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Introduction  

Pangasius hypophthalmus, also known as 
freshwater Tra catfish, is the main commercial 
farmed fish in the Mekong Delta of Vietnam (Hung 
et al., 2004). The fish is exported to many countries, 
including Australia, where it is widely available to 
consumers and commercially named as freshwater 
Basa catfish. It is favoured for its tender flesh and 
sweet taste. In Australia, Atlantic salmon (Salmo 
solar) is farmed, especially in Tasmania, and is 
widely available to consumers. Asian seabass (Lates 
calcarifer) is imported from Asian countries like 
Myanmar, Taiwan, Thailand and Vietnam (Yearsley 
et al., 2003).

Few studies have been done on the chemical 
composition of this fish. These include the proximate 
composition of basa catfish, a closely related family 
of Tra catfish, where the fat percentage was 24.4% 
for the flesh and 20.6% for the viscera (Mai, 1998).  
In other studies (Men et al., 2005; Nhu, 2003), 
the FA composition of the visceral oil from both 
species was high in the saturated fatty acids (SFA) 

palmitic and stearic acids and the monounsaturated 
fatty acid (MUFA) oleic acid but low in the 
long-chain polyunsaturated fatty acids (PUFA) 
docosahexahenoic acid (DHA) and eicosapentaenoic 
acid (EPA). However, the above results focused only 
on the viscera oil of the Tra catfish and the fatty acid 
profile of its flesh has remained so far unknown. 

 The FA profile of Atlantic salmon farmed in 
Australia has been reported (Mooney et al., 2002; 
Nichols et al., 1998) and is known to be rich in long-
chain PUFA. Atlantic salmon farmed around the world 
is well-known to have particularly high levels of EPA 
and DHA (Hamilton et al., 2005; Ackman, 1989) 
mainly because they are usually fed with fishmeal 
containing marine oils (Torstensen et al., 2005). 
Although extensively known, the analysis of salmon 
flesh in this study was to ascertain the presence of 
DHA and EPA in the Tra catfish flesh. 

The aims of the current study were to determine 
the fatty acid profile of farmed Tra catfish and 
compared it to farmed Atlantic salmon and wild-
caught Asian seabass because there is a paucity of 
data on these fish in the world’s market.
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Materials and Methods

Fish fillets
Skinless fillets of farmed freshwater Tra catfish 

imported from Vietnam, Atlantic salmon farmed in 
Tasmania in saltwater and wild-caught Asian seabass  
imported from Myanmar were obtained from four 
different local seafood stores in Central Coast, New 
South Wales, Australia. All fillets were kept at -20oC 
until analysed. 

Sample preparation 
Samples of the frozen fish fillets were defrosted 

according to AOAC method 937.07 (Hungerford, 
1995). The 2.0 cm-thawed cuts were then ground in an 
Omni Mixer Homogeniser (Lomb Scientific Australia 
Pty Ltd, Sydney, NSW, Australia) for 3.0 min with 
manual removal of all connective tissues from the 
minced paste at the end of the homogenisation. 

FA analysis
Fat extraction: Fat extraction for gas 

chromatography (GC) analysis was done using 
chloroform, methanol and water (4:4:1 ratio by 
volume, respectively) according to the method 
described by Sathivel et al. (2002). 10g of minced 
fish was used for each batch. The slurry was mixed 
for 10 min using a SMI Vortexer (American Supply 
Corp., Miami, FL, USA) and the homogenate was 
then filtered through Whatman No.1 filter paper. The 
filtrate was then centrifuged in a J2-MC Beckman 
Centrifuge (Beckman Coulter Australia Pty Ltd, 
Gladesville, NSW, Australia) for 20 min at 2400 rpm 
at 5oC. The chloroform (lower) layer was collected 
and any water was removed with 10g of anhydrous 
sodium sulfate. The solvent was dried off under 
a nitrogen stream in a Dry Block Heater (Ratek 
Instruments Pty., Ltd., Victoria, Australia) set at 
40oC. The extracted fat was then stored at -18oC until 
analysis. Nine extractions were done for each of the 
three types of fish - three extractions for each of three 
batches.

Derivatisation of FA: Fatty acid methyl esters 
(FAME) were prepared according to AOCS method 
Ce 1b-89 (Mehlenbacher, 1998). Approximately 50 
mg of extracted fat was placed in a screw-cap tube 
containing 0.5 mg of tricosanoic acid (23:0) methyl 
ester internal standard, 1.5 ml of 0.5N alcoholic 
sodium hydroxide added and the solution was 
blanketed with nitrogen before heating at 100oC for 5 
min. After cooling, 2 ml of BF3/methanol was added 
and the solution heated at 100oC for 30 min. After 
cooling to 30-40oC, 1 ml of isooctane was added, the 
solution was vortexed for 30 sec and 5mL of saturated 

sodium chloride solution was immediately added. 
After vigorous agitation the tubes were left to stand 
until a clear isooctane layer (upper) was separated. 
The upper layer was collected and an additional 
extraction of the bottom layer was done using 
another 1ml of isooctane. The combined isooctane 
extractions were concentrated under a nitrogen stream 
to approximately 1 ml. The FAME samples were then 
stored at -18oC until analysed by GC.

Gas chromatography: Analysis of the FAME 
samples was carried out using a Shimadzu GC-
17A (version 3) (Shimadzu Scientific Instruments, 
Rydalmere, NSW, Australia) equipped with a split/
splitless injector, FDI detector and an EC-Wax column 
obtained from Alltech (Alltech Associates Australia, 
Baulkham Hills, NSW, Australia). The column 
was 30 m long and had a 0.32 mm ID and a 0.25 
µm phase thickness (df). The operation parameters 
for the GC separation were set according to AOCS 
method Ce 1b-89 (Mehlenbacher, 1998). The column 
temperature was ramped up from 170oC to 225oC 
at 1.0oC/min. The temperatures in the injector port 
and the detector were 250oC and 270oC, respectively. 
The column flow rate was 2 ml/min with a split ratio 
of 1:50. Ultra high purity Helium (99.999%) (BOC 
Limited, Gosford, NSW, Australia) was used as 
carrier gas. The FAME samples (2µL) were manually 
injected into the GC. 

The results were recorded and processed using the 
EZChromTM Chromatography Data System (Version 
6.6) (Scientific Software, Inc. CA, USA). The percent 
of each FA was computed from the total peak area. 
The absolute concentrations of EPA and DHA were 
calculated and converted to mg per 100 g wet weight 
of fish flesh using the empirical crude fat content.

Crude fat analysis
The acid hydrolysis method was used to analyse 

the crude fat content of the four fish following AOAC 
procedure 948.15 (Hungerford, 1995). Eight gram of 
minced fish samples were used each analysis. Nine 
extractions were done for each kind of fish and three 
extractions for each of three batches.

Experimental design and statistical analysis 
Three batches (three fillets) of each kind of fish 

were used for oil extraction and crude oil analysis 
with three replications for each batch. The FAME 
samples were also injected three times into the GC 
and the average value for each of the three batches 
(from three replicates) was used for data analysis. 

Data analysis was done using the SPSS 11.0 
(Pearson Education Australia, NSW, Australia). 
The one-way ANOVA and Tukey’s HSD tests were 
used to analyse the differences in fatty acids (%), 
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crude fat (g/100g wet weight) and EPA and DHA 
content (mg/100g wet weight) between the three 
fish. Significant differences were determined using 
P<0.05. 

Results and Discussion 

Crude fat content
The crude fat content (g/100g wet weight) of the 

Tra catfish, Atlantic salmon and Asian seabass fillets 
are shown in Table 1. The crude fat content of the 
Basa catfish was not significantly different from Asian 
seabass (P>0.05).  However, the crude fat content of 
the two fish were at least four times lower than for the 
Atlantic salmon (P<0.001). 

The crude fat content values for the three fish in 
this study were in agreement with previous studies.  
The crude fat content found in the present Tra catfish 
(2.55 g/100 g wet weight) was slightly lower than 
the average value (2.95 g/100g wet weight) reported 
by Men et al. (2005), and the crude fat content 
(0.67 g/100g wet weight) of the present wild-caught 
Asian seabass was also close to that of wild-caught 
Australian barramundi as reported by Mooney et al. 
(2002). The crude fat content of the present Atlantic 
salmon (9.92 g/ 100g wet weight) was in the reported 
data range for crude fat of 5.60 (Mooney et al., 
2002) to 16.59 g/ 100 g wet weight (Hamilton et al., 
2005) for this species. The high fat content of the 
Atlantic salmon was therefore not surprising as this 
has consistently been reported and is probably due to 
the high oil-containing diets usually fed to this fish, 
which lead to significant increases in the flesh lipid of 
the Atlantic salmon (Kennedy et al., 2005). 

Fatty acid composition
The average percentages of SFA, MUFA and 

PUFA in the Tra catfish, Atlantic salmon and Asian 
seabass fillets are shown in Table 2. The SFA group 
was dominant (42.63%) in the Tra catfish whereas 
PUFA accounted for the highest proportion of FA 
in the Atlantic salmon (37.19%) and Asian seabass 
(39.04%). In contrast, the percentage of PUFA was 
the lowest in the Tra catfish (17.69%) and SFA was 
the lowest in the Atlantic salmon (29.56%). In the 
Asian seabass, the MUFA accounted for the lowest 
percentage (18.91%). 

SFA
The Tra catfish fillets were therefore relatively 

enriched in SFA. The percentage SFA level was 
significantly higher in Tra catfish (42.63%) than in 
the Atlantic salmon (29.55%) and Asian seabass 
(34.15%) (P<0.01). The high percentage of SFA in 
the Tra catfish fillets in the current study (42.63%) 
was similar to the mean value for the oil of this fish 
(46.5%) reported by Men et al. (2005). Of the SFA, 
palmitic acid was found predominant in the Tra 
catfish fillets. It was reported that palmitic acid was 
the predominant in SFA group as found in freshwater 
channel catfish (Ictalurus punctatus) (19.2%) 
(Sathivel et al., 2002), and in freshwater rainbow 
trout (Oncorhynchus mykiss) (21.3%) (Haliloglu et 
al., 2004). 

MUFA
The percentages of MUFA were not significantly 

different between Tra catfish (34.69%) and Atlantic 
salmon (31.61%) (P>0.05). However, the Asian 
seabass had a lower percentage of MUFA (18.91%) 

Tra catfish Atlantic salmon Asian seabass

Mean SEM Mean SEM Mean SEM

Fat   2.55a 0.31 9.92b 0.94  0.67a  0.10

EPA   0.76a 0.24 61.12b 4.56  1.55a  0.44

DHA  10.00a 3.66 302.63b 10.79  12.90a  1.60

SEM: Standard Error of the Mean (n=3) 
EPA: eicosapentaenoic acid; DHA: Docosahexaenoic acid
Means within rows followed by the same superscript(s) a or b are not significantly different 
(P>0.05) by Tukey’s HSD test.

Table 1. The crude fat (g/100g wet weight) and the DHA and EPA content (mg/100g wet weight) of Tra 
catfish (Pangasius hypophthalmus), Atlantic salmon (Salmo solar) and Asian seabass (Lates calcarifer)
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than the other two fish. In all three fish, oleic acid 
(C18:1n-9) was the most prevalent MUFA and it 
was higher (P<0.001) in Tra catfish (30.93%) than 
in the Atlantic salmon (16.75%) and Asian seabass 
(8.09%).  Oleic acid was also less abundant in the 
Asian seabass than in the other two fish. The high 
levels of oleic acid found in the Tra catfish farmed in 
fresh water is consistent with freshwater fish tending 

to have higher oleic acid levels than seawater fish. 
Steiner-Asiedu et al. (1991) found that freshwater 
tilapia (Tilapia sp.) had significantly higher oleic acid 
levels than flat sardine (Sardinella sp.) and sea bream 
(Dentex sp.). The level of oleic acid in American 
freshwater channel catfish flesh was also about 50% 
(Nettleton et al., 1990) compared to less than 1% in 
sardine and sea mullet (Ackman, 1994). 

Fatty acid
Tra catfish Atlantic salmon Asian seabass 

Mean SEM Mean SEM Mean SEM

C14:0 4.97a 0.25 0.35b 0.22 0.020b 0.001

C16:0 29.33a 1.70 19.71b 1.07 23.69ab 1.26

C18:0 7.58a 0.47 6.43a 0.23 9.36b 0.51

C20:0 0.28a 0.02 0.22a 0.02 0.76b 0.02

C24:0 0.47a 0.18 2.85b 0.39 0.32a 0.09

Σ SFA 42.63a 0.95 29.56b 1.32 34.15b 1.60

C16:1n-7 1.53a 0.32 6.34b 0.77 4.85b 0.33

C18:1n-7 0 0 4.56a 0.09 3.22b 0.18

C18:1n-9 30.93a 1.05 16.75b 0.66 8.09c 0.12

C20:1n-9 1.66a 0.43 2.56a 0.08 0.53b 0.03

C22:1n 0.57a 0.33 1.40b 0.05 2.22b 0.13

Σ MUFA 34.69a 1.57 31.61a 0.93 18.91b 0.13

C18:2n-6 8.43a 0.72 2.16b 0.33 1.27b 0.31

C18:3n-3 1.07a 0.19 0.30b 0.03 1.86c 0.19

C20:4n-6 1.03a 0.03 2.49b 0.11 11.39c 0.37

C20:5n-3 (EPA) 0.31a 0.08 8.27b 0.2 2.97c 0.54

C22:4n-6 0.82a 0.42 0.71a 0.10 1.31a 0.06

C22:5n-3 1.29a 0.04 3.06b 0.02 1.56a 0.17

C22:6n-3 (DHA) 4.74a 0.93 20.20b 0.76 18.68b 0.73

Σ PUFA 17.69a 1.26 37.19b 1.52 39.04b 0.39

Σn-3/ Σn-6 0.72a 0.05 5.94b 0.09 1.80c 0.05

Unknown 4.99 1.64 7.9

Table 2. Fatty acid composition (% total fatty acids by peak area) of Tra catfish (Pangasius 
hypophthalmus), Atlantic salmon (Salmo solar) and Asian seabass (Lates calcarifer)

SEM: Standard Error of the Mean (n=3)
SFA: Saturated fatty acids; PUFA: polyunsaturated fatty acids; MUFA: monounsaturated fatty acids EPA: eicosapentaenoic 
acid; DHA: Docosahexaenoic acid
Means within rows followed by the same superscript(s) a, b or c are not significantly different (P>0.05) by Tukey’s HSD test.
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PUFA
Of the three fish analysed, the Tra catfish had the 

lowest percentage of PUFA (17.74%). The PUFA 
percentages for Atlantic salmon and Asian seabass 
were 37.20% and 39.04%, respectively. Linoleic 
acid (C18:2n-6) was the major PUFA in Tra catfish 
(8.43%) whereas, DHA (C22:6n-3) was the dominant 
PUFA in Atlantic salmon (20.20%) and Asian seabass 
(18.68%). Of the three fish, Tra catfish also had the 
lowest percentage of EPA (0.31%) and Atlantic 
salmon the highest (8.27%) followed by Asian 
seabass (2.97%).

The absolute content of EPA and DHA in the 
three fish is listed in Table 1. The content of EPA 
was significantly lower (P<0.001) in Tra catfish 
(0.76 mg/100g) than in the Atlantic salmon (61.12 
mg/100g). However, because of differences in total 
fat content, the content of EPA in the Tra catfish fillets 
(0.76 mg/100g) was not significantly different when 
compared to the Asian seabass (1.55 mg/100g).  

Although low, it was noteworthy that the Tra 
catfish fillets in the present study had significant 
amounts of EPA and DHA, the FA which were not seen 
in previous reports on this species. The percentage of 
DHA in the Tra catfish was about eightfold higher 
in the present study (4.74%) than in Basa catfish 
(Pangasius bocourti) oil (0.59%) as reported by Nhu 
(2003). The low levels of DHA and EPA in the Tra 
catfish farmed in freshwater were not surprising as 
the levels of these two FA are generally lower in 
freshwater fish than in their seawater counterparts 
(Haard, 1992) because seawater fish obtain these 
omega-3 FA from oceanic plankton (Steffens, 1997) 
or are fed fishmeal containing these FA (Henderson, 
1996).  Haliloglu et al. (2004) reported that seawater 
rainbow trout flesh (Oncorhynchus mykiss) had a 
remarkably higher percentage of EPA than their 
freshwater counterparts. 

Conclusions

This study has shown that fillets from Tra catfish 
farmed in freshwater contained similar amounts of 
fat to wild-caught Asian seabass but lower amounts 
than farmed Atlantic salmon.  The SFA dominated 
in the Tra catfish fat whereas PUFA accounted for 
the highest proportion of FA in the Atlantic salmon 
and Asian seabass. The Tra catfish contained low 
but significant amounts (by wet weight) of EPA 
and DHA, which were similar to that of the Asian 
seabass but much lower than the amounts found in 
the Atlantic salmon.

 

Acknowledgements

The authors wish to thank the kind support 
and assistance of the Science Laboratory staff at 
Ourimbah Campus, the University of Newcastle, 
Australia, especially Ms. Leonie Holmesby and Mr. 
Nenad Naumovski.

References 

Ackman, R.G. 1989. Nutritional composition of fats in 
seafoods. Progress in Food and Nutrition Science 13: 
161-241.

Ackman, R.G. 1994. Seafood lipids. In Shahidi, F. and 
Botta, J. R. (Eds). Seafoods: Chemistry, Processing, 
Technology and Quality, p. 34-48. Glasgow: Chapman 
and Hall.

Haard, N.F. 1992. Control of chemical composition and 
food quality attributes of cultured fish. Food Research 
International 25: 289-307.

Haliloglu, H.I., Bayir, A., Sirkecioglu, A.N. and Aras, 
N.M. 2004. Comparison of fatty acid composition in 
some tissues of rainbow trout (Oncorhynchus mykiss) 
living in seawater and freshwater. Food Chemistry 86: 
55-59.

Hamilton, M.C., Hites, R.A., Schwager, S.J, Foran, 
J.A., Knuth, B.A. and Carpenter, D.O. 2005. Lipid 
composition and contaminants in farmed and wild 
salmon. Environmental Science Technology 39 (22): 
8622-8629.

Henderson, R.J. 1996. Fatty acid metabolism in freshwater 
fish with particular reference to polyunsaturated fatty 
acids. Archives of Animal Nutrition 49(1): 5-22.

Hung, L.T., Suhenda, N., Slembrouck, J., Lazard, J. and 
Moreau, Y. 2004. Comparison of dietary protein and 
energy utilization in three Asian catfishes (Pangasius 
bocourti, P.hypophthalmus and P.djambal). 
Aquaculture Nutrition 10: 317–326.

Hungerford, J.M. 1995. Fish and other marine products. 
In Cunniff, P. (Eds). Official Methods of Analysis of 
AOAC International, 35-1 - 35-10. Arlington: AOAC 
International.

Kennedy, S.R., Campbell, P.J., Porter, A. and Tocher, D.R. 
2005. Influence of dietary conjugated linoleic acid 
(CLA) on lipid and fatty acid composition in liver and 
flesh of Atlantic salmon (Salmo salar). Comparative 
Biochemistry and Physiology 141: 168-178.



506 Ho, B. T.  and Paul, D. R.

International Food Research Journal 16: 501-506

Kolakowska, A., Olley, J. and Dunstan, G.A. 2003. Fish 
Lipids. In Sikorski, Z. E. and Kolakowska, A. (Eds). 
Chemical and Functional Properties of Food Lipids. 
Boca Raton: CRC Press.

Mai, B.T.H. 1998. Analysis of uses of Basa catfish by-
products (Pangasius pangasius (Hamilton)) and initial 
try of effective processing (in Vietnamese). Journal of 
Fisheries (in Vietnamese) 1991-1995: 212-217.

Mehlenbacher, V.C. 1998. Official methods and 
recommended practices of the AOCS. Champaign: 
American Oil Chemists’ Society.

Men, L. T., Thanh, V.C., Hirata, Y. and Yamasaki, S. 2005. 
Evaluation of the Genetic Diversities and the Nutritional 
Values of the Tra (Pangasius hypophthalmus) and the 
Basa (Pangasius bocourti) Catfish Cultivated in the 
Mekong River Delta of Vietnam’. Asian-Australasian 
Journal of Animal Sciences 18: 671-676.

Mooney, B.D., Nichols, P.D. and Elliot, N.G. 2002. Seafood 
the good food II. Hobart: CSIRO Marine Research. 

Nhu, D. H. 2003. ‘DHA (Docosahexaenoic acid) source 
from Basa (Pangasius bocourti) catfish oil (in 
Vietnamese)’, Procedings of Scientific Report of the 
Chemistry Society, Ho Chi Minh City, Ho Chi Minh 
City Chemistry Society.

Sathivel, S., Prinyawiwatkul, W., Grimm, C.C., King, 
J.M. and Lloyd, S. 2002. FA Composition of crude oil 
recovered from catfish viscera. JAOCS 79: 989-992.

Steffens, W. 1997. Effects of variation feeds on nutritive in 
essential fatty acids in fish value of freshwater fish for 
humans. Aquaculture 151: 97-119.

Steiner-Asiedu, M., Julshamn, K. and Lie, O. 1991. Effect 
of Local Processing Methods (Cooking, Frying and 
Smoking) on Three Fish Species from Ghana: Part I. 
Proximate Composition, Fatty Acids, Minerals, Trace 
Elements and Vitamins.  Food Chemistry 40: 309-
321.

Torstensen, B.E., Bell, J.G., Rosenlund, G., Henderson, 
R.J. and Graff, I.E. (2005). Tailoring of Atlantic 
Salmon (Salmo salar L.) Flesh Lipid Composition 
and sensory Quality by Replacing Fish Oil with a 
Vegetable Oil Blend. Journal of Agricultural and Food 
Chemistry 53(26): 10166-10178.

Yearsley, G.K., Last, P.R. and Ward, R.D. 2003. Australian 
seafood handbook - An identification guide to imported 
species. Melbourne: SCIRO Marine Research & 
Fisheries Research & Development Corporation.


