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Zonal Distribution of Fatty Acids in Albacore (Thunnus alalunga) 
Triglycerides and Their Changes during Cooking 

Santiago P. Aubourg, Carmen G. Sotelo, and Josh M. Gallardo’ 

Instituto de Investigaciones Marinas del CSIC, Muelle de Bouzas s/n., 36208-VIGO, Spain 

The a+ distribution of fatty acids in albacore muscle triglycerides was studied. This analysis was 
achieved in cooked and uncooked samples in order to assert possible variations during processing. 
On the other hand, because of their different locations and also different exposures to steam during 
cooking, three zones of the muscle were considered. Great differences between the a- and &compositions 
were observed in the three zones. Fatty acids like 16:0, 18:0, 181, 18:3, and 22:l showed a higher 
content in the a-position, while 22:6 content was far bigger in 0. Due to  cooking it was observed that 
the composition at  the &location suffered more modifications than the a-one. Depending on the 
zone of the muscle, significant variations were obtained for the main fatty acids. 

The first studies on the distribution of fatty acids of 
triglycerides (TG) of marine fish and invertebrates (Brock- 
erhoff and Hoyle, 1963; Brockerhoff et al., 1963; Dolev 
and Olcott, 1965) have shown that this lipid class fol- 
lows the structural pattern typical for most animal fats 
in which the polyunsaturated fatty acids (PUFA) are pref- 
erentially located in the &position of glycerol. As an expla- 
nation of this distribution, i t  was suggested that the typ- 
ical structure may be originated in the plankton and then 
be retained through the food chain. In this point, Brock- 
erhoff e t  al. (1964) studied the fatty acid distribution in 
lipids of marine plankton and agreed with this explana- 
tion although they pointed out that  this may not be the 
only factor responsible for the typical fatty acid pattern 
of marine fats. 

The characterization of animal fats by fatty acid anal- 
ysis using the “characteristic” fatty acids ratio has been 
reported by Litchfield (1972), Carisano and Riva (1976), 
and Doro (1977). However, three effects make i t  diffi- 
cult to recognize the positional distribution of TG: First, 

OQ21-8561/90/ 1438-0255$02.50/0 

dietary fats can alter the composition of animal depot 
fats (Bishop e t  al., 1976). Second, the positional distri- 
bution patterns are not the same for all kinds of ani- 
mals. Third, the positional distribution may vary between 
different body tissues in the same animals. 

More recent work in accord with the need for reliable 
methods to determine the animal species from which pro- 
cessed fish products are made have been published (Taka- 
hashi et al., 1978a,b). In them, relations between the main 
fatty acids of raw and frozen samples which belonging to 
the different location in triglycerides studied. Later on, 
Takahashi et al. (1985) developed a mathematical model 
for the prediction of molecular species in TG by HPLC. 

The purpose of the present work was to study the a- 
0 distribution in TG of albacore in order to establish the 
differences between the raw and cooked material. This 
species was chosen for its great importance in the Span- 
ish canning industry. Since during cooking the differ- 
ent parts of albacore are not exposed the same way to  
steam, a zonal study of the muscle (back muscle, ventral 
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Table 11. Content (%) of Fatty Acids (FA) in the u- and 
&Positions in the Back Muscle (BM)' 

raw BM cooked BM 
a P FA cy P 

Table I. Lipid Content. (Grams/100 g of Muscle) for the 
Raw and Cooked Samplesb 

sample lipid content 
raw BM 5.82 f 0.15 
cooked BM 4.92 f 0.11 
raw VM 4.32 f 0.13 
cooked VM 3.88 f 0.10 
raw BFM 18.54 f 0.92 
cooked BFM 13.99 f 0.58 

Mean of three determinations f standard deviation. * Key: back 
muscle = BM; ventral muscle = VM; belly flap muscle = BFM. 

muscle, and belly flap muscle) was also undergone. 
The results reported here are applicable only to the 

tuna samples analyzed, all of which were from fish taken 
at the same time and place. It must be recognized that 
albacore tuna taken a t  different locations and different 
times usually have great differences in lipid content and 
in fatty acid content of the lipids. Such a difference could 
change the distribution of fatty acids between a- and 0- 
positions on the triglyceride molecule. 

MATERIALS AND METHODS 

Raw Material, Sampling, and Lipid Extraction. Alba- 
core (Thunnus alalunga) used in this work was caught by a 
commercial tuna vessel round the point 43" N and 27" W dur- 
ing June 1985. The fish were kept in boxes and transported on 
ice for 10 days. After arrival to our laboratory, the fish were 
frozen at -40 O C  and stored at -18 O C  analysis. 

Six individuals were employed, and three zones of the mus- 
cle, known in the commercial literature as back muscle (BM), 
ventral muscle (VM) and belly flap muscle (BFM), were used 
in this experiment. 

The fish was processed in our pilot plant according to the 
following procedure: Whole eviscerated and beheaded fish were 
cooked (at 102-103 O C )  with steam until a final backbone tem- 
perature of 65 "C; then, it was cooled at room temperature (14 
"C) for about 5 h before sampling. 

Lipids were extracted from the samples by the Bligh and Dyer 
method (1959). An aliquot of the extract was dried to constant 
weight by a nitrogen flow in order to obtain the lipid content. 

Purification of Triglycerides. Lipid classes were sepa- 
rated by column chromatography on silica gel (Aubourg, 1987). 
TG were further purified by thin-layer chromatography on 20 
X 20 cm plates coated with a layer (0.5 mm) of silica gel G 
(Merck) eluted in hexane-ethyl ether-acetic acid (7030:l). 

Triglyceride Hydrolysis by the Grignard Reagent. Ran- 
dom diglycerides (DG) were produced by the action of the Grig- 
nard reagent, ethylmagnesium bromide, on triglycerides accord- 
ing to the method recommended by Breckenridge (1978) and 
developed by Christie and Moore (1969). 1,2;2,3-DG and 1,3- 
DG were quickly isolated by preparative TLC on silicic acid 
impregnated with 5% (w/w) boric acid to prevent acyl migra- 
tion. 

Fatty Acid Analysis. Random diglycerides coming from 
the Grignard reaction, as well as initial triglycerides, were trans- 
esterified by using the BF, complex, in accord with Morrison 
and Smith (1964). 

Then, fatty acid methyl esters were analyzed with a Varian 
Vista 6000 gas chromatograph equipped with a 30-m flexible 
capillary column SP-2330 (Supelco). An isothermal separation 
at 190 "C with injector temperature 220 "C and detector tem- 
perature 230 "C was carried out. Carrier gas used was N, flow- 
ing with a linear velocity of 18 cm/s. The individual fatty acid 
methyl esters were identified by comparing the retention times 
to those of standard ester mixtures including PUFA No. 1, marine 
source (Supelco), and by semilogarithmic plots of retention times 
against carbon chain lengths (Ackman, 1969). 

RESULTS AND DISCUSSION 

Table I shows the lipid content of the different sam- 
ples employed in this triglyceride study. It is worth point- 

3.0 5.1 14:O 3.1 5.5 
1.9 1.1 15:O 1.2 2.7 

20.8 18.3 16:O 21.9 14.7 
5.7 6.6 16:l 6.7 4.3 
1.9 3.4 17:O 2.2 2.8 
1.1 0.2 17:l 1.0 1.4 
8.9 2.0 18:O 7.7 2.6 

22.8 17.1 18:l 21.5 18.2 
1.6 3.4 18:2 2.7 0.9 
5.1 1.5 183  5.0 0.8 
0.6 2.1 184 0.7 2.2 
4.8 1.2 22:l 4.5 0.6 
0.9 2.7 20:4 1.2 2.1 
4.5 6.0 205 5.7 3.9 
1.5 0.6 24: 1 1.5 1.0 
0.6 0.9 22:4 0.5 1.3 
1.5 1.5 22:5 1.4 1.7 

11.0 23.5 22:6 9.4 28.3 

a Mean of three determinations; mean standard deviation f0.4. 

Table 111. Content (%) of Fatty Acids (FA) in the (I- and 
@-Positions in the Ventral Muscle (VM). 

raw VM cooked VM 
a R FA Ly B 
3.3 5.6 14:O 3.8 4.7 
1.2 2.4 150 1.4 1.4 

20.7 17.1 160 22.8 15.0 
6.2 6.2 16:l 6.7 3.1 
1.8 3.0 17:O 2.0 1.4 
1.1 0.8 17:l 0.9 0.3 
8.2 1.3 18:O 7.4 3.5 

22.9 14.8 181 21.0 17.7 
2.5 1.6 182  1.8 3.0 
4.3 1.9 18:3 3.5 3.5 
0.5 2.6 18:4 1.0 2.6 
4.0 1.3 22:l 4.4 1.7 
1.1 3.5 204 1.2 2.4 
4.6 5.2 20:5 4.9 4.6 
1.5 0.6 24:l 1.6 1.0 
0.7 0.4 22:4 0.7 0.4 
1.4 1.4 22:5 1.6 1.0 

11.3 24.8 22:6 8.8 30.4 

Mean of three determinations; mean standard deviation f0.3. 

ing out the high level of belly flap muscle in front of the 
two other zones, as well as the general decrease in lipid 
content due to cooking. 

Tables 11-IV show the content (%) of the fatty acids 
in the a- and @-positions for each of the samples ana- 
lyzed. 

Comparing the a- and @-contents in the raw samples, 
a significantly higher content in 16:0,18:0,18:1,18:3, and 
22:l in the a-position was observed. At the same time, 
other fatty acids showed higher values in P: 14:0, 17:0, 
18:4, 20:4, and 22:6 in back muscle and ventral muscle; 
205 and 22:6 in belly flap muscle. 

The big difference between the contents of 22:6 in both 
positions is in accord with an already commented theory 
(Brockerhoff et  al., 1964; Menzel and Olcott, 1964). As 
a result, the finality of this location would be the pro- 
tection from oxidation during the metabolic processes of 
the PUFA through the formation of the @-MG structure 
with a PUFA in this location. 

Due to cooking, the higher differences are related to 
the more abundant fatty acids. It is worth pointing out 
that  the composition of the @-location has suffered more 
significant modifications than the a-one. 
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Table IV. Content (%) of Fatty Acids (FA) in the a- and 
@-Positions in the Belly Flap Muscle (BFM)' 
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raw BFM cooked BFM 
a P FA a P 
3.9 4.8 14:O 4.2 4.2 
1.5 1.2 15:O 1.3 2.8 

22.9 16.9 16:O 23.2 12.4 
6.0 7.8 16:l 6.9 5.1 
2.2 1.9 17:O 2.6 1.7 
1.2 0.6 17:l  1.1 0.2 
8.0 1.4 180 7.2 3.6 

21.7 13.6 18:l 20.9 16.7 
2.7 0.6 18:2 2.5 1.6 
4.4 2.6 18:3 4.0 2.2 
1.0 1.6 18:4 1.2 1.2 
3.8 2.0 22: 1 3.7 2.8 
1.8 0.6 20:4 1.7 0.5 
3.7 9.7 20:5 4.3 7.3 
1.5 0.6 24:l 1.5 0.9 
0.3 1.0 22:4 0.3 1.2 
1.1 1.7 22:5 1.0 2.2 
7.1 31.4 22:6 7.2 33.3 

Mean of three determinations: mean standard deviation f0.4. 

Table V. Content" (%) of Saturated (ST), Monounsaturat- 
ed (MU), and Polyunsaturated (PU) Fatty Acids in the a- 
and @-Positions for the Three Zones 

raw cooked 
LY R a 4 

Back Muscle 
ST 36.5 29.9 36.2 28.3 
MU 35.9 25.7 35.2 25.5 
PU 25.8 41.6 26.6 41.2 

Ventral Muscle 
ST 35.4 29.4 37.4 26.0 
MU 35.7 23.7 34.6 23.8 
PU 26.4 41.4 23.5 47.9 

Belly Flap Muscle 
ST 38.5 26.2 38.5 24.7 
MU 34.2 24.6 34.1 25.7 
PU 22.1 49.2 22.2 49.5 
Mean of three determinations; mean standard deviation f1.4. 

In the back muscle and ventral muscle the 22:6 increased 
in the @-position with the opposite result in the a-one. 
In the ventral muscle and belly flap muscle an increase 
in 18:O and 18:l as well as a decrease in 16:O were observed 
in the &location. In the back muscle and belly flap mus- 
cle decreases in 16:l and 20:5 in the @-position were 
obtained. 

In Table V fatty acids are pooled together in satu- 
rated (ST), monounsaturated (MU), and polyunsatu- 
rated (PU) groups. 

In all the samples, a very significant difference was 
obtained for the distribution of the PU fatty acids between 
the two locations: the @-contents were nearly the double 
the a-ones. 

Comparing the composition of the three raw samples, 
significant differences were only found in the belly flap 
muscle: ST fatty acids had higher values in the a-loca- 
tions and lower values in the P-ones while the opposite 
situation was found in the PU fatty acids. 

Due to cooking, the only significant differences were 
obtained in the ventral muscle for the PU fatty acids, 
which increased in the /3-location and decreased in the 
a-one. 

As a conclusion, it can be mentioned that changes in 
individual fatty acids have been observed due to cook- 
ing although if they are considered by unsaturation groups, 
these changes are really smaller. 
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Asesora de Investigacibn Cientrfica y TBcnica. 

Registry No. 16:0,57-10-3; 180,57-11-4; 18:1,112-80-1; 18:3, 
463-40-1; 22~1,  28929-01-3; 2 2 : 6 ~ 3 ,  6217-54-5. 

LITERATURE CITED 

Ackman, R. Gas liquid chromatography of fatty acids and esters. 
Methods Enzymol. 1969, 14, 329-381. 

Aubourg, S. Contribution to the study of lipids and their changes 
due to cooking in albacore (Thunnus alalunga). Doctoral 
Thesis, University of Santiago de Compostela, 1987. 

Bishop, D.; James, D.; Olley, J. Lipid composition of slender 
tuna (Allothunnus falli) as related to lipid composition of 
their feed (Nyctiphanes australis). J. Fish. Res. Board 
Can. 1976,33, 1156-1161. 

Bligh, E.; Dyer, W. A rapid method of total lipid extraction 
and purification. Can. J .  Biochem. Physiol. 1959, 37, 911- 
917. 

Breckenridge, W. Stereospecific analysis of triacylglycerols. In 
Handbook of Lipid Research (0; Kuksis, A., Ed.; Plenum: 
New York, London, 1978. 

Brockerhoff, H.; Hoyle, J. On the structure of the depot fat of 
marine fish and mammals. Arch. Biochem. Biophys. 1963, 

Brockerhoff, H.; Ackman, R.; Hoyle, R. Specific distribution of 
fatty acids in marine lipids. Arch. Biochem. Biophys. 1963, 

Brockerhoff, H.; Yurkowski, M.; Hoyle, R.; Ackman, R. Fatty 
acid distribution in lipids of marine plankton. J. Fish. Res. 
Board Can. 1964,21, 1379-1384. 

Carisano, A.; Riva, M. Metodo Chromatografico per rivelare le 
sofisticazioni del burro. Riu. Ital. Sostanze Grasse 1976,53, 

Christie, W.; Moore, J. A semimicromethod for the stereospe- 
cific analysis of triglycerides. Biochim. Biophys. Acta 1969, 
176, 445. 

Dolev, A.; Olcott, H. The triglycerides of sable fish (Ana- 
plopoma fimbria). 11. Fatty acid distribution in triglycer- 
ide fractions as determined with pancreatic lipase. J .  Am. 
Oil Chem. SOC. 1965,42, 1046-1051. 

Doro, B. Ricerche gaschromatografiche sullo struto ricavato del 
lardo fuso. Riu. Ital. Sostanze Grasse 1977,54, 394. 

Litchfield, C. Analysis of Triglycerides; Academic: New York, 
London, 1972. 

Menzel, D.; Olcott, H. Positional distribution of fatty acids in 
fish and other animal lecithins. Biochim. Biophys. Acta 

Morrison, W.; Smith, L. Preparation of fatty acid methyl esters 
and dimethylacetals from lipids with boron trifluoride- 
methanol. J. Lipid Res. 1964,5,600-602. 

Takahashi, K.; Zama, K.; Matsuoka, T. Molecular species of 
fish muscle lipids. I. Molecular species of TG and PC of 
sardine and rainbow trout. Bull. Fac. Fish. Hokkaido. 
Univ. 1978a, 29, 378-385. 

Takahashi, K.; Cabling, F.; Zama, K. Molecular species of fish 
muscle lipids. 11. Changes in TG and PC molecular species 
of sardine after frozen storage. Bull. Fac. Fish. Hokkaido. 
Uniu. 1978b, 29, 386-391. 

Takahashi, K.; Hirano, T.; Egi, M.; Zama, K. A mathematical 
model for the prediction of triglycerides molecular species 
by HPLC. JAOCS, J. Am. Oil Chem. SOC. 1985, 62, 1489- 
1492. 

102,452-455. 

100,9-12. 

297-300. 

1964,84, 133-139. 

Received for review October 31, 1988. Revised manuscript 
received April 10, 1989. Accepted May 26, 1989. 


