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The effect of liquid smoke technology on the amino acid and fatty acid profile of smoked Tuna through liquid 
smoke technology with additional black pepper flavors has been investigated. Therefore, the amino acid profile 
of both fresh tuna and smoked tuna is consisted by 15 amino acids including 9 essential amino acids such as 
histidine, threonine arginine, methionine, valine, phenylalanine, isoleucine, leucine, and lysine also 6 non-
essential amino acids such as aspartic acid, glutamate, serine, glycine, alanine and tyrosine. Moreover, there are 
27 fatty acids consisted in both tuna including 11 saturated fatty acids and 16 unsaturated fatty acids. The 
saturated fatty acids of smoked tuna are dominated by palmitic acid (C16:0) and stearic acid (C18:0). 
Meanwhile, the unsaturated fatty acid is dominated by oleic acid (C18:1n9), arachidonic acid (C20:4n6), 
eicosapentaenoic acid/EPA (C20:5n3), and Docosahexaenoic acid/DHA (C22:6n3). The quality of protein and 
fat contained in both fresh and smoked tuna are very good to be consumed as they give numbers of benefits to 
human health. 
 

 
 
 
 

 
 
 

 
 
 

 
 
 
 
 

 
 

 
 

 
 

 

 
 

 
 

 
 
 
 
 
 
 
 

 
 

 
 

  

 
 

 

INTRODUCTION 
 

Tuna is one of the seafood commodities in Maluku province 
that has high nutrition values. Besides as the protein source, 
tuna fat contributes more health benefit for human as it 
contains omega-3 fatty acids such as EPA and DHA. In 
general, the local people in Maluku consume either fresh Tuna 
or smoked Tuna called “ikan asar”. This processed tuna has 
become so popular with the local people as it has unique and 
savory flavor in various colors from yellow to reddish brown. 
Despite this, there is a boundary in distributing the traditionally 
smoked tuna since it can not resist for along time. Therefore, 
the more advanced technology such as a liquid smoking 
technique in processing Tuna will be helpful for the production. 
This technique has been considered to be more effective and 
efficient in the smoking process that can produce smoked Tuna 
with longer resistance. 
 

Several studies about the application of liquid smoking 
technique in smoked fish processing were done. These findings 
have investigated its application as ananti-decomposing 
microbe and preventing the oxidative damage of fish fats  
(Yuwanty, 2005; Apituley  et al., 2006; Sari  et al., 2006;  
Swastawati, 2008; Zuraida et al., 2011; Ernawati  et al., 2012). 
Moreover, these studies suggested that the techniques 
contribute in increasing the lifespan of processed fish from 1-2 
days to 5 days (Rumahrupute, 1998; Manusiwa, 2001; 
Nendissa, 2004, Apituley, 2010). However, the effective 

combination of this technique with additional black pepper on 
Tuna processing has not been investigated yet. Therefore, the 
aim of this study is to investigate the nutritional values 
including amino acids and fatty acids profile on Tuna after 
treated with the combination treatment.  
 

MATERIAL AND METHOD 
 

The fish samples used in this study was fresh Tuna (Thunus 
alalunga) loin that was obtained from PT Harta Samudra 
Maluku. The liquid smoke was produced from the coconut 
shell using pirolisator in Laboratory of Fishing Technology in 
Pattimura University. The other equipments used in this study 
were redistillation equipment, analytical scale, water bath, 
centrifuge, spectrophotometer, HPLC, GC, and glassware for 
analysis preparation. 
 

The investigation was started with the smoke production from 
coconut shell with its distillate product. The liquid smoke was 
produced through pyrolysis in temperature of 400oC as had 
been done by Tranggono et al., (1996). Meanwhile, the 
redestillation was done under the temperature of 100-125oC. 
The redestillate product of liquid smoke was applied to make 
smoke Tuna. For instance, tuna loin was cut into pocket shapes 
(20x15x2 cm) and sunk into liquid smoke with a concentration 
of 5% and 5% of salt for 20 minutes. Following this, T2% of 
black pepper was sprinkled into the smoked Tuna. 2% of black 
pepper was sprinkled in to the smoked tuna. As the 
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comparison, there was smoked Tuna left without additional 
black pepper. The Tuna pockets were roasted in the oven for 
around 45 minute until fully cooked. These processed Tuna 
pockets were packaged into plastic vacuum sealer and stored 
room temperature for analysis. 
 

Amino acid analysis.  The amino acids were investigated by 
HPLC method (ICL type with ODS column) in the integrated 
laboratory in Bogor Agriculture Institute. Sample preparation 
was done by the addition of 1 ml HCl 6N to the ampules 
containing freeze-dried protein sample. The mixture was 
hydrolyzed in the oven at temperature 110oC for 24 hours. The 
hydrolysate was added with 5ml of HCL 0.01 N and filtered 
with Millipore paper. Moreover, 10 ul of sample was 
derivatized with 25 ul of OPA mixture reaction (50 mg OPA in 
4 ml ethanol, 0.025 ml mercaptoethanol, 0.05 ml of Brij30 
30%, and 1 ml boric buffer 1mM pH=10.4) for 1 minute. 
derivatized sample of 5 ul was injected into HPLC column for 
25 minutes or until all amino acids were separated completely. 
The HPLC was set as follows: ultra tecsphere
fluorescence, 2828oC column temperature, mobile phase flow 
rate of 1ml/minute. In addition, the mobile phase 
Buffer A (0.025M Na-Asetat; Na-EDTA 0.05%; 
and THF 1%) and Buffer B (Methanol 95%) 
 

Protein qualitative analysis.  The qualitative analysis of 
protein was estimated with the Protein Efficiency Ratio
developed by Alsmeyer et al., (1974) in Adeyeye (2009) and 
Shahidi (1995) with the equation: 
 

PPER = 0.06320[THR + VAL + MET + ILE
+ LYS + HIS + ARG + TYR

 

Fatty acid analysis.  Fatty acids were analyzed 
chromatography following the manual procedure of Integrated 
Laboratory of Bogor Agriculture Institute, in which the fatty 
acid composition was determined through hydrolysis followed 
by esterification. Twenty to thirty grams of samples were placed 
on a Teflon-covered column with the addition
0.5N and heated for 20 minutes. Samples were added with 2ml 
of BF3 16% and 5mg/ml internal standard that 
20 minutes. The samples were cooled and added with 2 ml 
saturated NaCl and 1 ml of Hexane. The Hexane layer was 
transferred to the column containing 0.1 g Na
and left for 15 minutes. Moreover, 5 ml of a
FAME standard was injected into gas chro
equipment was set gas chromatogram:capillary column 
(cyanopropyl methyl sil), injector temperature 
temperature of 230°C, primary column
190°C/15 minutes, and end column temperature 230°C/20 
minutes with column flow rate 10°C/minutes, carrier gas H
with flow rate 30 ml/ minute, N2 flow rate of 20ml/ minute, and 
gas flow rate 200-250ml/minute. 
 

Fat quality analysis.  The fat quality was measured through 
Index of Atherogenic (IA) and Index of Thrombogenic (IT) 
adapted from Ghaeni et al. (2013) equation as follows:
 

�� = [(4�C14: 0) + C16: 0 + C18: 0]/[�MUFA + �PUFA�
 

�� =
(C14: 0 + C16: 0 + C18: 0)

0.5�MUFA + 0.5�PUFA�6 + 3�PUFA�3 + PUFA�3/PUFA
 

The ratio of hypocholesterolemic and hypercholesterolemic 
(Santos-Silva et al., 2002) was measured through the equation 
below: 
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PI = EPA +	
DHA
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Index Flesh Lipid Quality (FLQ) is the indicator of Omega
PUFA (EPA and DHA) existence with fish total fat measured 
from the equation developed by Abrani et al. (1992):
 

FLQ = 100 X [EPA + DHA] / % Total Fatty Acid

RESULTS AND DISCUSSION
 

Nutrient composition of fresh tuna and smoked tuna.
nutrients composition of both fresh and smoked tuna were 
investigated through proximate analysis as presented in 
1. It can be seen that there were differences 
composition between fresh and smoked Tuna. However, there 
were no significant differences found 
between smoked Tuna that were given ad
additional black pepper. Moreover, the water content of fresh 
Tuna changed from 72.5% to 53.55% and 54.60% after the 
smoking process with and without additional black pepper. The 
water content is one of the pivotal characteristics 
sources as it contributes significantly 
texture, and taste. The maximum standard of foods’ water 
content on smoked fish is 60% (SNI 2725.1:2009). It means 
that smoked Tuna produced in this study has met the quality 
standard of smoked fish. According to Wibowo in Hadinoto 
al., (2016), the change of water content in the 
is caused by the heat and water 
by the temperature pressure, smoke compound contents, and 
heating duration. The high te
process cause the water content loss resulted in hard fish tissue 
(Isamu et al., 2012). Furthermore, the ash content is one the 
nutrient content as the organic
2013). The ash content is an indicator
food sources (Winarno, 1992). The ash and mineral contents of 
food sources are naturally occurring
external sources during the food processing (Puspitasari, 
1991). 
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As depicted in Figure 1, the ash content of smoke Tuna has 
increased compared to the fresh tuna. The increase is the result 
of the loss of water content due to the addition of salt during 
the smoking process. According Kanoni (1993), 
mineral content can caused by the precipitation of mineral 
content in salt during submersion during 
Moreover, the protein content has also increased from 25.14% 
in fresh tuna to 34.9% and 33.72% for additional and non
additional black pepper respectively. The protein is 
concentrated due to the smoking process including heating, 
roasting, and salt addition.  According to Suharjo (1998), the 
main function of salt is giving the natural taste as it 
osmotic pressure so the protein will be more
addition, the fat content of Tuna increased from 0.02% in fresh 
Tuna to 0.77% and 0.61% in additional and non
black pepper smoked Tuna as the result of the treatment. 
 

Amino acid profile of fresh tuna and smoked tuna.
protein quality can be measured by the comparison of amino 
acids consisting the protein. Winarno (1997) added that good 
protein can provide essential amino acid that body needs. 
Clieslick et al (2017) stated that amino acid is the fu
molecule for health since the deficiency of amino acid could 
lead to diseases. Therefore, the amino acids composition of 
food sources is important to be investigated to determine their 
nutrient potential (Mohanty et al., 2014). Therefore, the ami
acid content of fresh and smoked Tuna are similar consisting 
15 amino acids including 9 essential amino acids such as 
histidine, threonine arginine, methionine, valine, 
isoleucine, leucine, and lysine also 6 non-essential amino acids 
such as aspartic acid, glutamate, serine, glycine, alanine and 
tyrosine (Table 1). 
                                                                                                                      

Table 1 Amino acid contents of fresh and smoked tuna
 

Amino Acids (%) 
Fresh 
Tuna 

Non-Black pepper 
smoked tuna 

Black pepper smoked tuna

Non-essential amino acids 
Aspartic acid (ASP) 2.23 3.92 

Glutamic acid (GLU) 3.26 4.09 
Serine (SER) 0.77 0.90 

Glycine (GLY) 1.05 1.30 
Alanine (ALA) 1.39 1.65 
Tyrosine (TYR) 0.73 1.01 

Total Non-essential AA 9.43 12.87 
Essential Amino Acids 

Histidine (HIS) 1.82 1.77 
Threonine (THR) 1.13 1.34 
Arginine (ARG) 1.51 1.69 

Methionine (MET) 0.78 0.89 
Valine (VAL) 1.28 1.63 

Phenylalanine (PHE) 0.96 1.15 
I-leucine (ILE) 1.31 1.45 
Leucine (LEU) 1.93 2.21 
Lysine (LIS) 2.15 3.72 

Total Essential AA 12.87 15.85 
Total Amino Acid 29.06 28.72 

P-PER 1.50 1.88 

 
The total amino acid on fresh tuna was 29.06%, while for 
additional and non-additional black pepper smoked tuna 
28.7% and 33.26% respectively. As the comparison, the amino 
total amino content in fresh common carp and northern pike 
fishes were found 18.34% and 13.38% respectively
other side, the smoked common carp and northern pike 
contributed 27.11% and 17.09% of the total 
(Cieslik et al., 2017). It can be seen in Table 1 that the amino 
acid content increased as the result of the smoking
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has been mentioned that essential amino acid of common 
carp, rainbow trout, and northern pike was increased 

moking process (Cieslik et al., 2017). 
According to the health perspective, the smoking process will 

content of fresh fishes (Adenike, 2014; 
2014). The heating process is 

considered to affect nutrient content as it leads to the water 
content loss (Idah and Nwankwo,2013). Moreover, glutamic 
acid (GLU) and aspartic acid (ASP) is the major non-essential 
amino acids contained in fresh Tuna.  
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role in antibody production, enhance the circulation, maintain 
the cell growth along with protein, and form collagen with 
vitamin C. These amino acids can lower the blood 
calcium absorption, recovery process, promoting the formation 
of muscle protein, hormone, antibody, an
2008). The amino acid analysis data will provide the protein 
efficiency ratio as representing the nutrient content of foods 
(Shahidi. 1995; Bouriga et al.,2010; Ade
Shewawy et al., 2016).  
 

 

Figure 4 The P-PER value of both fresh and smoked tuna
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1.84%. (ElShehawy, 2016). Moreover, 
Friedman (1996) stated that if the PPER value <1.5 means that 
the protein content was low. In addition, Hoffman and Falvo 
(2004) stated that PPER value >2.7 means that the protein 

as good. Therefore, it can be concluded 
that the protein content of both fresh and smoked tuna is good. 

Fatty acid profile of fresh tuna and smoked tuna.  There are 
both tuna including 11 saturated 

fatty acids and 16 unsaturated fatty acids as presented in Table 

Fatty Acid content of fresh and smoked tuna 

Flavoured 
smoked 

tuna 

Non-
flavoured 

tuna 

0.02 0.02 

0.44 0.70 

0.04 0.02 
0.18 0.23 

11.44 11.75 
0.84 1.28 
0.41 0.49 

0.05 0.05 

3.97 4.39 
0.05 0.07 
4.85 7.26 
0.40 0.66 
0.05 0.17 

0 0 
0.45 0.89 

C20:1 
Linolenic Acid. C18:3n3 

Heneicosanoic Acid. C21:0 
Cis-11.14-Eicosedienoic 

Acid. C20:2 
Behenic Acid. C22:0 

Cis-8.11.14-Eicosetrienoic 
Acid. C20:3n6 

Arachidonic Acid. C20:4n6 
Tricosanoic Acid. C23:0 
Cis-13.16-Docosadienoic 

Acid. C22:2 
Lignoceric Acid. C24:0 

Cis-5.8.11.14.17-
Eicosapentaenoic Acid. 

C20:5n3 
Nervonic Acid. C24:1 
Cis-4.7.10.13.16.19-

Docosahexaenoic Acid. 
C22:6n3 

Total Fatty Acid 
ΣSFA 

ΣMUFA 
ΣPUFA 

PUFA/SFA 
n-3 PUFA 
n-6 PUFA 

n3/n6 
 

The saturated fatty acid content of both fresh and smoked Tuna 
is similar to the other fisheries products that are dominated by 
palmitic acid (C16:0) and stearic acid (C18:0). However, the 
unsaturated fatty acid content of was oleic acid (C18:1n9), 
arachidonate acid (C20:4n6), 
(C20:5n3), and docosahexaenoic
Sunarya (1993) stated that fish fat and fish oil are beneficial for 
our health as it contains polyunsaturated fat (PUFA) such as 
oleic acid, eicosapentoic acid
play important role in maintaining optimum health. Thes
amino acids are abundantly found in fresh tuna and smoked 
tuna. Their existence shows the uniqueness and 
seafood and land animal in general (Shahidi, 1998). In 
accordance, Ilow (2013) added that smoked sea fishes are the 
good source of omega-3 fatty acids with long PUFA structure. 
These contents are beneficial for the prevention and therapy of 
cardiovascular diseases, hypertension, arthritis, inflammation, 
and autoimmune disorders, cancers (Jones, 2002). 
 

Figure 5  Saturated and unsaturated fat
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0.14 0.14 0.20 

0.26 0.08 0.17 
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species of tuna such as yellowfin tuna, skipjack tuna, and 
frigate tuna contain higher PUFA than SAFA and MUFA. The 
saturated fat content in the investigated tuna was found around 
6.55% to 10.28%. Meanwhile, the MUFA content was around 
5.18 to 6.17%. At last, the PUFA content was found 6.26% to 
10.26% in all investigated tuna. 
 

Therefore, it can be seen in figure 5 that there are differences in 
both saturated fatty acid and the unsaturated fatty acid contents 
in the investigated tuna.  The PUFA content in flavored 
smoked tuna was found higher than in fresh, while non 
flavored smoked tuna PUFA content was decreased. This can 
be expected as the effect of the physical characteristic of fatty 
acid that changes during the heating process. The saturated fat 
has a considerably higher melting point than the other fatty acid 
with the same chain number. The unsaturated fatty acids with 
bigger complex chain have the lower melting point so they 
have lower viscosity and melting point than the saturated fatty 
acids with the same number of chains (Winarno, 2008).  
 

The essential oil content of black pepper is expected to be 
another cause of different content of fatty acids in investigated 
tuna. Besides, the penetration rate of liquid smoke is the same 
as organic acids’ penetration rate. Carbonyl or phenol with 
their derivates determines the content of fatty acids in smoked 
fish production (Apituley et al., 2014).  The identified organic 
acid components in liquid smoke are propanoic acid, butanoic 
acid, myristic acid, lauric acid, palmitic acid, and other organic 
acids (Kadir et al., 2010; Ratnawati et al., 2010). The existence 
of these organic acids contributes the fluctuating fatty acid 
content of smoked tuna. The PUFA-n3 content in both 
freshwater and seawater fishes are consisted majorly by 
eikosapentaenoate (EPA) and docosahexaenoic acid (DHA) 
that are now become widely studied as they have the potential 
for cardiovascular diseases such as hypotriglyceridemia (Kris-
Etherton et al., 2002; Swanson et al., 2012; Wozniack et al., 
2013).  
 

The profile of PUFA-n3 and PUFA-n6 with their ratio in 
investigated tuna are presented in Figure 6. In a closer look, the 
content of those fatty acids was found higher in flavored 
smoked tuna. The same pattern also can be seen in their ratio, 
which is 6.96 to 9.79 in all investigated tuna. Moreover, 
Popovic et al., (2012) reported that PUFA- n3/PUFA- then 
6ratio of blue fin tuna is found around 6.98 – 7.56.  Mohanti et 
al., (2016) reported that the ration of PUFA- n3/PUFA- n6 in 
39 fish species including Thunus albacore, Restraliger 
kanagurta, Katsuwonos pelamis, and Euthymus affinisare 
found around 0.80 – 5.6. In the same way, Oklan (2005) stated 
that the high ratio of PUFA- n3/PUFA- n6 will give benefits to 
foods. The best diet of PUFA- n3/PUFA- n6 ratio for a human 
is around 1:1 to 1:5 Osman in Zuraini et al., (2006). Therefore, 
the investigated tuna on this study is categorized as a good diet 
for a human. 
 
 
 
 
 
 
 
 
 

 
 

 
 

Figure 6  PUFA profile in fresh and smoked tuna 
 

The high ratio of PUFA/SFA of investigated tuna in this study 
that is around 0.64 to 1.19 suggested that they can be used as 
potential PUFA source as it recommended by the health 
department of UK the minimum ratio of PUFA/SFA is around 
0.45 (Calman in Cieslick et al., 2017).  The ratio of PUFA/SFA 
found in this study is similar to the ratio PUFA/SFA of fresh 
common carp and rainbow trout that is around 0.97 to 1.69 
(Cieslick et al., 2017). This ratio is also similar to the ratio of 
yellowfin tuna and bluefin tuna that is around 0.64 to 0.82 
(Shimingpeng et al., 2013). These ratios are supported by the 
Index of Atherogenic (IA) and Index of Thrombogenic (IT), 
hypocholesterolemic and hypercholesterolemic (h / H) as well 
as the fresh Tuna (PI) polyene index (PI) ratio. 
 

 
 

Figure 7  Index of lipid quality in fresh and smoked tuna 
 

The change of IA and IT of fresh and smoked tuna were around 
0.42-0.99 and 0.93-1.70 respectively. These values are similar 
to the IA and IT values of fresh common carp, rainbow trout, 
and northern pike that are 0.26 – 0.27 for IA and 0.25 – 1.06 
for IT (Chieslic et al., 2017). However, Torrial et al., (2014) 
found that IA and IT value of Tilapia fish are around 0.55 – 
0.66 and 0.82 – 0.85. In addition, Kaya et al., (2008) reported 
that there was a change in IA and IT values in fresh and 
smoked Sturgeon fish that are around 0.31 – 1.01 and 1.24 – 
1.93 respectively. According to Bosciano et al. (2014),the good 
quality foods have low IA and IT as it can be used in the 
determination of lipid quality of foods including the other 
fisheries products (Ghaeni et al., 2013).   
 

The Index of Atherogenic (IA) is related to the interaction 
saturated fat contents as the pro-atherogenic substances and 
unsaturated fat contents as anti-atherogenic substance. The pro-
atherogenic substances induce the lipid adhesion in the immune 
system, while anti-atherogenic substances prevent the plaque 
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formation in the bloodstream as it minimizes the fat 
esterification in the pathogenesis of coronary heart diseases. 
Meanwhile, the Index of Thrombogenic (IT) is related to the 
interaction of saturated fatty acids (pro-thrombogenic) and 
unsaturated fatty acids (anti-thrombogenic) in the blood 
coagulation process (Ghaeni et al., 2013; Boscaino et al., 
2014).Therefore, the quality of smoked tuna in this study is 
considered to be better than the fresh tuna since the smoked 
tuna has lower IA and IT. 
 

Moreover, the hypocholesterolemic/hypercholesterolemic or 
h/H ratio of fresh and smoked tuna was around 2.51 – 3.96. 
Tonial et al., (2014) reported that h/H ratio of tilapia fish was 
around 1.56-1.63. In addition, h/H ratio of some frozen seafood 
such as prawn, squid, scallops, and octopus are around 2.54, 
2.13, 1.71, and 2.57Czech et al. (2015). The h/H ratio is closely 
related to the fat quality of foods (Santos-Silve et al., 2002). 
The higher hypocholesterolemic fatty acids content in foods 
means that they can prevent atherosclerosis. As the matter of 
fact that smoked tuna contains has higher h/H ratio, it can be 
concluded that smoked tuna is potential in preventing 
atherosclerosis.  
 

Therefore, it shows that the seafoodis rich in omega-3 that is 
potential to be used as anti-atherogenic and anti-thrombogenic 
(Hu. 2001; Henderson et al., 2008). Moreover, high seafood 
diet, especially fish that eats phytoplankton, can reduce the risk 
of coronary heart disease as it slower atherosclerosis and lower 
the blood cholesterol of LDL and triglycerides while increases 
the HDL level. It also improve the thrombus formation by the 
thrombocyte. Polien Index (PI) is the indicator of lipid 
oxidation (Telahigue et al., 2013), which is determined from 
the EPA and DHA level compared to the palmitic acid level. 
The polien index of fresh and smoked tuna was 1.21 – 3.19 
(Figure 7). This is considered as better than the results of 
previous studies on mackerel (Scomberomous commerson) with 
IP 0.64 and shark (Carcharhinus dussumieri) with IP 0.45 
(Taheri et al., (2012). Therefore, it can be suggested that both 
fresh and smoked tuna are highly resistance to oxidation 
process. The higher PI shows the higher resistance of food 
sources to the oxidation process (Sahari et al., 2009; 
Nazemroaya, 2009; and Pirestani et al., 2010). 
 

 
 

Figure 8 FLQ index (Flesh Lipid Quality) from Fresh Tuna and Smoked Tuna 
 

The flesh lipid quality (FLQ) is one of the indicators of the 
correlation between omega-3 (EPA and DHA) with total fat 
content. The higher FLQ index is related to the higher quality 
of lipid quality in food sources (Abrami et al., 1992; Luczynska 
et al., 2017). It can be seen in Figure 8 that the FLQ of flavored 
and non-flavored smoked tuna are higher than the fresh tuna 
FLQ, which are 52.71, 53.08, and 33.92 respectively. These 

FLQ are considerably higher than the FLQ on several fishes 
such as Bream/Sparu saurata (30.14), Perch/Perca fluviatilis 
(33.22) Ide/Leucis cusidus (24.32), Carp/Cyprinus carpio 
(13.99), Rainbow trout/Oncorhyn chusmykis (17.97), and 
hering/Clupea harengus (13.01) (Luczynska et al., 2017). In 
other words, the investigated tuna on this study have better 
quality to be consumed as good fatty acid sources.  
 

Overall, the smoking procedure using liquid smoke with 
additional flavoring did not alter the quality of fatty acid and 
amino acid of Tuna. Moreover, these procedures increased the 
lipid and protein quality of tuna as the food source. These facts 
suggest that both fresh and smoked tuna are good to be 
consumed as it gives benefits for human health. According to 
Stanley (2009), foods containing low saturated fat will improve 
the heart condition. 
 

CONCLUSION 
 

Based on the results above, it can be concluded that both fresh 
and smoked tuna is consisted by 15 amino acids including 9 
essential amino acids such as histidine, threonine arginine, 
methionine, valine, phenylalanine, isoleucine, leucine, and 
lysine also 6 non-essential amino acids such as aspartic acid, 
glutamate, serine, glycine, alanine,and tyrosine. Moreover, 
there are 27 fatty acids consisted in both tuna including 11 
saturated fatty acids and 16 unsaturated fatty acids.The 
saturated fatty acids of smoked tuna are dominated by palmitic 
acid (C16:0) and stearic acid (C18:0). Meanwhile, the 
unsaturated fatty acid is dominated by oleic acid (C18:1n9), 
arachidonic acid (C20:4n6), eicosapentaenoic acid/EPA 
(C20:5n3), and Docosahexaenoic acid/DHA (C22:6n3). The 
quality of protein and fat contained in both fresh and smoked 
tuna are very good to be consumed as they give numbers of 
benefits to human health. 
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