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Stereospeelfic analysis of fish oil triacyl-sn-glycerols was 
carried out by novel high-performance liquid chromatog- 
raphy on a ehiral stationary phase. The positional distribu- 
tions of fatty adds were determined without accumulation 
of errors in a particular position and preferential hydrolysis 
for a partieular fatty acid. High-resolution gas-liquid chr~ 
matography on an open tubular column detailed the dis- 
tribution of unsaturated fatty add isomers having olefinic 
bonds in different positions. The distribution of fatty acids 
was not independent of other fatty acids. The distribution 
of l o n g ~ l n  highly unsaturated fatty acids 22:6(n-3), 
22:5(n~3) and 20:5(n~3) was governed by total amounts of 
20:1 and 22:1 in triacyl-sn-glycerols. Long<hain monoun- 
saturated acids 20:1 and 22:1 were influenced by the posi- 
tion of the olefinic bond in 20:1 occurring in triacyl-sn- 
glycerols. Shorter~Jaain C14-C18 fatty acids seemed to be 
influenced by total fatty acid composition. These results 
introduce a concept of mutual interaction between fatty 
acids to the investigation of positional distribution of fat- 
ty acids. 

KEY WORDS." Chiral stationary phase, fish oil, high-performance li- 
quid chromatography, monoacylglycerols, stereospedfic analysis, 
triacyl-snlglycerois. 

The positional distributions of fatty acids in depot fat of 
many aquatic animals were determined by Brockerhoff and 
his coworkers in 1968 (1). On the basis of their results, Litch- 
field (2,3) found that the exogenous longchain fatty acids, 
22:6, 22:5 and 22:1, follow regular distribution patterns in 
certain aquatic species. However, the enzymatic methods 
that have been used for the stereespecific analysis of triacyl- 
sn-glycerois have some drawbacks The main drawback of 
Brockerhoffs method {4) is that the result for position 3 is 
subject to cumulative experimental errors because the fat~ 
ty acid composition in this position is not determined direct- 
ly. The other drawback is the specificity of enzymes to ceP 
tain fatty acids or fatty acid combinations. Triacyl-sn-gly- 
corols from natural sources, especially aquatic animal 
sources, contain many kinds of fatty adds. However, there 
is no evidence of nonpreferential hydrolysis for any fatty 
adds. In a recent study (5), a method different from that 
of Brockerhoff was used, but it was also enzymatic and it 
seemed to be burdened with similar disadvantages. 

Recentl~ we (6) have reported a new chemical method 
suitable for stereospecific analysis of marine biogenic lipid 
triacyl-sn-glycerola Triacyl-sn-glycerols were partially hy- 
drolyzed with ethyl magnesium bromide and 1-monoacyl- 
glycerol products were resolved into sn-1 and sn-3 mono- 
acylglycerol fractions by high-performance liquid chr~ 
matography (HPLC) on a chiml column after derivatizatiop. 
Fatty acid methyl esters prepared from the original triacyl- 
sn-glycemls, 1- and 2-monoacylglycerol fractions, and sn-1 
and sn-3 monoacylglycerol fractions were analyzed by gas- 
liquid chromatography (GLC). The positional distributions 
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were calculated on the basis of data obtaine£ This method 
has no disadvantages characteristic of enzymatic methods 
and gives stereospecific distributions of minor components 
when high-resolution capillary GLC is employed at the final 
stag~ 

In this study, a stereospecific analysis of fish oil triacyl- 
sn-glycerols was carried out by this new methoct The results 
showed that the distribution pattern of fatty acids was not 
as simple as reported by Litchfield. This paper presents 
some new concepts governing the positional distribution of 
long, chain unsaturated fatty acids We selected saury, her~ 
ring, capelin, sardine menhaden and dolly varden oils for 
examination of these concepts. 

MATERIALS AND METHODS 
Triacyl-su-glycerols. Saury (Cololabis saira), herring 
(Clupea pallasi) and capelin (MaUotus villosus) were ob- 
tained at food markets in Hakodate. Dolly varden (Sal- 
velinus malma), which is a fresh-water fish, was obtained 
at a local fish farm. Lipids were extracted from the flesh 
by the method of Bligh and Dyer (7). Menhaden (BrevooP 
tin tyrannus) and sardine (Sardinops melanostictus) oils 
were obtained as industrial products. Triacyl-sn-glycerols 
were isolated from the lipids or oils by preparative thin- 
layer chromatography (TLC) on Kiesel Gel 60G plates 
(Merck, Darmstadt, Germany) with n-hexane/diethyl ether 
(80:20, v/v) for development. 

Partial hydrolysis of triacyl-sn-glycerols. Stereospecific 
analysis was carried out by the method described earlier 
(6). The first step is partial hydrolysis with ethyl mag- 
nesium bromide by the modified Brockerhoff procedures 
(4). Triacyl-sn-glycerols (100 rag) were dissolved in 3 mL 
of dry diethyl ether, and ethyl magnesium bromide in dry 
diethyl ether (0.33 mL of 3 M solution) was added. The 
mixture was shaken for 1 rain, and then 0.1 mL glacial 
acetic acid followed by water (3.3 mL) was added to stop 
the reaction. The products were extracted with diethyl 
ether. The ether extract was washed five times with 2% 
aqueous sodium bicarbonate, then washed with water, and 
dried over anhydrous sodium sulfate. After removal of the 
solvent at ambient temperature, 1- and 2-monoacylgiy- 
cerols were isolated by preparative TLC on boric acid- 
impregnated silica gel plates (20 X 20 cm, 0.5 mm 
thickness, boric acid 10% to Kiesel Gel 60G) developed 
in chloroform/methanol (98:2, v/v) under nitrogen. The 
yields of 1- and 2-monoacylgiycerols were generally 5-7 
mg and 1-2 rag, respectively. 

Enantiomer separation of 1-monoacylglycerols by 
HPLC. About a half of 1-monoacylglycerols obtained was 
dissolved in dry toluene (500/~L) and reacted overnight 
at ambient temperature with 3,5-dinitrophenyl isocyanate 
(10-20 rag) in the presence of dry pyridine (50 ~L). The 
chloroform solution of the products was spotted on the 
Kiesel Gel 60G plate and developed by n-hexane/1,2-di- 
chloroethandethanol (40:15:6, v/v/v) under nitrogerL HPLC 
separations of the 1-monoacylglycerol di-3,5-dinitrophen- 
ylurethane derivatives were carried out by using a Hitachi 
L-6000 isocratic pump (Hitachi Co., Tokyo, Japan) with 
a Jasco 875-UV ultraviolet spectrophotometric detector 

JAOCS, Vol. 69, no. 5 (May 1992) 



418 

Y. ANDO ET AL. 

sn-1 sn-3 

3 

280 

4 
5 

7 7 
2 3 5 

, , , i , i i i i i 

320 360 400 440 480 520 

i 

min 

FIG. 1. HPLC of 1-monoacylglycerols, formed by partial hydrolysis of sardine oil triacyl-sn-glycerols with 
ethyl magnesium bromide, as their di-3,5-dinitrophenylurethane derivatives on a chiral column, OA4100 (50 
em X 4 m m  i.d.}. Mobile phase, hexane/1,2-dichloroethane/ethanol (40:10:1, v/v/v). Flow rate, 0.5 mL/min. 
Temperature, ambient. Detection, 254 nm UV. 

(Japan Spectroscopic Co., Toky(~ Japan) and a Shimadzu 
C-R3A integrator (Shimadzu Co., Kyot~ Japan). For op- 
timum resolution, a chiral column (50 cm X 4 mm i.d.) 
packed with 5-pm particles of N-(R)-l-(a-naphthyl)ethyl- 
aminocarbonyl-(S)-valine chemically bonded to y-amino- 
propyl silanized silica, Sumichiral OA-4100 (Sumitemo 
Chemical Co., Osaka, Japan) was used with a mixture of 
n-hexane/1,2-dichloroethane/ethanol (40:12:3, v/v/v) as a 
mobile phase at a constant flow rate of 0.5 mL/min. The 
samples were dissolved in the minimum volume of chloro- 
form for injection. Detection was at 254 nm. 

G LC analysis of methyl esters. Total triacyl-sn-glycerols, 
1- and 2-monoacylglycerols (1-2 mg), and the urethane 
derivatives of sn-1 and sn-3 monoacylglycerols (0.1-0.3 mg) 
were placed into 10-mL centrifuge tubes. Two mL of 
diethyl ether and I M sodium methoxide-methanol solu- 
tion (25 ~L) were added. The content was gently shaken 
for 5 rain before glacial acetic acid (6 ~L) was added to 
stop the reaction. After removing the precipitate by cen- 
trifugation for 2 rain at 2000 rpm, and evaporating the 
solvent, products were extracted with n-hexan¢ The ex- 
tracts were injected into a Shirnadzu GC-6AM instrument, 
which was equipped with a WCOT column (50 m X 0.25 
mm i.d., 0.2-~m film thickness) coated with Silar 5CP, and 
a flame ionization (FID) detector. Peak area percentages 
and retention times were measured with a Shimadzu C- 
R6A integrator. Column temperature was 190°C, and in- 
jector and detector temperatures were 230°C. Hydrogen 
was the carrier gas. 

RESULTS AND DISCUSSION 

Stereospecific analysis. Figure 1 shows HPLC resolutions 
of 1-monoacylglycerols, prepared from sardine oil triacyl- 
sn-glycerols, in the form of their di-3,5-dinitrophenyl- 
urethane derivatives. The chromatogram was obtained 
from a 50-cm Sumichiral OA-4100 with n-hexane/1,2-di- 
chloroethane/ethanol (40:10:1, v/v/v) as mobile phase at am- 
bient temperature. Because the chiral stationary phase 
has a polar functional group, monoacylglycerol derivatives 
elute from the column in a descending order of the acyl 
chainlength and in an ascending order of the number of 

olefinic bonds in them (8,9). The chromatogram in Figure 
1 shows many peak overlaps caused by the existence of 
a wide variety of fat ty acids in fish oil. The numbered 
peaks were analyzed by GLC as methyl esters of compo- 
nent fatty acids after collection and were identified as 
monoacylglycerols mainly having the following fatty acid 
residues: peak 1, 24:1; peak 2, 22:1; peak 3, 18:0 and 20:1; 
peak 4, 16:0 and 18:1; peak 5, 14:0, 16:1 and 18:2; peak 
6, 18:3 and 22:5; peak 7, 18:4, 20:5 and 22:6; and peak 8, 
16:4. This chromatogram shows the separation of 1-mono- 
acylglycerols into sn-1 and sn-3 monoacylglycerols. In 
micro-preparative HPLC, however, the first peak of the 
sn-3 group and the last peak of the sn-1 group overlap- 
ped under such conditions. 

Figure 2 shows chromatograms obtained at -9°C with 
n-hexane/1,2-dichloroethane/ethanol {40:12:3, v/v/v) as 
mobile phase. In Figure 2A, 1-monoacylglycerols were 
clearly resolved into two groups, i.e., sn-1 and sn-3 
monoacylglycerol groups. Though the peak resolutions 
among the enantiomeric homologous components 
diminished considerably, a better resolution of sn-1 and 
sn-3 monoacylglycerol groups was favorable for collection 
of these fractions. Rechromatography of the collected 
separate fractions showed little cross-contamination dur- 
ing peak collection at low temperature (Figs. 2B and 2C). 

On a stationary phase of reverse chirality (Sumichiral 
OA-4000), the elution order changed so that the sn-1 group 
eluted after the sn-3 group. Figure 3 shows the resolution 
of herring oil 1-monoacylglycerols on OA-4000. The elu- 
tion profile of the latter part of the sardine oil sn-1 group 
{Fig. 2A) was similar to that  of the herring off sn-1 group 
shown in Figure 3. Since this part is free from sn-3 
monoacylglycerol components {Fig. 3), the similarity sup- 
ports the clear resolution of sn-1 and sn-3 groups in Figure 
2A. 

Table 1 shows the positional distributions of fatty acids 
in fish oil triacyl-sn-glycerols examined. The fatty acid 
migration affecting the accuracy and precision was low 
for the procedures used in this method. Our previous 
study showed that each position of the triacyl-sn-glycerol 
molecule was contaminated with up to about 3% of acyl 
groups that  had migrated from other positions (6). The 
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FIG. 2. IIPLC of di~3,5~Unitrophenylurethane derivatives of original 
sardine oil 1-monoacylglycerols (A) and of the sn-1 (B) and sn-3 (C) 
monoacylglycerols fractions on a chiral column, OA-4100 (50 em X 4 
mm i.d.). Mobile phase, hexane/1,2-dichloroethane/ethanol (40:I2:3, 
v/v/v). Flow rate, 0.5 mL/min. Temperature, --9°C. Detection, 254 nm 
UV. 

results shown in Table 1 also confirm the view that acyl 
migration was low. For example, saury oil contained 14:0 
at a concentration of 19.43 mole % in position 1 and 6.74 
mole % in position 3, but it was only 1.14 mole % in posi- 
tion 2. The same oil contained 22:6(n-3) at concentrations 
of 21.57 mole % in position 2 and 3.45 mole % in position 
3, while it was only 1.15 mole % in position 1. Such low 
isomerization of monoacylglycerols in these procedures in- 
dicates that  the results obtained in the stereospecific 
analysis are accurate and reliable. 

In menhaden oil, 18:0, 18:1(n-9), and 18:1(n-7) were more 
abundant in the primary positions, whereas 22:6(n-3), 
22:5(n-3), 16:4(n-1), and 16:3(n-4) were concentrated in the 
secondary position. Of the acids in the primary position, 
16:0 and 18:0 showed preference for the sn-1 position, 
whereas 20:5, 22:5, and 22:6 showed preference for the sn-3 
position. Myher et aL (5) have reported the distribution 
of the major fat ty acids among three positions of men- 
haden oil triacyl-sn-glycerols. Although their analysis was 
enzymatic and gave the distribution of only about one- 
half of the fatty acids listed in Table 1, the present results 
were similar to those obtained by them. The similarity 
supports the fact that  the results shown in Table 1 are 
accurate and reliable 

Factors governing the distribution of long-chain highly 
unsaturated acids. Brockerhoff and his coworkers (1) 
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FIG. 3. HPLC of 1-monoaeylglyeerols, formed by partial hydrolysis 
of herring oil triacyl-sn-glycerols with ethyl magnesium bromide, as 
their di-3,5-dinitrophenylurethane derivatives on a chiral column, 
OA-4(}00 (50 c m  X 4 m m  i.d.). Mobile phase, hexane/1,2~ichloroethane/ 
ethanol (40:12:3, v/v/v}. Flow rate, 0.5 mL/min. Temperature, --7°C. 
Detection, 254 nm UV. 

pointed out the general tendency of 22:6, 22:5 and 20:5 
to be preferentially esterified at position 2 in fish and in- 
vertebrate triacyl-sn-glycerols. Litchfield (2,3) has discuss- 
ed the relationship between the percent of 22:6 esterified 
at each position and the total percent of 22:6 in fish and 
invertebrate triacyl-sn-glycerols, and showed that the posi- 
tional distribution of 22:6 can be predicted by the follow- 
ing simple proportionality equations: 

% 22:6 in position 1 = 0.28 x 

% 22:6 in position 2 ---- 2.06 x 

% 22:6 in position 3 ---- 0.66 x 

[1] 
[2] 
[3] 

where x shows mole percent of 22:6 in the total triacyl- 
sn-glycerols and 0 < x < 30. The existence of these pro- 
portionality equations suggests that the esterification of 
22:6 at each position is independent of other fat ty acids. 

In all fish oil samples, 22:6(n-3) was preferentially 
esterified at position 2. Smaller amounts of 22:6(n-3) were 
found at positions 1 and 3, but it showed a preference for 
position 3. Table 2 shows the positional distribution of 
22:6(n-3) as the ratio of the 22:6(n-3) content in each posi- 
tion to that  of the total triacyl-sn-glycerols. The total 
averages of the ratios for positions 1, 2 and 3 were 0.28, 
2.13 and 0.56, respectively. These values do not differ 
much from the proportionality constants presented by 
Litchfield. However, it is noteworthy that  the ratios at 
position 2 were higher than the predicted value (2.06) in 
all high-20:l and 22:1 fish oils (herring, saury and capelin 
oils), whereas they were lower than 2.06 in all low-20:l and 
22:1 fish oils (menhaden, dolly varden and sardine oils). 
The average of the ratios for position 2 in menhaden, dol- 
ly varden and sardine oils was 1.89, while that in herring, 

JAOCS, Vol. 69, no. 5 (May 1992) 



420 

T A B L E  1 

Posit ional  Distribution of 

Y. A N D O  E T  AL.  

F a t t y  A c i d s  in  F i s h  Oil Tr lacy l - sn-g lycero l s  (mole %) 

F a t t y  
ac ids  T o t a l  

Saury Herring Capelin 

sn-1 sn-2 sn-3 Tota l  sn-1 sn-2 sn-3 Tota l  sn-1 sn-2 sn-3 

13:0 . . . .  
14:0 9.45 19.43 1.14 6.74 
4 ,8 ,12-TMTD 0.12 0.18 - -  0.18 
14:1(n-11) 0.14 0.07 - -  0.36 
14:1(n-5) 0.08 0.09 0.12 0.03 
iso-15:0 0.48 0.83 0.13 0.44 
anteiso-15:0 0.12 0.12 0.15 0.10 
15:0 0.77 1.05 0.44 0.80 
iso-16:0 0.10 0.15 0.04 0.10 
P r i s t a n i c  . . . .  
16:0 13.51 20.87 4.24 14.79 
16:1(n-13) 0.17 0.17 0.18 0.16 
16:1(n-11) 0.55 0.81 0.16 0.66 
16:1(n-9) 0.26 0.17 0.41 0.21 
16:1(n-7) 2.84 4.23 0.85 3.33 
iso-17:0 0.85 1.30 0.15 1.07 
16:1(n-5) 0.12 0.18 - -  0.18 
anteiso-17:0 0.06 0.05 0.05 0.08 
16:2(n-7) 0 . 0 6  0.10 -- 0 . 0 8  

17:0 1.13 1.31 0.47 1.61 
16:2(n-4) 0.25 0.31 0.12 0.33 
16:3(n-4) 0.33 0.32 0.49 0.17 
iso-18:0 0.15 0.29 - -  0.15 
17:1(n-4) 0 .18 0.22 0.06 0.26 
17:2(n-9) 0,11 0.28 0.02 - -  
16:41n-1) 0.20 0.23 - -  0,38 
18:0 1.59 2.22 0.58 1.93 
18:1(n-13) 0.07 0.09 - -  0.12 
18:l(n-ll) . . . .  
18:1(n-9) 4,38 4.01 4.15 5.04 
18:1(n-7) 1.04 1.32 0,47 1.31 
18:1(n-5) 0,87 1.03 0.28 1.30 
anteiso-19:0 0,07 0.05 0.09 0.07 
18:2(n-9) 0.06 0.08 - -  0.10 
18:2(n-6) 1,60 1.74 0.32 2,87 
19:0 0,22 0.29 - -  0.37 
18:3(n-6) 0.12 0.05 0.26 0.06 
18:3(n-3) 1,63 1.41 1.34 2.19 
18:4(n-3) 6.50 5.62 5.45 8.61 
18:4(n-1) 0,09 - -  0.27 - -  
20:0 0,17 0.20 0.10 0.20 
20:1(n-11) 11.83 6.15 15.21 14.77 
20:1(n-9) 2.89 2.27 1.74 4.80 
20:1(n-7) 0.20 0.18 0.14 0.28 
20:2(5,11) . . . .  
20:2(n-6) 0.26 0.16 0.26 0.37 
20:3(n-9) . . . .  
20:4(n-6) 0,31 - -  0.47 0.50 
20:3(n-3) 0.16 0.05 0.20 0.24 
20:4(n-3) 1.46 0,73 2.25 1.47 
20:5(n-3) 5,96 5,97 10.60 1.08 
22: l (n- l l ) , in-13)  15.12 10.83 20.02 14.88 
22:1(n-9) 0,72 0.46 1.03 0.69 
22:1(n-7) . . . .  
21:5(n-3) 0.32 - -  0.65 0.34 
22:5(n-6) 0.15 - -  0.46 - -  
22:5(n-3) 0.99 0.23 2.52 0.24 
22:6(n-3) 8,58 1.15 21.57 3.45 
24:1(n-9) 0,63 0.92 0.32 0.62 

. . . .  1.04 0.25 2.29 0,71 
9.67 11,89 6.74 9.73 9.79 8,01 18.03 4.10 
0.33 0.12 0.37 0.49 0.29 0.09 0.62 0.19 
0.14 - 0.12 0.31 . . . .  
0.09 0.06 0.14 0.07 . . . .  
0.42 0.46 0.35 0.43 0.38 0.28 0.69 0.21 
0 . 1 3  0 . 0 8  0 . 1 8  0 . 1 2  . . . .  

0,59 0.43 0.85 0,50 0,31 0.13 0,66 0.18 
0.08 0.05 0.14 0.04 . . . .  
. . . .  0,41 0.12 0,36 0.75 

15.70 15.15 17.87 12.49 9.98 6.34 19,53 5.00 
0.17 0.05 0.24 0.21 . . . .  
0.30 0.53 0.31 - -  0.11 0.05 0,21 0.08 
0.23 0.08 0.46 0.12 0.12 0.03 0.29 0.05 
4.98 6.37 3.82 4.30 12.13 11.28 19.41 6.36 
0.48 0.63 0.37 0 ,40  0.28 0.25 0.43 0.18 
0.11 0.03 0.12 0,18 . . . .  
0.09 0.05 0.14 0.07 . . . .  

0.09 0.02 0.17 0.07 0.17 0.09 0.38 0.06 
0.61 1.44 0.27 - -  0.93 0.60 0.91 1.28 
0.42 0.46 0.59 0.14 . . . .  
0.29 0.06 0.57 0,20 0.53 0.86 0.12 0.56 
0 . 0 9  0 . 0 6  0 . 0 9  0 . 1 2  . . . .  

0.16 0.15 0.18 0.14 . . . .  
0.09 - -  0.12 0.15 . . . .  
0.44 0.88 0.35 - -  0.66 0.32 1.42 0.32 
0.93 0.93 0.94 0.84 0.77 0.80 0.97 0.56 
0.08 0.01 0.12 0.12 . . . .  
. . . .  0.63 0.76 0.68 0.45 

9.93 11.28 8.68 8.99 6.39 7.85 6.59 4.71 
1.49 2.36 0.82 1.14 2.52 3.47 1.81 2.19 
0.46 0.61 0,45 0.26 0.51 0.59 0.61 0.33 
0.05 0.04 0,07 0.05 . . . .  
0.05 0.03 0.03 0.09 . . . .  

1,21 1.16 1,37 0.98 0.69 0.56 1.16 0.40 
0.21 0.45 0,13 - -  0.13 0.07 0.29 0.05 
0.08 0.15 0.07 . . . . .  
1.37 1.22 1,59 1.16 0.14 0.12 0.23 0.08 
3.76 4.58 3,87 2.37 0.42 0.33 0.71 0.25 
0.10 0.19 0,09 . . . . .  

0.13 0.12 0,11 0.16 0.13 0.14 0.10 0.15 
1.18 1.41 0,55 1.55 1.04 1.26 0.71 1.12 

11.75 16.26 4,19 14.37 21.07 29.15 8.68 24.08 
0.18 0.45 0,05 - -  1.18 1.50 0.67 1.31 
. . . .  0.09 0.12 0.05 0.10 

0.18 0.07 0.12 0.37 0.15 0.15 0.11 0.19 
0.05 - -  0,14 . . . . .  

0.16 0.03 0,22 0.23 . . . .  
0.09 - -  0.06 0,23 . . . .  
0.52 0.97 0,48 - -  0.11 - -  0.13 0.21 
5.87 2.97 10.49 3.33 2.28 1.07 4.20 1.78 

16.02 12.32 5.24 31.63 20.75 20.24 4.93 35.67 
0.75 0.19 1,51 0.45 2.37 2.11 0.68 4.17 
. . . .  0.41 0.34 - -  0.86 

0.29 0.30 0,51 . . . . .  
0.07 - -  0,19 . . . . .  
0.49 0.16 1,20 - -  0.16 0.04 0.39 0.08 
6.14 2.19 14.87 - -  0.36 - -  0.79 0,33 
0.72 0.52 0.28 1.41 0.59 0.66 0.20 0.87 

s a u r y  a n d  c a p e l i n  o i l s  w a s  2 . 3 7 .  S u c h  d e v i a t i o n s  f r o m  t h e  
p r e d i c t e d  v a l u e  s h o w  t h a t  t h e  p o s i t i o n a l  d i s t r i b u t i o n  o f  
2 2 : 6 ( n - 3 )  i s  n o t  i n d e p e n d e n t  o f  o t h e r  f a t t y  a c i d s  b u t  i s  
g o v e r n e d  b y  t h e  a m o u n t s  o f  2 0 : 1  a n d  2 2 : 1  i n  f i s h  o i l  t r i -  
a c y l - s n - g l y c e r o l s .  

The same equations were also applied to 22:5, which is 
present in smaller amounts (2,3}. The positional distribu- 
tion of 22:5(n-3) is also governed by the amounts of 20:1 
and 22:1 in total triacyl-sn-glycerols {Table 3). The total 
averages of the ratios for positions 1, 2 and 3 {0.39, 2.08 
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Fat ty  Sardine Menhaden Dolly varden 

acids Total sn-1 sn-2 sn-3 Total sn-1 sn-2 sn-3 Total sn-1 sn-2 sn-3 

12:0 0.15 0.10 0.18 0.14 . . . . . . . .  
13:0 . . . . . . . .  0.64 0.28 1.31 0.35 
14:0 8.87 9.61 8.60 8.41 11.14 12.40 13.00 8.21 2.64 3.08 1.49 3.34 
4,8,12-TMTD . . . . . . . .  0.08 0.05 0.12 0.07 
iso-15:0 0.37 0.40 0.41 0.32 0.23 0.21 0.30 0.21 0.19 0.23 0.12 0.22 
anteiso-15:0 0.12 0.08 0.20 0.10 . . . . . . . .  
15:0 0.70 0.56 0.88 0.67 0.56 0.53 0.77 0.38 0.21 0.15 0.26 0.22 
iso-16:0 0.12 0.08 0.15 0.10 . . . . . . . .  
Pristanic . . . . . . . .  0.03 0.02 0.05 0.02 
16:0 20.54 25.45 16.83 19.36 12.98 16.37 13.93 9.07 13.61 18.52 5.54 16.67 
16:1(n-13) 0.20 0.14 0.35 0.10 . . . . . . . .  
16:1(n-11) 0.53 0.96 0.59 . . . . .  0.12 0.19 0.02 0.14 
16:1(n-9) 0.31 0.10 0.67 0.14 0.18 0.13 0.33 0.11 0.41 0.24 0.56 0.44 
16:1(n-7) 5.64 7.24 4.80 4.87 14.86 17.24 14.67 12.55 7.28 6.83 8.44 6.62 
iso-17:0 0.77 0.92 0.50 0.63 0.49 0.57 0.39 0.49 0.19 0.25 0.06 0.26 
16:1(n-5) 0.19 0.20 0.18 0.18 . . . .  0.17 0.19 0.09 0.23 
anteiso.17:0 0.14 0.16 0.15 0.12 . . . . . . . .  
16:2(n-7) 0.11 0.12 0.03 0.18 0.33 0.25 0.48 0.23 . . . .  
16:2(n-4) 0.63 0.58 0.59 0.71 2.89 3.33 2.55 2.87 0.52 0.39 0.64 0.53 
16:3(n-4) 0.64 0.18 1.14 0.61 1.61 1.44 2.11 1.29 0.35 0.09 0.71 0.25 
iso-18:0 0.25 0.26 0.18 0.28 . . . . . . . .  
17:1(n-4) 0.10 0.16 0.06 0.08 . . . . . . . .  
17:2(n-9) 0.11 --  0.12 . . . . . . . . .  
16:4(n-1) 0.94 0.92 1.11 0.79 2.15 1.76 2.97 1.74 0.14 --  0.28 0.14 
18:0 2.52 3.98 1.11 2.51 2.26 4.33 0.80 1.84 3.19 4.77 0.96 3.81 
18:1(n-11) . . . . . . . .  0.41 0.58 0.33 0.33 
18:1(n-9) 9.36 11.12 6.35 10.67 4.96 6.47 2.61 5.87 29.32 27.65 32.76 27.71 
18:1(n-7) 2.89 4.34 1.46 2.87 3.22 4.95 1.43 3.41 4.30 5.90 1.70 5.28 
iso-19:0 0.08 0.10 0.06 0.08 . . . . . . . .  
18:1(n-5) 0.51 0.74 0.29 0.49 . . . .  0.30 0.52 0.07 0.31 
18:2(n-9) . . . . . . . .  0.09 0.01 0.07 0.19 
18:2(n-6) 1.60 2.03 1.17 1.62 1.43 1.53 1.10 1.67 9.40 7.91 11.87 8.50 
19:0 0.32 0.36 0.20 0.36 0.42 0,62 0.21 0.47 0.18 0.11 0.22 0.21 
18:3(n-6) 0.05 --  0.09 --  0.52 0.45 0.56 0.51 0.15 0.17 0.12 0.15 
19:1(n-8) 0.05 0.02 0.09 0.04 0.34 0.32 0.27 0.40 0.13 0.04 0.30 0.05 
18:3(n-3) 1.16 1.43 0.73 1.29 0.88 0.85 0.71 1,06 0.82 0.61 1.16 0.70 
18:4(n-3) 3.83 4.12 3.78 3.58 2.92 2.82 2.97 2.95 0.69 0.30 1.47 0.33 
18:4(n-1) 0.17 0.24 0.09 0.18 0.54 0.72 0.21 0.72 0.12 --  0.37 --  
20:0 0.17 0.16 0.18 0.16 0.16 0.17 0.12 0.19 0.09 0.10 0.05 0.12 
20:1(n-11) 2.83 2.47 2.28 3.74 0.09 0.04 0.15 0.08 2.28 2.60 1.06 3.17 
20:1(n-9) 1.66 1.83 1.35 1.82 0.59 0.16 0.24 0.89 2.86 3.55 1.30 3.71 
20:1(n-7) 0.17 0.54 --  0.49 0.18 0.21 0.06 0.26 0.26 0.38 0.13 0.27 
20:2(n-9) . . . . . . . .  0.17 0.23 0.06 0.22 
20:2(n-6) 0.20 0.22 0.18 0.20 0.18 0.30 0.06 0.19 0.65 0.80 0.38 0.77 
20:3(n-6) 0.13 0.08 0.20 0.10 0.26 0.19 0.27 0.28 0.33 0.30 0.26 0.43 
20:4(n-6) 0.70 0.42 0.88 0.81 0.70 0.40 0.62 1.00 0.55 0.40 0.71 0.54 
20:3(n-3) 0.12 0.34 - -  0.38 . . . . . . . .  
20:4(n-3) 0.94 1.07 0.67 1.11 1.30 1.38 0.53 1.97 0.49 0.54 0.41 0.52 
20:5(n-3) 11.66 9.01 12.20 13.72 21.20 14.43 17.40 30.87 3.35 2.69 3.98 3.39 
22:l(n-11),(n-13) 2.98 1.95 2.81 4.20 0.09 0.08 --  0.21 1.66 2.05 1.21 1.73 
22:1(n-9) 0.37 0.26 0.35 0.53 0.13 0.13 --  0.28 0.42 0.48 0.30 0.48 
22:1(n-7) . . . .  0.04 --  - -  0.11 . . . .  
21:5(n-3) 0.41 0.30 0.47 0.49 0.87 0.45 0.77 1.31 0.24 --  0.73 --  
22:4(n-6) . . . . . . . .  0.09 --  0.27 --  
22:5(n-6) . . . .  0.31 --  0.42 0.51 0.22 0.40 0.26 --  
22:5{n-3) 1.55 0.82 2.69 1.13 2.36 0.76 4.16 2.06 1.93 1.24 2.91 1.65 
22:6(n-3) 11.53 3,08 22.07 9.09 6.44 2.67 12.86 3.60 8.39 4.47 14.89 5.95 
24:1(n-9) 0.62 0,80 0.56 0.55 0.21 0.42 --  0.25 0.23 0.69 --  --  

a n d  0.53) w e r e  c l o s e  t o  t h e  p r e d i c t e d  v a l u e s  p r e s e n t e d  b y  
L i t e h f i e l d  (0.28, 2.06 a n d  0.66). H o w e v e r ,  t h e  r a t i o s  fo r  
p o s i t i o n  2 in  low-20 : l  a n d  22:1 f i s h  oils ,  1 .51-1 .76,  w e r e  
c o n s i d e r a b l y  lower  t h a n  t h e  p r e d i c t e d  v a l u ~  2.06. I n  h i g h -  
20:1 a n d  22:1 f i s h  oils ,  t h e  r a t i o s ,  2 . 4 4 - 2 . 5 5 ,  w e r e  m u c h  
h i g h e r  t h a n  t h e  p r e d i c t e d  v a l u ~  2.06. T h e s e  r e s u l t s  s h o w  

t h a t  t h e  p o s i t i o n a l  d i s t r i b u t i o n  of  22:5(n-3) is  a l s o  in f lu -  
e n c e d  b y  t h e  t o t a l  20:1 a n d  22:1 c o n t e n t  in  f i s h  oil  t r i acy l -  
s n - g l y c e r o l s .  

M e n h a d e n ,  d o l l y  v a r d e n ,  s a u r y  a n d  h e r r i n g  oi ls  c o n t a i n -  
e d  t h e  22:5(n-6) i s o m e r  a s  a m i n o r  c o m p o n e n t  w i t h  m a j o r  
22:5(n-3) i s o m e r  (Table  1). I n  s a u r y  a n d  h e r r i n g  otis ,  
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TABLE 2 TABLE 4 

Influence of Total  20:1 and 22:1 Content on Positional 
Distribution of 22:6{n-3) 

20:1 and 
22:1 

Samples (mole %) sn-1 
Ratio a 

sn-2 sn-3 

Menhaden 1.12 
Dolly varden 7.48 
Sardine 8.01 
Average 

Herring 29.88 
Saury 30.76 
Capelin 46.82 
Average 

Total average 
Prediction u 

0.41 2.00 0.56 
0.53 1.77 0.71 
0.27 1.91 0.79 
0.40 1.89 0.69 

0.36 2.42 -- 
0.13 2.51 0.40 

- -  2.19 0.92 
0.16 2.37 0.44 

0.28 2.13 0.56 
0.28 2.06 0.66 

aRatio = mole % 22:6(n-3) in each position]mole % 22:6(n-3) in total 
triacyl-s n-glycerols. 

bFrom empirical formulas presented by Litchfield (2,3). 

Comparison of Distribution of 20:5{n-3) in Low 20:1 and 22:1 
Fish Oils and High 20:1 and 22:1 Fish Oils 

Low 20:1 and High 20:1 anal 
Position 22:1 fish oils a 22:1 fish oils U 
20:1, 22:1 
contents 
(mole %) 1.12-8.01 29.88-46.82 
sn-1 0.68-0.77 c'd = 0.47-1.00 

sn-2 0.82-1.19 < 1.78-1.84 
sn-3 1.01-1.46 > 0.18-0.78 

aMenhaden, dolly varden and sardine oils. 

bHerring, saury and capelin oils. 

CThe ratios of mole % 20:5(n-3) in each position to mole % 20:5(n-3) 
in total triacyl-sn-glycerols. 

dMinimum found value -- maximum found value. 

TABLE5 

T A B L E  3 

Influence of Total  20:1 and 22:1 Content on Positional 
Distribution of 22:5(n-3) 

20:1 and 
22:1 

Samples (mole %) sn-1 

Ratio a 

sn-2 sn-3 

Menhaden 1.12 0.32 1.76 0.87 
Dolly varden 7.48 0.64 1.51 0.85 
Sardine 8.01 0.53 1.74 0.73 
Average 0.50 1.67 0.82 

Herring 29.88 0.33 2.45 -- 
Saury 30.76 0.23 2.55 0.24 
Capalin 46.82 0.25 2.44 0.50 
Average -- 0.27 2.48 0.25 

Total average 0.39 2.08 0.53 
Prediction v 0.28 2.06 0.66 

aRatio = mole % 22:5(n-3) in each position]mole % 22:5(n-3) in total 
triacyl-sn-glycerols. 

bFrom empirical formulas presented by Litchfield (2,3). 

22:5{n-6) was esterified exclusively at  position 2 of the tri- 
acyl-sn-glycerols. However, the  22:5(n-6) isomer in men- 
haden and dolly varden otis was enriched in posit ions 3 
and 1, respectively. According to these limited results, the 
22:5(n-6) isomer does not  have the  same positional distri- 
but ion as the major  22:5(n-3) isomer  and 22:6(n-3). 

The positional dis t r ibut ion of 20-5(n-3) was also influ- 
enced by the amounts  of 20:1 and 22:1 found in the total  
triacyl-sn-glycerols. Table 4 shows tha t  the ratio, 20:5(n-3) 
mole % in posit ion 2/20:5(n-3)mole % in total  triacyl-sn- 
glycerols, is much  higher in the  high-20:l and 22:1 fish 
oil samples  than  in the low-20:l and 22:1 fish oil samples. 
In  addition, the  amoun t  of 20:5(n-3) itself in to ta l  triacyl- 
sn-glycerols also seems to influence the  dis tr ibut ion of 
20:5(n-3), mainly  in low-20:l and 22:1 fish oils. Table 5 
shows tha t  20:5(n-3) in sardine oil and especially in 
menhaden  oil was preferentially located in posit ion 3. In  

Influence of Total  20:5(n-3) Content on Distribution 
of 20:5(n-3) in Low-20:1 and 22:1 Fish Oil 
Triacyl-sn-glycerols 

Dolly 
Position Menhaden Sardine varden 
Total 
content 
(mole %) 21.20 11:66 3.35 
sn-1 0.68 a < 0.77 < 0.80 

sn-2 0.82 < 1.05 < 1.19 

sn-3 1.46 > 1.18 > 1.01 

aRatio of mole % 20:5(n-3) in each position to mole % 20:5(n-3) in 
total triacyl-sn-glycerols. 

dolly varden oil, the 20:5(n-3) content  in positions 2 and 
3 was approximate ly  equal, wi th  a sl ight preference for 
posit ion 2. The amount  of 20:5(n-3) in sardine and 
menhaden oils is much  higher than  tha t  in other fish otis. 
Table 5 shows tha t  20:5(n-3) preferred to esterify a t  posi- 
t ion 3 in accordance with  the increase of the total  20:5(n-3) 
content in triacyl-sn-glycerols. However, the total 20:5(n-3) 
content  does not  seem to be the superior  factor govern- 
ing the positional distribution of 20:5(n-3), compared with 
the to ta l  20:1 and 22:1 content.  The tota l  content  of 
20:5(n-3) was approximately equal in capelin oil (2.28 mole 
%) and dolly varden oil (3.35 mole %), bu t  the ratio, mole 
% 20:5(n-3) in posit ion 2 to mole % 20:5(n-3) in total  
triacyl-sn-glycerols, for dolly varden oil (1.19) was much  
lower t han  for capelin oil (1.84) and was close to t ha t  for 
sardine oil (1.05), which contains much  more 20:5(n-3) 
(11.66 mole %). 

A fac tor  govern ing  the  d i s t r ibu t ion  o f  long-chain mono- 
unsa tura ted  acids. Litchfield (3) found a regular distribu- 
t ion pa t t e rn  of 22:1 a t  posit ion 3 in triacyl-sn-glycerols 
of aquat ic  animals  examined: 

% 22:1 in posit ion 3 = 0.901 x + 0.0525 x z [4] 

where x = mole % 22:1 in the total  triacyl-sn-glycerols and 
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TABLE 6 

Content of 22:1 in Position 3 in Fish Oil Triacyl-sn-glycerols 

22:1 content (mole %) 
Fish oil Total Found Calcd a 

Saury 15.84 15.57 27.44 
Herring 16.77 32.08 29.87 
Menhaden 0.26 0.60 0.24 
Dolly varden 2.08 2.21 2.10 
Sardine 3.35 4.73 3.61 
Capelin 23.53 40.07 50.27 

aCalculated by the formula presented by Litchfield (3). 

0 < x < 25. Curiously, there was no pronounced correla- 
t ion of the amount  of 22:1 found at  posit ions 1 and 2 with 
the  22:1 content  in triacyl-sn-glycerols. Table 6 shows a 
compar ison of the values obtained in this s tudy  with  the 
calculated ones. A large difference between the calculated 
and exper imenta l  values for 22:1 was observed for saury  
oil compared with the other otis. The 22:1 content in saury 
and herr ing oils was approximate ly  equal, and thus  the 
calculated values for them were also approximately equal. 
An agreement  between the  calculated and exper imental  
values was good for herr ing oil, while the  value found for 
saury  oil was about  half as much as the  calculated one. 
Litchfield's correlation formula seems not  to be the bes t  
method  for es t imat ing  the distr ibution of 22:1 in position 
3 for all fish oil triacyl-sn-glycerols. 

Brockerhoff  e t  al. (1) presented the  posit ional  distribu- 
t ion of eleven f a t ty  acids listed in Table 7. For herr ing oil, 
the  reported da ta  do not  differ much  from the da ta  ob- 
ta ined in this study. On the  other hand, the da ta  found 
for saury  oil did not  agree with those for herr ing oil, 
a l though the fa t ty  acid composition in saury oil was close 
to t h a t  in herr ing oil. The main  difference between her- 
r ing and saury oils was t ha t  the major  isomer of 20:1 was 
20:1(n-9) in herr ing and 20:l(n-ll)  in saury. 

The posit ional dis t r ibut ions of 20:l(n-l l)  and 20:1(n-9) 
were influenced by  the proport ion of 20:l(n-ll)  and 
20:1(n-9) occurring in fish oil triacyl-sn-glycerols. The in- 
fluence is shown in Table 8 by using the rat ios of mole 
% 20:1(n-9) to mole % 20:l(n-ll)  [20:l(n-9)/20:l(n-ll)]. 

In  the fish oils having higher values of the  rat io (herring 
and capelin), bo th  20:l(n-l l)  and 20:1(n-9) preferred to 
esterify a t  posit ion 1. On the other hand, the fish oils hav- 
ing lower values of the rat io (saury and sardine} contain- 
ed the lower proportions of 20:1(n-11) and 20:1(n-9} in posi- 
t ion 1. The 20:l(n-lD and 20:1(n-9) content  was approx- 
imately  equal in dolly varden oil (ratio = 1.25} and thus  
the level of these f a t ty  acids a t  posit ion 1 in this oil was 
lower than  tha t  in herring and capelin oils and higher than  
t ha t  in saury  and sardine oils. 

The potent ia l  distr ibution of 22:1 in posit ion 2 was also 
influenced by the rat io of 20:l(n-9)/20:l(n-ll) in the same 
manner  as 20:1(n-9) and 20:l(n-ll) {Table 8). In  herring and 
capelin oils, which have high values of the ratio, the level 
of 22:1 a t  posi t ion 2 was about  one-third of the percen- 
tage found in the to ta l  triacyl-sn-glycerols, and large 
amoun t s  of it were concentrated a t  posi t ion 3, followed 
by  posit ion 1. In  saury  off with ext remely low values of 
the ratio, this  f a t ty  acid was preferentially esterified in 
posit ion 2, followed by  posit ion 3. 

Pos i t ional  d i s t r ibu t ion  o f  shor t e~cha in  f a t t y  acids.  In  
general, there was no consistency in the dis t r ibut ion pat-  
tern  of shorter~chain f a t ty  acids {Table 1). Positional dis- 
t r ibut ion of these f a t t y  acids seems to be  governed con- 
siderably by the content  of other  f a t t y  acids and their  
positional distribution. Saury and capelin had specific fat- 
ty  acid compositions.  The capelin oil sample  had 23.29 
mole % 20:1 and 23.53 mole % 22:1, which were preferen- 
tially esterified to positions 1 and 3, but  had no more than  
3 mole % of highly unsa tu ra ted  f a t t y  acids, which are 
preferentially esterified to posit ion 2. In  this oil, mos t  of 
up to C18 fa t ty  acids were esterified to position 2 instead 
of 22:6(n-3) and 20:5(n-3). Saury oil had also large amounts  
of 20:l(n-l l)  (11.83 mole %) and 22:1(n-11) (n-13) (15.12 
mole %), bu t  they were preferentially located in posit ion 
2 in the same  manner  as 22:6(n-3) and 20:5(n-3). In  this  
oil, the shorter~chain f a t ty  acids were esterified to the  r ~  
maining posit ions 1 and 3. The only exception was 
18:1(n-7), which had a simple distr ibution pat tern .  This 
f a t ty  acid was preferentially esterified to posi t ions 1 and 
3 in all fish oil samples, while the 18:1(n-9) isomer was ran- 
domly d is t r ibuted  among  the three posi t ions (Table 1). 

Origin o f  f a t t y  acids.  Long-chain monounsa tura ted  fat- 

TABLE 7 

Positional Distribution of Fatty Acids in Saury and Herring Oil Triacyl-sn-glycerols (mmole %) 

Saury Herring 

Fatty Found Found 
acids Total sn-1 sn-2 sn-3 Total sn-1 sn-2 sn-3 

Reported a 
Total b sn-1 sn-2 sn-3 

14:0 9.45 19.43 1.14 6.74 9.67 11.89 6.74 9.43 
16:0 13.51 20.87 4.24 14.79 15.70 15.15 17.87 12.49 
16:1 3.94 5.56 1.60 4.54 5.79 7.06 4.95 4.81 
18:0 1.59 2.22 0.58 1.93 0.93 0.93 0.94 0.84 
18:1 6.36 6.45 4.90 7.77 11.96 14.26 10.07 10.51 
18:2 1.66 1.82 0.32 2.97 1.26 1.19 1.40 1.07 
20:1 14.92 8.60 17.09 19.85 13.11 18.12 4.79 15.92 
20:5 5.96 5.97 10.60 1.08 5.87 2.97 10.49 3.33 
22:1 15.84 11.29 21.05 15.57 16.77 12.51 6.75 32.08 
22:5 1.14 0.23 2.98 0.24 0.56 0.16 1.39 -- 
22:6 8.58 1.15 21.57 3.45 6.14 2.19 14.87 -- 

7 6 10 4 
12 12 17 7 
9 13 10 5 
1 1 1 1 

11 16 10 8 
2 3 3 1 

17 25 6 20 
8 3 18 4 

23 14 5 50 
2 1 3 1 
5 1 13 1 

aData from Brockerhoff et aL (1). 
bTotal = (sn-1 + sn-2 + sn-3)/3. 

JAOCS, Vol. 69, no. 5 (May 1992) 



424 

Y. ANDO E T  AL. 

TABLE 8 

Influence of  the Ratio 20:l(n-9)/20:l(n-11) on Distribution 
of 20:1 and 22:1 

20:1 a 20:1 a 
20:1(n-9)/ (n-9) (n-ll) 22:1 b 

Fish oils 20:l(n-ll) sn-1 sn-1 sn-2 

Saury 0.24 0.79 0.52 1.33 
Sardine 0.58 1.10 0.87 0.94 
Dolly varden 1.25 1.24 1.14 0.73 
Herring 9.96 1.38 1.19 0.40 
Capelin 20.26 1.38 1.21 0.24 
a,b • Distribution was shown as the ratio of mole % in position 1 a 

and 2 ° to mole % in total triacyl-sn-glycerols. 

ty  acids in fish depot  fat  originate mainly from fa t ty  
alcohols with similar chainlength in the wax esters of com- 
ponents  of the food chain (10). Long-chain polyun- 
saturated fa t ty  acids are also mainly of dietary origin (10). 
In this study, the distributions of 22:6(n-3), 22:5(n-3) and 
20:5(n-3) were influenced by the amount  of 20:1 and 22:1 
in total triacyl-sn-glycerols. This 20:1 and 22:1 content fac- 
tor  shows the interrelation between long-chain monoun- 
sa tura ted  acids and long-chain highly unsatura ted  acids 
originated from the diet. 

On the other  hand, fish can biosynthesize monoun- 
saturated fa t ty  acids from raw food material and are 
capable of elongating monounsaturated fa t ty  acids from, 
for example, C18 to C22 (10). In this study, the ratio 
20:l(n-9)/20:l(n-11) was a factor governing the positional 
distr ibution of 22:1. A chain extension from 20:l(n-11) to 
22:1(n-11) in fish with low values of the ratio may take 
place in a manner different from tha t  in fish having a high 
va lue  In the former fish, 22:1(n-11) may be a mixture of 
fa t ty  acids originated from the diet and from chain elonga- 
tion. The existence of this factor suggests  tha t  the posi- 
tional distribution of fa t ty  acids is related to their origin, 
and this may be useful to investigate the positional distri- 
but ion pattern.  

Satura ted  fa t ty  acids and C16 and C18 monoun- 
saturated acids can be biosynthesized de novo by fish (10). 
The positional distribution of such fa t ty  acids was govern- 
ed considerably by the content  of other  fa t ty  acids and 
their positional distribution. Brockerhoff et  aL (1) sug- 
gested tha t  the ll-olefinic monounsatura ted  fa t ty  acid 
isomer, which was more likely to be exogenous than  the 
9-olefinlc isomer, might  follow a simple and rigid pattern,  
though this has not  been proven experimentally. Our 
results obtained for 18:1(n-7) and 18:1(n-9) indicate tha t  
their  suggestion is t rue  for the distr ibutions of 18:1. 

Closer s tereospec i f ic  analys is .  Brockerhoff  and his co- 
workers (1) summarized their  results obtained for aquatic 
animals, and reported the general tendencies in positional 
distributions of fa t ty  acids. In fish oil triacyl-sn-glycerols, 
position 1 a t t rac ts  sa tura ted  and monounsatura ted fat- 
ty  acids; position 2 polyunsaturated and short fat ty acids; 
position 3 long fa t ty  acids. Position 2 is also high in 16:0. 
However, the contents  of the  11 components  reported (1) 
were about  80% of those of the acyl groups obtained in 
this study. The stereospeciflc analysis in this s tudy could 
confirm tha t  the distribution pat tern  of fa t ty  acids is not  
so simple as tha t  reported, and give some new factors for 
investigation of the positional distributions of fa t ty  acids 
in fish oil triacyl-sn-glycerols. However, the stereospecific 
analysis of individual triacyl-sn-glycerol molecular species 
might  be more impor tant  than  tha t  of their  sum, since 
it  would give us information regarding a preferential 
molecular association of different fa t ty  acids in individual 
triacyl-s n-giycerol molecules. H#lmer (11) stressed in the 
review on natural  aquatic triacylglycerols tha t  only a 
detailed analysis would give the r ight  answers. The 
method used in this s tudy  was useful for a close 
stereospecific analysis, and will be usable for the analysis 
of triacyl-sn-giycerol molecular species after some 
modifications. 
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