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Abstract— Owing to the favorable effects of essential fatty acids on human health, a great degree of interest on fatty acid 
profiles in fish species have been developed in recent years. The present study investigates the total oil content, fatty acid 
profiles and physicochemical characteristics of wastes from local seawater and freshwater fish using Soxhlet extraction 
method. The seawater fish species selected were Sardinella lemuru, Scomber scombrus, Megalaspis cordyla and Decapterus 
macarellus, whereas Clarias gariepinus, Pangasius sutchi, Oreochromis Niloticus and Channa striata are presented freshwater 
fish species. The highest total oil of 12.68±0.98% was found in seawater fish from Sardinella lemuru, while the highest total oil 
from freshwater fish was from Clarias gariepinus, 14.22%. The fatty acid profiles, EPA and DHA present in both species, with 
the highest amount of DHA and EPA achieved from seawater fish Megalaspis cordyla were 12.52% and 15.75%, respectively. 
As for the freshwater fish, Pangasius sutchi revealed the highest value of EPA and DHA content at 6.48% and 2.05%, followed 
by 5.98% DHA and 5.98% EPA obtained in Oreochromis niloticus. The highest iodine value of 177.95±3.04mg was found in 
the seawater fishes Megalaspis cordyla. Results obtained in this study indicated differences in fatty acid profiles of both 
species, and that fish oils extracted from fish wastes are remarkable potential local source of PUFA due to high contents of 
EPA and DHA. 

 
Index Terms— Fish oil, free fatty acids, fish waste, Soxhlet extraction. 
 
I. INTRODUCTION 
 
In recent years, the importance of fish oil has become a 
great concern due to escalading public concern in 
health and nutritive compounds. Fish oil is one of the 
good sources of long-chain polyunsaturated fatty acid 
of omega-3 (ω-3) which made up of eicosapentaenoic 
acids (EPA) and docosahexaenoic acids (DHA). These 
EPA and DHA are essential to human health and the 
fact that they arenot manufactured by the body, and 
therefore must be acquired by consumption of dietary 
sources. It helps to reducethe risks of diseases such as 
coronary heart disease, hypertension, cancer, 
thrombosis, inflammatory response as well as aids in 
lowering blood pressure and assisting in the brain 
development of infants and visual functions (Danialle 
et al., 2012). 
Generally, human consumption of fish is in the form of 
fresh, frozen, a whole and fish fillet, with mostly after 
removal of some parts of the fish. Wastes that are 
commonly discarded are skin, intestine and bones that 
are great potentials to be exploited in the fish 
processing industry. Some of the by-products are 
utilized, but the main bulk is dumped to waste, creating 
both disposal and pollution problems (Norziah et al., 
2009). The oil content of fish wastes ranged between 
1.4% and 40.1%, depending on the species and tissues 
(Babbit, 1990). Currently, there is a rich supply of 
freshwater and seawater fish in Malaysia which are 
feasible in the local market, but of a very limited usage. 

The flesh is frequently utilized for human consumption 
and the rest of the waste are dumped, thus creating a 
serious waste disposal problem. Fish oil is prone to 
oxidation due to the presence of polyunsaturated fatty 
acids (PUFA) that leads to off-odor and off-flavor. 
Oxidation of lipids not only produces rancid odours 
and flavours, but can also decrease nutritional quality 
and safety by the formation of secondary products 
(Pak, 2005). 
Several methods are deployed to produce fish oil 
including fractionation, hydraulic pressing, vacuum 
distillation, urea crystallization, hexane extraction and 
conventional crystallization (Stabby and Mollerup, 
1993). Among all these methods, Soxhlet extraction is 
the most common in extracting fish oil due to its 
simplicity and is an official acceptable method for lipid 
determination. Its principle is based on the fact that 
lipids are soluble in organic solvents, but insoluble in 
water. This condition provides a convenient method of 
separating the lipids components in food samples from 
water-soluble components such as protein, 
carbohydrates and minerals (Adeniyi and Bawa, 2006). 
Presently, there is little information about the fatty 
acids levels of various seawater and seawater fish 
species from Malaysia. This research primarily focuses 
on fish wastes and investigates the composition of EPA 
and DHA and the amount of total lipids of 
fourseawaters and four freshwater fishes. 
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II. MATERIALS AND METHODS 
A. Chemicals and raw materials 
Selected seawater and freshwater fish were purchased 
from the local market in Seksyen 6, Shah Alam, 
Selangor. The samples were put in an ice box, brought 
to the laboratory for the deboning process. The head 
and the skin were separated using deboner and each of 
them was packed and stored until further process. The 
standard Menhedden fish oil was also obtained from 
the local supplier.  
 
B. Fish oil extraction process 
Eight types of seawater and freshwater were used; the 
freshwater fish were Clarias gariepinus (cat fish), 
Pangasius sutchi (silver catfish), Oreochromis 
niloticus (tilapia) and Channa striata (snake 
head),while the seawater fish were Sardinella lemuru 
(sardine), Scomber scombrus (mackerel), Megalaspis 
cordyla (torpedo) and Decapterus macarellus (scad). 
Fish oil was extracted using Soxhlet extraction 
method, with n-hexane as the solvent. The extraction 
was performed according to AOAC method (1990) and 
was done in triplicate. Five grams of the fish sample 
was oven dried at 60 ± 2oC in an extraction thimble 
after extraction with 150 ml n-hexane for 8 hours. The 
extract later was evaporated by using rotary 
evaporator, weighed and the percentage of oil yielded 
from the process was calculated. 
 
C. Physicochemical analyses 
Moisture content 
Moisture content was determined using PORIM test 
method, no.5.2 (PORIM, 1995). The aluminium pan 
was dried together with the lid in an oven for 3 hours 
at105oC, placed inside a desiccator and was weighed 
once cooled. Meanwhile, 5 g of sample were weighed 
and put into the aluminium pan. The sample was 
placed uncovered in an oven at 60oC for 24 hours. 
Later, aluminium pan was taken out, placed in a 
desiccator and weighed. Moisture content percentage 
was calculated as follows: 

 
 
Iodine value 
Iodine value was analysed using standard protocol 
provided by American Oil Chemists Society AOCS 
(AOAC, 1997). Initially; 0.2 g sample was weighed 
inside a dry and clean reagent bottle. 20 ml of 
cyclohexane was added to dissolve the fat, followed by 
24 ml Wijs’s solution. The bottle was gently shaken. It 
was placed in the dark room for an hour. 20 ml of 15% 
potassium iodide solution and 100 ml of distilled water 
were added. Sodium thiosulphate (0.1M) was titrated 
with the solution until the yellow colour was almost 
disappeared. The starch indicator solution (1 ml) was 
added and the titration continued until the blue colour 
solution turned colorless. The analysis was done in 
duplicate and the iodine value calculated as follows: 

 
D. Fatty acids composition 
Sample preparation 
The oil was first changed into fatty acids methyl esters 
(FAME) before being analysed through gas 
chromatography. 0.5 g of oil was weighed and added 
together with 5 ml of fluoroboric acid (BF3-OH) in 
methanol inside a 50 ml volumetric flask. The solution 
was heated in a water bath at 60oC for 10 minutes. A 2 
ml saturated sodium chloride solution and 2 ml 
n-hexane were added and mixed well. After 
centrifugation (4000 rpm) for 10 min, the supernatant 
was drawn off and used as sample solution. Dilution of 
the supernatant is necessary in case its concentration 
falls out of the linear range. An aliquot of 1 µL 
supernatant was injected for GC-MS analysis. 
 
 
Gas chromatography / mass spectrophotometry 
analysis 
FAME analysis was done by using GC/MS equipped 
with HP-5MS column (30 X 0.25 mm X 0.25 m). The 
oven temperature was set at 50oC for 1 minute, and was 
raised from 200oC at a rate of 25oC/min to 230oC at a 
rate of 3oC/min for 7 minutes. A 1 µl sample size was 
flushed through with carrier gas (helium) at a rate of 
1.56 ml/min. Identification of the fatty acids 
compounds was based on the components of their 
retention time and mass spectra with NIST library 
(Zaibunnisaet al., 2013).The percentage of the fatty 
acid was calculated based on the area from the 
chromatogram and only those with the quality 
percentage of 90% were selected. 
 
III. RESULTS AND DISCUSSION  
 
Total oil yield, moisture content and iodine value of 
freshwater and seawater fish 
Total oil yield extracted from both freshwater and a 
seawater fish was recorded. Table 1 showed the 
percentage of moisture content, total oil yield and 
iodine value. The moisture content of wastes from all 
samples was analysed before extraction process. Out of 
all freshwater fish, C. gariepinus recorded the highest 
total oil yield of 14.22%, while O. niloticus with the 
lowest total of extracted oil with 6.20%. Our study is in 
agreement to the research done by Abdulkadir et al 
(2010) who also obtained the highest yield in C. 
gariepinus. These results could be due to sufficient 
drying time prior to extraction which caused them to 
produce higher oil. Since the moisture content of a fish 
is indeed the reflection of its oil content, we could 
conclude in our study that the linear relationship 
between these two values is supported by the fact that 
an increase in the lipid content of fish is usually 
accompanied by a decrease in the moisture content in 
almost linear proportion (Abdulkadiret al., 2010). We 
also disclosed the inconsistent relationship between 
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moisture content and oil yield of freshwater and 
seawater fish where among the four seawater fish, the 
highest total oil yield percentage was extracted from D. 
macarellus with a value of 40.72%, while the lowest 
total oil yield belongs to the M. cordyla with 11.02%. 
The oil percentage recorded by D. macarellus was 
much higher compared to the values obtained by 
Nurnadia et al (2011) and Chedoloh et al(2011) with 
only registered values of 2.12% and 2.13%, 
respectively by using solvent extraction method.  
 
Table 1 Total oil yield, moisture content and iodine 
value analyses of freshwater and seawater fish oils 

 
 
The present study indicated that the total fat content of 
C. gariepinus (14.22%) and C.striata (10.67%) that 
was displayed in Table 1 was slightly higher than those 
reported by Osman et al (2001), both at 2.79 and 2.91 
g/100g of crude fats, respectively. These variable 
values are possibly due to the different techniques of 
sample preparation practiced implemented by previous 
and present studies. Other reason might correspond to 
the fact that in previous studies, the fishes were 
obtained from different geographical areas as 
compared to this study where samples from West 
Malaysia were used. Other variables may be due to 
various types of diet and feeding systems practiced in 
both areas.  
 
The percentage of moisture contents of all freshwater 
fish; C. gariepinus, Pangasiussutchi, 
Oreochromisniloticus, and Channastriata were 53.14, 
40.12, 64.25 and 66.31. C. striata registered the 
highest value of 66.31% while the least moisture 
content percentage belonged to Pangasiussutchiwith 
40.12%. As for the seawater fish, the highest moisture 

content was recorded by the S. scombrus with 77.00% 
whereas D.macarelluswith the least moisture content 
of 65.14%. The Channa striata leads the chart by 
registering the highest value of moisture content of 
66.31% is a bit deviate with the value obtained by 
Amma Abbasi and Ogar (2013) which recorded a 
moisture content of 78% and this could be due to the 
different temperature applied in his study which is 
105oC, as compared to the temperature used in this 
study, 60oC.All the moisture value was in the range of 
65-80% and higher moisture value will indicates the 
lower is the lipid content and this finding is in 
agreement with study done by Chabungbam (2014). 
By comparing the moisture content between the 
seawater and freshwater fish, wastes from all seawater 
fishes showed higher moisture contents. Since the 
moisture content and the oil yield are closely 
interrelated, the freshwater fish would give higher lipid 
content due to the lower moisture content they 
recorded. High moisture content increases the fish 
susceptibility to microbial spoilage, oxidative 
degradation of polyunsaturated fatty acids and 
consequently decreases in the quality of the fishes for 
longer preservation time (Chabungbam et al 2014) 
 
Meanwhile, the iodine value of the extracted oil was 
also determined where for the freshwater fishes, the 
highest iodine value was found in C. gariepinus with 
172.95 mg and the least of value, 163.75mg was 
recorded by Pangasiussutchi. Values obtained were 
not in conformity with values gained by Abdulkadiret 
al (2010), declaring C. gariepinus and 
Pangasiussutchi were of much higher iodine contents 
(187.11 mg and 182.88 mg). The variation could be 
due to numeroustitration skills in obtaining the colour 
changes and in standard solutions preparation. On the 
other hand, among all seawater fishes, the highest 
iodine value was registered by M. cordyla 
(177.95±1.03), while the least value was recorded by 
S. scombrus, 158.2 mg. Iodine values recorded in our 
study are in line to the range discovered by Ham et 
al(1998), stated that with iodine value for fish oil 
should be 160 mg and above. Higher iodine value 
indicated the higher percentage of fatty acids 
contained more numbers of double bonds in their chain 
lengths. This unsaturation in the form of double bonds 
will react with iodine compound. Since the iodine 
value reflects the degree of unsaturation, we concluded 
C. gariepinus and M. cordyla contained highly 
unsaturated fatty acids due to higher number of iodine 
values. 
 
 Fatty acid profiles 
 
Fatty acid (FA) profiles of the oil extracted from 
seawater and freshwater fishes were determined by 
using gas chromatography (GC) and the results were 
presented in Table 4.  
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Table 4Fatty acid profiles of seawater and freshwater fish wastes 

 
 

The fresh water waste lipid samples primarily 
comprised of four major fatty acids; palmitoleic acid 
C16:1 (59.44%), palmitic acids C16:0 (33.8%), 
vaccenic acid C18:1n7 (32.07%) and oleic acids C15:0 
(29.76%). The presence of palmitoleic, palmitic and 
oleic acids are in agreement with Khoddami et 
al(2009) who disclosed that palmitic acid (C16:0), 
oleic acid (C18:1) and palmitoleic acid (C16:1) act as 
major components in freshwater fishes (Table 4). 
 
Meanwhile, the saturated fatty acids (SFAs) ranged 
between 11.34 to 45.93% were found in freshwater 
fishes with the proportion of lipid extracted was 
28.59-46.15%. S.lemuru recorded the highest SFA 
content which is 42.07% of Palmitic acid (C16:0) and 
this is in agreement with Tawfik (2009) who observed 
the same type of fatty acid as the highest SFA. The 
most abundant monounsaturated fatty acids (MUFAs); 

palmitoleic acid (C16:1) was found in the freshwater 
fish,O. niloticus (59.44%) and the lowest value was in 
P.sutchi (10.82%). In addition, vaccenic acids 
(C18:1n7) was found in P. sutchi with 32.07%. On the 
other hand, the most dominant fatty acids in seawater 
fish was oleic acids (C18:1n9) with a value of 48.27%, 
obtained in D. macarellus followed by M. cordyla with 
21.71%. Our results are in agreement with Nurnadia et 
al (2013) who also observed the high value of oleic 
acids in the D.macarellus.   
 
We also revealed that freshwater fishes contained 
significantly lower DHA and EPA contents than 
seawater fishes. Data obtained showed the major 
PUFAs in seawater fish were in the ranged of 10.55 to 
32.10%, whereas the freshwater fish waste ranged 
from 9.0 to 14.53%. The greatest proportion of DHA 
(15.75%) and EPA 

(12.52%) were found in M.cordyla, which was in 
support to research done by Chedoloh (2011), 

claiming10.1–38.1% ofω3 content in the same fish and 
therefore,this species should be recommended to 
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consumers. However, our results was contradicted to 
result obtained by Chedoloh where in C. gariepinus, 
we obtained a lower value of EPA and DHA fractions, 
both at 1.96% and 4.13%. The highest EPA values 
were also reported in O. niloticus and P. sutchi (5.98% 
and 6.48%).The lower levels of DHA and EPA 
detected in all selected freshwater fishes used in this 
study was in line with Wang et al (1990) and Chedoloh 
(2011) who reported that freshwater fishes are not 
good sources of ω-3 fatty acids, and normally consist 
of excess ω-6 polyunsaturated fatty acid. However, 
they are still providing very vital essential nutrients of 
the Malaysian diet, constituting 60-70% of the nation 
animal protein intake (Suriahet al., 1995).  
 
CONCLUSION 
 
The waste of freshwater and seawater fishesprovide the 
different total oil yield based on the species and most 
of the fishes wastes investigated had lipid amounts 
more than 10% of fish skin waste.Seawater fish 
species known asM.cordylarecorded the highest 
concentration of DHA and EPA. In general, the level 
of DHA and EPA in all seawater species analyzed was 
significantly higher compare to freshwater fish. The 
geographical areas from where the species were 
sampled also play a vital role in influencing the levels 
of EPA and DHA (Ackman et al. 1994).This probably 
is due to the different storage sites of fat in the different 
species. If the fish is “lean fish” its oils and fats are 
stored in the liver or other parts of the body and this 
can be seen in O.niloticus species of freshwater fish 
that obtained the least value of total oil 6.20±0.71%.  
 
For the fatty acid profiles, the EPA and DHA could be 
found in all seawater fishesin exception 
toD.macarellus, whereas all types of freshwater fishes 
showed the presence of EPA and DHA.Based onthe 
total oil content, chemical properties and amount of ω3 
fatty acids, we concluded that the fish wastesof both 
species are potential decent substitute source to extract 
the fish lipid 
 
For future recommendations, the Supercritical Fluid 
Extraction (SFE) should be employed for fish oil 
extraction due to the usage of carbon dioxide which is 
non-toxic and more eco-friendly for better recovery of 
PUFA. Moreover, samples should also be more 
specific on particular fish species as well as generating 
critical studies on oil extracted from the fish wastes in 
order to avoid the later waste disposal problem. 
 
REFERENCES 
 
[1] Abdulkadir, M., Abu Bakar, G.I. and Mohammed, A. (2010). 

Production and Characterization of oil fromfishes. ARPN 
Journal of Engineering and Applied Sciences 5(7):1-5. 

[2] Ackman, R.G. (1967). Seafoods; Chemistry processing 
technology. Springer US. 22: 907-22. 

[3] Adeniyi, O.D. and Bawa, A.A. (2006). Mackerel 
(ScomberScrombrus) Oil Extraction and Evaluation as Raw 

 Materials for Industrial Utilization. Leornado Journal of 
Sciences 8: 33-42. 

[4] Ama-Abasi, D. and Ogar A. (2013). Proximate analysis of 
snakedead fish, Parachannaobscura (Gunther 1861)  of the 
Cross River, Nigeria. Journal of fisheries and Aquatic Science 
8: 295-298. 

[5] AOAC.(1990). Official methods of analysis, 15th ed.; 
Association of Official Analytical Chemists: Arlington, 
Virginia  

[6] Babbit, K.J. (1990). Intrinsic quality and species of north 
Pacific fish in making profits out of seafood wastes.  Keller 
S, editor. Proceedings of the International Conference on Fish 
by-Products, April 25–27. Anchorage, Alaska. Fairbanks, 
Alaska: University of Alaska Sea Grant.  

[7] Boran G., Karacam H. and Boran M. (2006). Changes in the 
quality of fish oils due to storage temperature and  time. Food 
Chemistry 98: 693-698. 

[8] Chabungbam B., Romen S.N., Ningthoukhongjam I. and 
Maibam S. (2012). Estimation of Moisture and Total Lipid 
Content of Some Small Indigenous Fishes of Manipur. 
International Journal of Science and Research (IJSR), 3 (12): 
1091-1094 

[9] Chedoloh, R., Karnila, T.T. and Pakdeechanuan, P. (2011). 
Fatty acid composition of important aquatic animals  in 
Southern Thailand. International Food Research Journal 18: 
783-790. 

[10] Danielle S.,Robert B. and Shaker A.M. (2012). Omega-3 Fatty 
Acids EPA and DHA: HealthBenefits Throughout Life. 
Advances in Nutrition An International Review Journal 1-7 

[11] Frankel E.N. (2005). Lipid Oxidation, 2ed. The Oily Press 
Bridgwater. 

[12] Ham, B., Shelton, R., Butler, B. and Thionville, P. (1998). 
Calculating the iodine value for seawater oils from  Fatty 
Acid Profiles. Journal of American Oil Chemists’ Society75: 
1445-1446. 

[13] Ho, B.T. and Paul, D.R. (2009). Fatty acid profile of Tra 
Catfish (Pangasiushypophthalmus) compared to Atlantic 
salmon (Salmo solar) and Asian Seabass (Latescalcarifer). 
International Food Research Journal, 16: 501-506. 

[14] Hras A. R., Hadolin M., Knez Z. and Bauman D. (2000). 
Comparison of antioxidative and synergistic effects of 
 rosemary extract with α -tocopherol, ascorbyl palmitate and 
citric acid in sunflower oil. Food  Chemistry 71: 229-233. 

[15] Khoddami, A., Ariffin, A.A., Bakar, J. and Ghazali, H.M. 
(2009). Fatty Acid Profile of the Oil Extracted from Fish Waste 
(Head, Intestine and Liver) of Sardinellalemuru. World 
Applied Sciences Journal 7(1):127-131. 

[16] Minarny, G., Purnomo, H., Asriani, and Rosyidi, J. (2014). 
Fatty acid profile from central Sulawesi, Indonesia. 
International Food Research Journal 21:943-947. 

[17] Mohammed Abdul Kader, H., Jeya Sheela, P.A., Kavitha, K. 
and Abdul Manan, M.J. (2014). Salutary value of  haruan, the 
striped snakehead Channastriatus – A review. Asian Pacific J. 
Trop Biomed 4: 58-65. 

[18] Norziah, M.H., Nuraini, J. and Lee, K.Y. (2009). Studies on the 
extraction and characterization of fish oil from wastes of 
seafood processing industry. Asian Journal of Food and 
Agro-industry 2(4):959-973. 

[19] Nurnadia, A.A., Azrina, A. and Amin, I. (2011). Proximate 
composition and energetic value selected seawater fish and 
shellfish from the West coast of Peninsular Malaysia. 
 International Food Research Journal,  18: 137-148. 

[20] Nurnadia, A.A., Azrina, A., Amin, I., Suryati, M.A., and Muhd 
Rizal, R. (2013). Quantitative Determination of  Fatty 
Acids in Seawater Fish and Shellfish from Warm Water of 
Straits of Malacca for Nutraceutical  Purposes. BioMed 
Research International, 12. 

[21] Pak, C.S. (2005). Stability and Quality Of Fish Oil During 
Typical Domestic Application. Masters dissertation, Wonsan 
 University of Fisheries, Fisheries Training Programme. 

[22] PORIM Test Method (1995). Methods of Tests forPalm Oil 
and Palm Oil Products, PORIM,Bangi, Malaysia, Method 
PORIM 3-4  

[23] Staby A, Mollerup J. (1993). Separation of constituents of fish 
oil using supercritical fluids: a review of experimental 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,                                   Spl. Issue-3 Mar.-2016 

Comparison Studies of Fatty Acids Profiles Extracted From Selected Malaysian Seawater and Freshwater Fish Wastes 
 

154 

solubility, extraction, and chromatographic data. Fluid Phase 
Equilibria 91:349–86.  

[24] Suloma, A., Ogata, H.Y., Garibay, E.S., Chavez, D.R., and 
El-Haroun, E.R. (2008). Fatty acid composition of  Nile tilapia 
Oreochromisniloticus muscles: A comparative study with 
commercially important tropical  freshwater fish in 
Philippines.8th International Symposium on Tilapia in 
Aquaculture. 

[25] Suriah, A.R., Huah, T.S., Hassan, O. and Daud, N.M. (1995). 
Fatty acid composition of some Malaysian freshwater fish. 
Food Chemistry 54: 45-49. 

[26] Tawfik, M.S. (2009). Proximate composition and fatty acids 
profile in most common available fish species in Saudi market. 
Asian Journal of Clinical Nutrition 1: 50-57. 

[27] Wan Rosli W. I., Rohana, A. J., Gan, S.H., Noor Fadzlina,H., 
Rosliza, H., Helmy, H. 2 MohdNazri, S., Mohd Ismail, I., 
Shaiful Bahri, I., Wan Mohamad, W.B. and Kamarul Imran, M. 

(2012). Fat content and EPA and DHA levels of selected 
seawater, freshwater fish and shellfish species from the east 
coast of Peninsular Malaysia. International Food Research 
Journal 19 (3): 815-821 

[28] Wang, Y.J., Miller, L.A., Perren, M. and Addis, P.B. (1990). 
Omega-3 fatty acids in Lake Superior fish. Journal of Food 
Science 55(1): 71-73. 

[29] Young, S.L., Sarda, X., Rosenberg, M. (1993). 
Microencapsulating properties of whey proteins. 2. 
Combination of whey proteins with carbohydrates.Journal of 
Dairy Sciences 76: 2878–2885. 

[30] Zaibunnisa, A.H., Norrizah, A.R., Dzulkifly, M.H., 
AinunAthirah, M., and NorIzzatulAdyanni, Y. (2013). 
 Optimisation of Pressurized liquid Extraction (PLE) of fish oil 
from viscera of walking catfish  
 (Clariasbatrachus).ScienceLetters. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  
 


