cold
storage. On contrary, the herbal extracts significantly
lowered (p <0.05) these counts in treated catfish
fillets, due to their activity against bacteria because
the presence of phenolic compounds. The 1% of

clove extract in (T6) was more effective in reducing
of psychrophilic bacterial counts compared the other
treatments. The impact of herbal extracts and
essential oils to be reduced the increase counts of
psychrophilic bacteria during cold storage were
observed in previously fish studies carried by
Heydari et al. (2015); Moawad et al. (2017);
Kuzgun (2019); Elhafez et al. (2020) and Sénmez
et al. (2020).

Table 5. Total psychrophilic bacterial counts as log cfu/g of soaked catfish fillets treatments during cold

storage period at 4+1°C.

Storage period Treatments

(days) T1 T2 T3 T4 T5 T6 T7 T8
0 3.63"* 3617 359" 346" 3.55°% 3.42%° 3.617 3.50%®
+0.04 +0.10 +0.03 +0.13 +0.12 +0.10 +0.02 +0.12
3 400  397% 367 3.58P°  3.47P« 3.39H 3.59P%¢ 3.48¢“
+0.02 +0.03 +0.11 +0.11 +0.12 +0.06 +0.04 +0.07
6 4.72% 47382 435 4.30%%  4.38%d 418" 451° 4,458
+0.03 +0.05 +0.12 +0.12 +0.06 +0.10 +0.05 +0.05
9 485" 4798 456 4488 451BCc 440 4.53%¢ 4.458%
+0.08 +0.02 +0.04 +0.08 +0.05 +0.03 +0.04 +0.03
19 R 5.35%  4.71B° 4.608" 4.665 4.565° 4685 4.608"
+0.16 +0.02 +0.05 +0.01 +0.04 +0.02 +0.02
15 R R 5.26" 5.14% 5.20" 4.70"° 5.23% 5.14%2
+0.16 +0.09 +0.14 +0.07 +0.16 +0.15

Means of triplicate + Standard deviation on wet weight basis. Mean values in the same row (small letter) or column
(capital letter) with the same letter are not significantly different (at p <0.05). R = rejected.

Sensory evaluation: The Sensory characteristics of
food items are the main keys for consumer’s
acceptance, fish and fish products are unique food
items especially concerning color, odor and texture
properties. The changes in sensory properties of
soaked catfish fillets in some herbal extracts,
compared to control and BHT are shown in Table
(6). The initial scores of different sensory attributes
of soaked catfish treatments as well as T1, T2, T3,

T4, T5, T6, T7 and T8 were 7.20, 7.60, 7.40, 7.60,
7.70, 7.60, 7.20 and 7.40, respectively for color
property, 7.40, 7.60, 7.80, 8.00, 8.20, 8.40, 8.00 and
8.20, respectively for odor property and 7.40, 7.20,
7.40, 7.40, 7.60, 8.00, 7.20 and 7.60, respectively for
texture  property.  Meanwhile, the  overall
acceptability scores were 7.20, 7.40, 7.60, 7.60, 7.80,
8.00, 7.60 and 7.60, respectively.

Table 6. Sensory evaluation of soaked catfish fillets treatments during cold storage at 4+1°C.

Storage Treatments
properties ?3;';5‘; T1 T T3 T4 TS T6 T7 T8

0 7.20%  7.60%  7.40™ 7.60™ 7.70%  7.60™ 7.20M 7.40M

+0.45  +0.55 +0.55 +0.55 +0.67 +0.55 +0.45 +0.55
3 6.90"*  7.00%  7.20" 7.40%  7.30%B 750782 710" 7.207"°

+0.55  +0.61 +0.57 +0.55 +0.45 +0.50 +0.42 +0.45

6 5.60%¢ 5.70%° 6.30%%°  £50%*  6.80%% 7.00"®* 6.40%"  6.70%

S +0.55  +0.67 +0.67 +0.50 +0.57 +0.79 +0.42 +0.45
3 9 510 560 550“ 540 580 670°* 580  580%
+0.55  +0.55 +0.50 +0.55 +0.27 +0.45 +0.57 +0.57

1 R 5.00%° 5.10°°®  520% 520%°  6.10°P*  520% 560

+0.00 +0.55 +0.45 +0.27 +0.74 +0.27 +0.55

15 R R 4.40%°  490°®  4.90°® 540  4.90°®  520%

+0.55 +0.42 +0.22 +0.55 +0.22 +0.27

0 7.40°°  7.60°c 7.80°%c 8007 820 840"  8.00"°  8.20°®

C +0.55  +0.55 +0.45 +0.00 +0.45 +0.55 +0.00 +0.45
3 3 5.80%¢  6.00°%%  6.60%°  7.00%%  7.20%%  7.60% 6.805° 6.805°
O +0.84  10.71 +0.55 +0.00 +0.45 +0.55 +0.45 +0.45
6 4.40°" 440  6.00%™  6.20°°  6.60°®  7.00%® 5.60°°  6.00°
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+0.55 055 +0.71 +0.45 +0.55 +0.00 +0.55 +0.00
9 3.90%¢ 4.20° 520  520°°¢ 560°®  6.40°* 520°P* 520P*
+0.22  +0.27 +0.84 +0.84 +0.55 +0.55 +0.84 +1.10
12 R 4.10°°  4.70°" 460 5.00%  5.80% 4.90%° 5.10%°
+0.22 +0.67 +0.42 +0.00 +0.45 +0.22 +0.55
15 R R 4.00°° 4.00F 4.60%°  5.007 4.10F 4.30%°
+0.00 +0.00 +0.42 +0.00 +0.22 +0.27
0 7.40%° 720" 7.40% 740 7.60"  8.00"  7.20%  7.60°®
+0.55  +0.45 +0.55 +0.55 +0.55 +0.00 +0.45 +0.55
3 6.10%  6.00%  650%°  6.70%%  6.90%%®  7.20%  6.70"%*  6.90%®
+0.55  +0.35 +0.50 +0.45 +0.22 +0.45 +0.45 +0.22
o 6 5.20°° 540  6.10% 6.305¢ 6.40%%  6.805¢®  6.50%° 6.20%
3 +0.84  +0.65 +0.22 +0.45 +0.55 +0.27 +0.50 +0.45
= 9 410 4.60° 530 560 570 650 530 540
= +0.22  +0.22 +0.67 +0.55 +0.45 +0.50 +0.45 +0.89
12 R 420  4.80°°" 510°P® 500  5.60°%  4.90°°® 520
+0.27 +0.27 +0.55 +0.35 +0.55 +0.55 +0.27
15 R R 450°® 4705 430  4.90%  4.60°® 490
+0.00 +0.27 +0.45 +0.22 +0.42 +0.22
0 7.20% 740%™  7.60™ 7.60" 7.80"  8.00™ 7.60%  7.60™
+0.84  +0.55 +0.55 +0.55 +0.45 +0.00 +0.55 +0.55
2 3 6.20°° 6.40°° 6.80°°  7.00"  7.20%* 720  6.80°"  7.00™
= +0.45  +0.55 +0.45 +0.00 +0.45 +0.45 +0.45 +0.00
g 6 420°° 460 580  6.20%% 640  6.60% 5.80°®  6.208%
D +0.45  +0.55 +0.45 +0.45 +0.55 +0.55 +0.45 +0.84
& 9 4.00°° 450°° 4.80°°  520°° 540°® 6.20°% 500°° 500
= +0.35  +0.50 +0.84 +0.84 +0.55 +0.45 +1.00 +1.00
a§ 1 R 4.20°°  4.40°F  4.80°" 500 5807  4.90°° 5.00¢
o) +0.27 +0.22 +0.27 +0.35 +0.45 +0.22 +0.00
15 R R 4.005°  4.20°°  4.10%° 500% @ 4.10%°¢  4.40%
+0.00 +0.27 +0.22 +0.00 +0.22 +0.42

Means of 10 degrees + Standard deviation on wet weight basis. Mean values in the same row (small letter) or column
(capital letter) with the same letter are not significantly different (at p <0.05). R"= rejected.

However, the scores of all sensory attributes
revealed to good acceptable and high quality of
soaked fish fillets, but the odor was significantly
affected by treating catfish fillets with herbal extracts
of thyme, clove and mint, to be improved (p <0.05)
as effect of aromatic compounds in such extracts.
Thereafter, the scores of all properties for all soaked
fish treatments affected by the increase of cold
storage period and consecutively declined (p <0.05).
The deterioration rate in sensory properties of control
sample was the fastest to be 5.10, 3.90, 4.10 and 4.00
for color, odor, texture and overall acceptability,
respectively after 9 days of cold storage. The color
of soaked fish greatly inclined to the color of original
fish fillets, the color of fish meat is different than
other foods and extremely spoilage during processing
and storage due to oxidation, consequently caused
discoloration. As expected, the herbal extracts and
BHT were reduced the oxidation of color during
progressively storage in relation with their
antioxidant activity. The difference amongst all
treated fillets with BHT and herbal extracts was non-
significant (p >0.05) till 9 days of cold storage, while
at the 12" day the highest color score significantly
observed in T5 and T6 (p <0.05).

Concerning the changes of fish odor is
extremely associating with fish deterioration due
to accumulation of volatile compounds in fish
meat from nitrogenous and fatty substrates
degradation as a result of microbial and enzyme
activity. Many odors are forming during spoilage
that finally led to fish samples rejection. There was
significant difference (p <0.05) in odor scores
between catfish fillets soaking in herbal extracts
solutions compared to control sample, which
correlated with spoilage degree of each treatment
interval cold storage periods, the odor scores were
rapidly decreased in control and BHT treatments
more than treated samples with herbal extracts
during cold storage, the odor score of either T1 or
T2 declined to be lower than acceptable grade of
(5) on the 6" day of cold storage although they
still had low acceptability till 9 days of cold
storage. On contrary, the application of herbal
extracts improved (p <0.05) the primary odor of
fish fillets, and reduced undesirable changes in
odor during cold storage. Regarding fish texture is
usually referred to the consistency of fish tissues
in relating of protein fibers profile. The decline in
fish texture during cold storage was measured by
the developing of softness occurrence as a result of
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protein degradation due to microbial and enzymes
activity during storage. The T1 and T2 samples
were deteriorated faster than (p <0.05) other
treated samples. With respect to the score of (5)
was indicated to slightly hard opposite with the
score of (3) referred to slightly soft, the treated
catfish fillets with herbal extracts were acceptable
for cold storage period longer than (p <0.05)
control and BHT treatments, respectively. Thus,
the soaking catfish fillets in 0.5 and 1% of thyme,
clove and mint significantly retarded the texture
deterioration. Finally, the changes in overall
acceptability of soaked fish fillets was separately
assessed however it was influenced by the color,
odor and texture properties of catfish fillets, there
was a significant difference (p <0.05) between
treatments, the variance more attributed to the
effect of herbal extracts on spoilage retarding as
well as oxidation of color, microbial and enzymes
activation during cold storage period compared the
T1 and T2. The highest acceptability (p <0.05)
was obtained from samples treated with herbal
extracts, in particular T5 and T6. The scores of
acceptability of all treatments as shown in Table
(6) were greatly supported the results obtained
from pH, TVB-N, lipid oxidation parameters (PV
and TBA), and microbiological examination. It
could be concluded that, the catfish fillets
treatments (T3, T4, T5, T6, T7 and T8) partially
retained with accepted odors and firmness by time
longer than T1 and T2. Therefore, the dipping fish
fillets in 0.5 and1% of clove, thyme and mint
extracts improved (p <0.05) fish odor and
restrained undesirable odors appearance during
cold storage compared to control and BHT
treatments. Nevertheless, the odor of fish fillets
treated with 1% of herbal extracts was better (p
<0.05) than fillets soaking in 0.5% of herbal
extracts. The impact of different herbal extracts at
concentrations of 0.5 and 1% during cold storage
on sensory properties of soaked fish fillets as well
as color, odor, texture and overall acceptability
were similar with those results obtained by
Moawad et al. (2017); Morshdy et al. (2018);
Greeshma et al. (2019); Kuzgun (2019); Elhafez
et al. (2020) and S6nmez et al. (2020).

Conclusion:  The physicochemical together
microbiological supported by sensory evaluation
of soaked catfish samples confirmed the fact
efficacy of herbal extracts in protecting food
products from deterioration, and improving quality
of fresh foods especially during cold storage as
wishes of many consumers nowadays. The both
concentrations (0.5&1%) of clove, thyme and mint
extracts effectively reduced (p <0.05) the
formation of volatile amines (TVB-N & TMA-N)
subsequently restrained the elevation of pH value,
lowered the occurrence of lipid oxidation that
determined as the amounts of peroxides followed
by malonaldehyde. Moreover, reduced the

bacterial growth (TVBC & TPBC) and enhanced
sensory properties of soaked catfish during cold
storage, in comparison with control and BHT
samples. Therefore, the herbal extracts in current
study retarded fish spoilage caused by lipid
oxidation and microbial activity as their
antioxidant and antimicrobial activity. Thereof, the
herbal extracts are increasing the interesting of
their application in fish products, to produce fresh,
safe and accepted fish product from low accepted
catfish meat, in addition could be extend the shelf
life of catfish fillet.
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