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Abstract
Background: Fish contains high polyunsaturated fatty acids and has good healthy biological values, so it
is considered a vital ingredient in the human diet. Antioxidants play an essential role in the food industry
due to their help breaking down the oxidation process. The consumer demands fresh refrigerated foods
that extend shelf life without changing taste. By using oil and vacuum packaging techniques,
considerable research has been conducted to preserve and extend the shelf life of Channa marulius
�llets. Since rapeseed oil and sesame oil are considered good sources of antioxidants, their role in
preserving and extending the shelf life of Channa marulius �llets is limited.

Methods: Channa marulius �sh �llets weighing 4-5 kg each were obtained from the market. The �llets
were washed and divided into 5 groups using different concentrations of sesame oil (S.O) and rapeseed
oil (R.O) nanoemulsion i.e., Control (C) without treatment, T1 (S.O 20%), T2 (S.O 25%), T3 (R.O 20%) and
T4 (R.O 25%). The �llets were soaked in nanoemulsion for 30 minutes and packed with a vacuum
packing machine before storing at -40 oC. After an interval of 0, 4, 7, and 15 days the oxidative stability,
antioxidant activity and sensory evaluation determined of each treatment were determined.

Result: Compared with the control group, the free fatty acid (FFA) levels and peroxide values (PV) values
were lower in the treated groups. Lipid oxidation increased over time in the control group due to lipid
oxidation. Total phenolic content (TPC), total �avonoid content (TFC) and antioxidant activity of the
�llets decreased due to the nanoemulsion. Oxidative stability �uctuated and increased with storage time
because of more fatty acid hydrolysis. The reduction was noted in the antioxidant property because it
hampered the oxidation stability. Channa marulius' sensory evaluation revealed that nanoemulsion and
vacuum packaging had a higher sensory score than the control group.

Conclusion: The role of rapeseed and sesame oil as natural antioxidants was investigated to preserve
and extend the shelf life of Channa marulius �llets. The use of nanoemulsions by using sesame oil and
rapeseed oil reduced the oxidation stability and enhance the antioxidant activity of Channa marulius
�llets. Among the oils, it can be concluded that sesame oil can be recommended for nanoemulsion as a
good preservative for �sh �llets.

Background
Today, �sh provides most animal protein for more than 1 billion poor people daily. Fish contains the most
important nutrients for children's physical development and omega three fatty acids, which are also part
of energy nutrition. Fish have importance in the food industry and added to the human diet as a big
protein source, consisting of essential nutrients and intended use for balancing the nutritional pro�le [1].
In freshwater aquaculture, Channa marulius is gaining importance in South Asia, Pakistan. India, China,
and Thailand. Channa marulius is well-liked among �sh farmers due to its hardiness, fast growth,
adaptability to arti�cial feed and high market price, while among consumers due to its high nutritional
value, the physical appearance of �esh and tempting taste. [2,3]. Emulsions are an interesting and well-
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used method for oils' stability in a liquid phase. The nanoemulsion oil in water (O/W) emulsion is a
multifaceted method for stabilizing the liquid emulsion. The emulsion remains stable due to a solid
structure. [4]. The properties of solidifying emulsions are similar to traditional emulsions formed using
animal fat. Animal fat is used in the emulsion for the improvement of healthier products. On the other
hand, in our knowledge, an oil droplet size depends on the quantity of oil used in emulsion e.g. (20% of
oil) used as a stabilizing lipid model. [5, 6].

In the food industry, antioxidant plays an essential role in inhibiting microbial activity and delaying the
oxidation process. The naturally occurring antioxidant is widely used in aquaculture because it enhances
growth performance and prolongs shelf life during processing. The demand for antioxidants in the food
industry increases due to consumer belief that natural antioxidant contain the entire nutritional pro�le
that is bene�cial for health rather than arti�cial antioxidants. Natural antioxidants are free radicals of
oxidative destruction which act as a biochemical inhibitor. Antioxidants, in which mainly come phenolic
content, �avonoid content have been used to prevent oxidation [7]. The arti�cial antioxidant added in
food is the most capable way to decrease rancidity and prolong food storage time [8]. It is also predicted
that some antioxidant compounds can control human diseases [9]. Rapeseed oil is globally signi�cant
because it contains a high level of unsaturated fatty acid and vitamin B. The phenolic compounds
present in rapeseed oil are bene�cial for health. These phenolic compounds are used to treat many
diseases, such as anti-mutagenic, anti-in�ammatory, or anti-carcinogenetic activities [10,11]. Naturally
occurring antioxidants such as tocopherols, phenolic compounds, carotenoids, or phospholipids are
present in rapeseed oil [12].

Lipid oxidation is a signi�cant reason for the quality decline in �sh muscles. It produces vinegary taste
during manufacturing, packing, delivery, and �nal food preparation [13].  The oxidation of lipid is
abundant in food and meat products; however, the oxidation level is different in different products. The
levels of oxidation are mostly low, severely affecting the quality of food products and limiting the shelf-
life [14]. One approach to decrease the level of lipid oxidation and hindrance the quality loss and sensory
attributes are synthetic and natural antioxidants.[15]. Oxidative stability is most important for sensory
evaluation for refutation and acceptable for �sh after the time interval of storage.[16] Oxidation stability
of lipid will lead to loss of micro and macromolecule rancidity.[17] . Fish rancidity is an essential factor
that determines �sh quality deterioration. The �sh rancidity is caused by lipid oxidation during
refrigerated and frozen storage.[18]. Fish muscle contains unsaturated fats, heme pigments, and
essential sources for that exposure. In �sh sensory evaluation, the texture damage is the �rst attribute by
which the �llet lost the fresh �avor (sweet) monitored by the change of odor/�avor (Torrey score 7 out of
10). The storage period is usually determined when microbial growth starts decreasing shelf life and
causes pungent odor and �avor. Different processing techniques (salting, smoking and drying) delay the
oxidation process and are prone to rancidity [19].

The modern technology of packing method: vigorous and quick packing plays a vital role in food
processing and provides the solution to preserve the food for a long time and have no adverse effect on
its organoleptic and storage time. Vacuum packaging is a modern technology which establishes for food
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preservation to enhance the shelf life, which works according to change the gas magnitudes in a food
surrounding by diminishing oxygen or changing the atmosphere gas inside the packet by a combination
of different gases[20]. A vacuum-packaging machine has a role in packing modi�ed packaging. The
present study aimed to examine the effect of edibles oil nanoemulsion which are carriers of natural
antioxidants used to enhance the shelf-life of food and are capable of hindering or avoiding the rancidity
in food due to oxidation.

Methods
Aims:

 To study the effect of rapeseed & sesame oil on antioxidant activity. To study the decline in oxidation
stability of Vacuum Packaged (Channa marulius) �llets under the frozen condition and enhance the
sensory evaluation of �sh �llet by immersing in nanoemulsion of virgin rapeseed and sesame oil.

Preparation of nano-emulsions:

 To preparation nanoemulsion develop two-step procedure consisting of oil and water phase was adopted
as previously described . [21]Oil and water-based nanoemulsions (O/W) was prepared comprised on oil
(rapeseed, sesame) with a concentration of 20%, 25%, glycerin (2%), and a surfactant (gelatin 3%). The oil
phase components were mixed in the water phase accordingly (70, 75 %). The mixture was homogenized
for 10 min after one hour. The volume of emulsion processed was 1000 ml.[22]

Fish �llets Preparation:

Channa marulius, with an average weight of 4 – 5 kg, was purchased from the supper market (Lahore).
Fish �llets preparation included cutting, gutting, skinning and �lleting. The �llets were washed and
divided into 5 experimental groups. Four groups were treated with different concentrations of
nanoemulsion i.e., T1 (S.O 20%), T2 (S.O 25%),T3(R.O 20%), T4 (R.O 25%) and control (C) without
treatment. The Channa marulius �llets were soaked (3/1, w/ v) for 30 minutes in the prepared
nanoemulsions with different concentrations of rapeseed and sesame oil and immediately vaccum
packed in polyamide bags. After the vacuum packing, the �lets were stored at -40 oC temperature for 0, 4,
7, and 15 days for further analysis.

Free fatty acids

FFA were determined by using the titration method [23]. Fifty milliliters of ethanol was titrated against the
0.1N solution of NaOH using 3-4 drops of 1% phenolphthalein indicator. One gram of sample was added
in the �ask and again titrated with 0.1N solution of NaOH till the endpoint with pink coloration.  The
titrant volume was noted and FFA was determined by using the following formula. FFA= Volume used in
burette × 0.1 × 282 ×100/1000× sample weight

Peroxide value
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In a conical �ask 2 gram sample, 1mL saturated KI and 30 mL of PV solution were added and kept in the
dark for one minute. After 1 minute, 30 ml of distilled water was added along the �ask walls. One milliliter
of the starch solution was added to the mixture and titrated sodium thiosulphate solution till the endpoint
(white color). The burette reading was used for peroxide calculation by using the following formula [23].

PV = Volume used × Normality used × 1000/ sample weight

Total Flavonoid Content:

The total �avonoid content of Channa marulius �llets was determined by spectrophotometric
examination using rutin as standard. In a test tube �sh extract (0.1 ml) and 0.2ml solution of 5% NaNO3

were mixed. After �ve minutes, 0.2 ml of AlCl3 and 1ml of NaOH (1 Molar) were added and the tube was
incubated at room temperature for 15 min. Samples and standards was measured at 510 nm absorbance
on a spectrophotometer. Total �avonoid content were reported as mg RE/g. followed by �avonoid
derivatives  [24]

Total phenol content:

The phenol contents in Channa marulius �llets were determined using the reagent folin ciocalteu [25].One
gram of the sample was mixed with 2.5 ml folin ciocalteu (0.2 M) and 2 ml sodium carbonate (Na2CO3

7.5%) in a test tube The cyanogenic contents in extract samples were estimated by alkaline titration
according to the method outlined in AOAC [26] and allowed to rest in the dark at 22-24oC for 10 minutes.
The absorbance of the sample and standard were measured at 765 nm. Gallic acid was used as a
standard. The amount of total contents in the sample were determined as mg GAE/g. [27].

Total Antioxidant Activity:

Total antioxidant activity of Channa marulius �llets was determined using ascorbic acid as standard. In a
test tube, 0.3 gram of �sh �let was mixed with 3ml of 0.6 M sulfuric acid. After adding 28mM sodium
phosphate and 4mM ammonium molybdate solutions, the test tube was incubated at 85 oC for 90
minutes and absorbance was recorded at 695 nm through a spectrophotometer. Total antioxidant activity
was expressed as mg Ascorbic Acid per gram. And followed by thE Nabasree method [28].

Sensory evaluation:

Sensory evaluation was conduct by 8 panelists in the sensory evaluation lab in the central lab complex
UVAS Ravi Campus Pattoki.Each judge provided written Performa for sensoric evaluation.  The panelists
were provided informative instructions and brief de�nitions of attributes such as color, �avor and overall
acceptability. Pro�cient and unexperienced evaluators carried out the sensory analysis of channa marulis
�llets according to the instructions given by Meilgaard [29]. They received a set of samples in a
randomized order. The �llets were presented at room temperature served in white dishes. The various
sensory attributes were analyzed: color, odor, taste, texture, and general acceptability. The panelists were
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provided a rank to judge the sensory properties according to sensory score 1 to 9 (extremely dislike,
dislike, dislike moderately, dislike slightly, neither like nor dislike, like slightly, like moderately, like very
much, extremely like) followed by Codex Guidelines. [30] sensoric analysis was performed at different
storage intervals for experimental treatments.

Statistical Analysis:

Statistical analysis of the experiment was done by using SAS 9.1 version statistical package. The
statistical data was analyzed in two-way analysis of variance. Means of treatment compared by Duncan
multiple range tests. (P < 0.05)

Results
In the present study, vegetable oil (rapeseed and sesame) has been used due to natural antioxidant and
low price. Oxidation and antioxidant activities were monitored for 15 days using different vegetable oil
concentrations. The vegetable oil increase antioxidant activity that hindered the oxidative stability of
vacuum packed �llets which help in storage for a long period. Generally, the �llets' quality was also
affected by using sesame and rapeseed oil. However, the use of nanoemulsions based vegetable oils
effectively slowed down the microbial activity. It was observed that treated groups have a low oxidation
rate than the control group. Among oils, sesame oil groups gave lower PV than the other control group
during storage of �sh �llets. A particular focus has been attributed to nanoemulsion as it is being
explored to natural antioxidants.

Oxidation Marker:

Free Fatty Acid:

FFA are created by the hydrolysis of lipid. The level of FFA content was decreased in nanoemulsion
treated group. Statistical analysis demonstrated that the highest FFA development was in the control
group compared to T4, T3, T2 and T1, respectively Table 1.  These FFA values increased with the storage
time; however, a signi�cant difference exists between the two oils and their concentrations as shown in
�gure 1.  FFA at 20% concentration (T1) of sesame oil showed the lowest FFA values than the rape seed
oil that gradually increases with a period. These �ndings could be attributed to the effect of phenol
compounds present in sesame oil.

Determination of Per Oxide Value:

The peroxide value (PV) is de�ned as the amount of lipid oxidation. Table 1 showed the mean values of
peroxides in different �sh �llets treatments stored at temperature – 40 oC for 15 days.  The Channa
marulius �llets were signi�cantly affected (P<0.05) by forming peroxides. PV values of the control group
were higher than other treatments and gradually increase with the storage period of �llets. PV value
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gradually increase as storage time increase showed in �gure1.FFA, PV values were lowest in the T1 and
highest in control, supporting sesame oil nanoemulsion as the best ingredient for �let storage.

Table: 1. Change in Oxidation Markers during the storage period.
Parameters Treatments 0 Day 4Day 7Day 15Day

Free Fatty Acid (%
oleic acid)

Control
4.12±1.3a 4.89±.67a 6.02±

±1.78a

7.89±1.6a

T1
3.73±.88b 4.19±.85b 4.89±0.75b 5.69±.53b

T2
3.84±.86b 4.23±.65b 5.19±0.66b 5.73±.86b

T3
3.91±.87b 4.43±.59b 5.09±0.72b 5.93±.85b

T4
3.98±.94b 4.20±.47b 5.29±0.77b 6.00±.47b

Peroxide value
(meqO2/kg

Control
4.32±.31a 5.12±.38a 5.55±.63a 6.81±.85a

T1
3.12± .57bc 3.53±.33bc 4.12±.69bc 4.98±

.52bc
T2

3.18± .73c 3.68±.63c 4.00±.31c 4.65±

.59c
T3

3.88±0.51bc 4.00±.62bc 4.66±.63bc 5.00±

.52bc
T4

3.90± .73b 4.34±.33b 4.23±.14b 5.55±

.85b

Oxidation Marker(FFA & P.V) a-c written as mean and ± S.D.

Oxidant markers:

Total phenolic content (mg GAE/g) (TPC)

The results of total phenolic contents (TPC) evaluation in channa marulius �lets are represented in �gure
2. The highest TPC were observed in T1 and T2 (0.94±4 and 0.97±16) at day 0.  The lowest values were
observed in control followed by the T4 and T3. Thus, the sesame oil showed a higher phenol content level
that indicated that this compound has a signi�cant contribution to the antioxidant activity.

Total �avonoid Content mg RE/g: TFC
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Total �avonoid contents (TFC) results were similar to TPC (Figure 3). The lowest values were determined
in the T1 and T2 whereas, T4 showed the highest values followed by the control and T3. The values were
directly proportional to the storage time. As the storage time increases, the values for TFC increase and
are seen highest at day 15. Again the sesame oil nanoemulsion proved to be a good preservative.  

Total antioxidity activity: TAC (mg ascorbic acid/g)

Figure 4 representing the TAC values of �sh �lets stored for different days at -40 oC. Statistical analysis
revealed that there was not any signi�cant difference between the treatment as well as the storage
duration. Although the values were lowest in the T4 and highest in the T1, the difference was
insigni�cant.

Sensory Evaluation:

The sensory evaluation of �sh �lets using nanoemulsion was done on 0, 4, 7, and 15 days of storage
(Table 2). Statistical analysis showed that the different sensory attributes scoring decreased with the
storage period. As the storage time increased, the colure, texture, and taste were reduced elaborated in
�gure 5. The control group attains the lowest score whereas T4 gains the highest average scores
supporting the rapeseed oil nanoemulsion. All the sensory evaluation attributes support the overall
acceptability of �sh �lets in which nanoemelusion of rapeseed oil was used. Although the sesame oil
nanoemulsion also gained a good score but perhaps due to the smell of sesame oil the overall
acceptability of �sh �lets decreased compared to the rapeseed oil nanoemulsion.

In conclusion, it was observed that the nanoemulsion of sesame oil was helpful to reduce oxidation of
lipids in the storage �lets. Eased the antioxidant activity as compared to the rapeseed oil nanuemulsiuon;
however, the overall acceptability was heist for the rapeseed oil nanoemusion. The control group showed
poor results for oxidation, antioxidation and the overall acceptability with the lowest score supporting
that nanoemulsion of vagetables oil can enhance the shelf life and preserve the original sensory
properties of processed food items.

Table 2: Sensory evaluation score of fish flesh against various treatments tested.
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Parameters Treatment 0 day 4day 7 day 15 day

Color
 

Control 6.51±0.67c 5.86±0.87c 4.89±0.76c 2±0.50c

T1  7.78±0.90a 6.12±0.40a 5.59±0.89a 3.31±0.29a

T2 7.56±0.43a 6.13±0.34a 5.43±0.68a 3.72±0.13a

T3 8±0.45b 7.32±0.55b 6.45±0.85b 4.45±0.78b

T4 8.52±0.78b 7.2±0.78b 6.65±0.59b 4.67±0.98b

Odor Control 5±0.67b 3±0.77 b 2±0.89 b 2±0.17 b

T1  6.78±0.57a 6.12±0.98 a 5.59±1.3 a 4.32±0.67 a

T2 6.56±0.37 a 6.34±0.44 a 5.43±0.37 a 4.71±0.90 a

T3 7±0.66 a 6.01±0.78 a 5.45±0.64 a 4.44±0.97 a

T4 7.51±0.78 a 6.60±0.87 a 5.61±0.55 a 4.67±0.87 a

Taste
 

Control 5±0.89c 4±0.18c 3±0.14c 3±0.19c

T1  7.7±0.12b 6.65±0.42b 5.67±0.90b 4.32±0.56b

T2 7.3±0.22b 6.12±0.31b 5.59±0.88b 4.72±0.78b

T3       8±0.10a 7.32±0.12a 6.63±0.22a 4.43±0.20a

T4 8.11±0.12a 7.23±0.20a 6.23±0.25a 4.62±0.02a

Texture Control      5±0.12b    4±0.12b    3±0.12b    3±0.12b

T1  7.65 ±0.45a 6.32±0.55a 5.51±0.35a 4.32±0.46a

T2 7.39±0.676a 6.21±0.54a 5.25±0.99a 4.73±0.77a

T3 7±0.77a 7.53±0.98a 6.45±0.55a 4.61±0.97a

T4 7.71±0.20a 7.23±0.35a 6.65±0.98a 4.41±0.75a

General acceptability Control 6±0.65c 5±0.65c 3±0.65c 2±0.65c

T1  6.67±0.33b 6.12±0.12b 5.06±0.09b 4±0.03b

T2 7.71±0.19b 6.21±0.32b 5.34±0.33b 4±0.15b

T3 8±0.33a 7.32±0.34a 6.23±0.29a 5.34±0.23a

T4 8.12±0.90a 7.42±0.12a 6.34±0.14a 5.62±0.12a

Discussion
Oxidation Marker:

Recently, there has been growing interest in producing nanoemulsions using low‐energy means. They
have been used in food and beverage industries for speci�c applications due to their unique
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physicochemical and functional properties like encapsulation e�ciency, low turbidity, high bioavailability
and high physical stability. In our experiment, we used vegetable oil emulsion for the �sh �let preservation
and the results obtained were hopeful. The mean values of oxidation, antioxidation and sensory
evaluation of �sh �llets stored at -40°C for different days favored our hypothesis.  Our study showed that
both oils signi�cantly increased FFA contents during storage time. This increase of FFA values in �sh
�llets was found parallel to the studied of [31]. The same trend was reported during �sh �llet storage
using nanoemulsion products [32]. FFA contents in �sh increased during the storage period. FFA contents
of Channa marulius samples increased day by day, but less variation was seen in treated group T1, T2,
T3 and T4. Fluctuations take place in all treatments of FFA. At the end of storage, the lowest FFA levels
were found in the treated group with nanoemulsion of sesame oil. This effect was due to the phenolic
compounds of sesame. The present study result is similar to [33], who found that sea bream and sea
bass �llets treated with nanoemulsion using sun�ower oil lower the FFA value than the control group [34].
The result was also similar to the present study as he concluded that the initial level of fee fatty acid was
low, but as storage time of �llets was increased, the value of free fatty acid was also increased. In
nanoemulsion FFA is a strong oxidation marker, FFA is main factor of lipid oxidation [35][36] found that
the oxidative stability of emulsions is strongly linked to both the concentration and type of free fatty
acids present. Our result is opposite to the [37][38], the used plant and herbs extract effect on lipid
oxidation development in anchovy stored under refrigeration. The plant extract decreases the mechanism
of lipid oxidation in anchovy �sh. The acceptable limit for FFA is 15 mg/g in the present study; the FFA
remained acceptable limits throughout the storage period.

The PV characterizes the degree of lipid oxidation. The PV is affected by storage time as the storage
duration increase, the value of PV also increases. PV values increased from an initial point to the end of
the storage period. Our present study related to the [39] that report primary oxidation occurs, leading to
secondary oxidation. The lipid oxidation caused the rancidity of �sh muscle, which is the main reason for
�sh spoilage. Many researchers indicated a score of peroxide value. The PV below the 4 meq O2/kg, �sh,
is considered excellent, 5-10 meq O2/kg as good, between 10 and 20 meq O2/kg as accepted for
consumption and above 20 meq O2/kg as ‘spoiled the �sh’ [40]. In our result, PV was maximum in the
control group (4.32 to 6.81 meq O2/kg) and T1, T2 shown the lower PV throughout the processing period.
The present study could be considered excellent PV. However, there were no signi�cant differences in the
means of treatment. At the end of storage, the highest PV values were observed in (T3, T4), whereas the
lowest PV contents were observed in T1 and T2. This work is also similar to [41] who studied the lipid
oxidative used to evaluate the potential protective effect on mince of  Atlantic horse mackerel in response
to olive leaf powder. PV is a primary lipid degradation marker, which showed a gradual increase in horse
mackerel during the storage period. Our �nding is in opposition to the [42][43] who reported that plant and
herb extracts were showed e�cient delay lipid oxidation in anchovy during the storage period. However, it
can be concluded that sesame oil and rapeseed oil lead to partial inhibition of lipid oxidation.

Oxidant Marker:
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The highest total phenol content in treatment T1, and T2 (sesame oil emulsion) at 0 days were observed
than the T3 and T4 (rapeseed oil emulsion) treatment groups. The Control group seemed to have the
lowest phenol content. TAC values remain non-signi�cant in the experimental group’s throughout the
experimental period.  Oxidation stability increase with the storage period and antioxidant decrease
because it resists the oxidation reaction.

These results indicated that the phenol compounds signi�cantly contributed to sesame and rapeseed oil's
antioxidant capacity. A consecutive decrease in phenolic contents was predicted during the storage
period (0 to 15 days) to reduce the control group's �avonoid contents. Flavonoid content was affected
signi�cantly (P<0.05) in all the treatment and the storage time. These results indicated that the phenol
compounds had a major contribution to the antioxidant capacity of sesame and rapeseed oil. The
antioxidant marker was affected signi�cantly (P<0.05) in all the treatment during processing. These
results are similar to [44]. They used olive leaf powder (OLP) added in minced horse mackerel, which
signi�cantly increased the antioxidant marker (total phenol, �avonide content and antioxidant capacity)
of samples. The treatment treated with OLP showed the higher antioxidant values during the early days
of the storage period. Our �ndings were also similar to [41], who observed signi�cant TP and TAC
reductions during the processing. The decrease of antioxidant capacity and �avonoid content increased
the level of lipid (PV, FFA) oxidation markers. During oxidation, antioxidants play an essential role in
various ways: metal ions, scavenging radicals, and free radicals.

Sensory Evaluation:

The sensory evaluation of Channa marulius revealed that the nanoemulsion and vacuum packaging had
higher sensory scores than the control group. No signi�cant differences were detected among the T1, T2,
T3 and T4. Our study was similar to [45] who tested the sensory results of red drum with an interval of 3
days during the storage period. The �sh �llets were acceptable for humans when the sensory score
reached 4. When the score of color, odor, �avor, texture and general acceptability of �sh samples reached
9 the �sh spoilage start and consumers rejected it. A similar result also following [46], who investigate the
shelf life of treated (6 gingrol) and untreated red drum according to sensory evaluation score. The treated
sample gain the best sensory evaluation score; they did not harm the sensory evaluation of �sh muscles.
Some plant extracts (rosemary, thyme, and green tea) are used for best quality of �sh �llets and
preservation for a long time without affecting �sh's �avor. [47]

Conclusion
Rapeseed and sesame oil have been investigated as natural antioxidant agents used as persevering
agents in the food industry. In our present study, nanoemulsion of vegetable oil and vacuum packing
greatly enhanced sensory evaluation of Channa marulius �llets. However, the use of nanoemulsion by
using sesame oil and rapeseed oil reduced the oxidation stability and enhanced the antioxidant activity
which was effective in enhancing the shelf life of Channa marulius �llets. In short, control treatment
could be used for short-term storage of �llets at refrigeration conditions and our study elaborates the
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possibility of the �llets for long-term storage without �llets spoilage by using nanoemulsion to prevent
spoilage of �sh products. Channa marulius �llets treated with nanoemulsion of sesame oil; showed
better results than the rape seed oil however, may be due to the odor's odor, the overall acceptability of
�lets was less than the rapeseed oil nanoemulsion. According to sensory analysis, control group �sh
�lets were rejected by panelists after a shelf-life of 7 days. Finally, the lipid oxidation parameters showed
that sesame oil was the most effective in preventing oxidation in Channa marulius �lets.

Abbreviations
FFA: Free fatty acid, P.V: Per Oxide Value, TAC: Total Antioxidant Activity, TPC: Total Phenol Content, R.O:
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Figures

Figure 1

Change in Oxidation Marker in treatment during the storage period.
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Figure 2

Representing TPC contents among experimental groups

Figure 3

Representing TFC contents among experimental groups
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Figure 4

Representing TAA contents among experimental groups
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Figure 5

Change in sensory attribute during the storage period in response to different treatment.


