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Abstract - Asar skipjack tuna is a processed product of skipjack tuna through a processing process using a hot smoking system. This
product is very popular and favored by various levels of society. In addition to being consumed by the people of Ambon city, this
product has become a typical souvenir from Ambon. As a typical souvenir of Ambon city, this product has not been packaged with
adequate packaging. Smoked skipjack tuna produced by processors in Hative Kecil Village generally has a shelf life of only 2 days at
room temperature (27 — 30 °C). The purpose of this study was to study the changes in the quality of smoked skipjack tuna packaged
with edible film tuna skin gelatin during storage at room temperature. The experimental design was a completely randomized factorial
design (CRFD) with variables A1 (packaged with edible film), A2 (without packaging/as a control), and variables B1 (storage day 0), B2
(storage day 1), B3 (storage day 3), B4 (storage day 4). Each treatment was repeated 3 times. The variables observed were water
content, TBA, and sensory values. The results showed that water content and TBA increased during storage. The rate of increase in
water content and TBA was lower than that of smoked skipjack tuna that was not packaged. The sensory value of smoked skipjack tuna
that was not packaged was rejected by the panelists on the third day, while the smoked skipjack tuna that was packaged with edible film
was rejected on the fourth day.
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L INTRODUCTION

Edible film is defined as a thin layer of edible material that aims to inhibit oxygen, water vapor migration, carbon dioxide,
aroma and lipids, as well as carrying food additives (e.g. flavors, antioxidants, antimicrobials), and improve the mechanical
integrity or handling characteristics of food. In addition, other advantages of using edible film are, it is recyclable, biodegradable,
improves the organoleptic properties of packaged food, as a nutritional supplement and source of antimicrobials and antioxidants,
and can be used as individual packaging [1]

[2] stated that edible film made from protein (gelatin) is usually edible when used as food packaging. The main reason for
using gelatin as a raw material for making edible film is the high glycine, proline, and hydroxyproline content in fish gelatin,
making it more flexible and easier to apply to food ingredients [3]. [4] stated that in making edible film from gelatin, plasticizers
must be added to obtain an elastic, non-rigid film and to prevent damage to the edible film during food packaging. Plasticizers
commonly used in making edible film from protein are glycerol, sorbitol, tricthylene glycol, sucrose, and polyethylene glycol [5].
The addition of plasticizers helps overcome brittle and easily broken films and increases elasticity.
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Glycerol is a plasticizer that is often used because it is easy to obtain, cheap, renewable and environmentally friendly
because it is easily degraded [6]. Based on research conducted [7], regarding the addition of glycerol to gelatin films from
mackerel scales with the right concentration of gelatin and glycerol plasticizer can produce good mechanical properties.

Research on edible film has been widely conducted, however, research on the application of Edible Film from tuna skin
gelatin and its application as a food packaging material is still rarely conducted, especially for packaging low-water content foods
such as smoked skipjack tuna.

Smoked skipjack tuna is a processed product of skipjack tuna through a hot smoking process. The resulting product is
golden brown in color with a delicious, smoky flavor. This product is very popular and favored by various levels of society. In
addition to being consumed by the people of Ambon City, it has become a typical Ambon souvenir. As a typical Ambon souvenir,
this product is not yet packaged adequately. According to [8], smoked skipjack tuna produced by processors in Hative Kecil
Village generally has a shelf life of only 2 days at room temperature (27-30°C). This study aimed to determine the effect of tuna
skin gelatin edible film on the storage of smoked skipjack tuna.

1I. RESEARCH METHODS

This study used a laboratory experimental method, using a Factorial Completely Randomized Experimental Design
(CRDF) with variables A1l (packaged in edible film), A2 (unpackaged), and variables C1 (storage day 0), C2 (storage day 1), C3
(storage day 3), C4 (day 4 of storage). Each treatment was repeated three times. The equipment and materials used in this study
include:

2.1 Materials and Equipment:
a. Materials

The raw material is yellowfin tuna skin gelatin, while the smoked skipjack tuna is produced by a processor in Hative Kecil
Village, Ambon City. Other ingredients used in the production of this edible film include: distilled water and glycerol.

b. Equipment

Equipment used in the application of tuna skin gelatin edible film as smoked fish packaging includes: analytical balance,
digital balance, reaction tubes, measuring cylinders, Erlenmeyer flasks, glass beakers, thermometers, titration apparatus,
distillation apparatus, digestion apparatus, desiccators, water baths, drying ovens (Memmert), homogenizers, UV
spectrophotometers (Cecil 3021), stirring hot plates (Thermo Scientific CIMAREC Type 131320), digital thickness gauges, 20 x
20 cm printed glass, and sealers.

2.2 Research Time and Location

The research was conducted from March 2023 to April 2023. Edible film production and chemical composition testing of
smoked tuna were conducted in the Chemistry Laboratory of the Jakarta Technical University of Fisheries. Sensory testing was
conducted in the Microbiology Laboratory of the Jakarta Technical University of Fisheries.

2.3 Research Stages
The research consists of two stages and can be detailed as follows:
a. Edible Film Production

Edible film production refers to [9] with modifications. Gelatin powder was dissolved in 100 mL of distilled water with a
gelatin content of 5% (w/v) and then heated at 60°C for 30 minutes with continuous stirring. Afterward, 10% (w/v) glycerol
plasticizer was added. The gelatin solution with the added glycerol plasticizer was homogenized at 5000 rpm for 3 minutes using
a homogenizer. The solution was then poured into 20 x 20 cm glass molds and dried in an oven at 40°C for 24 hours.
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b. Application of Edible Film as Packaging for Smoked Fish Steaks

Packaging is crucial for any product, as its distinctive characteristics can reflect the brand image of the product being
marketed. The packaging used in this study utilized edible film made from degradable tuna skin gelatin. The packaging
application with edible film from tuna skin gelatin was carried out as follows: Smoked skipjack tuna steaks weighing 100 grams
were packaged using two sheets of edible film measuring 20 cm x 20 cm. All four sides of the edible film were sealed using a
hand sealer at a heating temperature of approximately 90°C. Place the area to be sealed on the heating element of the hand sealer.
Next, press the lever or the top heating element down for 2-3 seconds to melt the edible film. The pressure of the lever caused the
edible film to adhere and seal.

2.4 Analysis Method
The testing parameters in this study can be detailed as follows:
2.4.1 Proximate Analysis of Smoked Fish Raw Material

The proximate analysis of smoked fish raw material consists of:

a. Crude protein content analysis [10]

The crude protein content of tuna skin was analyzed using the semi-micro Kjeldahl method. Weigh a 0.51 g sample and
transfer it to a 100 mL Kjeldahl flask. Add 2 g of the selenium mixture and 25 mL of concentrated H2SO4. Heat over an electric
heater or burner until boiling and the solution becomes clear and greenish (approximately 2 hours). Allow to cool, then dilute and
transfer to a 100 mL volumetric flask, making up to the mark. Pipette 5 mL of the solution into a distiller, add 5 mL of 30%
NaOH and a few drops of pp indicator. Distill for approximately 10 minutes, using 10 mL of 2% boric acid solution mixed with
indicator as a reservoir. Rinse the tip of the condenser with distilled water. Titrate with 0.01 N HCI solution. Perform a blank
determination.

Calculation:

(Vi=V2)xNx0,014xfkx fp
Protein content =

\\%
Note :

W = sample weight

V1 =volume of 0.01 N HCI used in the sample titration
V2 = volume of HCI used in the blank titration

fk = protein content of food, generally 6.25

fp = dilution factor

b.  Fat Content Analysis [10]

Tuna skin fat content was analyzed using the Soxhlet method. The fat flask was dried in an oven at 105°C for 15 minutes,
then cooled in a desiccator and weighed before use. A 1-2 gram sample of tuna skin was placed in a filter paper cartridge lined
with cotton. The top of the paper cartridge containing the sample was plugged with cotton and then dried in an oven at a
temperature not exceeding 80°C for approximately 1 hour. The paper cartridge was then placed in a Soxhlet apparatus connected
to the fat flask. The fat from the tuna skin was extracted with hexane for approximately 6 hours. The hexane was then distilled to
obtain the fat extract. The fat extract in the fat flask was then dried in an oven at 105°C for 12 hours. The flask containing the fish
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skin fat sample was then cooled in a desiccator and weighed. Drying is repeated until a constant weight is obtained. Fat content
(%) is calculated using the following formula:

a-b
% Fat content= — x 100 %

Note :
a = weight of the fat flask after the extraction process (g)
b = weight of the fat flask before the extraction process (g)

¢ = weight of the sample (g)

c. Moisture Content Analysis [10]

The moisture content of tuna skin samples was analyzed using the oven method. Condition the oven at the temperature to
be used until it reaches a stable temperature. Place an empty dish in the oven for at least 2 hours. Transfer the empty dish to a
desiccator for approximately 30 minutes to reach room temperature and weigh the empty weight (g). Weigh approximately 2 g of
the ground tuna skin sample into the dish. Place the dish containing the tuna skin sample in an oven at 105°C for 3 hours. Cool in
the desiccator for approximately 30 minutes, then weigh. Repeat heating until a constant weight is achieved. Moisture content is
calculated using the following formula:

w - (W1 —w2)
% Water content = x 100 %

Note:

w = initial sample weight (g)

w1 = weight of the sample and the cup after drying (g)
w2 = weight of the empty cup (g)

d.  Ash content analysis [10]

Accurately weigh approximately 2—-3 g of tuna skin into a porcelain crucible of known weight. Char over a burner flame,
then ash in an electric furnace at a maximum temperature of 550°C until complete ashing (occasionally open the furnace slightly
to allow oxygen to enter).

Calculation:

Wi—-W,;
% Ash content =—x 100 %
W
Note :
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W is the weight of tuna skin before ashes (g)

W1 is the weight of tuna skin + cup after ashes (g)

W2 is the weight of the empty cup (g)

2.4.2 Quality Analysis of Smoked Skipjack Tuna During Storage
Quality analysis of smoked tuna during storage includes:

a.  Moisture Content Analysis [10]

The moisture content of smoked skipjack tuna samples was analyzed using the oven method. Condition the oven at the
temperature to be used until it reaches a stable condition. Place an empty dish in the oven for at least 2 hours. Transfer the empty
dish to a desiccator for approximately 30 minutes until it reaches room temperature and weigh the empty weight (g). Weigh
approximately 2 g of ground tuna skin into the dish. Place the dish containing the tuna skin sample in the oven at 105°C for 3
hours. Cool in a desiccator for approximately 30 minutes, then weigh. Repeat heating until a constant weight is obtained. The
water content is calculated using the following formula:

w - (W1 —Ww2)
% Water content = x 100 %

Note :

w = initial sample weight (g)

w1 = weight of the sample and the cup after drying (g)
w2 = weight of the empty cup (g)

b.  TBA (Thiobarbituric Acid) Analysis

The TBA value is a method used to identify lipid oxidation in fish containing fatty acids with multiple double bonds,
which can directly oxidize during storage in air at room temperature. The increase in the TBA value occurs during fatty acid
degradation due to the breakdown of fatty acids. This means that the more double bonds in the fat used, the higher the oxidation
rate [11].

The calculation of the determination of the TBA (thiobarbituric-acid) value was carried out by taking a sample of smoked
fish weighing 3 g, then for the next stage the sample was dissolved using 50 mL of distilled water. Then the sample was put into a
1000 mL distillation flask while being washed with 48.5 mL of distilled water and adding 1.5 mL of 4 N HCI, then adding 3
boiling stones and putting cotton on the surface of the distillate flask lid. Install a set of distillation equipment and turn on the ON
button and wait for the heating process for 10 minutes to obtain a result of 50 mL. Then the distillate was transferred into a test
tube and added 5 mL of TBA reagent (0.02 M thiobarbituric-acid solution in 90% glacial acetic acid). The next stage the test tube
was cooled with running water then the absorbance was measured at a wavelength of 528 nm with distilled water as the zero
point. TBA number analysis is calculated in ppm units [12]. TBA calculation is according to the formula:
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3xA528x7.8
TBA Value = = ppm
Weight of the sample

Note :

A528 = Wave length

c. Sensory Analysis

To subjectively determine the quality of smoked fish, organoleptic testing was conducted. Organoleptic testing is a method
of testing using the human senses as the primary tool for measuring food acceptability. The sensory organs target the meat, odor,
and texture, with a panel of at least 15 semi-trained panelists. The organoleptic testing method for fresh fish uses a standard
scoring test.

(scoring test) that is by using a scale of 1 (one) as the lowest value and 9 (nine) as the highest value. The rejection limit for
the product is 7 (seven), meaning that if the product being tested gets a value equal to/less than 7 then the product is of poor
quality/not fit for consumption [13]. The scale of numbers and specifications of smoked fish are listed in the organoleptic score
sheet, which the panelists then directly provide an assessment on the score sheet. The score sheet includes the product
specifications which are clear, concise and precise information containing instructions and response information.

To find the quality value, the average result of the panelists' assessments is determined at a 95% confidence level. To
obtain the average quality value interval for each panelist, the following calculation is required:

< X
n
q2 _ I (- %2
n

i Z{l=1( X1— )_()2
n

S =
P(X- (1,96 x%))g < (X+(1,96 x%))

Note :

n = number of panelists;

S? = diversity of quality values;

1.96 = standard deviation coefficient at the 95% level;

x = average quality value;

xi = quality value of the i-th panelist, where i =1,2,3......n;
s = standard deviation of the quality values;

P = sensory value
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2.5 Data Analysis

This study used a completely randomized design (CRD) factorial design, with treatments of smoked skipjack tuna
packaging with edible film (A1) and without packaging (A2), and observed for quality deterioration from day 0 to day 4. All
treatments were replicated three times. The data obtained were analyzed using analysis of variance (ANOVA). If significant
differences were found, Duncan's Multiple Range Test (DMRT) was used at a 95% confidence level.

II1. Results and Discussion

Proximate analysis of smoked skipjack tuna (Katsuwonus pelamis). In this study, smoked tuna was obtained from
traditional traders at the Maluku souvenir center in Hative Kecil Village, Ambon City. Before being used in the tuna skin gelatin
edible film application study, the smoked tuna was subjected to a proximate test to determine and ensure the quality of the raw
material. The proximate analysis of smoked tuna included protein, fat, moisture, and ash content. The test was performed three
times. The results of the proximate test of smoked skipjack tuna steak are presented in Figure 1.

Ash content,
0.4%

Protein
content,
37.17%

Water
content,
57.89%

Fat content,
4.2%

Figure 1. Proximate of Smoked Skipjack Tuna
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Table 1. Proximate composition of smoked skipjack tuna

NO Nutrition content Value (%)! Value (%)? Value (%)?
Research Result Reference Reference

1 Protein content 36.83 35.96 -

2 Fat content 0.86 3.52 -

3 Water content 56.99 56.53 Maximum 60

4 Ash content 2.91 3.45 Maximum 1.5

Notes :

1. Research data;
2. Rieuwpassa et al. (2013);
3. SNI 02-2725-1992.

Table 1 shows that the proximate composition of smoked skipjack tuna differs from several reference sources. The protein
content of smoked skipjack tuna can differ from that of other sources, possibly due to several factors. Factors influencing protein
content include the processing process. Material preparation, smoking method, species differences, age, catch period, and habitat.
According to [16], protein content can decrease due to processing, with protein denaturation occurring during heating. Denatured
protein will coagulate when heated at 500°C or above.

The fat content of smoked skipjack tuna is lower than that of smoked skipjack tuna, according to comparative data. The
low fat content of smoked skipjack tuna is likely due to several factors. Factors influencing fat content include fishing season,
species, geography, age variation, and maturity within the same species [17]. Fish that migrate long distances before spawning
will use their protein and fat for energy, thereby reducing their biological activity. Biota maturity is also related to the spawning
period. During the spawning period, fish generally do not digest much food and therefore do not obtain sufficient energy. Protein
and fat content return to normal after spawning because fish tend to migrate in search of food sources according to their dietary
patterns [18]. [19] stated that hot smoking can affect changes in fat content, especially if the distance between the heat source and
the fish on the stove is too close, indicating that the fish's fat has deteriorated.

The moisture content of smoked skipjack tuna is close to that of smoked fish in comparative literature. [19] stated that
water is the largest component in smoked fish. Water provides a medium for microorganisms to thrive. Therefore, the smoking
process aims to remove the water content from smoked fish and is expected to extend its shelf life.

During the smoking process, the water content decreases. This decrease is due to the salting and heating processes, which
can reduce the water content in the fish. [20] state that salt has hygroscopic properties that absorb fluids in fish flesh through
osmosis. Furthermore, during the smoking process, drying also occurs, resulting in a decrease in the weight of the fish as the
water evaporates. On the one hand, reducing the water content can provide a preservative effect, but on the other hand, it can
make the meat tough and reduce yield.

The water content analysis results were 56.99%. The standard water content for smoked fish according to the Indonesian
National Standard (SNI) is a maximum of 60%. Therefore, the water content of smoked skipjack tuna still meets SNI standards.
Smoked fish products produced using smoking cabinets and furnaces have water contents that largely exceed the standard limits
set by [15]. According to [19], the decrease in water content during smoking is caused by the addition and concentration of salt, as
well as the smoking process.

According to [21], the decrease in water content due to evaporation from the product due to the influence of air
temperature and humidity of the surrounding environment causes evaporation in the product. High water content in processed
smoked fish can affect the quality of the resulting smoked fish.
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Ash content is a parameter of the nutritional value of a product ingredient produced by the inorganic components found in
fish [19]. The ash content of smoked skipjack tuna is lower than that of smoked fish from comparative data sources. The
difference in ash content is likely due to by the length of smoking time, smoking method, and the size of the fish used. The larger
the size of the fish, the higher the ash content. This is supported by the results of research from [22], the ash content of fresh
milkfish is 1.38% and after undergoing the smoking process it becomes 2.68%. Smoked tilapia has an ash content of 9.41%
higher than the ash content of fresh tilapia of 7.60%. This increase can occur due to the precipitation of mineral elements
contained in salt during the soaking process in the salt solution. The elements contained in minerals are phosphorus, calcium,
potassium, sodium, magnesium, sulfur, and chlorine.

3.1 Quality Analysis of Smoked Skipjack Tuna (Katsuwonus pelamis)
a. Water Content

The water content test for smoked skipjack tuna (Katsuwonus pelamis) was conducted to determine the water content of
smoked calakang fish packaged with edible tuna skin gelatin film and without packaging, stored at room temperature (27°C —
30°C) from day 0 to day 4. The results of the smoked calakang fish analysis are described in Table 2.

Table 2. Water content value of smoked skipjack tuna

Treatment Repeat (o) Total Mean STDEV
I 11
Al1C1 49.20 49.20 54.00 152.40 50.80 2.77
Al1C2 50.39 51.93 48.72 151.04 50.35 1.61
Al1C3 47.91 52.31 51.10 151.32 50.44 2.27
Al1C4 58.15 49.06 50.14 157.35 52.45 4.97
A2C1 52.18 51.87 50.26 154.31 51.44 1.03
A2C2 40.65 40.33 41.87 122.85 40.95 0.81
A2C3 42.21 41.27 42.32 125.80 41.93 0.58
A2C4 50.56 52.36 49.74 152.66 50.89 1.34
Note:

Al = Edible film packaging

A2 = without edible film packaging
C1 = storage day 1

C2 = storage day 2

C3 = storage day 3

C4 = storage day 4

Water content value of smoked fish samples packed with edible film tuna skin gelatin experienced an increase in water
content with a slow and stable change pattern where on day 0 the average water content value was 50.08% while on the 4th day of
storage it was 52.45%. Meanwhile, the smoked skipjack tuna that was not packaged on day 0 had an average water content of
51.44% and experienced a decrease in average water content on day 1, namely 40.95% and experienced a rapid increase in water
content on days 2 to 4. Where on the 4th day of observation, an average water content of 50.89% was obtained. From these data, a
relationship can be made between storage time and water content of smoked fish that were packaged and without packaging.

The increase in water content in the product is likely due to the absorption of water vapor in the surrounding environment
even though it has been packaged with edible film packaging, considering that edible film tuna skin gelatin has permeable
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properties to water vapor with a water vapor transmission rate of 3.5012 gr/m*hour. For smoked skipjack tuna samples that were
not packaged experienced a pattern of decreasing water content on the 1st day of storage and experienced a rapid increase on the
2nd to 4th day of storage. This decrease in water content and increase in water content is likely due to evaporation from the
product on the 1st day of storage due to the influence of the surrounding temperature and high humidity. While on the following
day, it experienced absorption of water vapor from the environment due to the surrounding conditions having low humidity. [21]
stated that the water content of a product is influenced by the humidity of the surrounding air. If the humidity of the room is
higher, the product will absorb water, and if the humidity of the storage room is low, the product will evaporate its water. The
increase in water content of smoked skipjack tuna during storage is caused by the activity of microorganisms (suspected to be
anaerobic bacteria). Reference [23] stated that microorganisms (bacteria) break down proteins and carbohydrates in fish tissue to
meet their growth needs. This breakdown produces energy, other simpler compounds, and some water. The analysis of variance
data revealed significant differences between the edible film packaging treatments (A1) and those without packaging (A2). There
was a significant interaction between treatments A and C (sig. < 0.05). Factor A differed significantly between treatments. There
was a significant difference between treatments Factor C.

The standard moisture content for smoked fish according to [24] is a maximum of 60—65%. The results showed that
smoked fish products packaged with edible film and without packaging during 4 days of storage had moisture content within the
standard limits determined by [24].

b. TBAlevels

The TBA value is one way to determine the rancidity of a food product containing fat. The use of the TBA value is to
analyze aldehydes which are known to be the main cause of rancidity in fat. One advantage of using this parameter is that the
TBA acid reagent can be directly used on the fat of the material being tested without prior extraction. Rancidity is the result of fat
oxidation which will reduce the quality of smoked fish. In the TBA analysis of smoked skipjack tuna (Katsuwonus pelamis) was
carried out to obtain the water content value of smoked skipjack tuna which was treated with edible film tuna skin gelatin and
without packaging which was stored at room temperature (27°C — 30°C) during storage from day 0 to day 4. The results of the
analysis of the levels of smoked skipjack tuna can be described in Table 3.

Table 3. TBA content values of smoked skipjack tuna

Treatment Repeat (ppm) Total Mean STDEV
11 111
AlC1 0.8709 0.6806 0.5234 2.0749 0.6916 0.1740
AlIC2 1.2439 1.5574 0.3022 3.1035 1.0345 0.6533
Al1C3 2.3013 1.4856 0.4066 4.1935 1.3978 0.9504
AlC4 2.2782 0.8804 1.2707 4.4293 1.4764 0.7213
A2C1 1.5805 0.7928 1.5524 3.9256 1.3085 0.4468
A2C2 2.3324 2.1712 0.5698 5.0734 1.6911 0.9744
A2C3 2.8403 1.5807 1.6792 6.1002 2.0334 0.7006
A2C4 4.0969 2.4570 3.4752 10.0292 3.3431 0.8279
Note:

Al = Edible film packaging

A2 = without edible film packaging
C1 = storage day 1

C2 = storage day 2
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C3 = storage day 3
C4 = storage day 4

The TBA value of smoked skipjack tuna packaged with tuna skin gelatin edible film was 0.6916 ppm on the first day of
storage. This TBA value continued to increase on subsequent storage days. On the fourth day of storage, the TBA value of
smoked skipjack tuna packaged with tuna skin gelatin edible film was 1.4764 ppm. The TBA value of smoked skipjack tuna
unpackaged on the first day of storage was 1.3085 ppm. This TBA value continued to increase on subsequent storage days. On the
fourth day of storage, the TBA value of smoked skipjack tuna unpackaged was 3.3431 ppm. This value is significantly higher than
the TBA level of smoked skipjack tuna packaged with edible film, which was 1.4764 ppm. The higher the TBA content, the lower
the quality of smoked skipjack tuna.

The results of the TBA value analysis of smoked skipjack tuna based on storage duration indicate that the TBA value
increased up to the fourth day of storage. The longer the smoked skipjack tuna was stored, the higher the peroxide value. This
increase is thought to be due to the accumulation of peroxide compounds oxidized during storage. Although the increase occurred
during storage, the increase was relatively small. The TBA value obtained in this study still meets standards. The maximum
tolerable limit for food consumption is 18 ppm.

b.  Sensory Analysis
Appearance

The average appearance score for smoked skipjack tuna packed and unpackaged with tuna skin gelatin edible film was
8.73 at the beginning of storage. The appearance score for smoked skipjack tuna packed and unpackaged with tuna skin gelatin
edible film decreased with increasing storage time. The decline in appearance score for smoked skipjack tuna unpackaged was
rather slow from day O to day 2, but decreased drastically on days 3 to 4. On day 3, the panelists rejected the appearance of
unpackaged smoked skipjack tuna (score <7). The decline in appearance of smoked skipjack tuna packaged with tuna skin gelatin
edible film was relatively slow from day 0 to day 3, but decreased drastically from day 3 to day 4. By day 4, the panelist rejected
the appearance of packaged smoked skipjack tuna (score <7).

The color of the fish flesh after salting changes from golden yellow to brownish. This color is produced by a chemical
reaction between phenol and oxygen (O.) from the air. The surface of salted fish flesh is usually shiny. This is due to the chemical
reaction of the formaldehyde compound from phenol, which creates a layer of artificial resin on the surface of the fish flesh [25]
As storage time increases, the appearance of smoked skipjack tuna becomes dull and unattractive. The appearance value of
smoked skipjack tuna packaged with edible fish skin gelatin film is higher than that of smoked skipjack tuna that is not packaged.
This causes the rate of decline in the appearance value of smoked skipjack tuna that is not packaged is faster than that of smoked
skipjack tuna that is packaged with edible film.

Odor

The average odor value for smoked skipjack tuna packed and unpackaged with tuna skin gelatin edible film was 8.42 at the
start of storage. The odor value for smoked skipjack tuna packed and unpackaged with tuna skin gelatin edible film decreased
with increasing storage time. The odor value for smoked skipjack tuna packed and unpackaged with tuna skin gelatin edible film
decreased slowly from day 0 to day 2, but decreased drastically on days 3 to 4. By day 3, the odor value for smoked skipjack tuna
packed with tuna skin gelatin edible film decreased slowly from day 0 to day 3, but decreased drastically on day 4. By day 4, the
odor value for smoked skipjack tuna packed and unpackaged was rejected by panelists (value <7). [25] stated that the decrease in
odor value for smoked skipjack tuna was correlated with an increase in microorganisms and their activity, which causes product
deterioration and a foul odor. A foul odor is formed due to the decomposition of protein in food by the activity of microorganisms
that produce hydrogen sulfide, ammonia, methyl sulfide, amines and other compounds. The odor score of smoked skipjack tuna
packaged with edible film and fish skin gelatin was higher than that of unpackaged smoked skipjack tuna. This caused the odor
score to decline more rapidly in unpackaged smoked skipjack tuna compared to that packaged with edible film.
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Flavor

The average flavor score of smoked skipjack tuna packaged and unpackaged with edible film and tuna skin gelatin was
8.82 at the beginning of storage. The flavor score of smoked skipjack tuna packaged and unpackaged with edible film and tuna
skin gelatin decreased with increasing storage time. The flavor score of smoked skipjack tuna packaged and unpackaged with
edible film and tuna skin gelatin decreased with increasing storage time. The flavor score of smoked skipjack tuna packaged and
unpackaged with edible film and tuna skin gelatin decreased relatively slowly from day 0 to day 2, but decreased drastically on
days 3 to 4. By day 3, the flavor score of smoked skipjack tuna packaged and unpackaged was already rejected by panelists (score
<7). The decline in flavor value of smoked skipjack tuna packed with tuna skin gelatin edible film was relatively slow from day 0
to day 3, but decreased drastically on day 4. By day 4, the flavor value of the packaged smoked skipjack tuna was already rejected
by the panelists (value <7). [25] stated that smoking also produces a distinctive (smoky) flavor in the product. This flavor is
formed by the presence of acids and phenols from fuel smoke that adhere to the product. The increase in the number and activity
of microorganisms in smoked skipjack tuna during storage causes a deviation in the flavor of smoked skipjack tuna.

The flavor rating of smoked skipjack tuna packaged with edible film and fish skin gelatin is higher than that of unpackaged
smoked skipjack tuna. This causes the rate of flavor decline in smoked skipjack tuna packaged with edible film to be faster than
that of unpackaged smoked skipjack tuna.

Texture

The average texture rating of smoked skipjack tuna packaged with edible film and tuna skin gelatin at the beginning of
storage was 8.73. The texture rating of smoked skipjack tuna packaged with edible film and tuna skin gelatin decreased with
increasing storage time. The decline in texture rating of smoked skipjack tuna packaged with edible film and tuna skin gelatin
decreased relatively slowly from day 0 to day 2, but decreased drastically on days 3 to 4. By day 3, the texture rating of smoked
skipjack tuna packaged with edible film and tuna skin gelatin was already rejected by panelists (score <7). The decline in the
texture value of smoked skipjack tuna packed with tuna skin gelatin edible film was relatively slow from day O to day 3, but
decreased drastically on day 4. By day 4, the texture value of the packaged smoked skipjack tuna was already rejected by the
panelists (value <7).

The texture of smoked skipjack tuna was slightly firm at the beginning of storage, but as storage time increased, it became
softer and somewhat brittle. This was due to the increased water content resulting from the activity of microorganisms in the
product.

IV. CONCLUSION

1. Edible tuna skin gelatin film has good characteristics as a packaging material for smoked skipjack tuna steaks.
2. Smoked skipjack tuna steaks packaged with edible tuna skin gelatin film can extend the shelf life of smoked tuna at room
temperature.
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