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ether linkage, were not measured by the modified 
procedure (see Table V) .  l~eaetion conditions of the 
alumina DNP-hydraz ine  column are n o t  rigorous 
enough to effect hydrolysis  of the bound earbonyls. 

ReproducibiI i ty  of the method is sat isfactory and 
no difficulties were encountered in analyzing various 
fats  and oils, with the exception of marine  oils. At- 
tempts  to obtain reproducible values on oxidized 
marine oils failed. The main problem prevent ing 
accurate analysis was due to the format ion of an 
in terfer ing red color when obtaining blank readings 
on oil salnples in benzene-ethanolic K O H  solutions. 

In  previous work Li l lard  and Day (1) found a 
high correlation between the concentration of vola- 
tile alk-2-enals and the oxidized flavor intensi ty of 
milk fat. Since the modified Pool and Klose proce- 
dure appears  to measure the volatile carbonyls, it 
is believed that  values obtained for the alk-2-enals 
will show a coinparable correlation with oxidized 
flavor intensi ty of milk fat.  
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Abstract 
Methyl esters of highly unsatura ted  f a t ty  acid 

concentrates were p repared  from fish oils by the 
urea-adduet  method. The nuclear magnetic reso- 
nance spectra of the mixed esters and some related 
pat tern  compounds were analyzed. As a result, it 
was concluded that  the s t ruc ture  of highly un- 
sa turated f a t t y  acids has divinyhnethane arrange-  
nlent of the ethylenie bonds and no divinylethane 
arrangement ,  and that  one methylene group is 
present between the terminal  methyl  group and 
the double bond located at the remotest position 
f rom a earboxyl group in the acids. 

Introduction 

F ISH OILS, especially marine  fish oils, generally con- 
tain great  portions of highly unsa tura ted  f a t ty  

acids having more than three double bonds. A great 
nmnber  of works have been nmde regarding the struc- 
ture of the acids. Many contributions recently worked 
out suggest that  the s t ructure  of highly unsa tura ted  
f a t ty  acids are classified into two types:  The first 
(s t ructure  I )  is the s t ructure  comprising solely di- 
v inylmethane a r rangement  of the ethylenic bonds 

( C H = C H - C t t 2 - C H = C H - ) . 2  

The a r rangement  is identical to tha t  in linoleic and 
linolenic acids. The second (s t ructure  I I )  is the 
s t ructure  having solely divinylethane a r rangement  

1 Present address: Basic Research :Laboratory, Toyo Rayon Co., Ltd., 
Kamakura ,  Kanagawa-ken, Japan.  

2 An excellent review of the previous works has been published 
by O. Notevarp in "Fish As Food," edited by G. Borgstrom, Academic 
Press, Inc., New York, N.Y., 1961, Vol. 1, pp. 260-263. 

( - C H = C H - C I  t 2 - C I  I . , -  C I I - C H -  ) 

or having both divinylethane and divinylmethane 
arrangements ,  s However,  since no authors have re- 
ported that  highly unsatura ted  fa t ty  acids of struc- 
ture 1 and I I  occur together in a fish oil, it suggests 
that  the acids occurring in the same sample will have 
one  of the two types of s t ructure.  

It  is the purpose of this work to clarify which 
type of s t ructure  would be correct, by analyzing 
the results obtained by a non-destructive analytical  
method or the nuclear magnetic resonance technique 
using methyl  esters of highly unsatura ted  f a t t y  acid 
con centrates. 

The s tructures  of the above two types have hitherto 
beeu deternlined by chemical method whereby isola- 
tion o,f highly unsa tura ted  f a t t y  acid in a pure state 
was indispensable. Because of readiness in autoxida- 
tion and isomerization of highly unsatura ted  f a t t y  
acids, the isolation f rom fish oil, including various 
kinds of highly unsa tura ted  f a t t y  acids, is complicated 
and difficult. Hence, in this work the samples con- 
ta ining various kinds of highly unsatura ted  f a t t y  
acids have been concentrated f rom fish oils without 
isolating individual  acids, to determine the ~type of 
s t ructure  by ut i l iz ing the nuclear magnetic resonance 
spectral  analysis. 

The resonance f requency of the hydrogen atom in 
the nuclear magnetic  resonance spectrum depends 

a Excellent reviews of the pre~ious works have been published by 
Tsuchiya, T. in "Fish As Food," edited by G. Borgstrom, Academic 
Press, Inc., New York, N.Y., 1961, Vol. 1, pp. 215-218 and also by 
T. P. I-Iilditch, J. Chem. Soc., 243 (1948).  
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upon its chemical environment.  Hence, if a sample 
would be the mixture  of various highly unsatura ted  
f a t ty  acid esters, the chemically equivalent atoms in 
each ester should have , the  signal at the same mag- 
netic field. Considering f rom the above conception, 
it is expected that  the spee t rmn of the mixture  of 
various highly unsa tura ted  f a t t y  acid esters have the 
signals raised f rom the following functional  groups 
in each ester: olefinic g roup;  earbomethoxy group;  
methylene group adjacent  to a carbonyl  group;  
methylene group adjacent  to a single double-bonded 
carbon; ord inary  methylene group;  terminal  methyl  
group;  a methylene group adjacent  to two double- 
bonded carbons in the s t ruc ture  having the divinyl- 
methane a r rangement ;  and dimethylene groups be- 
tween t w o  double bonds in the s t ructure  having the 
divinylethane arrangement .  Hence, when special at- 
tention would be concentrated against  the signals of 
o lefinic groups, a methylene group  adjacent  to two 
double-bonded carbons, and dimethylene groups be- 
tween two double bonds, i t  is cousidered possible to 
presume the type of s t ructure  of highly uusatura ted  
f a t ty  acid. 

In  this work, the samples composed of highly un- 
sa turated f a t t y  acid esters were prepared  f rom mixed 
f a t ty  acid esters of fish oils by  using the urea-adduet  
method which allows the following advantages:  I t  
avoids isomerization and facili tates prepara t ion  of 
highly unsa tura ted  f a t t y  acid esters containing no 
oxidized products  since the oxidized products do not 
form urea  adducts  (1). 

Nuclear magnetic  resonance spectra of the samples 
f rom fish oils and some related pa t te rn  compounds 
were measured. The a r rangement  of the ethylenie 
bonds in the highly unsa tura ted  f a t ty  acid chain was 
presumed f rom the basis of the spectra and chemical 
characteristics of the samples. Fur thernmre ,  the po -  
sition of a double bond si tuated at the nearest  posi- 
tion f rom terminal  methyl  group was discussed f rom 
the pa t te rn  of terminal  methyl  group in the spectra 
of highly unsa tura ted  f a t t y  acid esters as compared 
with that  of the group in the spectra of methyl  esters 
of stearie, oleic, linoleic, and linolenie acids and of 
pentene-1 and hexene-1. 

]~xperimental 
Measurement of n.m.r. Spectra. The measurements  

were made with a Var ian  DP  60 Spectrometer  operat-  
ing at 60 MC. The spectra of all samples were ob- 
tained at 25-28C in 5 mm i.d. sample tubes, which 
were spun. The spectra of the f a t ty  acid methyl  
esters were given in CC14 solutions containing ap- 
proximately  25% of the esters, and the spectra  of 
1,5-hexadiene, pentene-1, and hexene-1 were obtained 
on pure  liquid samples. Benzene was used as the in- 
ternal  reference except in the case of pentene-1, and 
for convenience, the chemical shifts (see Fig. 5) are 
given on the r-value (r-value of the proton resonance 
in benzene: 2.73 ppm) .  The ampli tudes  of oscillat- 
ing magnetic field were 60-73 db and sweep rates 
4.84-4.73 c.p.s./sec. Area  intensi ty of the signals 
was measured by  a Var ian  NMR integrator.  

Cuttlefish Ester Sample (No. 1). The oil of cuttle- 
fish (Ommastrephus pacificus, A).  f rom tI0kkaido 
neighboring waters  has the following characteristics: 
N~, ~ 1.4812; acid number  16.6; saponification number  
182.2; iodine number  4 (Wijs)  200.9. The oil was 
shaken with 2-N alcoholic KOH: solution at room temp 
for  5 hr  in a dark-brown glass bottle filled with ni tro-  

lodine numbers of all samples were measured by "Wijs' Method. 

gen gas. 5 The soap solution was then diluted with 
water  and extracted with diethyl ether to remove un- 
saponifiable matters .  F a t t y  acids were obtained f rom 
the soap by adding,di luted hydrochloric acid. F i f t y  g 
of the mixed methyl  esters p r e p a r e d  f rom the acids 
were dissolved into 500 ml of methanol containing 
80 g of urea. The solution was then allowed to 
stand for about 5 hr  at 18-20C. T h e  crystal  de- 
posited was filtered off on a Buchner  funnel. F o r t y  
g of urea was a d d e d  ~o the mother  liquor and dis- 
solved b y  gentle hea t i t !g .  Then the solution was al- 
lowed to stand for  abou t  5 hr at 18-20C. The t reat-  
ment  with urea was repeated five times at 18-20C, 
once at 7-8C, and once at  about 0C. The final urea  
adduct  deposited at 0C was t~eated with diluted hy- 
drochloric acid and methyl  ester l iberated was then 
extracted with d i e thy l  ether. The sample extracted 
was composed of highly unsa tura ted  f a t t y  acid esters 
with the following chemical characteristics and its 
yield was 4.8 g: saponification number  171.6; and 
iodine number  409.1. The ultraviolet  absorption spee- 
t r um of the sample showed the trace of conjugated 
diene. 6 

Cuttlefish Ester Sample (No. 2). F i f t y  g of the 
mixed methyl  esters of cuttlefish f a t ty  acids, men- 
tioned above, were t reated by the same urea-adduet  
method as described in the ease of the cuttle fish ester 
sample (No. 1) five times at 18-19C and finally once 
at  about  0C. Nine g of the sample with the follow- 
ing chemical characterist ics were obtaiued f rom the 
final urea adduet:  saponification number  172.9; iodine 
nmnber  405.9. 

Cuttlefish Ester Sample (No. 3). Seven g of the 
cuttlefish ester sample (No. 2) were submit ted to dis- 
ti l lation under  a reduced pressure of 2 m m  H g  and 
1.5 g of f ract ion distilled at 20,5C with the following 
chemical characteristics obtained: saponification num- 
ber 168.1; iodine number  414.3. 

Mackerel Ester Sample. Mixed methyl  esters were 
prepared  f rom the internal  organ oil of mackerel  
(Scomber japonicus, H.)  cap tured  near  Chiba Pre- 
fecture (characterist ics of the oil: N~, 5 1.4756; acid 
number  4.6; saponification number  186.7; iodine num- 
ber 161.2). F i f t y  g of the esters were t reated by the 
same urea-adduet  method as tha t  in the case of the 
cuttlefish ester sample (No. 1) and 3.5 g of the sam- 
ple with the following characteristics were obtained: 
saponification number  172.0; iodine number  372.5. 

Sardine Ester Sample (A). Mixed methyl  esters 
p repared  f rom oil of sardine (Amblygaster melan- 
ostictum, T. & S.) captured  near  Hokkaido (charac- 
teristics of the oil: N~ ~ 1.4713; acid number  22.1; 
saponification number  192.3; iodine number  169.9) 
were t reated by  the same urea-adduct  method as tha t  
in the case of the cuttlefish ester sample (No. 1) and 
3.6 g of the ester of highly unsa tura ted  f a t ty  acid 
concentrates were obtained. The ester was subjected 
to absorption chromatography  on alumina adsorption 
column (alumina:  a luminium oxydatum s tandard  
made by  E. Merck AG.) ,  using redistilled petroleum 
ether, boiling range 40-65C as etuant ;  and 2.5 g of 
refined ester with the following," characteristics were 
obtained: saponification nmnber  178.4; iodine num- 
ber 390.5. 

Sardine Ester Sample (B). The mixed methyl  
esters were p repared  f rom the oil of sardine (Ambly- 
gaster melanostictum, T. & S.) captured near  Chiba 
Prefec ture  (characterist ics of the oil: N~ ~ 1.4732 ; acid 

s In orde~ to prevent  the oxidation o~ the samples, the following 
operations were carried out under  nitrogen ~as,, whe~ possible. 

6All esters prepaved in this work have trace or none of conju~'ated 
diene, and the amount of conjugated diode was negligible to discuss. 
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number 12.3; saponification number 182.3; iodine 
number 176.6) by the same procedure as that  in the 
case of the sardine ester sample (A).  Chemical char- 
acteristics and yield of the sample obtained were as 
follows: yield 3.3 g. ; saponification number 168.3 ; and 
iodine number  409.0. 

Methyl Stearate. The ester was prepared from com- 
mercial product  by solvent crystallization using 95% 
ethyl alcohol. Characteristics of the ester were as 
follows: mp 39.0C; saponification number 188.5 (the- 
oretical 188.1) and iodine number  0.0 (theoretical 0). 

Methyi Oleate. Lithium salts of the liquid fa t ty  
acids separated from Tsubaki (Camellia Japonica, L.) 
oil f a t ty  acids by Twitchell 's  lead salt-alcohol method 
were repeatedly crystallized from 50% ethyl alco- 
hol solution. Methyl ester prepared from the finally 
crystallized salt were refined by vacuum distillation. 
Characteristics of the refined ester were as follows: 
saponification number 190.0 (theoretical 189.2) and 
iodine number 85.1 (theoretical 85.6). 

Methyl Linoleate. A vacuum distilled fract ion ob- 
tained f rom safflower seed oil methyl  ester was refined 
by low temp solvent crystallization and by urea-ad- 
duct method. Characteristics of the refined ester were 
as follows: saponification number  190.2 (theoretical 
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FIG. 1. n.m.r, spectra of fish oil ester samples: (a) cuttlefish 
(l~!o. 2); (b) mackerel; (e) sardine (A). 

190.7) and iodine number 172.1 (theoretical 172.5). 
Methyl Linolenate. The ether insoluble bromide 

prepared f rom linseed oil f a t ty  acids was debromi- 
hated by conventional method. Methyl ester thus 
obtained was refined by vacuum distillation. Charac- 
teristics of the refined ester were as follows: saponifi- 
cation number 191.5 (theoretical 192.0) and iodine 
number 259.0 (theoretical 260.6). 

1,5-Hexadiene, Pentene-1, and Hexene-1. These ma- 
terials were commercial products  (Tokyo Kasei Kogyo 
Co., Ltd.) .  The gas chromatograms showed no im- 
purities. 

R e s u l t s  a n d  D i s c u s s i o n  

The nuclear magnetic resonance (n.m.r.) spectra of 
the samples prepared f rom fish oils are shown in 
Figure 1. Since the curves of three cuttlefish ester 
samples are practically identical and similar in the 
curves of two sardine ester samples, the spectra of 
cuttlefish ester samples (No. 1 and 3) and sardine 
ester sample (B) were omitted. Moreover, the n.m.r. 
spectra of methyl esters of linolenie, linoleic, oleie, 
and stearic acids were identical with those shown by 
Storey (2). Hence, the spectra of esters of oleic and 
stearie acids were omitted, but  the spectra of esters 
of linolenic and linoleic acids are shown in Figure  2 
for comparison with F igure  1. 

Since the samples are maiuly composed of highly 
unsaturated fa t ty  acid estcrs as are shown from the 
chemical characteristics, the signals in the n.m.r, spec- 
tra of the samples (Fig. 1) are to be at t r ibuted to 
the various proton resonance in highly unsaturated 
fa t ty  acid esters. 

Considering from basic pat terns of n.m.r, spectra 
of methyl esters of linolenic, linoleie, oleie, and ste- 
aric acids (Fig. 2) (2), the assignment of signals in 
the n.m.r, spectra of the samples from fish oils is 
at t r ibuted to the following groups: the signal at 4.7 
ppm is due to the olefinie groups;  at 6.4 ppm to the 
earbomethoxy group ; 7.2 ppm to the methylene group 
adjacent to two double-bonded carbons; at 7.5-8.2 
ppm to a-methylene groups, or in other words, meth- 
ylene groups adjacent to a carbonyl group or to a 
single double-bonded carbon; at 8.7 ppm to ordinary 
methylene groups;  and the tr iplet  at the highest mag- 
netic field to the terminal methyl group. 

The presence of the signal at 7.2 ppm shows clearly 
that the highly unsatura ted fa t ty  acid esters in the 
samples prepared in this work have the divinyhnetb- 
ane arrangement  of the ethylenic bonds, while it is 
impossible to show that  the divinylethane is present 
or not in the samples only from the information 
mentioned above. 

The n.m.r, spectrum of 1,5-hexadiene is shown in 
Figure 3. In  the spectrum the signal at 7.8-7.9 ppm 
is assigned to the dimethylene groups between the two 
double bonds and this assignment agrees with the 
result reported by Tiers (3). Hence, if the highly 
unsaturated fa t ty  acid esters in the samples would 
have the divinylethane arrangement,  the signal of 
the dimethylene groups should be isolated from that  
of the methylene group of divinyhnethane arrange- 
ment, and may overlap with that of the a-methylene 
groups. I I 

The area intensity of the signals of = C - C H 2 - C - -  
and - C H = C H -  in the samples from fish oils was ob- 
rained by a Varian Integrator .  Intensi ty ratio of the 
two signals was compared against the proton number 

I 7 
ratios of = C - C H 2 - C  = to - C H - - C H -  in the pro- 
posed structurcs, calculated as follows: a) the mean 
numbers of double bonds in each sample were ealcu- 
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lated f rom the mean mol wt, obtained f rom the sa- 
ponification numbers,  and f rom the iodine numbers  
which give the mean proton numbers  of the ethylenie 

1 I 
group ; b) the mean proton numbers  of = C - C I I o - C =  
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FIG.  4. P l o t s  o f  p r o t o n  n u m b e r s  o f  = 0 - - O H 2 - - ~  vs .  p r o t o n  

numbers of -CI-I=C]:[.: A--the ss having solely divinyl- 
methane arrangement; B--the structure having one divinyl- 
ethane and divinylmethanes. 

in each sample can be estimated f rom Figure  4, in 
which it  was plotted against  the mean proton number  
of the ethylenic group (the circles in the figure were 
obtained by simple ar i thmetical  calculation).  I n  Fig- 
ure 4, " A "  is the case in which mix tu re  of all highly 
unsa tura ted  f a t t y  acid esters contained in each sam- 
ple p repa red  f rom fish oils have solely divinylmeth- 
ane ar rangement ,  and " B "  is the case in which the 
a r rangements  of the ethylenic bonds in all mixed 
acid esters have one divinylethane and the remain-  
ders are the divinylmethanes.  

I I 
Ratio of mean proton numbers  of - - - -C-CH2-C-- ,  

obtained graphical ly  f rom Figure  4, to those of 
- C H = C H -  (rat io  " A "  and " B " )  and the area 
intensi ty  ratio of the n.m.r, signals (rat io " n . m . r . " )  
are given in Table I. 

Analysis  f rom Table I clearly shows that  the ratio 
" n . m . r . "  agrees with the ratio " A "  but  does not 
with the r a t i o " B "  in all cases. And  if there exist 
two or more divinylethanes in all esters, the disagree- 
ment  between the ratio " n . m . r . "  and the calculated 
ratio will become more notable. The samples p repared  
f rom fish oils contain, of course, var ious kinds of 
highly unsa tu ra ted  f a t t y  acid esters, but  f rom the 
results mentioned above it is presumed tha t  all highly 
unsa tura ted  f a t t y  acid esters in each sample have, 
f rom a statistical view, solely divinylmethane ar- 
rangement .  

There  is another  evidence to suppor t  the above 
mentioned conclusion. I f  the highly unsa tura ted  f a t t y  
acids in the samples would have the divinylethane 
ar rangement ,  the signal of the dimethy]ene groups 
between the two double bonds should, as mentioned 
previously, overlap with that  of the a-methylene  

TABLE I 

Area  I n t e n s i t y  Rat io  of ----Ic--CI-I~--~----- Signal  to - - C H : C H - -  Signal  
and  P r o t o n  N u m b e r  Rat io  Obta ined  by Calculat ion 

Rat io  of I I 
----C--CI~2--C': 

to 
- -CH=CI=I - -  

Rat io  n .m.r .  
Rat io  A 
Rat io  B 

Cuttlefish 1V[ack-  Sa rd ine  
_ _  erel . . . . .  

No. I No. 2 No. 3 A B 

o ~ 7 7 -  o.78 o.81 ~ o . 8 ~ -  ~ o  
0.81 0.81 0.82 0.80 0.80 0.81 

f 0.63 ] 0.62 [ 0.64 [ 0.60 ] 0.59 ] 0.62 

Rat io  n .m. r . :  The  a r ea  in tens i ty  ra t io  of signals in the n .m. r ,  spectra .  
Rat io  A:  The  p ro ton  n u m b e r  ra t io  of the mixed  acid esters h a v i n g  

solely d iv iny lme thane  s t ruc ture .  
Ratio. B :  The  proton n u m b e r  of the mixed acid esters h a v i n g  

one d iv iny le thane  and  d iv inylmethanes .  
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TABLE II 

Area Intensi ty Ratio of the Signal a.t 7.5-8.2 ppm to Olefinic Group 
SignM and Proton Number Ratio. Obtained by Calculation 

Ratio of 
a-nlethylene 

group to 
olefinic group 

Ratio n.m.r. 
Ratio A 
Ratio B 

Cuttlefish Mack- Sardine 

No. 1 N o . ~  No. 3 " erel A ~  ~B 

o ~ G - ~ G -  ~ ,  o .~V~ o--5~-~ o 60 
0:57 0:57 0:55 0:63 0:62 0:58 
0.95 0.96 0.92 1.04 1.03 0.96 

l~atio n.m.r.:  The area intensity ratio of signals in the n.m.r, spectra. 
Ratio A: The proton number  ratio of the mixed acid esters having 

solely divinylmethane structure. 
Ratio B: The proton number ratio of the mixed acid esters hav ing  

one divinylethane and divinylmethanes. 

groups which must  appear  at 7.5-8.2 p p m  and thereby 
the n.m.r, area intensi ty  rat io of the signal at 7.5- 
8.2 p p m  to that  of olefinic groups should be larger  
than  the proton number  rat io of a-methylene groups 
to olefinic groups. 

Table I I  shows the n.m.r, data  and the proton num- 
ber ratios of the two proposed structures,  the calcu- 
lation of which is as follows: In  the Table I I ,  rat io 
" A "  indicates the proton number  rat io of the struc- 
ture  having solely divinylmethane arrangement ,  i.e., 
the rat io  of the proton numbers  in a-methylene groups 
(6 proions) to the numbers  in olefinic groups calcu- 
lated f rom the chemical characterist ics of the sam- 
ples. Ratio " B "  indicates the proton number  ratio 
of the s t ructure  haviug one divinylethane and di- 
vinylmethanes,  i.e., the ratio of the proton numbers  
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FIG. 5. m m . r .  s p e c t r a  o f  ( a )  pente1~e-1 a n d  ( b )  hexene-1 .  

in a-methylene groups and two methylene groups be- 
tween the two double bonds (10 protons) to the nmn- 
bers in o]efinic groups. 

The ratio of the n.m.r, data shown in Table I I  
agrees with the proton number  rat io of the s t ructure  
having solely divinyhnethane arrangement ,  but  not 
with the s t ructure  having one divinylethane and di- 
vinyhnethanes in all eases. And if there exist two or 
more divinylethanes in all esters, the disagreement 
between the rat io " n . m . r . "  and the calculated ratio 
will become more noiable. 

F r o m  Tables I and I I ,  it is conclusively presumed 
that  the s t ruc ture  of highly unsa tura ted  f a t t y  acids 
occurring in cuttlefish, internal  organs of mackerel, 
and sardine oils used in this work has solely divinyl- 
methane a r rangement  of the ethylenie bonds. 

The pa t t e rn  at the highest magnetic field in the 
n.m.r, spectra  of the samples of fish oils shown in 
F igure  1, being assigned to the terminal  methyl 
group, shows a clear t r iplet  and its shape, r-value and 
coupling constant are similar to those in methyl  lino- 
lenate (Fig.  2a). On the other hand, all of the pat- 
terns raised f rom the terminal  methyl  group in the 
spectra of methyl  linoleate, methyl  oleate, and methyl 
stearate show no such clear triplet .  The chemical 
shifts of the main peak, appear ing  in the pat terns  
of linoleate, oleate, and stearate, are somewhat dif- 
ferent  f rom those in ]inolenie and highly unsatu- 
rated f a t t y  acid esters. These results show that  the 
shape, T-value, and coupling constant of pa t te rn  of 
the terminal  methyl  group have, presumably,  a rela- 
tionship to the number  of methylene groups between 
the terminal  methyl  group and the double bond lo- 
cated at the remostest position f rom a carboxyl group. 

In  connection with the result, the n.m.r, spectrum 
of hexene-1, having three methylene groups between 
the terminal  methyl  group and the double bond, and 
that  of pentene-],  having two methylene groups, are 
shown in Figlu'e 5. The pa t te rn  assigned to the ter- 
minal  methyl  group in the spec t rum of hexene-1 
shows a strong peak with two weak peaks on both 
sides and, in appearanee,  resembles roughly that  of 
methyl  linoleate. The pa t t e rn  assigned to the group 
in the spectrum of pentene-1 has two sharp and 
s t rong peaks and a weak one with splittings. Namely, 
when one methylene group is present  between the 
terminal  methyl group and the double bond, the pat- 
tern of the terminal  methyl  group shows a clear tr ip- 
let as in a ease of methyl  ]inolenate, and when two or 
more than  two methylene groups are present, the pat-  
tern  shows no clear triplet .  

Considering f rom the similari ty of the pat tern  
raised f rom tlle terminal  methyl  group in the n.m.r. 
spectra of the samples of fish oils contrasted to that  
of methyl  linolenate, it is therefore suggested that  
one methylene group is present  between the termi- 
nal methyl  group and the double bond located at 
the remotest  position f rom a earboxyl group in the 
highly unsa tura ted  f a t t y  acid esters. 
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