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Abstract The goal of this study was examining the effects
of sodium alginate coating (SA) containing resveratrol
(R) on enhancement rainbow trout fillets’ shelf-life.
Treatments of the study were as follows: control, SA, SA-R
0.001% and SA-R 0.003%. Storage of the samples was
done for 15 days at 4 °C. To analyze samples, 3-day
intervals were used. Compared to the uncoated trout, the
values of pH, peroxide and K were significantly lower in
the coated samples (p < 0.05). R enhanced the impacts of
alginate on extending the samples’ shelf life. Sensory
analyses showed that R improved the sensory scores sig-
nificantly (p < 0.05); besides, it did not show more chan-
ges on the sensory features and was invisible in the surface
of samples. In the conclusion, R was suggested to be a
strong alternative to synthetic antioxidants in refrigerated
trout fillet in very low concentrations with many health
benefits.

Keywords Resveratrol - Sodium alginate coating -
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Introduction
Rainbow trout (Oncorhynchus mykiss) is considered as a

main comestible fish species worldwide. Recent approa-
ches and studies have tried to enhance its production and
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processing quality (Volpe et al., 2015). Fish fillets can be
spoiled quickly that can be correlated to its high levels of
moisture, poly unsaturated fatty acids (PUFAs), simple
nutrients (such as non-protein-nitrogen compounds) and
pH; then, improving preservation techniques for prolong-
ing their shelf-life appears to be very essential (Song et al.,
2011). Some common approaches to enhance the shelf life
of aquaculture products consist of freezing and cold stor-
age. Nevertheless, they are not able to fully inhibit these
products’ oxidative spoilages. Moreover, freezing, chilling,
and super chilling methods can damage the tissue and
different essential compounds including minerals, vita-
mins, and proteins of the fish fillet which make drop
marketing of these products inevitable (Volpe et al., 2015).
Besides, other techniques such as smoking, salting, irradi-
ation or a combination of them can not completely inhibit
oxidative reactions of fish fillets. This can also occur for
the existence of numerous unsaturated fatty acids in fish,
rapidly oxidizing in the presence of the environmental
oxygen (Ojagh et al., 2010). Another common solution for
the meat products’ preservation is synthetic preservative
usage. Various synthetic antioxidants, such as butylated
hydroxytoluene (BHT) butylated hydroxyanisole (BHA),
tert-butylhydroxyquinone (TBHQ) and propyl gallate (PG)
have been utilized in kinds of food products in order to stop
lipid oxidation especially in the field of the preservation of
manufactured meat. But, for their side effects like car-
cinogenicity and teratogenicity, the consumers complain
about these synthetic preservatives (Kindleysides et al.,
2012; Topuz et al., 2014).

Accordingly, food industries seek some solutions for
solving this problem (Giatrakou and Savvaidis, 2012;
Ojagh et al., 2010). Natural antioxidant additives such as
various essential oils and herbal extracts are a new
approach of food researchers for prolonging the shelf life
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of meat products. The major problems of their application
in foods are organoleptic conversion of food, their potential
toxicity, application costs, and vigorous aroma (Bazargani-
Gilani et al., 2015; Petrou et al., 2012). A useful approach
to minimize these problems can be isolating herbal prod-
ucts’ active ingredients for decreasing the required herbal
product concentration in food models.

Resveratrol (trans-3,4,5-trihydroxystilbene), a phy-
toalexin compound and dietary supplement from stilbenes’
family is found in foodstuffs like dark chocolate, grapes,
mulberries, red wine, green tea, leaves of edible plants, and
peanuts with their known anti-inflammatory, antimicrobial,
and antioxidant characteristics (Gerszon et al., 2014; Gul-
cin, 2010; Tuga et al., 2012). Low molecular weight sec-
ondary metabolites such as phytoalexins are yielded by the
plants is a defense approach against diseases and infec-
tions. This defensive compound with its herbal origin is
mostly verified to be safe for the food industry uses
(GRAS) (FDA, 2010). As a strong antioxidant, resveratrol
prevents platelet aggregation, increases high-density
lipoprotein cholesterol and cardio-protecting factors, and
promotes nitric oxide production. Also, some previous
studies demonstrated that resveratrol is a chemo preven-
tive, antiviral, anti-inflammatory, and neuroprotective fac-
tor (Gerszon et al., 2014; Gulcin, 2010; Surendran Nair
et al., 2016).

Natural antioxidant activities have increased by their
incorporation in many edible coatings and films in foods.
Implant of food additives into films or coatings may raise
antioxidant and antimicrobial properties of them; it may
also reduce the leakage of water vapor, retarding the oxi-
dation of the food lipid on which the films or coatings are
utilized (Giatrakou and Savvaidis, 2012; Jeon et al., 2002;
Ojagh et al., 2010). Alginate is a polymer of L-guluronic
acid and D-mannuronic acid, a salt of alginic acid, as well
as a GRAS substance, isolated from brown algae (FDA,
2010; Lu et al., 2009). Owning ideal colloidal activities,
alginate develops hard gels and insoluble polymers by
cross-linking with Ca™? after treating with CaCl, solution.
Films which have biopolymer basis are able to preserve
food freshness and prolong foods’ shelf life through
microbial contamination inhibition, drop decreasing,
cooking and weight loss, water barrier making, thawing,
lipid and protein oxidation’s retarding or preventing that
help keeping the foods’ organoleptic properties (Song
et al., 2011; Yu et al., 2008).

Thus, this study sought to introduce resveratrol as a
dietary supplement and a strong natural food preservative
incorporated into edible coating of sodium alginate for the
shelf life prolongation of the rainbow trout fillet, stored in
the refrigerator.
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Materials and methods
Materials

Alginate, glycerol, calcium chloride, butylated hydroxy-
toluene (BHT), standard adenosine diphosphate (ADP),
adenosine triphosphate (ATP), hypoxanthine riboside
(HXR), inosine monophosphate (IMP), adenosine
monophosphate (AMP), and hypoxanthine (HX) were
obtained from Sigma-Aldrich Chemie (Steinheim, Ger-
many). Analytical grade methanol, chloroform, hexane-iso-
propanol, sodium sulfate, ammonium thiocyanate, iron
chlorid (II), sodium hydroxide, perchloric acid were pur-
chased Merck (Darmstadt, Germany). Resveratrol (3,5,4'-
trans-trihydroxystilbene) was procured from Sigma-
Aldrich GmbH (Steinheim, Germany).

Preparation of fillet

Fresh-water trout (approximately 500 g) was taken alive to
the lab after buying from a local fish farm, Rasht, Iran.
Then, the fish were filleted after decapitating, gutting, and
skinning by hands. They were finally washed via
potable water in the lab. Two fillets were achieved in this
method from each fish.

Coating of fillet

Edible coating solution was prepared with sterile distilled
water and 1.5% (w/v) alginate. It was then stirred at 70 °C
and 1200 rpm within 30 min for obtaining complete dis-
persion of alginate. Beakers containing the solution were
placed on a hotplate/magnetic stirrer. After adding glyc-
erol, dissolving resveratrol (3,5,4'-trans-trihydroxystilbene)
into sterile distilled water, it was added into the alginate
solution. The obtained coating solution contained 1.5%
glycerol, 1.5% algiante, singly or mixed with 0.001% and
0.003% R. Then, the fillet samples were divided into 4
groups randomly: one control (coated in sterile distilled
water) and three experimental groups treated with the
solutions of SA, SA-R 0.001%, and SA-R 0.003%. After a
2-min immersion in coating solutions of sterile distilled
water, SA, SA-R 0.001% and SA-R 0.003%, each sample
was fully drained, followed by another CaCl, 1.5% w/v
immersion for 30 s to obtaining an improved crosslinking.
Next, for making the edible coats, the fillet samples’ drain
for 5 h was done at 10 °C. After aerobically-packing the
samples in a polyethylene packages, they were stored at
4 °C for quality analyses. Then, their chemical and sen-
sorial attributes were analyzed for assessing the total
quality of the samples for 15 days and they were analyzed
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every 3 days during storage (Gulcin, 2010; Heydari et al.,
2015; Song et al., 2011).

Physicochemical analysis
Determination of pH value

The pH value was measured, implementing a pH meter
(PH-Meter E520, Metrohm Herisau, Bern, Switzerland).
The fillets (5 g) were homogenized utilizing 25 mL of
distilled water for 30 s. Then, homogenates were used to
determine pH (Brannan, 2008).

Peroxide value determination

Fat from fillets was extracted with hexane-iso-propanol
(3 4+ 2, v/v) containing 0.01% butylated hydroxytoluene,
followed by washing with sodium sulfate solution (Hara
and Radin, 1978). Based on International Dairy Federation
(IDF), peroxide value (PV) was estimated (Shantha and
Decker, 1994). The sample (extracted fat) (0.30 g) was
vortexed by a glass tube for 2—4 s after mixing with 9.8 mL
chloroform-methanol (3:7). After adding 0.05 mL of
ammonium thiocyanate solution (10 mM), the sample was
vortexed for 2—4s. In next step, iron solution (II)
(0.05 mL) was added to the mixture and was vortexed for
2-4 s again. Then, the samples were incubated at room
temperature for 5 min. The mixture’s absorbance was read
at 500 nm, using an UV-visible spectrophotometer (LKB
Novaspec II; Pharmacia, Stockholm, Sweden). PV was
reported as milliequivalents of O, per kilogram of fat.

Determining K value

After some modifications, K value (i.e. the percentage of
the ratio between Inosine 4+ Hypoxanthine to the total ATP
and its decomposed byproducts) was measured according
to the method of Fan et al. (2008). After a 15-min cen-
trifugation at 1500 g, 1 g of fish fillet was homogenized by
2 mL of 10% cold (4 °C) perchloric acid solution. After
washing the sediment by 2 mL of cold 5% perchloric acid
solution, it was centrifuged at 1500 g for 15 min again.
The supernatants were all transferred into a centrifuge tube
after repeating this process for 3 times and pH value was
set to 6.4-6.5 via 1 mol/L NaOH. The white crystal was
removed by centrifugation (1500 g, 15 min). After making
up the supernatant to 10 mL via deionized water, it was
filtered by a 0.45 membrane filter which was stored in
— 20 °C for the next analyses.

Using HPLC (Knauer, Berlin, Germany), equipped with
CAPCELL, pack ODS C18 column (4.0 x 100 mm, 3 pm)
Adenosine-triphosphate (ATP) and its associated com-
pounds were analyzed. The prepared sample (5 pl) was

flowed at a speed of 1.2 ml/min, and the peak was observed
at 254 nm. ATP and the amounts of its compounds were
identified; then, referring to standard adenosine diphosphate
(ADP), adenosine triphosphate (ATP), hypoxanthine ribo-
side (HXR), inosine monophosphate (IMP), adenosine
monophosphate (AMP), and hypoxanthine (HX), they were
computed. K value was computed by the following equation:

K value (%)
[(HXR) + (HX)]
[(ATP) + (ADP) + (AMP) + (IMP) + (HXR) + (HX)]
x 100

Sensory analysis

Quality assessment of fish freshness in the industry and the
inspection is the EU quality grading scheme, according to the
Council Regulation (EC) No 2406/96 of November 26, 1996
(Anon, 1996). A group consisting of 10 (four female and six
males between 2646 years old from food hygiene and
quality control department Master degree students) labora-
tory-trained and experienced judges in meat assessment
conducted organoleptic analysis. All of these judges who
assessed the sensory properties of fish fillets had participated
in training meetings to learn about the sensory features of fish
fillets. The panelists were especially trained in the principles
of QIM evaluation (Martinsddttir et al., 2001). The Quality
Index Method (QIM) has been recommended for a European
initiative regarding standardization and harmonization of
sensory evaluation of fish. QIM-schemes have been devel-
oped for various common European fish specious. The panel
had previously participated in QIM evaluations of cod, sal-
mon, trout, plaice, flounder and dab. This training was con-
ducted during 5 training sessions (each one 4 h) prior to the
first trial (Nielsen and Hyldig, 2004).

Raw fish fillet

Four raw trout fillets were analyzed in white porcelain trays
by panelists. The panelists were not informed about the
experimental approach and the samples were blind-coded
with 3-digit random numbers. Fresh fish fillet was con-
cerned as the reference. The panelists assessed color, odor
and general acceptability of those fillets. In case of
reaching the scores of the sensory property below 3.0, fish
fillets were rejected.

Cooked fish fillet
After (1.5%) salt addition, the fish fillets were steam-

cooked by microwave oven (Solar DOM, LG, Seoul,
Korea) for 20 min at 95-100 °C to go through sensory
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evaluation. The evaluations were performed under normal
light and ambient temperature. Four steam cooked trout
fillets were served in white porcelain trays. The panelist
used water and piece of bread to clean their palate between
samples. The panelists were not informed about the
experimental approach and the samples were blind-coded
with 3-digit random numbers. The panelists assessed color,
odor, taste, and general acceptability of those cooked fil-
lets. In case of reaching the scores of the sensory property
below 4.0, fish fillets were rejected (Ojagh et al., 2010).

In order to determine the samples” color or discoloration
(1: extreme discoloration, 5: no discoloration), odor (1:
extremely unacceptable/off-odors, 5: extremely desirable),
taste (1: very poor, 5: excellent), and general acceptability
(1: extremely unacceptable, 5: extremely desirable), a
5-point Hedonic scale was utilized.

Statistical analysis

Implementing different batches of fish samples, this study
was replicated twice. Conducting all analyses in triplicate
for every repetition (n =2 x 3), the results’ mean val-
ues + standard deviation (SD) were determined. Statistical
analysis of data was provided via SPSS software (IBM
SPSS statistics 21). All data underwent to the analysis of
variance (ANOVA). Tukey’s test and Independent sample
t test were utilized at p < 0.05 in order to compare the
differences of mean values.

Results and discussion

Physicochemical analysis

PH value

Variations of pH value in trout fillets stored at 4 °C are
reflected in Fig. 1. Although, initial pH value of the fresh

Fig. 1 pH values of 7.4
refrigerated trout fillets during
storage period. Treatments: 42
control (C), sodium alginate 7
(SA), sodium alginate
containing resveratrol 0.001% 6.8
(SA-R 0.001%), sodium -
alginate containing resveratrol a 66
0.003% (SA-R 0.003%). 6.4
Different letters represent a
statistically significant 6.2
difference (p < 0.05) for 6
analysis days

5.8

day O

day 3
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fish fillet (pH 6.45-6.48) consisted with the results of
Hosseini et al. (2016) and Volpe et al. (2015), but was
slightly more than the reported values by Chytiri et al.
(2004). Observed differences in the results may stem from
the amount of dissociation and dissolution of CO, within
the fish samples. In the post-mortem period, pH values of
all samples increased; this result may be for the endoge-
nous or microbial enzymes’ actions such as protease and
lipase in the existence of oxygen which induce increased
volatile bases (e.g. ammonia and trimethylamine) in long-
term storage (Fan et al., 2008). Nitrogenous compounds’
decomposition increases pH, influencing the product’s
quality during storage time besides negative affection of
the sensorial properties like color, taste, odor, texture, and
acceptability (Volpe et al., 2015). In this research, after
storage time, control samples” pH raised from 6.40 to 7.21;
but, for the SA, SA-R 0.001% and SA-R 0.003% samples,
the pH reached 7.09, 7.01 and 6.8, respectively in 15 days.
These results were achieved because of the protective
effect of SA edible coating against spoiling action of the
oxygen, significantly enhanced by resveratrol specifically
with a higher-dose treatment (p < 0.05). The lower pH
value of other treatments (SA, SA-R 0.001% and SA-R
0.003%) could relate to the inhibition of microbial and
endogenous proteases activities of trout fillet at different
levels during the study s treatment, because these enzymes
can break down food proteins to alkaline compounds that
lead to pH increasing of foods. Fan et al. (2009) and Song
et al. (2011) also got the same results about alginate coated
silver carp and chitosan coated bream respectively. They
reported that the used treatments have inhibited pH
enhancement in studied fillets using the mentioned reasons.

Peroxide value

As one of the reasons for the spoilage of seafood and food,
the rancidity of lipid oxidation can be mentioned (Connell,
1995). The peroxide value (PV) gauges the quantity of the

HC
SA
B SA-R0.001%

M SA-R 0.003%

day 6 day 9 day 12 day 15

Storage time
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hydroperoxides which are regarded as the auto-oxidation’s
primary products (Kubow, 1992; Yanishlieva and Mari-
nova, 2001). Figure 2 reflects peroxide values (PV) related to
fish fillet samples during 15-day storage in the refrigerator.
As seen in Fig. 2, PV of the control treatment rapidly
increased compared to other treatments during 15 storage
days. After 15 days, the PV of control samples reached from
0.69 to 15.7 meq peroxides/kg lipid; whereas, the PV of SA,
SA-R 0.001% and SA-R 0.003% enhanced from 0.68 to
12.315, from 0.625 to 10.055, and from 0.655 to 9.62 meq
peroxides/kg lipid after 15 storage days, respectively. In
comparison to the control, all treatments reduced peroxide
formation significantly during 15 days of storage (p < 0.05).
Others demonstrated the inhibitory impacts of alginate edi-
ble coating against hydroperoxide formation in silver carp
and bighead fillets after refrigerated storage (Heydari et al.,
2015; Jalali et al., 2016). The edible coating shows a function
like a barrier against water and oxygen permeability,
retarding moisture retaining and oxidation reactions. This is
the main mechanism used by different coatings such as
alginate and chitosan for enhancing the quality and storage
life (Bazargani-Gilani et al., 2015; Heydari et al., 2015; Jalali
et al., 2016; Ojagh et al., 2010).

Maximum decreased peroxide formation was found
using SA-R 0.003% treatment. While the next ranks
belonged to SA-R 0.001% and SA, respectively. This
finding may be correlated to the R 0.003%’ s potent
antioxidant activity. Gulcin (2010) observed more antiox-
idant activity of R 0.003% compared to the strong synthetic
antioxidants including o-tocopherol, BHT (butylated
hydroxytoluene), BHA (butylated hydroxyanisole), and
trolox after different valid antioxidant tests (Gulcin, 2010).

K value

Nucleotides’ degradation in the muscle tissues till pro-
ducing hypoxanthine by endogenous enzymes is a

Fig. 2 Peroxide values (meq 18 1
O,/kg lipid) of refrigerated trout
fillets during storage period.
Treatments: control (C), sodium
alginate (SA), sodium alginate
containing resveratrol 0.001%
(SA-R 0.001%), sodium
alginate containing resveratrol
0.003% (SA-R 0.003%).
Different letters represent a
statistically significant
difference (p < 0.05) for
analysis days

PV (meq/Kg)

postmortem change of the fish body during-storage in the
respective reactions that begin before bacterial spoilage
(Manju et al, 2007). Following bacterial growth
enhancement, the exogenous enzymes joined the endoge-
nous ones. Computing those resulting compounds yields
an index of fish freshness and quality, K value; it is esti-
mated as the ratio (x 100) of nonphosphorylated ATP ‘s
decomposed products to the total decomposed products of
ATP (Ocano-Higuera et al., 2011). Figure 3 demonstrates
the K value changes for the rainbow trout fillet during
storage period. Previous research reported that the rainbow
trout flesh with a K value lower than 20% considered as
very fresh, the values 20-50% were concerned as relatively
fresh and values above 70% is named as undesirable (Gui
et al., 2014). This study found the initial K value of
13.15-14.675% for the trout samples. Gui et al. (2014) and
Shen et al. (2015) found the initial K values of all studied
rainbow trout fillets to be 13.00—-17.38%; thus, their reports
agree with those of present research (Gui et al., 2014; Shen
et al., 2015). As seen in Fig. 3, all samples of the studied
groups especially control group showed a fast growth of K
value on the 0-6th days of storage. Then, that growing rate
became slower. The same slowing pattern was also seen in
other studies on the silver carp (Fan et al., 2008), bream
(Song et al., 2011) and rainbow trout (Gui et al., 2014;
Shen et al., 2015). However, other fish species such as
black skipjack (Mazorra-Manzano et al., 2000) and large
yellow croaker (Li et al., 2012) showed a gradually
growing K value during early storage; there was no change
later and the rate of growth did not get faster. Those dif-
ferences may stem from the type of fish species, initial
pollution, and storage conditions.

In this study all treatments showed significantly lower K
values (p < 0.05) than the control group at all storage
period. The K values of the control (72.745%), SA (74.1%)
and SA-R 0.001% (71.495%) samples were exceeded the
permissible level maximum (70%) during the 9, 12 and

SA
=== SA-R 0.001%
=== SA-R 0.003%

day 6 day 9

day 12 day 15

Storage time
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Fig. 3 K values (%) of 120
refrigerated trout fillets during
storage period. Treatments:
Control (C), Sodium alginate
(SA), Sodium alginate
containing resveratrol 0.001%
(SA-R 0.001%), Sodium
alginate containing resveratrol
0.003% (SA-R 0.003%).
Different letters represent a
statistically significant
difference (p < 0.05) for
analysis days

K value (%)

S
SA
—d—SA-R 0.001%

==SA-R 0.003%

15th days, respectively, While, the K value of SA-R
0.003% samples never reached 70% during storage. There
were significant differences (p < 0.05) among all groups
after 9 days and until the end of the storage time. To inhibit
the nucleotide decomposition, ranking of treatments were
SA-R 0.003%, SA-R 0.001%, and AL, respectively. As
seen in prior studies, decomposition of IMP to Inosine and
Hypoxanthine can occur for S5-nucleotidase’s enzyme
activity. Therefore, lower K value of the treatments can be
linked to the inhibitory influence of edible coating with
alginate basis on the 5-nucleotidase enzyme activity (Fan
et al., 2009). Also, results proved more effectiveness of
R-containing treatments such as SA-R 0.001% and espe-
cially SA-R 0.003% in inhibiting ATP degradation and
retaining desired quality of trout fillets.

Sensory features

The sensory features changes in the raw and cooked trout
during the entire storage are represented in Tables 1 and 2.
Missed scores in the taste feature found in Table 2 are
related to the during-storage off-flavor fillets. The odor,
taste, color and general acceptability numbers decreased in
(C, SA), (SA-R 0.001%), and (SA-R 0.003%) after 3, 6 and
Oth days, respectively. Panelists recognized the taste, color,
odor, and general acceptability of the control fillets as
unacceptable on the 6th day.

These findings consisted with the chemical findings of
samples (Table 3 (A—C)). In fact, the sensory scores have
been reduced by increasing the physicochemical values
(such as pH, pv and k value) during storage period. They
may be the result of protein decomposition, producing lipid
oxidation, and non-protein nitrogen degradation products
like hypoxanthine, ketone, trimethylamine, aldehyde,
ammonia, and dimethylamine which lead to the off-odor
and off-flavor that induce the low score for these samples

@ Springer
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day 6 day 9 day 12 day 15

Storage time

(Bazargani-Gilani et al., 2015; Ojagh et al., 2010; Tingting
et al., 2012). In Tables 1 and 2, significant differences are
found (p < 0.05) among all treatments compared to the
control samples during the storage period. Control, SA,
SA-R 0.001%, and SA-R 0.003% groups gained accept-
able scores in taste, color, odor and general acceptability on
the 3, 6, 12 and 15th days of the storage period. Antioxi-
dant and gas barrier impacts by coating could be the causes
decreasing the oxidation and enhancing the shelf life of the
fish along with quality preservation. Results of this study
agreed with those of Lu et al. (2009) on the shelf life
prolongation of northern snakehead (Channa argus) flesh
with alginate coating until 7th day of storage (Lu et al.,
2009). Song et al. (2011) also found that sodium alginate
coating increased the refrigerated bream (Megalobrama
amblycephala) shelf life (Song et al., 2011). Combining
carboxyl methyl cellulose (CMC) and sodium alginate in
another research prolonged the silver carp fillet shelf life
until the 8th day of refrigerated storage (Jalali et al., 2016).
R addition to alginate coating significantly improved all
sensory features such as color, taste, odor and overall
acceptability of the rainbow trout fillet in all storage peri-
ods (p < 0.05). R combined with SA prolonged the sample
shelf life until 15 days based on the sensory analysis;
whereas, it didn’t have any detrimental effects on the
sensory features such as color, taste, and odor, being
imperceptible in the rainbow trout fillet surface.

In conclusion, resveratrol decreased and retarded the
physicochemical reactions. It also enhanced the rainbow
trout fillet’s shelf life in combination with edible coating of
sodium alginate at refrigerator. Resveratrol, which was
recently introduced as a natural antioxidant candidate for
various foods, unlike other herbal preservatives such as
different kinds of extracts and essential oils, exhibited
strong antioxidant activities at very low concentrations
(0.001% and 0.003%). It also led to the stable and
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Table 1 Sensory attribute scores of raw refrigerated trout fillets

Sensory Treatment' Storage period (days)
attributes
0 3 6 9 12 15

Color C 470 + 04242 3.80 + 0.52B¢ 2.90 + 0.62°° 2.00 £ 0.59°¢ 1.30 + 0.31%¢  1.00 £ 0.00™
SA 470 £ 0514 4.00 + 0.42B° 3.70 £ 0.475%°%° 340 £ 0.51° 2.50 £ 042°°  2.00 £ 0.51°°
SA-R 0.001% 4.80 + 0.48%*  4.60 + 0.47°B® 430 + 0.48%®  4.00 + 03152 3.70 £ 0.48°® 320 £ 0.31<°
SA-R 0.003%  5.00 + 0.00%* 470 £ 0.52"% 460 + 052282 450 + 0.66"%*  4.00 £ 0.528  4.00 + 0.52B%

Odor C 470 £ 0.52%% 350 + 0.66° 2.10 + 0.56°° 1.50 £ 0.66™ 1.00 £ 0.00%¢  1.00 & 0.00%¢
SA 470 £ 0.66™ 430 £ 0.51°B® 400 £ 0.318 3.50 + 0.665°* 2,60 + 0.42°°  1.80 £ 0.31¢
SA-R 0.001% 54+ 0.00%  4.60 £ 042°8* 420 + 0.66"B® 380 + 0.52°° 3.50 £ 0.31%° 330 + 042°°
SA-R 0.003% 54 0.004*  4.60 £+ 0.3149 450 4+ 0.42%B% 450 + 047°B* 400 £ 0.51%  4.00 + 0.66°°

Overall C 4.80 + 0424 3.50 + 0.485¢ 2.60 £+ 0.31¢° 1.60 + 0.42P¢ 1.00 & 0.005¢  1.00 & 0.00%¢
SA 4.80 + 0.674%%  4.50 + 0.635° 400 £ 0518 3,50 + 0.66° 250 £ 0.31%¢  1.90 £ 0.73%¢
SA-R 0.001% 4.90 + 0.73%*  4.60 £ 0.56*5® 430 + 0.485®  4.00 + 0.675°*®  3.60 + 0.56°  3.50 + 0.63"®
SA-R 0.003% 5+ 0514 4.80 £ 0.317 450 £+ 0.56% 420 £ 0318 400 £0.73*  3.80 £ 0.51¢P2

"Treatments: control (C), sodium alginate (SA), sodium alginate containing resveratrol 0.001% (SA-R 0.001%), sodium alginate containing

resveratrol 0.003% (SA-R 0.003%)

2Means within the same row (A, B, C, D, E) and the same column (a, b, ¢, d) with different letters are significantly different (p < 0.05)

Table 2 Sensory attribute scores of cooked refrigerated trout fillets

Sensory attributes Treatment' Storage period (days)
0 3 6 9 12 15
Taste C 490 £ 031%% 4.10 £ 0.31% - - - -
SA 460 + 0.51% 440 £ 051°% 410 £+ 031 - -
SA-R 0.001% 4.80 + 0.42%%  4.80 £ 0.42*®  4.60 + 0.69"5® 4,10 & 0.31%° 4.00 & 0.00°°
SA-R 0.003% 5.00 £ 0.00%* 490 £+ 031" 490 + 0.31%* 470 & 0.48*B* 440 4+ 0.51°°
Color C 470 £ 0.48%  4.00 £ 0.00%  3.50 & 0.52° 2,60 £ 0.69°° 140 £+ 0.51°°  1.10 &+ 0.31™¢
SA 490 + 0312 430 + 0.48%B  4.00 + 0475 350 £ 0.52°* 240 + 0.51°°  1.80 &+ 0.42°°
SA-R 0.001% 4.90 & 0.31%  4.70 & 0484 450 + 0.52°B® 430 + 0.48B* 4.00 + 0.66°* 3.40 + 0.51°°
SA-R 0.003% 5.00 & 0.00%*  4.80 & 0.424B% 480 + 0.42°B*  4.60 &+ 0.51°B% 4.30 + 0.485°* 4.00 + 0.47*
Odor C 490 £ 0312 4.00 £0.47%  3.00 £ 0.66°°  2.10 £ 0.73°°  1.20 + 0425 1.10 &+ 0.31%
SA 4.80 £ 0.42%% 450 £ 0.52%B*® 4,00 + 0.66°°  3.00 £ 0.66°°  2.10 & 0.56°°  1.70 & 0.48°
SA-R 0.001% 4.90 £ 031 470 £ 0.48*B*  4.60 + 0.51°B® 420 £ 0.78*B* 4.00 + 047%*  3.10 & 0.56°°
SA-R 0.003% 4.90 + 031"  4.80 + 0.42%%  4.80 + 0.42°*  4.60 £ 0.69°B* 4.40 &+ 0.51°B* 4.00 &+ 0.475°
Overall C 470 £ 0.48%  4.00 £ 0.66%° 320 4+ 042°° 240 £ 0.51°°  1.40 £ 0.69%°  1.00 & 0.00%¢
SA 490 + 0312 430 £ 0.67B® 4.00 + 0.665® 330 £ 0.67°° 2.20 + 0.63°°  1.70 + 0.67°°
SA-R 0.001% 4.80 & 0.42%% 470 & 0484 450 + 0.52%%® 430 4+ 048"  4.10 £ 0.73**  3.10 + 0.56°
SA-R 0.003% 4.90 & 0.31%*  4.80 & 042" 470 £ 0.48%"  4.60 & 0.51°B* 440 + 0.51°B* 4.10 + 0.31%*

'Treatments: control (C), sodium alginate (SA), sodium alginate containing resveratrol 0.001% (SA-R 0.001%), sodium alginate containing

resveratrol 0.003% (SA-R 0.003%)

2Means within the same row (A, B, C, D, E) and the same column (a, b, ¢, d) with different letters are significantly different (p < 0.05)

unchanged sensory properties such as odor, color, flavor,
and general acceptability in the used food models. More-
over, herbal preservatives’ very low concentrations in food
can minimize potential toxicity, allergenicity, or other
plausible side effects and the expenses of utilized natural
materials in foods. As a result, regarding the consumers’

requirement for natural preservatives, resveratrol, as a
useful natural antioxidant without changing the sensory
properties of the food at low concentrations, can be
implemented in rainbow trout fillets or other meat products.
However, R’s effects on the other meat products demand
further researches. Utilizing other packaging or coating
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Table 3 (A-B) Correlation values between physicochemical properties (pH, K and p values) and sensory attribute (overall) of trout fillets during

storage
pHO pH3 pH6 pHO pHI12 pHI15
(A)
Overall 0
Pearson correlation 0.000 0.333 0.406 0.314 0.393 0.510
Sig. (2-tailed) 1.000 0.421 0.318 0.449 0.335 0.196
Overall 3
Pearson correlation — 0.119 — 0.060 — 0.141 — 0.238 — 0.166 — 0.185
Sig. (2-tailed) 0.779 0.888 0.738 0.570 0.694 0.661
Overall 6
Pearson correlation 0.229 — 0.852%* — 0.865%* — 0.923%%* — 0.795% — 0.878**
Sig. (2-tailed) 0.585 0.007 0.006 0.001 0.018 0.004
Overall 9
Pearson correlation 0.237 — 0.912%* — 0.954%#: — 0.964%* — 0.967%** — 0.989%:
Sig. (2-tailed) 0.572 0.002 0.000 0.000 0.000 0.000
Overall 12
Pearson correlation 0.404 — 0.902%%* — 0.879%* — 0.897%%* — 0.825% — 0.820*
Sig. (2-tailed) 0.321 0.002 0.004 0.003 0.012 0.013
Overall 15
Pearson correlation 0.249 — 0.877%* — 0.905% — 0.876%* — 0.947%* — 0.916%*
Sig. (2-tailed) 0.553 0.004 0.002 0.004 0.000 0.001
PVO PV3 PV6 PV9 PVI2 PV15
(B)
Overall 0
Pearson correlation — 0.109 0.477 0.555 0.556 0.505 0.369
Sig. (2-tailed) 0.797 0.232 0.153 0.152 0.202 0.369
Overall 3
Pearson correlation 0.049 —0.230 — 0.065 — 0.016 —0.116 —0.225
Sig. (2-tailed) 0.908 0.583 0.878 0.969 0.784 0.592
Overall 6
Pearson correlation — 0.379 — 0.898%%* — 0.809* — 0.813%* — 0.849%%* — 0.878**
Sig. (2-tailed) 0.355 0.002 0.015 0.014 0.008 0.004
Overall 9
Pearson correlation — 0.391 — 0.986%* — 0.918%** — 0.931%%* — 0.965%* — 0.961**
Sig. (2-tailed) 0.338 0.000 0.001 0.001 0.000 0.000
Overall 12
Pearson correlation — 0.558 — 0.871%* — 0.877%#* — 0.885%* — 0.902%* — 0.952%:
Sig. (2-tailed) 0.150 0.005 0.004 0.003 0.002 0.000
Overall 15
Pearson correlation — 0.422 — 0.916%* — 0.931%* — 0.941%%* — 0.960%* — 0.951%*
Sig. (2-tailed) 0.298 0.001 0.001 0.000 0.000 0.000
KO K3 K6 K9 K12 K15
©)
Overall 0
Pearson correlation — 0.251 0.366 0.397 0.345 0.406 0.355
Sig. (2-tailed) 0.548 0.373 0.330 0.403 0.319 0.388
Overall 3
Pearson correlation — 0.438 — 0.174 — 0.328 —0.283 —0.232 — 0.205
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Table 3 continued
KO K3 K6 K9 K12 K15

Sig. (2-tailed) 0.277 0.681 0.428 0.497 0.580 0.627
Overall 6

Pearson correlation 0.197 — 0.818%* — 0.897%#: — 0.902%* — 0.857%* — 0.831*

Sig. (2-tailed) 0.640 0.013 0.003 0.002 0.007 0.011
Overall 9

Pearson correlation 0.009 — 0.923%%* — 0.977%* — 0.972%%* — 0.968%%* — 0.961%*

Sig. (2-tailed) 0.983 0.001 0.000 0.000 0.000 0.000
Overall 12

Pearson correlation 0.119 — 0.814* — 0.927%* — 0.874%%* — 0.790%* — 0.828*

Sig. (2-tailed) 0.779 0.014 0.001 0.005 0.020 0.011
Overall 15

Pearson correlation — 0.130 — 0.908%** — 0.933%%* — 0.891%** — 0.894%* — 0.896%*

Sig. (2-tailed) 0.759 0.002 0.001 0.003 0.003 0.003

*Correlation is significant at the 0.05 level (2-tailed)
**Correlation is significant at the 0.01 level (2-tailed)

types are also suggested for the long-term storage of those
new products.
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