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Abstract 
Milkfish has a high nutritional content, especially fat content. The processing of 
milkfish oil into pure oil has not been done much. Proper processing is needed so 
that the fatty acids contained in fish can be utilized optimally for pharmaceutical 
and medical needs. Enzyme extraction is known to extract fish oil with better 
quality than the heating method. The aim of this research was to study the effect 
of the enzymes bromelain and papain on the quality of pure fish oil from milkfish 
silage by treating different body parts used. The experiment was carried out 
with Factorial Complete Randomized Design with three replications involving 
two factors. The first factor was the type of enzyme using two types of enzymes, 
namely bromelain and papain with a concentration of 15%, the second factor 
used was the difference in body parts that was whole fish, flesh, and waste (head, 
viscera, and bones). The results showed that the type of enzyme had no significant 
effect on the quality of fish oil, but the different treatments of fish body parts had 
a significant effect on the quality of the fish oil produced. The best treatment was 
adapted from fish oil treated using the bromelain enzyme with the flesh. This 
treatment resulted in yield of 1.25%, density 0.903 g/mL, FFA content of 0.56%, 
and peroxide value of 7.64 meq/kg.
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1. Introduction

Milkfish (Chanos chanos) is a fish with high 
economic value. Indonesia is the largest producer 
of milkfish after the Philippines. According to the 
FAO Regional Officer for Asia and The Pacific, the 
consumption of milkfish in Indonesia is 187,200 tons 
(Needham and Funge-Smith, 2015). Milkfish are 
generally processed as whole milkfish, thorn less, and 
presto milkfish. Then from an industrial scale, milkfish 
are mostly processed into canned fish and concentrate 
for animal feed. Utilization of milkfish into fish oil is 
still minimal and needs to be increased considering 
the benefits of milkfish’s high nutritional content. The 
nutritional content of milkfish includes 20.37% protein, 
3.84% fat, and 4.02% ash. The essential amino acids 
(0.1 g of sample) are glutamic acid (16.2 g), aspartic 
acid (12 g), leucine (8 g), lysine (7.3 g), phenylalanine 
(6.7 g), and histidine (6.1 g). The content of saturated 
fatty acids (SFA) was 40.17%, Mono Unsaturated Fatty 
Acid (MUFA) was 34.47%, and Poly Unsaturated Fatty 
Acid (PUFA) was 16.27% (Murthy et al., 2016). The 
w3content of milkfish (0.1 g sample) is divided into 
0.36 g EPA and 1.17 g DHA. This shows that milkfish 
contains quite a lot of w3s so that it can be used as an 
alternative source of useful fatty acids (Sugata et al., 
2019). 

Fish oil processing is one way to optimize the 
potential of milkfish. Fish oil is a component of fat in 
fish body tissue that has been extracted in the form of oil. 
Several studies on fish oil production with raw materials 
for fishery products include mackerel byproduct 
(Ramakrishnan et al., 2013), goldfish (Pandiangan et 
al., 2019), sardines (Sardinella longiceps) (Al-Abri et 
al., 2014), ribbon fish (Lepturacanthus savala) (Akhade 
et al., 2016), fish waste (Lúcia et al., 2015), fish oil 
microencapsulation (Liu et al., 2016), and mackerel 
fish oil waste (Feryana et al., 2014). The problem that is 
obtained from these various studies is fish oil quality is 
less than optimal so that it requires an effective extraction 
and purification method. The extraction method is the 
key step that most influences the quality of the pure fish 
oil produced.

The method commonly used for fish oil 
extraction is the rendering method or heating by 
pressing. The lack of this method is the use of high 
temperatures which results in low quality of fatty acids 
and resulting in waste of energy, thus increasing costs. 
The extraction method that can be used to overcome 
these deficiencies includes the enzymatic extraction 
method. According to research by Taati et al. (2018), 
the fish oil extraction method using protease enzyme is 

better than the pressing method (wet process) in terms 
of yield and fatty acid content in fish oil.

Bromelain and papain enzymes are protease 
enzymes that can be used to extract fish oil. Bromelain 
is a protease enzyme found in pineapple plants, while 
papain is a natural protease enzyme found in papaya 
plants. Both types of enzymes fall into the category 
of protease enzymes, could breaks down proteins into 
simpler amino acids. Enzymes have high functionality 
because they can work back and forth to be very good 
when used for extraction.

Several studies regarding enzymatic extraction 
in fish oil processing include research by Mbatia et 
al. (2010) with raw materials tillapia and salmon fish 
using 0.5% bromelain enzyme without the addition 
of water and pH at 55˚C, salmon byproduct a mixture 
of head, body, and viscera using the protease enzyme 
2.5% at 50˚C (Routray et al., 2018), alkylase enzymes 
(Ramakrishnan et al., 2013), and four types of protease 
enzymes (Protease-P-Amano6, Alcalase®, Protex 7L®, 
and Neutrase®) (Hathwar et al., 2011). Some of these 
studies only focus on the effect of enzymes with whole 
fish raw materials so that the effect of differences in fish 
body parts on fish oil quality is unknown. This study 
examines the effect of bromelain and papain enzymes 
on the quality of pure fish oil by treating different body 
parts.

2. Materials and Methods

2.1 Materials 
The materials used in this study included 

milkfish (Chanos chanos), pineapple fruit extract and 
papaya peel extract (as crude enzymes) obtained from 
the Kamal market Bangkalan Regency, citric acid 
monohydrate (5949-29-1, Emsure®, DEU), NaOH 
(109139, Emsure®, DEU), KOH (111787, Titripur®, 
DEU), Potassium Iodide (105044, Suprapur®, DEU), 
distilled water, bentonite, Phenolphthalein (107233, 
Merck, DEU), 1% starch indicator, glacial acetic 
acid (100063, Emsure®, DEU), chloroform (102445, 
Emsure®, DEU), Na2S2O3 (160312, Titripur®, DEU), 
hexane (100795, SupraSolv®, DEU), and 96% ethanol 
(159010, Emsure®, DEU). The equipment used were 
UV-Vis spectrophotometer (Genesys 10s UV-Vis, 
Thermo Scientific™, USA), blender (8011ES, Waring®, 
USA), erlenmeyer (4980-250N, Iwaki®, INA), beaker 
glass (1000, pyrex®, DEU), measuring pipette (7000-
20-IW, Iwaki®, INA), hot plate (SP88857104, Thermo 
Scientific™ Cimarec+™, USA), spatula, measuring 
cylinder (3022-25-N, Iwaki®, INA), volumetric flask 
(5640-1000-IW, Iwaki®, INA), analytical balance 
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(Cp214, Ohaus®, CHN), centrifuge (LC-04S, Zenith 
Lab, CHN), cuvette, magnetic stirring bar, burette 
(BURET25S, Iwaki ®, INA), aluminum foil, and gas 
chromatography devices (GC-MS QP-2010). 

2.2 Methods
A field experiment was conducted at the quality 

analysis laboratory, Universitas Trunojoyo Madura, 
from September to December 2020 to study the effect 
of the enzymes bromelain and papain on the quality of 
pure fish oil milkfish silage by treating different body 
parts of the milkfish.  

2.2.1 Experimental design

This study used an experimental method, which 
is the method used to find the effect of one treatment 
on another treatment under controlled conditions. The 
data collection technique was carried out by direct 
observation, namely by using the physical test of pure 
milkfish oil. The experiment used a factorial Completely 
Randomized Design (CRD) with three replications 
involving two factors; the first factor was the type of 
enzyme using two types of enzymes, namely bromelain 
and papain with a concentration of 15%, the second 
factor used was the difference in body parts that was 
whole fish, flesh, and waste (head, viscera, and bones).

2.2.2 Sample Treatment

2.2.2.1 Crude Fish Oil Processing (Gbogouri et al., 
2006 modified)

Crude fish oil processing begins with cleaning 
and separating the milkfish based on treatment (whole, 
flesh, and waste). Each piece is weighed 500 g and then 
reduced in size using a grinder. The fish silage was then 
added with crude protease enzymes (bromelain and 
papain) to each treatment as much as 15% (v/v) then 
heated at 56˚C for 120 minutes. The hydrolyzed fish oil 
was centrifuged at a speed of 4000 rpm for 20 minutes, 
and then the residue was re-centrifuged at a speed of 
2600 rpm for 10 minutes to ensure the residue was clean 
from oil. The crude fish oil is separated using a dropper.

2.2.2.2 Purification

Crude fish oil was purified using three stages to 
get pure fish oil. Degumming:  The crude fish oil sample 
was weighed as needed in a 50 mL beaker glass, then 3% 
(w/w) concentration of 3% citric acid solution was added 
and stirred on a hot plate at 70˚C for 1 minute. Then 
the oil was rested and centrifuged at 2600 rpm for 10 
minutes to separate the degumming fish oil (Pravinkumar 
et al., 2015). Neutralization: NaOH solution 
with a concentration of 9.5% as much as 18˚Be (12.68% 

(w/w)) was added to the degumming oil then stirred 
using a magnetic stirrer and heated at 65˚C for 20 
minutes. The samples were rested at room temperature 
for 3 hours. After resting, the samples were centrifuged 
at a speed of 2600 rpm for 10 minutes. The centrifuged 
oil was separated from the soap sediment by adding 50 
mL of distilled water to wash the remaining soap, then 
centrifuged again with 3 repetitions to ensure that the oil 
is clean from the soap (Dieffenbacher and Pocklington, 
1992). Bleaching: The neutralized fish oil was added 
with 1 g of bentonite at 100˚C for 20 minutes and then 
centrifuged at 2600 rpm for 10 minutes (Makhoukhi et 
al., 2009).

2.2.3 Physical properties of the fish oils

2.2.3.1 Yield (Helrich, 1990)

The yield is the ratio between the final weight of 
the product and the ingredients’ initial weight. The yield 
was calculated based on (Helrich, 1990) as follows:

2.2.3.2 Density (Apituley et al., 2020)

Density is the weight of the object divided by 
its volume. The formula used to find the density value 
is as follows:

2.2.3.3 Clarity (Helrich, 1990) modified by (Suseno et 
al., 2011)

The usable wavelengths based on the modified 
method (Helrich, 1990; Suseno et al., 2011) are 450 
to 700 nm. The cuvette was cleaned and filled with 
aquadest until it showed an absorbance of 0 A. The 
cuvette containing the standard was replaced with a 
cuvette containing the sample, and the clarity was 
measured based on the percentage of transmission (% 
T). The sample was measured by mixing 0.5 mL of oil 
with 9 mL hexane at a wavelength of 450 nm.

2.2.3.4 Colour (Helrich, 1990)

A sample of 5-10 mL was prepared in a 50 mL 
beaker. Then the sample is taken using a pipette as much 
as 0.5 mL and placed on the test plate evenly. The pipette 
sample must be clean of residue or dirt, so it is advisable 
to take the top part of the oil in the beaker. The samples 
were analyzed using the Hunterlab colorFlex EZ color 
reader with a height of ± 2 cm using the Hunter methods 
L*, a*, and b*. L* values measure lightness (0 = black  
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and 100 = white); +a* values represent redness, and −a* 
values represent greenness; +b* values represent yellow 
; and −b* values represent blue. Measurement was 
carried out three times, and the results were averaged.

2.2.4 Chemical Properties

2.2.4.1 Percent Free Fatty Acids (Helrich, 1990)

A sample of 0.5 g was put into a 250 mL 
Erlenmeyer then added 5 mL of 96% ethanol. The 
sample was heated for 10 minutes at 70-80˚C and 
cooled at room temperature, and then two drops of 
phenolphthalein (PP) indicator were added. The sample 
was stirred for 1 minute and irritated using 0.1 N KOH 
solution until a pink color was formed that lasted for 30 
seconds. Then the percentage of free fatty acid content 
was calculated as follows: 

Description:

A = Number of KOH titrations (mL)

N = Normality of KOH

M = Molecular Weight of dominant fatty acid (Palmitic 
Acid)

G = The sample (gram)

2.2.4.2 Peroxide Value (Helrich, 1990)

The oil was weighed as much 0.5 g, put in a 
250 mL Erlenmeyer and 30 mL of chloroform (3:2 in 
volume), then glacial acetic acid solution was added. 
The mixture was shaken for 1 minute, and 0.5 mL of 
saturated KI solution was added. The solution was shaken 
for 1 minute then added 30 mL of distilled water and 0.5 
mL of 1% starch indicator. The color of the mixture that 
appears before the titration is blackish blue, and then 
the solution was titrated with 0.01 N Na2S2O3 solution 
until the blue color disappears. The calculation of the 
peroxide value is done with the following equation:

Description:

S = Volume of titration Na2S2O3 (mL)

N = Normality for Na2S2O3

2.2.5 Fatty acid profile

The analysis of the fatty acid profile was carried 
out on fish oil with the best characteristics which is the 
treatment of flesh with the enzyme bromelain. The 
analysis begins with the fish oil transesterification 
process. The sample was prepared as much 25 mg and 

put into the derivatization tube. 1 mL of 2% NaOH 
solution (in methanol) was added and shaken for 1 
minute. The tube is tightly closed and heated to 90˚C for 
5 minutes then cooled. 1 mL of BF3 solution in methanol 
was added and heated again at 90˚C for 30 minutes 
and rested. 1 mL of n-hexane solution was added and 
shaken for 30 seconds. The upper phase (n-hexane) was 
taken for analysis using the Agilent 5977B GC/MSD 
instrument with the Agilent 5973 inert MSD detector. 

A total of 1 μL of the free liquid phase solution 
was injected into the J&W Scientific column, HP-5MS 
(5% -phenyl-methylpolysiloxane), as a buffer. The 
column length used 30 m, with a diameter of 0.25 mm. 
The injector’s temperature was set at 230˚C, and the 
detector temperature was 280˚C, then Helium gas was 
used as a carrier gas. The initial column was set to the 
temperature of 170˚C, held for 1 minute, increased the 
temperature slowly by 2˚C/minute until the temperature 
is 180˚C then held for 5 minutes, increased the 
temperature slowly by 5˚C/minute until the temperature 
is 275˚C and then held for 5 minutes. The best sample 
analysis is done qualitatively in terms of retention time 
compared to the standard fatty acid standard. While 
quantitatively it is calculated based on the peak area of   
one fatty acid divided by the total peak area multiplied 
by 100% in order to obtain the composition of fatty 
acids in the sample.

2.3 Data Analysis 
The data obtained were then compared with 

International Fish Oil Standard (IFOS) and Indonesian 
National Standard (SNI) on pure fish oil. The data 
obtained were analyzed using the analysis of variance 
at the 5% alpha significance level with the help of SPSS 
software version 16. If there was a significant difference 
from the results of the analysis, then proceed with the 
Duncan difference test.

3. Results and Discussion

3.1 The Effect of Treatment on Physical Properties 
Most studies only use whole fish or fish body 

parts specifically. However, the effect of different body 
parts on the physical and chemical properties is not 
yet known. Each part of the fish’s body has different 
characteristics due to its fatty acid content. This will 
also affect the hydrolysis process and the forming 
of fatty acid compounds and peroxides; resulting in 
differentclarity, color, specific gravity, and yield. The 
whole fish hydrolyzed with the bromelain enzyme 
yielded 0.92% of the initial weight of 500 g of material 
(Table 1). Whole fish hydrolyzed with papain enzyme 
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had a yield of 1.02%, flesh hydrolyzed with bromelain 
resulted in a yield of 1.25%, flesh hydrolyzed with 
papain resulted in a yield of 0.81%. The highest yield 
was waste hydrolyzed with bromelain at 1.28%, and the 
lowest was waste with papain at 0.72%. The treatment 
of flesh and garbage with the bromelain enzyme was 
higher yield than treatment with the papain enzyme 
papain. On the contrary, the yield of whole fish with 
the papain enzyme was higher than that of whole fish 
with the bromelain enzyme. The ability of enzymes is 
influenced by the fatty acid content in the fish body.  

Parameter
Treatment

P1 P2 P3 P4 P5 P6
Yield (%) 0.92±1.00b 1.02±1.00c 1.25±0.18d 0.81±0.06a 1.28±0.18d 0.72±0.06a

Density (g/
mL) 0.902±0.69a 0.944±1.00d 0.903±0.05ab 0.920±0.09c 0.912±0.05bc 0.917±0.09bc

Clarity (A) 0.067±1.00a 0.091±1.00b 0.241±1.00f 0.197±1.00e 0.131±1.00c 0.155±1.00d

L* 32.2±0.09a 36.2±0.09a 31.4±0.09a 34.3±0.09a 33.3±0.09a 30.9±0.09a

a* +1.47±0.54a +2.03±0.54a +1.03±0.54a +1.90±0.54a +3.10±1.00b +1.07±0.54a

b* +21.2±0.14a +22.9±0.14a +30.0±0.52b +30.9±0.52b +20.3±0.14a +21.7±0.14a

The portion of meat contains a lot of unsaturated 
fatty acids, namely oleic acid which caused the weight 
of the oil to increase due to the high molecular weight 
of the fatty acids. In contrast, the waste portion contains 
a lot of saturated fatty acid, palmitic, which has a higher 
molecular weight than oleic acid. The yield of milkfish 
oil in this study is close to research by Aditia et al. 
(2014) which utilized dry rendering method (pressing) 
with yield of crude milkfish oil as much as 2.1%. Crude 
milkfish oil produced in this study ranged from 2-12%. 
Therefore, this study’s yield of pure milkfish oil is also 
close to the research by Aziza et al. (2015) which utilized 
rendering method with hexane solvent which produces 
pure milkfish oil yield of 2.365%. The pure milkfish oil 
made in this study ranged from 0.72 to 1.28%. 

The density of pure fish oil ranges from 0.902-
0.944 g/mL. Whole fish oil treated with bromelain had 
the lowest density, while whole fish oil with papain 
had the highest density. Fish oil from flesh treated with 
bromelain enzyme had a density of 0.903 g/mL and 
core with papain 0.920 g/mL. Meanwhile, fish oil from 
waste treated with bromelain at a rate of 0.912 g/mL 
and papain of 0.917 g/mL. The specific gravity of the oil 
is also influenced by the molecular weight of the fatty 

acids contained in it, the more branched fatty acids or 
unsaturated fatty acids, the higher the specific gravity 
of the oil.

Color test results using the colourreader showed 
that pure fish oil from flesh treatment has a brightness 
level of 31.4 and 34.3. Pure fish oil from waste treatment 
has a brightness level of 33.3 and 30.9. So it can be seen 
that fish oil with the highest brightness is a whole fish 
oil with papain enzyme, while the lowest is waste fish 
oil with papain enzyme. The treatment with the highest 
a* value was the treatment of waste with bromelain 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 enzyme at +3.1 and the lowest was the treatment of flesh 
with bromelain enzyme at +1.03. The treatment with the 
highest b* value was flesh treated with papain at +30.9, 
and the lowest was waste with bromelain at +20.3. The 
effectiveness of different blanching processes can cause 
the difference in color test results on the oil sample and 
the damage that occurs to the oil. The more effective 
the blanching process is, the higher the brightness of the 
fish oil. If there are lots of free fatty acids or impurities 
found in fish oil due to the hydrolysis and neutralization 
processes, it will become cloudy (Sari et al., 2015).

The treatment with the highest absorbance 
value was flesh treatment with bromelain enzyme of 
0.241 A, while the lowest was whole fish with bromelain 
enzyme at 0.067 A. The clarity level of flesh treatment 
ranged from 0.197-0.241 A, waste 0.131-0.155 A, and 
whole 0.067-0.091 A. The analysis results indicated 
that the treatment of differences in fish body parts had 
a significant effect (p<0.05) on the overall physical 
properties. While the different types of enzymes only 
had a significant effect (p<0.05) on density. 

3.2 The Effect of Treatment on Chemical Properties 
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Table 1. Physical properties of pure fish oil from Milkfish Silage (Chanos chanos) from Kamal market, 
Bangkalan

Description: P1 (Whole fish with bromelain), P2 (Whole fish with papain), P3 (Flesh with bromelain), P4 (Flesh 
with papain), P5 (Waste with bromelain), P6 (Waste with papain). Different superscripts in the same column show 
that there are significantly differences (p <0.05).
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Analysis of free fatty acids (FFA) can be used 
  

Parameter
Treatment

P1 P2 P3 P4 P5 P6

FFA (%) 1.03±0.70bc 1.21±0.09c 0.56±0.13a 0.77±0.70bc 0.95±0.70bc 1.05±0.70bc

Peroxide value 
(meq/kg) 9.68±0.85b 10.87±0.85b 7.64±0.38a 8.21±0.38a 14.89±0.48c 15.35±0.48c
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Table 2. Chemical properties of pure fish oil from Milkfish Silage (Chanos chanos) from Kamal market, 

Description: P1 (Whole fish with bromelain), P2 (Whole fish with papain), P3 (Flesh with bromelain), P4 (Flesh with 
papain), P5 (Waste with bromelain), P6 (Waste with papain). Different superscripts in the same column show that 
there are significantly differences (p <0.05).

Figure 1. The chromatogram of the best treatment (flesh with bromelain) 

Bangkalan
Chemical properties of pure fish oil from Milkfish SilageTable 2.

Arisky et al. / JIPK, 13(2):233-242
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Retention Time (RT) Component Name % Concentration

3.57 Lauric Acid 1.56
4.67 Tridecanoic Acid 0.15
6.194 Myristic Acid 4.13
8.33 Pentadecanoic Acid 2.72
11.56 Palmitic Acid 25.36

13.49 and 14.58 Margaric Acid 1.37

17.25 Stearic Acid 6.97
19.51 Nonadecanoic Acid 0.12
25.15 Behenic Acid 0.12
21.55 Arakat Acid 0.36

ƩSFA 42.86
24.72 Erucic Acid 0.18
16.67 Oleic Acid 22.39
16.76 Elaidic Acid 4.02
10.73 Palmitoleic Acid 4.18
21.05 11-Eicosenoic Acid 4.13

ƩMUFA 34.90
16.47 Linoleic Acid 14.54

20.16 Arachidonic Acid 0.64

20.30 and 23.85 5,8,11,14,17-Eicosapentanoic Acid (EPA) 2.63

20.55 7,10,13-Eicosatrienoic Acid 1.57
20.94 11,14-Eicosadienoic Acid 2.85

ƩPUFA 22.23
 
to determine the oxidation process that occurs in the oil. 
High levels of FFA can reduce the quality of fish oil.  FFA 
can be produced due to the hydrolysis of triglycerides 
which break the bonds of fatty acids and glycerol. Free 
fatty acids can also be caused by oxidation in the fatty 
acid double bonds (Putri et al., 2020). The whole fish 
with papain enzymes have the highest free fatty acid 
content 1.21%, while the lowest was in the treatment 
of the flesh with bromelain enzymes of 0.56% (Table 
2). The three types of treatment have different ranges 
of FFA content. The treatment with the lowest free fatty 
acid content was the flesh treatment. In  this study, the 
FFA content of fish oil was lower than that of Aditia et al., 
2014. This treatment resulted in an FFA of 2.61%. The 
research results showed that the free fatty acid content 
was also lower than the commercial imported fish oil 
studied by Suseno et al. (2018), which was 0.88-3.62%. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The free fatty acid content in this study has met IFOS 
and SNI (<2%).

Peroxide compounds are formed as a result of 
the oxidation of free fatty acids contained in fish oil. 
The content of free fatty acids can be broken down into 
peroxide compounds resulting in rancidity. The test 
results obtained peroxide value in the range 8.21-15.35 
meq/kg. The treatment that had the highest peroxide 
value was the waste treated with the papain enzyme 
at 15.35 meq/kg. While the treatment with the lowest 
peroxide value was the flesh treated with bromelain 
enzyme of 7.64 meq/kg. The three types of treatment had 
different peroxide value ranges where the lowest range 
is in the flesh treatment and the highest is in the waste 
treatment. These results also indicate that treatment with 
the bromelain enzyme produced peroxide values   that 
were not significantly different from that of the papain  
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Table 3. Fatty acids profile of pure fish oil from Milkfish Silage (Chanos chanos) from Kamal market, 
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indicates that the unsaturated fatty acid content is more 
dominant than the saturated fatty acid in fish oil. MUFA 
are found in flesh tissue so that treatment of the flesh 
with bromelain enzymes has a better quality fatty acid 
profile compared to waste. This is in line with the FFA 
analysis results, which showed that the free fatty acid 
content in the waste treatment was higher (0.95-1.05%) 
compared to flesh treatment (0.56-0.77%). The high 
content of free fatty acids indicates that saturated fatty 
acids are dominant so that they are easily hydrolyzed 
into free fatty acid and peroxide compounds. Fish oil 
also contains essential omega fatty acids, including 
oleic acid, arachidonic acid, EPA, eicosatrienoic acid, 
eicosadienoic acid, and eicosenoic acid. 

4. Conclusion 

Treatment with different types of enzymes 
(bromelain and papain) had no significant effect on pure 
milkfish oil quality, but the bromelain enzyme fish oil 
has higher purity. Treatment on different fish body parts 
(whole, flesh, and waste) had a significant effect on the 
quality of pure milkfish oil in terms of the parameters 
of specific gravity, color, clarity, free fatty acid content, 
and peroxide number. The best treatment was flesh 
bromelain enzymes with a yield of 1.25%, density 0.903 
g/mL, FFA content of 0.56%, peroxide value of 7.64 
meq/kg. 
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enzyme. The average test results in this study was lower 
than the research by  Aditia et al. (2014) which was 
13.80 meq/kg and commercial imported oil of 2.55-
69.63 meq/kg of fat (Suseno et al., 2018). However, the 
research result oil still far exceeds the SNI standard (<5 
meq/kg) of oil. High peroxide value can happen when 
the neutralization process occurs in high-temperature 
contact with the low yield of fish oil, which causes rapid 
oxidation.

The statistical analysis results showed a 
significant effect (p<0.05) between the different 
treatments of body parts on free fatty acid contents 
and peroxide value in fish oil. The analysis results also 
showed a significant difference between whole and 
waste-free fatty acids content with flesh, which was 
indicated by different notations in the flesh treatment. 
This difference can be caused by the flesh fatty acid 
composition, which is mostly oleic acid. Oleic acid is 
an unsaturated fatty acid with a single, double bond 
(MUFA) which is more stable than the unsaturated 
fatty acid with multiple double bonds (PUFA). The 
characteristics of oleic acid that are not damaged by 
heating to a temperature of 200˚C for 30 minutes (Putri 
et al., 2020) are thought to be the cause of flesh treatment 
having lower free fatty acid content and peroxide value. 
The statistical analysis results showed no significant 
effect (p>0.05) between the types of enzymes on free 
fatty acid content and peroxide value.

3.3 Fatty Acids Profile
The calculation of the concentration of fatty 

acid components was based on the peak retention 
time (Figure 1). The retention time that appeared was 
compared with the standard solution retention time so that 
the type of component detected in gas chromatography 
will appear. Then the types of fatty acid components 
are grouped according to the level of saturation (Table 
3). The highest fatty acid content in flesh fish oil with 
bromelain enzyme is palmitic acid (25.36%), oleic 
acid (22.39%), and linoleic acid (14.54%). The fish 
oil contained 20 detected fatty acid components, with 
ten types of saturated fatty acids (SFA), four types of 
mono unsaturated fatty acids (MUFA), and six types of 
poly unsaturated fatty acids (PUFA). The total of SFA 
in fish oil was 42.86% and the unsaturated fatty acids 
were 57.13%. Fatty acid composition percentage (%) of 
SFA in fish oil were 1.56, 0.15, 4.13, 2.72, 25.36, 1.37, 
6.97, 0.12, 0.12, and 0.36 respectively. Percentage (%) 
of fatty acid composition of MUFA in fish oil were 0.18, 
22.39, 4.02, 4.18, and 4.13, respectively. Percentage 
(%) of fatty acid composition of PUFA in fish oil were 
14.54, 0.64, 2.63, 1.57, and 2.85, respectively. This 
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