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ABSTRACT

Rainbow trout (Oncorhynchus mykiss) is a freshwater fish susceptible to chemical and microbial spoilage, limiting its shelf life.
This study aimed to enhance and extend the rainbow trout fillets' shelf life stored at 4°C + 1°C through an immersion treatment
using ultrasound-assisted, defatted pine nut (Pinus gerardiana Wallich) extracts at concentrations of 1% and 2% (w/v), compared
to the control group (0% pine nut). Evaluations were conducted at storage intervals of 0, 4, 8, 12, 16, and 20days. The method-
ology assessed antioxidant activity through 2,2-diphenyl 1-picrylhydrazyl radical scavenging, which showed a linear increase
with pine nut extract concentration, reaching 59.24% at 2%. Chemical indicators, such as peroxide values, thiobarbituric acid
values, free fatty acids, and total volatile basic nitrogen, decreased significantly (p <0.05) with higher concentrations of pine nut
extract, with the lowest values recorded at 2% across all storage days. Microbial analysis showed a significant reduction (p <0.05)
in the total viable count, psychrotrophic bacteria count, lactic acid bacteria, Enterobacteriaceae, and H,S-producing bacteria
with increasing pine nut concentrations, with the 2% treatment yielding the lowest microbial loads throughout storage. Sensory
evaluation indicated that higher pine nut concentrations improved the acceptability of color, odor, and taste (p <0.05). However,
significant degradation (p <0.05) in chemical, microbial, and sensory parameters occurred with prolonged storage duration. In
conclusion, the 2% pine nut extract was the most effective immersion treatment for extending the shelf life of rainbow trout fillets
for up to 12days.

1 | Introduction varies significantly depending on its diet and typically contains

high levels of monounsaturated (29.6%-45.2%) and polyunsat-

Maintaining the freshness and meat quality of rainbow trout
(Oncorhynchus mykiss), which are a member of the Salmonidae
family and commonly farmed species in Iran due to their rapid
growth and adaptability to various temperatures and water
qualities (Oraei et al. 2011) during storage is a significant issue
for the food industry due to their susceptibility to chemical and
microbial spoilage. The fatty acid composition of rainbow trout

urated fatty acids (31.9%-36.4%; Trbovi¢ et al. 2012). Edible
coatings and films made from proteins, polysaccharides, or lip-
ids block moisture, oxygen, and solutes, enhancing food pres-
ervation (Senturk Parreidt, Miiller, and Schmid 2018; Zhang
et al. 2020). Incorporating antioxidant and antimicrobial agents
improves their effectiveness, particularly for farmed fish (Zhou
et al. 2024). For instance, gelatin films infused with propolis
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extract extended the sensory acceptability of rainbow trout fil-
lets to 15days under refrigeration, compared to just 9days for
uncoated fillets (Ucak et al. 2020). Additionally, coatings that
combine the lactoperoxidase system with chitosan have been
shown to delay the development of fishy odors by reducing mi-
crobial activity (Jasour et al. 2015). The spoilage primarily re-
sults from the high polyunsaturated fatty acid content, which is
prone to lipid oxidation. Lipid oxidation and microbial growth
deteriorate sensory attributes, including flavor, odor, and tex-
ture, causing nutritional losses and ultimately affecting con-
sumer acceptance while increasing food waste (Nie et al. 2022;
Wang et al. 2023). Thus, extending the rainbow trout fillet's shelf
life is crucial for maintaining quality and meeting consumer
demands.

Various preservation strategies, such as edible films, coatings,
and the use of antioxidant compounds, have been studied to pro-
long the shelf life of fish products, especially those rich in poly-
unsaturated fatty acids (Pirozzi et al. 2021; Suhag et al. 2020;
Nobahar, Haghighat Khajavi, and Safari 2022; Ugak, Ozogul,
and Durmus 2011; Volpe et al. 2015). Plant-based natural an-
tioxidants, including essential oils and herbal extracts, have
demonstrated effectiveness in reducing lipid oxidation and
microbial spoilage in fish fillets, thereby enhancing shelf life
(Shahidi and Ambigaipalan 2015; Takyar, Haghighat Khajavi,
and Safari 2019; Amorati, Foti, and Valgimigli 2013; Oroian and
Escriche 2015; Tajkarimi and Ibrahim 2012). However, despite
their potential, pine nut extracts, particularly from Pinus ge-
rardiana, have been limitedly investigated in this regard, even
though they are known for their antioxidant and antimicrobial
properties (Hoon et al. 2015; Shahidi and Alsalvar 2008).

There is no universally accepted definition of nuts in food com-
modities, and CN codes identify fruits classified as nuts. For
example, as per Commission Implementing Regulation (EU)
2017, n0.1925, pine nuts (code 0802 90 50) are defined as “decor-
ticated kernels of various species of Gymnosperm, Pinus: e.g.,
pinea, koraiensis, sibirica, yunnanensis, wallichiana, gerardi-
ana, and pumila.” Pine nuts are prevalent and widely consumed
in various cultures, particularly in the Mediterranean, Middle
Eastern, Asian, and southwestern United States regions (Yu
and Slavin 2008). Among these, Pinus gerardiana Wallich ex. D.
Don, also known as Chilgoza pine, is recognized as a medicinal
plant with high polyphenolic content that provides antioxidant
benefits (Hoon et al. 2015; Shahidi and Alsalvar 2008). This spe-
cies, found in regions like Pakistan, Northern Kashmir, Eastern
Afghanistan, and Northwest India, has a lipid content of 52.1%,
primarily comprising monounsaturated and polyunsaturated
fatty acids, especially linoleic and oleic acids. Additionally, it
contains 13.6% protein, 13.1% carbohydrate, 4.1% sugar, 2.0%
moisture, and 3.1% minerals and ash (Sathe et al. 2008).

Nuts are abundant in various phenolic compounds that hold
significant biological functions. These compounds can be clas-
sified into five main categories: phenolic acids, flavonoids, tan-
nins, phenolic lignans, and stilbene derivatives. Due to their
complex composition, it is challenging to establish a single ex-
traction method that is effective for all nut phenolics. Innovative
extraction techniques, such as microwave, ultrasound, and com-
pressed fluid solvents generally recognized as safe, are gaining
popularity (Bodoira and Maestri 2020).

The bioactive compounds in Pinus gerardiana, such as gal-
locatechin, catechin, gallic acid, lycopene, carotenoid, and
phytosterols, provide multiple health benefits, including antiox-
idant, anticancer, anti-inflammatory, antiviral, and cholesterol-
lowering effects (Singh, Kumar, and Dash 2021). This makes
pine nuts a promising choice for natural food preservation, par-
ticularly for rainbow trout fillets.

Given the limited exploration of pine nut defatted extracts as
water-soluble antioxidants (flavonoids and phenolic acids) in
fish preservation, this study aims to evaluate the effectiveness
of ultrasound-assisted immersion treatment using defatted pine
nut extracts at concentrations of 1% and 2% (w/v) to extend rain-
bow trout's fillet shelf life, stored at 4°C+1°C. By comparing
this approach with other methods documented in the literature,
the research provides a novel perspective on using Pinus gerard-
iana in food preservation.

2 | Materials and Methods
2.1 | Chemicals and Reagents

Ethanol (Pars alcohol, Iran), n-hexane, 1-butanol, chloroform,
1,1-diphenyl-2-picrylhydrazyl (DPPH), gallic acid, acetic acid,
sodium thiosulfate, potassium hydroxide, methyl red, bromo-
cresol green, thiobarbituric acid, boric acid, hydrochloric acid,
potassium iodide, starch, phenolphthalein, and magnesium
oxide were all procured from Merck in Germany. In addition,
Plate Count Agar (PCA), Violet Red Bile Agar (VRBA), Iron
Agar, and CFC Selective Agar were purchased from Merck.

2.2 | Samples Collection

The pine nuts were imported from Afghanistan and purchased
from Iran's local market in September. Rainbow trout were ob-
tained from an aquaculture farm in Iran.

2.3 | Sample Preparation
2.3.1 | Pine Nut Oil Extraction

The pine nut seeds were de-shelled, with the kernel and brown
skin separated. Afterward, the samples were dried, crushed,
and ground into a powder using a steel grinder for 30s, resulting
in a particle size of less than 0.5mm. The powdered pine nuts
were mixed with n-hexane in a conical flask using a 1:5 (w/v)
ratio. The extraction process was facilitated using ultrasound
(Langford Sonomatic, UK) for 30 min at 40°C with continuous
stirring to separate the oil from the pine nut seeds, resulting in
the defatted pine nut extract. The resulting mixture was left in
a capped separatory funnel overnight. After 24h, the sediment
was decanted from the pine nut oil. The defatted pine nut was
then filtered using Whatman No.1 filter paper, and the solvent
was subsequently evaporated at 40°C using a rotary vacuum
evaporator (EYELA Auto jack NAJ-100, Japan). Finally, the ex-
tract (defatted nut) was placed in a desiccating chamber at an
ambient temperature of 24h to remove any residual n-hexane
(Bligh and Dyer 1959).
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2.3.2 | Pine Nut Extract Preparation

Ultrasound-assisted extraction was conducted on defatted pine
nut seed powder. The powder was combined with ethanol in
a 1:10 (w/v) ratio in a conical flask, continuously stirred, and
sonicated in an ultrasonic bath (Langford Sonomatic, UK) at a
frequency of 40kHz for 20min at room temperature to ensure
effective solvent/extract interaction. The subsequent step in-
volved filtering the extract using Whatman No.1 filter paper and
then using a rotary evaporator to concentrate it at 40°C under
vacuum. The resulting pine nut kernel extract, devoid of fat,
was then dried into a powder using oven hot-air flow at 40°C
(Thilakarathna et al. 2023).

2.3.3 | Fish Fillets Preparation and Treatment With
Pine Nut Extract

Rainbow trout, about 350-400g on average, were obtained from
fish farms, cooled on ice, and then transferred to the laboratory.
The fish were then carefully prepared by removing the head,
bones, and skin and then hand-filleted. Following a thorough
wash with tap water, the fillets were precisely cut into 5xX5cm
squares with a 3cm thickness to ensure uniformity. The fish fil-
let samples were divided into three batches: one control sample
(uncoated) and two treatment samples with concentrations of
1% and 2% of ultrasound-assisted defatted extract of pine nuts
(Figure 1A). The fish fillets were immersed in the defatted pine
nut extract at 1% and 2% concentrations for 2min and then al-
lowed to drain to prepare the coated samples. All treatments
were prepared in triplicate and packaged in sterile, hand-sealed

FIGURE1 | Control and immerse treated rainbow trout fillets with
Pinus gerardiana extract. (A) Control and treated samples at day 0 of
storage. (B) Control and treated samples at day 12 of storage.

zip-lock polyethylene bags to create a semi-vacuum condition.
The packages were labeled and stored in the refrigerator at
4°C=+1°C for 20days. Chemical, microbial, and sensory analyses
were conducted at 4-day intervals during storage to assess the fish
quality.

2.4 | Chemical Analysis

2.4.1 | Antioxidant Activity Determination by
1,1-Diphenyl-2-Picrylhydrazyl (DPPH-RSA) Radical
Scavenging Activity Assay

The DPPH radical scavenging activity of pine nut extract was
assessed following the method outlined by Brand-Williams,
Cuvelier, and Berset (1995) with minor adjustments. A stock
solution of 0.1 mM DPPH radical solution in 96% ethanol was
prepared with gallic acid as a standard. Various concentra-
tions of defatted pine nut kernel extracts (0.25%, 0.5%, 1%, and
2% w/v) were prepared in ethanol. The mixture was centri-
fuged at 5000rpm for 20 min, and the supernatant was then
gathered. Subsequently, 1.5mL of each ethanolic pine nut
extract sample solution was mixed with an equal amount of
ethanolic DPPH solution, vortexed for 1 min, and left at room
temperature in darkness for 30min. Absorbance was mea-
sured at 517nm using a UV/Vis spectrophotometer (UNICO
UV-2100, USA), with a mixture of 0.1 mM DPPH radical solu-
tion and 1.5mL of 96% ethanol as the blank. The inhibition
percentage of DPPH by the samples was calculated using the
following equation: Ab and As represent the blank and sample
absorptions, respectively.

Ablank - ASample

DPPH Radical Scavenging Activity % = X 100

Ablank
2.4.2 | Peroxide Value (PV) Determination

The peroxide value (PV) was examined using the AOCS official
method (AOCS 2017a), which involves measuring the meq of
H,0, in kilograms of fat. The equation uses the volume (V) of
sodium thiosulfate (mL), the normality (N) of the solution, and
the weight (W) of the fish oil (g).

_ VXN Xx1000
w

PV

2.4.3 | Thiobarbituric Acid Reactive Substances
(TBARS) Determination

The colorimetric method assessed the TBA values per the
method outlined by the AOCS official method (AOCS 2017b).
In a 25mL volumetric flask, 1-butanol was added to 200 mg of
minced fish meat and then brought to volume and vortexed.
After filtration, 5mL of this mixture was added to a test tube,
mixed with 5mL of TBA reagent, capped, and incubated at
95°C for 2h in a water bath. Subsequently, the mixture was
brought to ambient temperature, and the sample's absorbance
was measured at 530 nm using a UV/Vis spectrophotometer.
Distilled water served as the blank sample for this measure-
ment. The TBA value was then calculated using the equation

30f 15

(ny) SUORIPUOD PUe SWLB L 83U 39S *[G202/20/20] U0 ARiqITBUIUO AB|IM 10V SUISIUIZIPBIN ‘UIZIPR A JoN 5RUI011q1E [eAIUBZ 3uasined Aq G891 EUS}/Z00T OT/I0P/Wod A8 |1 AReiq 1 Bul|UO// SRy Wo.y papeojumoq ‘T ‘G202 ‘LLT.870C

BYLOD A3 I A

P

FSUBD|T SUOWILLIOD A1) 3|ceal|dde ay Aq pausenob ake Sajonle YO ‘s Jo sajni Joj Akeiqi auljuQ A1 uo (suonipt



as mg of malondialdehyde (MDA) per kg of fish meat. Absg, .
and Absy,. . represent the sample’s absorption and the blank,
respectively.
(Abssample - Absblank) %
200

TBARS =

2.4.4 | Total Volatile Basic-Nitrogen (TVB-N)
Determination

The TVB-N value of the fish sample was determined accord-
ing to European Union Commission Regulation (EC) No
2027/2005. The sample, consisting of 10 g of minced fish, was
homogenized and then subjected to distillation after the ad-
dition of 2 g of magnesium oxide. Steam distillation was done
using a Kjeldahl Apparatus. The digested distilled sample
was collected in ethanol in a flask that contained 10mL of
2% boric acid and a mixed indicator solution of bromocresol
green/methyl red (1:1v/v). An aqueous acid solution absorbed
the volatile basic components, leading to a green color change.
The boric acid was titrated with 0.1 mol/L hydrochloric acid
until completely neutralized. A color change to pink indicated
the endpoint by adding a single drop of hydrochloric acid. The
TVB-N value was then expressed as mg of nitrogen per 100g
fish sample.

2.4.5 | Free Fatty Acids (FFA) Determination

The fish oil's free fatty acid content was determined using
the acidimetric titration method and exhibited as a percent-
age of oleic acid. The calculations were performed in accor-
dance with the AOCS official method (AOCS 2017c), utilizing
the equation where V represents the volume (mL) of the KOH
solution, N is the solution normality, and W is the fish oil sam-
ple weight (g).

VXN x28.2
\W

FFA =

2.5 | Microbiological Analysis

10g of each control and treated sample with 1% and 2% pine
nut extract were aseptically measured and placed into sepa-
rate sterile sampling bags. After that, they were diluted with
90mL of 0.1% (w/v) peptone water. The samples were homog-
enized using a stomacher (Stomacher 400 Circulator, UK)
at 230rpm for 2min. Afterward, appropriate serial dilutions
were made from this homogenized sample, and 0.1 mL from
each prepared dilution was spread onto the specified micro-
bial culture media.

Microbiological analysis was conducted to assess the qual-
ity of the fish fillets. The pour plate method with Plate Count
Agar (PCA) was utilized to determine the total viable count
(TVC), and the samples were incubated at 30°C for 72h (ISO
4833-1, 2022). Psychrotrophic bacteria count (PBC) was de-
termined using PCA at 7°C for 10days (Song, Shin, and
Song 2012). Lactic acid bacteria (LAB) count was performed
using De Man-Rogosa-Sharpe Agar (MRS) after incubating at
30°C for 72h. Enterobacteriaceae count was determined using

Violet Red Bile Agar (VRBA) after incubating at 36°C for 48h
(ISO 21528-2 2004). H,S-producing bacteria were determined
using Iron Agar after incubating at 25°C for 5days using the
pour plate method. Pseudomonas count was determined using
Pseudomonas Selective Agar (CFC) after incubating at 25°C for
48h. All microbial counts were performed in triplicate, and the
microbial fish fillet results were expressed as log,, CFU/g.

2.6 | Sensory Evaluation

Samples for the organoleptic test were steam-cooked at 60°C for
30min, and the sensory characteristics of cooked control and
treated fish samples were evaluated during the entire storage
period based on a five-point hedonic scale rating (1 =dislike ex-
tremely to 5=like extremely; Lim 2011). Ten trained panelists
aged between 25 and 50 scored the quality parameters, includ-
ing the samples’ color, odor, and taste.

2.7 | Statistical Analysis

The statistical analysis was conducted in triplicate for each
treatment at specific storage times. The data was analyzed
using SPSS version 22.0 software (IBM, USA) for one-way anal-
ysis of variance (ANOVA). Duncan's multiple-range tests were
used for means comparison to assess significant differences
(p<0.05). The sensory score was also analyzed using the non-
parametric Kruskal-Wallis and Mann-Whitney U tests to iden-
tify any differences. All statistical analyses were performed at
a significance level of p<0.05, and the results were reported as
mean +standard deviation.

3 | Results and Discussion
3.1 | Antioxidant Activity (DPPH-RSA)

The antioxidant activity of the defatted pine nut ethanolic
extract was evaluated using the DPPH assay (Table 1). The
DPPH radical scavenging activity increased significantly
(p<0.05) with the concentration of the extract (Figure 2),
reaching a 59.24% inhibition at a concentration of 2mg/mL.
Hoon et al. (2015) noted the presence of various phenolic
compounds in pine nut extract, including gallocatechin, cat-
echin, lutein, gallic acid, lycopene, carotenoids, and tocoph-
erols. Consequently, the high antioxidant activity of pine nut

TABLE1 | Pine nutextract radical scavenging activity.

Concentrations (% w/v) DPPH activity %
0.25 33.00+0.582
0.5 36.00+1.00°
1 45.33+1.53¢
1.5 52.20+1.004
2 59.24+1.25¢

Note: Data are represented as Mean + Standard deviation (n = 3). Different letters
indicate the significant differences between the treatment groups (p <0.05).
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FIGURE 2 | Scavenging effects of Pinus gerardiana on DPPH radical.
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FIGURE3 | Changesin peroxide value (PV) of rainbow trout fillets stored at 4°C £+ 1°C for 20days. Values are given as mean +standard deviation
(n=3). Control, fillets without P. gerardiana (®); PG 1%, fillets contained 1% P. gerardiana (B); PG 2% fillets contained 2% P. gerardiana (A).

extract may be attributed to these phenolic compounds, which
act as radical scavengers, potentially inhibiting lipid oxidation
in refrigerated fish. The highest level of DPPH free radical
scavenging activity was detected at a 2% concentration of pine
nut extract, indicating a linear relation between the quantity
of pine nut extract and its antioxidant activity. The antioxi-
dant activity of a compound is commonly expressed as IC50,
which represents the concentration required to inhibit oxida-
tion or reduce the initial DPPH concentration by 50%. This
serves as a measure of the compound's efficacy as an antioxi-
dant. The results indicated that the IC50 value was 136.72 ug/
mL. However, a study by Sharma, Goyal, and Sharma (2016)

reported an IC50 value of 102.86ug/mL. The higher IC50
value observed in our study may be due to the beneficial ef-
fects of ultrasonic-assisted extraction on the antioxidant prop-
erties of the aqueous extract.

3.2 | Peroxide Value (PV)

The study examined the variations in peroxide value to as-
sess the storage conditions and shelf life of rainbow trout,
a fish rich in polyunsaturated fatty acids and prone to ox-
idation (Kotakowska et al. 2006). This measure detects
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hydroperoxides, which are primary products of lipid oxida-
tion (Rusted 2009; Sallam et al. 2007). The initial peroxide
values of the fish fillet samples were found to be 0.88 meq/
kg, consistent with the findings of Pezeshk, Rezaei, and
Hosseini (2011) and Ojagh et al. (2010). The results indicated
significant differences (p <0.05) between the control and sam-
ples containing 1% and 2% concentrations of pine nut extract
on day 4 (Figure 3). The PV of samples initially increased, and
this increase was significant (p <0.05) for the control sample
(5.74 meq/kg) compared to samples containing 1% (4.55meq/
kg) and 2% (4.20 meq/kg) of pine nut extract on day 12 and
then gradually decreased (Table 2). This pattern of increase
and subsequent decrease aligns with the findings of Boselli
et al. (2005), who noted the breakdown of lipid hydroperoxides
into secondary oxidation products like aldehydes, ketones,
and other volatile compounds, contributing to a decrease in
flavor and odor in fish (Goulas and Kontominas 2007a; Ucak,
Ozogul, and Durmus 2011). The peroxide values of the sam-
ples showed a slight increase on day 16 and remained rela-
tively constant from day 16 to 20 in both the control and
treated samples. However, fish fillet samples containing 2%
pine nut extract exhibited lower peroxide values compared to
samples with 1% extract and the control throughout the stor-
age period (p <0.05). These findings demonstrated that phe-
nolic antioxidants from the higher concentration of pine nut
extract effectively absorbed oxygen (Mohan, Ravishankar,
and Srinivasagopal 2008), inhibited the formation of free rad-
icals, and delayed the autoxidative process in rainbow trout
fillets during refrigerated storage (O'Sullivan et al. 2005).
Aligning with this study, Mi, Guo, and Li (2016) reported
that 6-gingerol, particularly at higher concentrations, signifi-
cantly inhibited lipid oxidation in red drum fillets during cold
storage.

3.3 | Thiobarbituric Acid Reactive Substances
(TBARS)

The TBARS assay is commonly utilized to quantify the
malondialdehyde (MDA) content generated from the degra-
dation of lipid hydroperoxides. MDA is a well-known second-
ary lipid oxidation product (Goulas and Kontominas 2007b).
Elevated TBA values in fish and seafood products lead to re-
duced consumer acceptance due to the potential interaction of
MDA with other fish components, resulting in the formation
of secondary metabolites (Olafsdottir and Jonsdottir 2009;
Botsoglou et al. 1994) that can negatively impact product qual-
ity by causing off-odors and taste alterations. The results of
TBA values for both the control and samples containing 1%
and 2% pine nut extract are depicted in Figure 4. Asillustrated,
anoteworthy increase in TBA values was observed for all sam-
ples throughout the entire storage period (p <0.05). Despite
the significant increase (p <0.05) in TBA values for control
samples and fish fillets treated with 1% pine nut extract, there
was a higher increase in the control samples compared to the
treated samples. However, samples treated with 2% pine nut
extract exhibited significantly lower values. The results indi-
cated that pine nut extract at a concentration of 2% effectively
inhibited lipid oxidation by reducing MDA levels in fish fillet
samples during refrigerated storage (Table 2). This finding
aligns with previous observations by Kornsteiner, Wagner,

and Elmadfa (2006) and Miraliakbari and Shahidi (2008),
suggesting that phenolic compounds in pine nuts can serve as
antioxidants to inhibit oxidation.

3.4 | Total Volatile Basic Nitrogen (TVB-N)

The TVB-N change is an important indicator used to determine
the quality of fish and seafood products during storage. An in-
crease in TVB-N value suggests the breakdown of proteins due to
the activity of proteolytic bacteria and hydrolysis by endogenous
enzymes. This breakdown leads to microbial spoilage and the
production of trimethylamine, dimethylamine, ammonia, and
other volatile compounds (Ghaly et al. 2010). As per European
regulations (EC 2074/2005) and (EC 1022/2008), certain fish-
ery products must have a maximum allowable TVB-N of 25 to
35mgN/100g. While there are no specific limits of acceptability
for rainbow trout in these regulations, there is a general agree-
ment, recommended by Giménez, Roncalés, and Beltran (2002)
and Arashisar et al. (2004), that 25mgN/100g of TVB-N in
trout flesh is an acceptable limit. However, the reliability of
TVB-N as an indicator of fish freshness has been questioned.
Recent evidence suggests that fish may still fall within the ac-
ceptable TVB-N range even when sensory evaluation deems
it unsuitable for consumption (Alirezalu et al. 2021; Chytiri
et al. 2004; Erkan 2012). As reported by Giménez, Roncalés,
and Beltran (2002), initial TVB-N values for control and sam-
ples treated with 1% and 2% pine nut extracts were 10.47, 10.39,
and 10.22mgN/100g of fish flesh, respectively. Both control
and treated samples showed a significant increase (p <0.05) in
TVB-N values with storage time (Figure 5). However, the re-
sults indicated that the TVB-N values for fish fillet samples con-
taining 2% pine nut extract were significantly (p <0.05) lower
compared to the control and samples treated with 1% extract
(Table 2). Consistent with Hoon et al. (2015) and Fan, Chi, and
Zhang (2008), this lower TVB-N value is attributed to the poly-
phenolic compounds’ inhibitory effect in high concentrations
of pine nut extract, which can counteract bacterial growth and/
or reduced oxidative deamination of non-protein nitrogenous
compounds.

3.5 | Free Fatty Acids (FFA)

An increase in FFA contents of fish during cold storage is at-
tributed to enzymatic hydrolysis of lipids, and it has been uti-
lized as an indicator of deterioration (Barthet, Gordon, and
Daun 2008; Quitral et al. 2009). Depending on the source of
lipids, FFAs can either accelerate or inhibit lipid oxidation
(Wu et al. 2021; Secci and Parisi 2016; Pearson et al. 1983;
Shewfelt 1981). There is a correlation between lipolysis and lipid
oxidation since FFAs are more prone to oxidation compared to
esterified fatty acids (Nilsson and Gram 2002). Elevated levels
of FFAs lead to diminished freshness, reduced organoleptic ac-
ceptability, and a shorter shelf life of fish (Barthet, Gordon, and
Daun 2008). The results obtained from the chemical analysis
(Table 2) indicated that the level of FFA in both the control and
treated samples exhibited significant increases at different rates
during refrigerated storage (p<0.05). The findings revealed
that the FFA levels in samples containing 2% pine nut extract
were lower than those containing 1% and the control samples
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TBA (mg MDA/kg )
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Storage time (days)

FIGURE 4 | Changesin TBA reactive substances of rainbow trout fillets stored at 4°C £1°C for 20days. Values are given as mean + standard de-
viation (n=3). Control, fillets without P. gerardiana (®); PG 1%, fillets contained 1% P. gerardiana (M); PG 2% fillets contained 2% P. gerardiana (A).
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FIGURE 5 | Changes in total volatile basic nitrogen (TVB-N) of rainbow trout fillets stored at 4°C+1°C for 20days. Values are given as
mean + standard deviation (n=3). Control, fillets without P. gerardiana (®); PG 1%, fillets contained 1% P. gerardiana (H); PG 2% fillets contained

2% P. gerardiana (A).

throughout the storage period (Figure 6). This aligns with the
findings of Hoon et al. (2015), who reported that pine nut extract
effectively inhibited lipid oxidation and hydrolysis in refriger-
ated rainbow trout fillets.

3.6 | Microbiological Analysis

The changes in microbial counts of rainbow trout fillets, in-
cluding Total Viable Count (TVC), Psychrotrophic Bacteria

Count (PBC), Lactic Acid Bacteria (LAB), Enterobacteriaceae,
and Hydrogen Sulfide (H,S)-Producing Bacteria, were mea-
sured at 4-day intervals (0 to 20days) of storage at 4°C+1°C
(Table 3).

3.6.1 | Total Viable Count (TVC)

Various studies suggest that a bacterial count ranging from
2 to 6 log,, CFU/g is considered acceptable for freshwater
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FFA (% of Oleic acid)

12 16 20 24

Storage time (days)

FIGURE 6 | Changes in free fatty acids (FFA) of rainbow trout fillets stored at 4°C £1°C for 20days. Values are given as mean +standard devi-
ation (n=3). Control, fillets without P. gerardiana (®); PG 1%, fillets contained 1% P. gerardiana (B); PG 2% fillets contained 2% P. gerardiana (A).

fish (Austin 2006; Volpe et al. 2015). The TVC for the con-
trol sample was 3.2 log,, CFU/g on day 0 and increased to
approximately 8.6 log,, CFU/g by day 12 of refrigerated stor-
age. However, the initial TVC for samples treated with 1% and
2% pine nut extract was lower, reaching around 7.4 and 6.5
log,, CFU/g, respectively. According to ICMSF (1986), the ac-
ceptable upper limit for TVC in fresh fish is 7 log,, CFU/g.
It was reported that the concentration of 2% pine nut kernel
extract significantly (p <0.05) reduced the TVC in the treated
samples, extended the shelf life, and preserved the quality of
rainbow trout fillets at the end of day 12. The notable reduc-
tion in TVC could be attributed to the antimicrobial effect of
the polyphenolic compounds present in the extract on aerobic
spoilage bacteria.

3.6.2 | Psychrotrophic Bacteria Count (PBC)

The PBC, which is a primary measure of total aerobic plate
counts and monitors the quality of fish, was conducted.
Psychrotrophs are Gram-negative bacteria, with Pseudomonas
species being the dominant microflora. These bacteria can
cause food poisoning and spoilage, resulting in unpleasant
odors and changes during cold storage, rendering the fish
unsuitable for consumption. The results indicated that psy-
chrotrophic bacteria generally followed the same trend as
TVC in rainbow trout fillets. Initially, the PBC counts were
3.3 log,, CFU/g, and their growth rate in all samples showed
an increasing pattern over time. The PBC counts in the control
sample significantly increased compared to the treated sam-
ples (p £0.05). The findings showed an increase in the initial
PBC count (day 0) observed until day 20 of storage. However,
the changes in the initial PBC for samples containing 1% and
2% pine nut extract were significantly lower (p<0.05) and
showed a reduction of 6.8 and 6.05 log,, CFU/g on day 16, re-
spectively. These results are consistent with those reported by

Yu et al. (2017) and Socaciu et al. (2021), demonstrating that
pine nut extract maintained the quality of rainbow trout fillets
during refrigerated storage.

3.6.3 | Lactic Acid Bacteria (LAB)

The study examined the growth of LAB in both anaerobic and
aerobic conditions. These bacteria are natural microbiota in fish
and act as bio-preservatives, inhibiting pathogenic and food-
borne microorganisms in fresh rainbow trout. The changes in
the microbial state of fish fillets depend on the treatment and
storage period. The initial LAB count for the control sample
was 2.20 log,, CFU/g (day 0) and increased to 6.0 log,, CFU/g
on day 20 of storage at 4°C. In contrast, the initial LAB count
for samples containing 1% and 2% pine nut extract was signifi-
cantly lower (p <0.05), showing reductions of 4.62 and 3.25 log,
CFU/g on day 20, respectively. The outcomes aligned with prior
research by Nobahar et al. (2022) and Volpe et al. (2015). The
data also revealed that while the initial LAB count increased
over time for the control and samples with 1% and 2% pine nut
extract, the increase was significantly lower for the treated
samples (p <0.05). This decrease in LAB count is attributed to
the impact of cold storage on the growth rate and the compe-
tition for nutrients between LAB and Pseudomonas in aerobic
conditions (Nilsson and Gram 2002). LAB, characterized as
Gram-positive bacteria, produce lactic acid through fermenta-
tive processes and are a natural component of the microflora in
healthy fish (Banerjee and Ray 2017). Numerous studies have
indicated that LAB can generate certain off-odors in fish prod-
ucts and lower their pH levels due to lactic acid production (Li
et al. 2019; Chen et al. 2016). These bacteria belong to benign
bacteriocin-producing strains and may inhibit the growth of
harmful microorganisms, thereby reducing spoilage by exert-
ing inhibitory effects on spoilage-related microbiota (Chaillou
et al. 2014). Additionally, research has demonstrated that pine
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TABLE 4 | Sensory properties of rainbow trout fillets stored at 4°C + 1°C for 20days.

Storage days
Attributes Treatments 0 4 8 12 16 20
Color Control 4.994+0.02%%  390+0.30%°  2.90%+0.25°®  2.12+0.27°®  1.46+£0.21%°  1.12+0.13%
1% 498400142  424+0.17%  3.54+0.21°®  2.82+0.19P2  2.20+0.10°>  1.56+0.18"
2% 4.98+0.0282  430+0.19%2  3.54+0.21°®  2.86+0.23P2  2.18+0.16%  1.64+0.11"
Odor Control 4.98+0.0142  4.24+0.17%°  2.34+0.23°®  1.20+0.16°®  1.01+0.01E¢  1.00+0.00E¢
1% 4.97+0.028%  4.20+0.16%°  3.66+0.15°¢  2.84+0.21P*  1.94+0.42F>  1.01%0.01"®
2% 4.99+0.014%  4.54+0.11%*  3.88+0.22¢2  3,08+0.29"  2.30+0.16"  1.56+0.17"
Taste Control 4.99+0.014%  410+0.12B®  224+0.11°°  1.80+0.08P°  1.02+0.00%>  1.01+0.00F"
1% 496+0.0142  4.22+0.13%  376+0.13°®  292+0.18°®  2.08+0.23F2  1.10+0.10F°
2% 4.98+0.028%  4.52+0.16%  4.06+0.24°%  3.36+0.25P2  2.28+0.15%2  1.82+0.08™

Note: Data are represented as Mean + Standard deviation (n=10). Different letters indicate significant differences between the treatment groups (p <0.05), with capital
letters representing significant differences in treatments and small letters representing storage conditions.

nut extract's antimicrobial activity can diminish LAB's growth,
potentially leading to a decrease in off-odor production. This
reduction in undesirable odors may enhance the sensory accep-
tance of fish products by improving their aroma profile.

3.6.4 | Enterobacteriaceae

Enterobacteriaceae are considered a hygiene indicator and
part of the microflora found in fresh rainbow trout. Similar to
psychrotrophic bacteria, Enterobacteriaceae can thrive at low
temperatures. However, their population does not show a sig-
nificant increase during the refrigerated storage of food sam-
ples, as they exhibit a slower growth rate compared to other
Gram-negative psychrotrophic bacteria responsible for spoilage.
These findings are consistent with studies by Ozogul, Ozogul,
and Gokbulut. (2006) and Sathivel et al. (2007). The initial
Enterobacteriaceae count for the control sample was 3.21 log,,
CFU/g on day 0 and reached 6.17 log,, CFU/g after 20days of
storage. However, the initial Enterobacteriaceae count for sam-
ples treated with 1% and 2% pine nut extract remained lower
than the control sample, showing a reduction of 5.12 and 4.84
log,, CFU/g, respectively, on day 20 of storage. The observed
reduction in the microbial population in this study aligns with
the results reported by Chytiri et al. (2004) and Mehdizadeh
etal. (2019). Results revealed that the Enterobacteriaceae counts
for the treated samples significantly decreased compared to the
control (p <0.05). The results demonstrated that rainbow trout
fillets treated with 2% pine nut extract significantly reduced the
growth rate of Enterobacteriaceae (p<0.05). Our findings are
in line with those obtained by Ozogul, Kus, and Kuley (2013),
who reported a reduction in Enterobacteriaceae count to below 7
log,, CFU/g in trout fillets treated with strawflower extract after
23 days of refrigerated storage.

3.6.5 | Hydrogen Sulfide (H,S)-producing Bacteria

H,S-producing bacteria contribute to fish spoilage by causing
unpleasant off-odors (Gram, Trolle, and Huss 1987; Nychas

and Drosinos 2009). These bacteria, along with Pseudomonas,
are recognized as competitive microorganisms. The initial
delay in the growth of H,S-producing bacteria may be due to
the inhibitory effects of Pseudomonas. These bacteria play a
significant role in spoilage as they increase TVB-N levels and
proteolytic enzymes, resulting in undesirable flavors (Ninan
et al. 2011). The initial population of the H,S-producing bacte-
ria in the samples under study was approximately 2 log,, CFU/g
(day 0). The findings showed an increase in the H,S-producing
bacteria throughout the following storage days. The count of
H,S-producing bacteria in the treated samples decreased signifi-
cantly compared to the control sample from day 4 to day 20 of
storage (p <0.05). In the sample containing 2% pine nut extract,
the counts of H,S-producing bacteria were approximately 2 log,
CFU/g, significantly (p<0.05) lower than the control sample
with 5 log,, CFU/g on day 20 of storage. These results indicated
that pine nut extract inhibited the growth of H,S-producing bac-
teria in rainbow trout fillets during the storage period. These
findings align with previous studies by Volpe et al. (2015) and
Alizadeh Amoli et al. (2019). Furthermore, considering the
acceptable limit of H,S reported in the literature to be 7 log,,
CFU/g (Gram and Huss 1996), the 2% pine nut extract concen-
tration maintained the quality of rainbow trout fillets within ac-
ceptable limits up to day 12 of storage.

3.7 | Sensory Evaluation

The incorporation of pine nut extract, particularly at higher
concentrations of 2%, into the rainbow trout fillets signifi-
cantly improved (p <0.05) their color, odor, and taste, thereby
extending their shelf life while preserving quality (Table 4).
Fillets treated with pine nut extract exhibited reduced fishy
odor and taste. Huang et al. (2018) reported similar results,
noting improved sensory aroma and flavor characteristics in
grass carp fillets after treatment with oregano essential oil. The
color sensory scores notably decreased (p <0.05) for both con-
trol and treated samples during storage. A score higher than 3
was considered acceptable, and consequently, all acceptability
standards for control samples were not met by day 8 of storage
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at 4°C £ 1°C. However, the acceptability limits were met after
8 and 12days for samples treated with 1% and 2% pine nut ex-
tracts, respectively (Figure 1B). A study by Tokur et al. (2016)
discovered that coating rainbow trout fillets with protein isolate
enriched with thyme essential oils at higher concentrations led
to extended shelf life and improved sensory attributes during
refrigerated storage. The sensory scores for color showed sig-
nificant differences between the control and treated samples
throughout the storage period, with the treated samples ex-
hibiting significantly higher scores, except for color on day 4.
Additionally, samples treated with 1% and 2% pine nut extracts
showed similar acceptability for color on days 4 and 8 of re-
frigerated storage, respectively. Consistent with these findings,
other studies by Takyar, Haghighat Khajavi, and Safari (2019)
and Séez et al. (2021) highlighted that adding algae extracts
extended the shelf life of rainbow trout fillets, attributed to the
considerable antioxidant activities during refrigerated storage.
These results indicated that the shelf-life extension of rainbow
trout fillets was due to the antioxidant effects of the phenolic
compounds in pine nut extract, strengthening the findings of
chemical quality analyses.

4 | Conclusions

The application of edible coatings shows significant promise for
food preservation. The present study revealed that rainbow trout
fillets immersed in pine nut defatted extract stored under refrig-
eration maintained acceptable levels of TVB-N, TBA values, and
free fatty acid content for up to 8 days with 1% and 12 days with
2% pine nut extract. The study also found that pine nut extract,
particularly at higher concentrations, exhibited greater DPPH
radical scavenging capacity, thereby preserving the freshness
of trout fillets by reducing discoloration and deterioration due
to oxidation during cold storage. Sensory evaluation confirmed
that samples treated with 2% extract remained within accept-
able limits for up to 12days of refrigerated storage. These find-
ings suggest that pine nut extract could be a promising natural
antioxidant and bio-preservative which can effectively delay oxi-
dation and microbial spoilage, maintain sensory characteristics,
and extend the shelf life of refrigerated rainbow trout fillets.
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