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Abstract. Asar fish is a traditional processed product of smoked fish from West Papua with raw materials of
Skipjack tuna/Yellowfin tuna/Smoked tuna/ Mackerel tuna, in the whole condition with vertical smoking. This
research aimed to investigate the contents of proximate, fatty acids, amino acids, and hedonic properties of
asar fish (containing smoked Katsuwonus pelamis). The research samples were obtained from the Sorong
smoked fish producers. The proximate test used the Association of Official Analytical Chemists (AOAC)
standard, the amino acid test used Liquid Chromatography-Mass Spectrometry (LC-MS), the fatty acid test used
the Gas Chromatography-Mass Spectrometry (GC-MS), and the hedonic test used the Indonesian National
Standard (SNI) 2346:2015 with 120 panelists. The results showed that the asar fish has 67.8% water content,
1.92% ash content, 1.74% total fat, 26.98% protein, 0.79% carbohydrates, and 2.44% crude fiber. The
primary essential amino acids of asar fish contain 5.25% L-Lycine, 3.42% L-Histidine, and 2.45% L-Leucine.
The primary nonessential amino acids contain 3.51% L-Glutamic acid, 2.44% L-Aspartic acid, and 2.22% L-
arginine. The primary fatty acids of the asar fish were 37.44% C15:1 (cis-10), 19.6% C18:0, 11.12% C14:0,
10.85% C18:2 (all-trans-9,12), and 9.55% C20:0. Asar fish has good nutritional content, so it is good for
health. In general, the panelists rated 'Like Slightly' for the test results of the hedonic asar fish. Research
findings conclude that asar fish has good nutrition qualities and provides high protein and fatty acids intakes.
Keywords: amino acid, fatty acid, Katsuwonus pelamis, proximate, smoked fish.

Introduction. Fish processing with the smoking process has long been practiced
everywhere in the world. Smoking is an alternative processing method that generates
high added value for the product and extends the consumption period of the product
compared to fresh fish (Gomez-Guillén et al 2009). One of the smoked fish products from
the east of Indonesia, especially West Papua, is asar fish (Figure 1). The asar fish is
similar to the smoked fish. However, their difference lies in the smoking method. The
smoked fish is commonly placed above the smoking vertically. In contrast, asar fish are
placed on coals producing smoke horizontally. Asar fish are traditional smoked fish made
of skipjack tuna, yellowfin tuna, or mackerel tuna because their meat textures are pretty
solid; therefore, they are not brittle when smoked. Skipjack tuna is one of the export
commodities and marine natural resources of Papua. Skipjack tuna (Katsuwonus pelamis)
is a healthy food source for society and a foreign exchange source (Effendi 2012).
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Figure 1. The asar fish product.
Source: personal archive of the author (Mohammad Sayuti)

The smoking of asar fish is quite simple, starting from cleaning the entrails of the fresh
fish, soaking the fish in salty water, and smoking it. Smoking is done in a closed room for
4-5 hours to let smoke seep into the meat until it is thoroughly cooked. The smoking
process refers to the process of penetration of volatile compounds from the smoke source
into the fish meat (Palm et al 2011). The smoked product has a typical taste and aroma,
longer shelf life due to the antibacterial activity, and reduced enzymatic activity due to
the smoking process (Abolagba & Igbinevbo, 2010; Kumolu-Johnson et al 2010). The
factors that influence the characteristics of smoked fish are the type of smoking materials
(Oduor-Odote et al 2010; Ahmed et al 2010), fish capture location, smoking time, and
used smoking methods (Rgra et al 2004).

The relative concentration of phenolic compounds in smoked products is
influenced by the types of wood used in the smoking process (Sopelana et al 2016).
Different types of wood for smoking produce different complexes of chemical
components. They have the form of a mixture of various structures of volatile and non-
volatile compounds such as phenol, sirigol, and guaiacol compounds, and their derivate,
with various sensory characteristics (Kostyra & Barytko-Pikielna 2006).

The advantage of the traditional fish smoke product is producing a strong smoke
aroma and taste in the smoked fish (Leksono & Padil 2009). Smoke contains many
compounds, such as cellulose, hemicellulose, and lignin, formed by pyrolysis of wood.
The most important group of these compounds include phenol, carbonyl, acid, furan,
alcohol, esters, lactones, and polycyclic compounds (Darmadji et al 2000). Pyrolysis of
lignin produces phenol, while pyrolysis of cellulose produces phenol compounds and
acetic acid compounds that include carbonyl compounds; all of these compounds have
functional properties in processing and preserving meat, such as antioxidant and
antimicrobial and specific taste and color (Toldra & Nollet 2009). This study aimed to
determine the nutrition characteristics and hedonic quality of asar fish (that is, smoked
skipjack tuna) processed in Sorong, West Papua.

Material and Method

Sample handling. The study used fresh skipjack tuna of approximately 2.5 kg per head.
The fish smoking process included the following steps: (1) washing the fish clean, (2)
removing the fish's gills and entrails, (3) inserting a bamboo stick from the fish's mouth
to tail as body support that prevents the fish body from being destroyed and facilitate
flipping the fish when smoked. The study used 100 smoked skipjack tunas, smoked with
raw materials from coconut fiber and coconut shell. This process was carried out in a
smoking furnace with a length of 6 m, a width of 4 m, and a height of 60 cm. Each
treatment required 150 kg of raw materials to smoke for one process. The smoking
process lasted for five hours until the fish was cooked and turned golden-silver and then
golden-yellow. The following characteristics were investigated: the physicochemical
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properties and fatty acid profiles of the smoked skipjack tuna and fresh skipjack tuna and
the organoleptic ones of the smoked skipjack tuna.

Proximate analysis. The analysis of water content, protein, fat, and ash was
determined using the Association of Official Analytical Chemists method (AOAC 2005). It
was carried out in the Laboratory of Integrated Research and Testing of the University of
Gadjah Mada.

Analysis of amino acids

Sample preparation. The process consisted of eight steps: weight the sample with an
accuracy of £ 2.5 grams; put the sample in the 50-mL test tube of the threaded tube;
add HCI 6N up to 20 mL; hydrolyze the sample in an autoclave at 110 °C for 12 hours;
neutralize it with NaOH 6N; add NaOH 6N up to 50 mL; filter it with a filter of 0.22 uM;
diluted it ten times, and inject it into LCMS 2 pL.

Mobile phase. A: 0.1% pentadecafluorooctanoic acid (PDFOA), 99.5%:0.5%
water/CH3CN with 0.1% formic acid; B: 0.1% PDFOA, 10%:90% water/CH3CN with
0.1% formic acid; flow: 0.6 mL/min.

Analysis of saturated and unsaturated fatty acids

Hydrolysis. Hydrolysis consisted of nine steps: take a sample of 1-5 ml and add 5 ml of
concentrated HCI; heat the sample in a water bath at 80°C; let it boil for three hours; let
it cool; extract sample with 15 ml of diethyl ether and petroleum ether (1:1); perform
Vortex; let it settle in for 5 minutes; take the top layer as oil; evaporate the sample in a
water bath with the help of N2 gas.

Methylation. The methylation consisted of several stages: (1) add 1.5 mL of methanolic
sodium solution to the sample, close and heat the sample at a temperature of 60°C for 5-
10 minutes while shaking it, then refrigerate it; (2) add 2 mL of Boron trifluoride
methanoic to the sample, heat at a temperature of 60°C for 5-10 minutes, then cool it;
and (3) extract sample with 1 mL of Heptane and 1 mL of saturated NaCl, take the top
layer and put it in Eppendorf, and inject the sample with Shimadzu GC-2010 up to 1uL.
GC conditions. Detector: FID, temperature: + 260 ° C, method: Methylester 37 New
3032017 Cal gcm, column: HP-88, length: 100 m

Organoleptic test. The organoleptic test was performed using a hedonic with a nine-
point scale (Table 1). The test was carried out according to the Indonesian National
Standard (SNI 2346:2015) of Sensory Testing (Badan Standardisasi Nasional 2015). This
research involved 120 panelists from Java, Sulawesi, Maluku, Papua, and West Papua.

Table 1
The Score Scales of the Hedonic Test
Specifications Scores
Like Extremely 9
Like Very Much
Like Moderately
Like Slightly
Neither Like nor Dislike
Dislike Slightly
Dislike Moderately
Dislike Very Much
Dislike Extremely
Source: Badan Standardisasi Nasional [Indonesian National Standard (SNI 2346:2015)].

N WA UTO N

-

Results and Discussion. The proximate test results for asar fish and fresh skipjack tuna
are described in Table 2.
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Table 2
Proximate Test Results of Asar Fish and Fresh Skipjack Tuna

No. Test parameters Asar fish Fresh skipjack tuna
1 Water content 67.8 £ 0.03 68.57 £ 0.06

2 Ash content 1.92 £ 0.02 1.35 £ 0.03

3 Totals fat 1.74 £ 0.02 0.41 + 0.03

4 Protein 26.98 + 0.04 22.95 £+ 0.09

5 Carbohydrates 0.79 £ 0.02 7.49 = 0.04

6 Crude fiber 2.44 £ 0.02 5.92 = 0.06

The score was derived from the average of + standard deviation of three times expressed in the wet weight
basis.

Table 2 shows a decrease in water content due to the smoking process from the raw
material of fresh skipjack tuna to asar fish product. The water level decreased by 0.77%.
The percentage of decline was small because the smoking process was quicker, and the
product was frozen after smoking and before the proximate test. The water content of
asar fish was still fairly high; in fact, the smoked fish should have a moisture content of
less than 65% (Cardinal et al 2001). The different quality of raw materials and smoking
methods can lead to the different nutritional content of smoked fish. Smoked tuna in
Spain contains 58.6-66,2% moisture, 15.4-31.5% protein, 1.4-3.8% fat and 6.1-7.5%
ash content (Fuentes et al 2010). The water content of the asar fish was higher
compared to that of fresh skipjack tuna. The water content decreased by 0.77 %,
carbohydrates by 6.7%, and crude fiber by 3.48%, while the protein content increased
by 4.03%, total fat by 1.33%, and ash content by 0.57%. Smoking can influence the
increase of protein content approximately 5.5%, 14% ash content, and reduced fat
content as high as 27% (Famurewa et al 2017). The location, fish harvest season, and
processing steps influence the final product's texture significantly (Sigurgisladottir et al
2000). The quantity of protein, fat, and ash content of smoked fish increases as the
amount of moisture content during the smoking process decreases (Ahmed et al 2010).
The smoking process can remove water content in the product in order to extend the
self-life by halting microbe’s activity (Fasano et al 2016). The ash content of smoked
skipjack tuna was 1.36% - 5.66% (Toisuta et al 2014). Prolonged smoking will increase
the protein content and decrease the water content (Duedahl-Olesen et al 2010). The
total protein range in fish was 63.80% to 78.15%, and the range of total fat content was
4.57% to 21.29% in different seasons (Emre et al 2018).

Table 3
The amino acid test results of asar fish and fresh skipjack tuna
No. Test Parameters ﬁslj\vs?‘;; ) Fretif;sl?%i(:k
Essential amino acids
1 L-Histidine 3.42 1.49
2 L-Lycine 5.25 3.79
3 L-Phenylalanine 1.3 0.99
4 L-Isoleucine 1.51 1.16
5 L-Leucine 2.45 1.96
6 L-Methionine 0.92 0.68
7 L-Valine 1.71 1.27
8 L-Threonine 1.25 0.94
9 L-Tryptofan 0.04 0.04
Nonessential amino acids
1 L-Tyrosine 1.01 0.76
2 L-Arginine 2.22 1.51
3 L-Proline 1.14 0.89
4 L-Glutamic acid 3.51 2.74
5 L-Aspartic acid 2.44 1.77
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6 L-Cysteine 0.15 0.14
7 L-Serine 1.05 0.78
8 L-Alanine 1.63 1.27
9 L-Glycine 1.31 0.91

Asar fish and fresh skipjack tuna have nine essential amino acids and nine nonessential
amino acids (Table 3). Essential amino acids include lycine, histidine, leucine, valine,
isoleucine, phenylalanine, threonine, methionine, and tryptophan, while nonessential
amino acids included glutamic, aspartic, arginine, alanine, glycine, proline, serine,
tyrosine, and cysteine. The amino acids arginine, lysine, and leucine are essential amino
acids of aquatic animals; therefore, aquatic animals are known as high-protein food
(Rosa & Nunes 2004). Essential amino acids for children include arginine and histidine
(Erkan & Selc 2010). Arginine is essential for children to increase growth hormone
release (Adeyeye & Kenni, 2008). Lysine serves as the primary material of blood
antibodies, strengthens circulation systems, and maintains normal cell growth.
Furthermore, along with proline and vitamin C, lysine produces collagen and decreases
excessive blood triglyceride levels. The average need for amino acid lysine intake per day
is 1-1.5 g (Baker 2007). The three highest contents of nonessential amino acids in
skipjack tuna asar and fresh skipjack tuna were glutamic acid by 3.07%, L-aspartic acid
by 1.75%, and L-alanine by 1.24%. Glutamic and aspartic acids are essential because
they create the typical aroma and flavor of food (Pratama et al 2018; Thariq et al 2014).
Glutamic acid is a natural constituent component in almost all foods that contain high
protein, such as meat, fish, milk, and vegetables (Jacoeb et al 2012). The high protein
content of fish is a source of protein for the human diet (Sayuti et al 2020).

The analysis of fatty acids in asar fish and fresh skipjack tuna revealed several
types of saturated and unsaturated fatty acids (Tabel 4; Figure 2; Figure 3). Saturated
fatty acids were C14:0, C16:0, C18:0, and C20:0. The unsaturated fatty acids were
C14:1, C15:1, C16:1, C17:1, and C18:2. The fatty acids with the highest concentration
were C15:1 (cis-10), C18:0, and C18:2 (all-trans-9,12). The concentrations of fatty acids
in skipjack tuna asar and skipjack tuna were C15:1 (cis-10) by 37.44% and 43.58%,
C18:0 by 19.6% and 27.12%, C14:0 by 11.2% and 0%, C18:2 (all-trans-9,12) by
10.85% and 13.06%, C20:0 by 9.55% and 5.10%, C17:1 (cis-10) by 5.33% and 7,48%,
and C16:0 4.05% and 3.66%. The high concentration of C15:1 (cis-10) and C18:0
supported by a good smoking process could maintain the quality of these fatty acid
compositions. In addition, the smoking process can maintain phenolic antioxidants, which
can prevent fatty acid damages. Sukarsa (2004) stated that the concentration of
unsaturated fatty acids is higher than that of saturated fatty acids because unsaturated
fatty acids are important for human metabolism. However, the low concentration of
methyl palmitoleate in skipjack tuna asar and the loss of concentration of methyl
tetradecanoate, myristoleit acid methyl ester, methyl linoleate, and methyl palmitoleate
in raw materials of asar fish were caused by damage from a lipase enzyme produced by
microbes. Therefore, emerging oxidation produces peroxide, ketone, and aldehyde. The
oxidation process can also increase peroxide and thiobarbituric acids; thus, the amount
of fatty acids was reduced.
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Figure 2. Fatty acids chromatogram of asar fish.
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Figure 3. Fatty acids chromatogram of fresh skipjack tuna.

Table 4
The fatty acid test results of asar fish and fresh skipjack tuna

Molecular Asar fish Fresh skipjack tuna
Compound name formula  Peak Concentration Peak Concentration
(% relative area) (% relative area)
C14:0 C15H3002 1 11.12 - -
Cl4:1 C1sH2802 2 0.8 - -
C15:1 (cis-10) Ci6H3002 3 37.44 1 43.58
C16:0 C17H3402 4 4.05 2 3.66
C16:1 (cis-9) Ci7H3202 5 0.6 - -
C17:1 (cis-10) CisH3402 6 5.33 3 7.48
C18:0 C19H3802 7 19.6 4 27.12
C18:2 (all trans- C19H3402
9,12) 8 10.85 5 13.06
C18:2 (all cis-9,12)  Ci9H3402 9 0.66 - -
C20:0 C21H4202 10 9.55 6 5.10
100 100
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The average evaluation score of the 120 panelists for the asar fish was 6 (Like Slightly)
(Figure 4). The highest score was given to texture and appearance. This may be due to
the fact that the asar fish looked like fresh fish. The smoking process produced the brown
to golden yellow appearance and color, as well as the delicious taste and aroma of typical
smoked fish. Changes in the smoked fish taste and odor were caused by carbonyl and
phenol compounds in the smoke. Kostyra & Barytko-Pikielna (2006) contended that
carbonyl and phenol compounds or their derivatives contribute to the typical colors,
flavor, and aroma of smoked products.
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Figure 4. The hedonic test results of asar fish.

Panelists’ preference for skipjack tuna asar, from the highest to the lowest, taking the
living location into account, were Sumatra, Sulawesi, Papua, Maluku, West Papua, and
Java (Figure 5). The organoleptic characteristics of this sample were not statistically
different (p > 0.05) according to the origins of the panelists' living location, and the
majority of the panelists rated them with 6, referring to something 'like moderately'
Panelists from Sumatra rated 7 or 'like moderately' the appearance and texture of the
product. The fat content possibly affects the texture score of the smoked fish. However,
Mgrkgre et al (2001) report that the texture of smoked Atlantic salmon is not related to
its fat content. Several factors, such as the physicochemical quality of fresh fish, age,
gender, seasonal variation, and the smoking process (smoke resources, smoke
component, temperature, humidity, smoking, duration, and smoke density), can affect
the organoleptic properties of the final product (Simko 2005). In addition, consumers'
eating habits and traditional acceptance of food in each region influence consumers'
choices (Maria & Manzanos 2002). Phenol and carbonyl compounds play a crucial role in
the smoked fish's taste, such as guaiacol and syringol, because phenolic compounds
provide specific-organoleptic characteristics (Kjallstrand & Petersson 2001; Oduor-Odote
et al 2010; Jonsdottir et al 2008; Martinez et al 2007; Cardinal et al 2006).

Java

Sumatera Maluku

Sulawesi ’J Papua
NS

West Papua

— Appearance - -Odor Taste Texture

Figure 5. The chart of the organoleptic test results, based on the panelists' living location.
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Conclusions. The primary component of asar fish was a protein, accounting for 26.98%
of the total component. The asar fish protein contains 18 amino acids: nine critical amino
acids and nine nonessential amino acids. However, essential amino acids dominate the
total percentage. The main fatty acid of asar fish is C15:1 (cis-10) (37.44%), classified
as an unsaturated fatty acid. The results of the hedonic test showed that the ranking by
panelists’ living location was Sumatra (6.8), Sulawesi (6.7), Papua (6,6), Maluku (6,57),
West Papua (6.48), and Java (5.8). It can be concluded that the asar fish is a traditional
smoked fish with a good nutritional composition.
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