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Distribution of Branched-Chain Fatty Acids
in Tissue and Organs of Adult, Nursling
and Foetus of a Kind of Marine Little
Toothed Whale, Stenella caeruleo-alba

Hideaki Moru

The fatty acid composition of lipids in the subcutaneous tissue, muscle and organs such
as the liver of the adult, nursling and foetus whales, Stenella caeruleo—alba was studied.
In the adult and nursling, short— and long—chain branched acids (including both iso and
anteiso acids) were contained also in the muscle (body part) and organs in addition to the
adipose tissue (muscle of jaw and melon parts and subcutaneous tissue). However, the
acids in the muscle and organs were much less than those in the adipose tissue, and their
compositions in the former differed from that in the latter. Especially, the long—chain
branched acid composition in the muscle and organs was rather similar to that of fish oil.
On the other hand, a fair amount of the branched—chain acids existed in the tongue and
gall—-bladder of the adult and nursling and in the stomach of the nursling, and thier com-
positions also were similar to that in the adipose tissue. In the foetus, the lipid content
in the melon and jaw (corresponding to the adipose tissue in the adult and nursling) was
less than 1.0% and the branched —chain acids also were scanty, although they were more
than in the muscle and organs. The relative content of short— and long—chain branched

acids in various kinds of adipose tissue was almost similar in both the adult and nursling.
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It had been considered that both the short
— and long—chain branched acids of sub-
cutaneous tissue lipids of the whales were
produced by microorganisms in the stomach
like in the ruminants, since the structure
of alimentary tract of the whales is similar
to that of the ruminants, microorganisms
were isolated from the stomach of the whales
(Morii, 1972, 1973, and 1979b), and free
volatile fatty acids were detected in the stom-
ach fluid (Morii and Kanazu, 1972b). How-
ever, microorganisms were not constantly
existent in the stomach of the living whales.
Moreover, the viable counts were only 10°
to 10*/ml in the stomach fluid. The free

volatile acid content in the stomach fluid

was extremely low as compared with that of
the ruminants (Morii, 1979b) and the long—
chain branched acid composition of lipids
in the bacterial fraction of the stomach con-
tents also differed from that of subcutaneous
tissue lipids of the whales (Morii, 1979c).
In view of these findings, the previously
proposed mechanism of the branched —chain
acids of subcutaneous tissue lipids described
above was denied and it was considered that
branched—chain acids (including both the
short— and long—chain branched acids)
must be biosynthesized in the tissue or or-
gans of the living whales.

To study the origin and the function of

branched —chain acids, a method using trac—
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er is most desirable, but actually it is im-
practicable in large marine animals. There-
fore, an investigation with respzct to the
distribution of branched —chain acids in the
tissue and organs of the whales firstly aimed
and the origin and the function were estimat—
In the
previous paper (Morii and Kanazu, 1972a),

ed through the results obtained.

the authors reported that a large amount of
branched —chain acids was contained in sub-
cutaneous tissue lipids of the foetus, nursl-
ing and adult whales. In this experiment,
the fatty acid composition (including short—
and long—chain acids) of lipids of the
muscle, liver and other organs in addition
to subcutaneous tissue of the three genera-
tions was studied and the site of biosynthe-
sis, origin and function of branched—chain
acids were discussed through the results
obtained. It was presumed that the distribu-
tion of branched —chain acids in the sub-
cutaneous tissue of the whales which is
formed in several layers might vary by layer,
and therefore, the analyses was carried out
for each layer. The fatty acid composition
of lipids in each layer of the melon has
already been reported (Wedmid et al.,
1973).

Materials and Methods

Animals. The whales used for the experi-
ment were an adult (235 cm, female), a
foetus (39 cm, 728 g) obtained from this
adult, and a nursling (111 cm, female) of
a kind of Stenella caeruleo—alba which were
caught alive at Kawana Bay in Ito City of
Izu Peninsula, Japan in the latter part of
October, 1971.

Sections. The subcutaneous tissue, mus—
cle and organs (including a part of tissue)
were used for the experiment. The sub-

cutaneous tissue was obtained from three

Jaw
Fig. 1. Section of head of the whale

parts, namely, melon, jaw and blubber.

In the.adult, the subcutaneous tissue was
separated into outer, center and under layers
for the melon (Fig. 1), and into outer and
inner layers for the jaw and blubber. The
inner layer of the blubber is a film—like
layer and it differs from that of the melon
and jaw. In the nursling, the melon was
separated into outer and inner layers (the
inner layer corresponds to lump part of cen—
ter and under layer in the adult) but the
jaw and blubber were analysed in the lump
without separation (The inner layer of the
blubber was very little. The majority of
subcutaneous tissue in the jaw was occupied
by outer layer and therefore it should be
regarded as the outer in the adult). In the
foetus, all of the melon, jaw and blubber
had not been differentiated as adipose tissue.
The muscle was obtained from the melon,
jaw and body (dorsal) parts for the adult
and from the body part for the nursling and
foetus. As other tissue and organs, the
peritoneum, tongue, alimentary cannal, liv-
er, pancreas, gall—bladder, kindney, heart,
lung and navel string were used but the
lung for the nursling and the gall—bladder
and kidney for the foetus were excluded.
The alimentary cannels were divided into
the Ist, IInd and III rd stomachs and in-
testine (including the IV th stomach) in the
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adult and the nursling but all the stomachs
and intestine were regarded as a lump sec-
tion in the foetus.

Extraction of lipids. Lipids were extracted
with chloroform —methanol following the
method of Bligh and Dyer (1959).

Analyses of lipids. The standard methods
were used for determination of saponification
value, iodine value, Reichert—Meissel value
and unsaponifiable content. The method of
Liebermann—Burchardt was used for deter-
mination of a mixture of bound and free
cholesterols.

In the foetus, the analyses of lipids were
not carried out owing to the small quantity
of the sample.

Preparation of short—chain acids. The
salt solution of the short—chain acids ob-
tained through determination of Reichert—
Meissel value was dried in vacuo. The
dried matter was acidified with a small
quantity of 1N-—HySOs4 and the short—
chain acids liberated were extracted several
times with diethyl ether. The other solution
was dehydrated with anhydrous NazSO, and
then filtrated. The short—chain acids ob-
tained by evaporating diethyl ether from the
filirate at room temperature were analysed
by gas—liquid chromatography.

In the foetus, the analysis of short—chain
acids was not performed owing to the insuf-
ficient lipids available.

Preparation of methyl esters of long—
chain acids. The fatty acids obtained by
removing unsaponifiable matters from lipids
by the standard method were esterized with
10% BF;—methanol solution under Ny flow.

Hydrogenation of methyl esters of long—
chain acids. The methyl esters were fully
hydrogenated using 5% Pd—carbon catalyst
in anhydrous methanol under atmospheric
pressure.

Gas—liquid chromatography of short—

chain acids. Short—chain acids were ana-

v Iysed by gas—liquid chromatograph (Yanagi-
moto Gas—Liquid Chromatograph, model
GCG—1) equipped with a thermal conduc-
tivity detector. Helium was used as carrier
gas at an inlet gauge pressure of 0.8 Kg
per square cm. The injector and detector
temperatures were 240 and 210°C, respec-
tively. Chromatography was conducted on
a column consisting of the stainless—steel
spiral tubing (3 m, 2.2 mm—inside diam-
eter) packed with 20% tween 20 on diasolid
S, 80 to 100 mesh. The column temperature
was 165°C.

Identification of each peak on chromato-
gram was performed by comparison with the
standards purchased (In addition, 2—methyl
butyric acid was not separable from isoval-
eric acid due to overlapping peaks on the

chromatogram).

Gas—liquid chromatography of long—
chain acids. Long—-chain acid methyl esters
were analysed by gas—liquid chromatograph
(Yanagimoto Gas—ILiquid Chromatograph,
model GCG—500) equipped with a hydrogen
flame detector. Helium was used as carrier
gas at a flow rate of 20 ml per min. The
flow rate of hydrogen was 40 ml per min.
The detector temperature was 200°C. Chro-
matography was conducted on both polar
columns consisting of the copper spiral tubing
(4m, 4mm—i.d.) packed with 5% ethylene
glycol adipate polyester (EGA) on Chamelite
FS, 40 to 60 mesh, and on nonpolar columns
consisting of the copper spiral tubing (2 m,
4 mm—i.d.) packed with 5% Apiezon gre—
ase L (APL) on Celite 545, 80 to 100 mesh.
The EGA column was operated at 185 °C
and the APL column at 200°C.

Identification of each peak on chromato-
gram was performed by comparison with the
data presented in the previous paper (Morii
and Kanazu, 1979a; Morii, 1974, 1979a,
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and 1979¢), the standards purchased, and
retention time, ECL (equivalent chain leng-
th) and FCL (fractional equivalent
length) shown by Ackman et al. (1963).

chain

Results

The lipid content of tissue and organs
in the adult, nursling and foetus is shown
in Tables 1—3 and the chemical charac-
ters of lipids obtained from the adult and
nursling are shown in Tables 1 and 2.

In the adult, the lipid content, in com-
parison among the layers in each part of
subcutaneous tissue, was higher in the in-
ner layer (center plus under layers in the
melon) than in the outer layer for the mel-
on and jaw but in the outer layer than in
Within

the inner melon, it was higher in the cen-

the inner layer for the blubber.

comparison among the parts of subcutane -
ous tissue in each layer, the content was
much higher in the melon than in the jaw
and blubber for the inner layer, though
any considerable difference was not recog—
nized among the three parts for the outer
layer. As for the muscle, the content was
low in the body part but extreamely high
As for other

tissue and organs, the content was low in

in the melon and jaw parts.
all the tissue and organs, and especially
low in the stomachs except the IInd stom-
ach and intestine.

The short—chain acid content (namely,
Reichert—Meissel value) of subcutaneous
tissue lipids in the adult in comparison
among the layers in each part was higher
in the inner layer than in the outer layer
for the melon and jaw but in the outer

layer than in the inner layer for the blub-

ter layer than in the under layer . In ber.  Within the inner melon, it was
*Table 1. Character of lipids of tissue and organs in the adult whale, Stenella caeruleo—alba.
Sample Quter Center  Under Muscle  Outer Inner Muscle  Outer Inner Muscle  Peri-
Character melon  melon  melon (melon) jaw jaw (jaw)  blubber blubber (dorsal) toneum
0il content (%) 56.1 87.7 72,0 17.9 44.3 51.3 14.5 49.3 8.3 1.2 0.8
Saponification value 282,3  334.0 . 314.1  296.7  263.1  267.4  286.4  237.2  216.6  169.6  156.3
Todine value (wijs) 68.1 11.7 23.7 29,6  109.9 88.6 81.2  135.4  133.4  130.4  121.6
Unsaponifiable matters(%) 1.2 19.9 8.2 13.8 0.9 12.9 2.4 0.3 1.3 2.0 2.3
Ster°1§§:z:§‘z%fiable 20.1 0.5 1.4 2.3 20.8 0.3 15.9 50.8 17.4 60.4 69.8
Reichert-Meissel value 84.1 180.8 150.3 132,2 47.9 54.8 69.7 22.0 7.0 2.3 5.7
SerAY/SCFA plus LeFA®¥
(weight %) 16.2 39.1 32,3 28,7 8.7 9.8 12,5 3.9 / 0.5 1.5
(mole %) 33.4 60,7 53.7 50,0 20.4 23,0 27.3 10.4 3.6 1.5 4.1
Tongue Stomach Intes-  pryer  Pon- Gall~  yigney Heart Tung
Ist IInd IIIrd tine creas bladder
0il contents (%) 2.8 1.2 2.5 1.3 1.2 3.7 2.3 2.2 3.2 2.4 2.1
Saponification value 227.3  216.1  190.0  199.2  157.4  188.7  149.0  242,1  172.1  175.5  173.2
Todine value (wijs) 82,1 99.0  102.5 96.5  118.5  137.5  127.1 80.9  125.0  114.7  113.2
Unsaponifiable matters(%) 7.3 12.6 6.3 3.1 5.2 2.5 4.1 11.4 1.7 2.3 9.3
Ster"l;é‘t’l;::‘(’%)iﬁable 3.4 83.0 549  96.0  S0.8 844 9.2 163  T2.1 731 2T.1
Reichert-Meissel value 47.8 15.0 8.7 12.4 4.8 5.8 2.2 25.0 5.1 7.2 5.4
*
SCFA%/SCFA plus LCFA™
(veight %) 9.1 4.6 1.8 2.6 1.3 1.6 0.6 4.7 1.3 1.7 1.4
(mole %) 23.6 7.8 5.1 7.0 3.4 3.5 1.7 11.6 3.3 4.6 3.5

#Short—chain fatty acids.

#xLong—chain fatty acids.
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Table 2. Character of lipids of tissue and organs in the nursling whale, Stenella caeruleo—alba.

Sample Outer Inner Jaw Plubber Muscle Peri- Tongue Stomach Intes~ Liver Pan-  Gall- Kidney Heart

Character melon melon toneum 1st ind IITrd tine creas bladder |
0il content (%) 38.5 1.0  34.9 22.6 2.4 1.0 1.1 1.0 1.8 1.1 1.8 4.4 8.0 L7 10.6 1.2
Saponification value 248.6 319.4 243.9 215.6 176.3 191.5 214.7 218.8 202.8 214.7 204.4 200.9 197.9 227.6 198.1 190.7
Todine value (wijs) 52.2 19,5 71.2 102.1 1:00.6 / / / / -/ / 6.2 1031 / 107.1 [/
n ifiabl
“;:lt’z’e‘;s(;) € 57 210 24 L2 W2 T4 46 2.2 7.6 123 67 54 34 35 48 5.9
Sterols/Unsaponifiable -

matters (%) 2.9 0.4 3.0 21.0 44,0 62.8 36.7 17.1 34.2 40.0 72,0 82,5 25,1 44,1 42,5 47.9
Reichert-Meissel value 88.8 113.4 74.6 36.9 4.1 7.4 20,5 38,0 20,1 38.2 8.2 35 51 69.0 3.2 3.6
SCFA*/scFA plus LoRa**

(weight %) 20.3 21.2 16.4 7.8 0.9 1.6 4.2 8.3 4.5 2.8 1.7 0.7 1.3 1.3 0.7 0.6

(mole %) 40,1 39.8 34,3 19.2 2.6 4.3 10.7 19.5 1.1 7.2 4.5 2.0 2.9 3.4 1.8 1.9

%Short—chain fatty acids. #xLong—chain fatty acids.
Table 3. Oil content (%) of the foetus whale, terol content was extremely low. It was

Stenella caeruleo—alba.

Stomach Liver
Intestine

Melon Jaw  Blubber lusole Tongue Pan- Heart Lung

crees

higher in the center layer than in the under
layer. These trends corresponded with
those of lipid content. In comparison
among the parts of subcutaneous tissue in
each layer, the short—chain acid content
was higher in the melon than in the jaw
and blubber and in the jaw than in the
blubber for both the outer and inner layers.
That is, these trends did not always corres-
As for

the muscle, the content was extremly low

pond with those of lipid content.

in the body part but remarkably high in
the melon and jaw parts, like in the case
of subcutaneous tissue. As for other tissue
and organs, the content was higher in the
tongue, stomachs and gall—bladder than in
other tissue and organs, and especially in
the tongue and gall—bladder, it was higher
than that in the blubber.

The unsaturated acid content (namely,
iodine value) of each lipid in the adult was
recognized in an inverse trend to the short-
chain acid content. In the inner layer of
the melon and jaw, the unsaponifiable mat-

ters were remarkably high but the choles-

considered that the majority of unsaponifi-
able matters was fatty alcohols.

In the nursling, the content and the char-
acters of tissue and organ lipids showed
Espe-
cially the trend in the adult that the short-

almost similar trends to the adult.
chain acid content showed considerably
high value in the tongue, stomachs and
gall—bladder where the lipid content was
little, was more obvious in the nursling.

In the foetus, the lipid content of the
melon, jaw and blubber was less than 1%,
indicating that the adipose tissue was not
formed yet. ‘ ’ k

The short—chain acid composition of tis—
sue and organ lipids in the adult and
nursling is shown in Tables 4 and 5.

In the adult,  short—chain acids “in the
subcutaneous tissue of the melon, jaw and
blubber, in the muscle of the melon and
jaw parts, and in the tongue were compos-
ed of those with carbon number under 5.
acids were

Moreover , the short—chain

mostly branched —chain acids.  Isobutyric
acid in addition to isovaleric acid also was
recognized, though it was little. Isobutyric
acid was more and isovaleric acid was less
in the jaw and blubber than in the melon.
gall—bladder

In the stomach, intestine,
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Table 4. Short—chain fatty acid composition (Weight %) of lipids of tissue and organs in the
adult whale, Stenella caeruleo—alba.
Sample Outer Center Under Muscle Outer Inner Mugcle  Outer Inner Muscle  Peri-
Fatty acid melon  melon  melon (melon) jaw jaw (jaw)  blubber blubber (dorsal) toneum
2:0 0.13 0.25 tr 0.19 0.08 0.11 0.38 0.41 / 2.20 2,66
310 tr tr tr tr tr 0.09 0.28 0.41 / 0.78 0,09
iso- 4:0 3.13 2.40 2.62 2.96 4,65 5,61 4.14 4,07 / 2,62 3.54
n- 4:0 tr tr te 0.42 0.31 0.68 0.74 1,23 / 2.76 2,07
iso 5:0 96.74  97.35  97.38  96.43  94.96  93.51  94.46  93.88 / 86.16  86.65
n-5:0 tr tr tr tr tr tr tr tr / 0.9% 1.59
iso~ 6:0 1.14 0.56
n- 6:0 not detected 06 to °1o tr nd
iso- 7:0 4,42 0.73
n- 7:0 nd 1.29
not detected 08 to clO
iso (total) 99.87  99.75  100.00 99.39  99.61  99.12  98.60  97.95 / 93.34  91.48
Sample Stomach Intes~ s Pan~- Gall- N .
Fatty acid Tongue Ist IInd ITIxd tine Liver creas bladder Kidney Heart Lang
2:0 0.29 2,09 2,41 2,38 1.43 1.38 5.26 4.12 4.99 4.69 4.45
330 0,07 0.27 1.35 1.64 0.24 2,22 3.25 0.35 1.74 1,35 1.14
iso- 4:0 2.39 3,65 3,44 2.73 2,14 3,53 4.01 1.08 8.02 5.29 2,22
n- 4:0 1.05 0.77 2.18 3.43 0,59 4.27 2,58 0.47 5,92 8,69 2,93
iso- 5:0 95.47  90.43  T4.97  6l.27  87.75 16,16  50.65 58,10  30.18  33.95  49.75
n- 5:0 0.74 1,23 3.21 2.30 0.23 7.25 3.25 1.58 3.74 2,27 1.96
iso- 6:0 nd 0,26 1.05 1.65 0,91 1.16 2,69 3.86 2,36 2.65 2,59
n- 6:0 nd 0.71 4,47 2,82 tr 10.36  15.31 8,17 8.03 9.91 5,21
iso- 7:0 nd 0.21 1,91 4.79 4,61 6.00 1.65 7.86 1.64 2,24 2,22
n- 7:0 nd 0.38 5.03 7.56 2,10 5.83 11,36 T.82 2,82 2,51 4,49
iso- 830 nd nd nd 1.24 nd 1.97 / 1.20 1,53 1,84 1,18
n- 830 nd nd nd 8.19 nd 5.59 / 5,39 8.47 9,72 3,60
iso- 9:0 nd nd nd nd nd 2.91 / nd 1,67 tr tr
n- 9:0 nd nd nd nd nd 14.76 / nd 9.24 2,96 3,60
150-10:0 nd nd nd nd nd 1.81 / nd tr tr tr
n-10:0 nd nd nd nd nd 13,93 / nd 9.56  11.93  14.65
iso (total) 98.04  94.55 80.83 71,68 94.93 33,98 59.00 72,10 45,40 45,97 57,96
tr: trace.
Table 5. Short—chain fatty acid composition (Weight %) of lipids of tissue and organs in the
nursling whale, Stenella caeruleo—alba.
S 1 Oute: Inner Peri- Stomach Intes- _. Pan-- Gall- N
Fatty acid ZP° pelon meton JeW Blubber Muscle (SR Tongue —por—sgile o ST Liver (M7 %0 Kigney Heazt
2:0 0.27 0.33 0,28 1,35 5,56 10,46 1,95 2,35 3,22 1,51 499 4.30 4.0l 2,50 7.00 3.98
3:0 0.12  0.14 0.04 0.41 0.78 1.73 0.74 0.4l 0.49 0.44 0.12 1,68 1,21 0.8l 1.50 1.19
iso- 4:0 10,19 9.57 11.60 13.54 9.97 12.72 7.88 12,60 9.12 8.67 1.09 2.40 9.88 9.57 12.1% 10.15
n- 4:0 2,10 0.54 2,47 6,43 1.84 5.02 2,54 0.56 0.99 1.75 1.21 5.59 10.19 0.78 10.96 6,98
iso- 5:0 86.77 89.13 85.47 T7.33 T9.8L 67.90 85.74 83.57 84.17 87.65 82,76 55.04 71.27 85.11 64.27 76.16
n- 5:0 tr 0,29 0,12 0,31 0.28 0.64 0,34 0.50 tr tr tr 8,85 0.32 0.54 1.74 0,50
iso- 6:0 0.17 =nd nd 0,21 0,68 0,62 1.43 nd nd nd nd  1.97 0.20 0.36 0.38  tr
n- 6:0 0.38  nd nd  0.42 1.08 0,90 0.67 =nd 2,00 nd nd 20,17 2,92 0.32 2.00 1.04
iso (total)  97.13 98,70 97.07 91.08 90.46 8L.24 95.05 96,34 93,29 96,32 83.85 59.41 81,35 95,04 76,78 86,51

tr : trace. nd : not detected under the

and muscle (body part), the fatty acids
with carbon number 7 or 8 which were
mainly isovaleric acid also were found.

Other branched—chain acids as isobutyric,
isocaproic, isoenanthic or isocaprylic acids
were detected though in a small quantity.

In the other tissue and organs than those

condition employed.

mentioned above, fatty acids with carbon
number 2 to 10 were observed, and the
percentage of the branched —chain acids in
which isovaleric acid showed the maximum
chromatographic value was much less being
nearly half as compared with that in the

above mentioned tissue or organs.
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As mentioned above, the majority of short-
chain acids in the adult was composed of
branched —chain acids, which showed the
same tendency in distribution as the short—
Thus the distribution of

short—chain branched acids may be ex-

chain acids .

plained accordingly.

In the nursling, the majority of short—
chain acids in the subcutaneous tissue (mel-
on, jaw and blubber), tongue, stomachs
and gall—bladder was composed of isovaleic
and isobutyric acids like in the adult.
However , isobutyric acid showed higher
values than in the adult. In the muscle
and intestine, short—chain acids showed a
similar composition. In the other tissue
and organs n—butyric acid was more and
isovaleric acid was less as compared with
the above mentioned tissue and organs.

The long—chain acid composition of tis—
sue and organ lipids of the adult, nursling
and foetus is shown in Tables 6—9.

In the adult, long—chain branched acid
content, in comparison among the layers in
each part of subcutaneous tissue, was high-
er in the inner layer than in the outer layer
for all of the melon, jaw and blubber and
in the outer layer than in the under layer
for the inner melon. In comparison among
the parts of subcutaneous tissue in each
layer, the content in the outer and inner
layer was much higher in the melon than
in the jaw and blubber. Between the jaw
and the blubber, the value was higher in
the former. The content was very little in
the outer blubber. As for the muscle, the
content was very low in the body part but
was very high in the melon and jaw parts,
that is, the melon muscle showed a higher
value than the outer melon and the jaw
muscle showed a higher value than the
inner and outer layers of the jaw. In

the tongue, stomachs except for the II nd

stomach, and gall—bladder, long—chain
branched acids were recognized at almost
the same level as in the outer blubber,
though they were far less in other organs
That is, these trends

were similar to that in short—chain branch-

including the liver.

ed acids.

With respect to the long—chain branched
acid composition in the adult, the content
of both odd—numbered iso and anteiso
acids with maximum carbon number of 15
and under 13 was relatively high in the
subcutaneous tissue and muscle of the melon
and jaw parts and in the inner blubber
where the branched—chain acids existed
abundantly. Among the even—numbered
iso acids, iso—16:0 and iso—14:0 were re-
markably frequent and fewer iso—under
12:0 was also observable. In comparison
of content by part between odd— and even-
numbered iso acids, odd—numbered iso
acids were more in the subcutaneous tissue
of the melon, and in the muscle of the
melon part and the inner blubber but con-
versely even—numbered iso acids were more
in the subcutaneous tissue and muscle of
the jaw part. In all of these parts, iso—
15:0 was the most abundant branched—
chain acids. As for odd—numbered iso
acids in the muscle of the body parts and
organs including the liver where branched —
chain acids were little, iso—17:0 was more
than iso—15:0 and iso—13:0 or under was
scarcely recognized. As for even—numbered
iso acids in these parts, iso—18:0 was
more than iso—16:0 and iso—14:0. Anteiso
acids were scarcely recognized.

With respect to long—chain straight acids
in the adult, saturated acids were very
little, and under n—15: 0 was more (espe-
cially, n—14:0 was very much) but con-
versely above n—16:0 was less (especially,

n—18: 0 was very little) in the subcutaneous
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Table 6. Long—chain fatty acid composition (Weight %) of lipids of adipose tissue and
’ muscle in the adult whale, Stenella caeruleo—alba.

Sample  Outer Center Under Muscle  Outer Inner Muscle  Outer Inmer Muscle  Peri-
Fatty acid melon melon melon (melon)  jaw jaw (jaw)  blubber blubber (dorsal) toneum
is0-10:0 0.04 0.15 0.07 0.10 0.05 0.06 0.11 tr 0.06 0.04 0.0%
n-16:0 0.18 0,11 0,09 0.16 0.14 0.20 0.25 0.07 0.20 0.08 0.09
iso-11:0 0.24 0465 0.58 0.54 0.14 0.22 0.28 0.05 0.25 0.04 0.06
anteiso-11:0 0.04 0.03 0.05 0.04 0.04 0.05 0.06 0.02 0.05 nd 0.01
n-11:0 0,06 0.02 0.02 0.02 0.03 0.06 0.05 0.04 0.02 tr 0.01
4(12):0 nd 0.02 0,02 0.02 0.01 0.01 0.02 tr 0.02 nd nd
isoc-12:0 0.41 0.75 0.82 0.79 0.30 0.48 0.55 0.07 0.35 tr 0.01
n-12:0 0.79 0.50 0.75 0.70 0.63 0.85 0.77 0.39 0.77 0.33 0.11
4(13):0 0.18 0.52 0.55 0.85 0.13 0.26 0.75 0.14 0.52 nd 0.11
iso-13:0 0.64 2.62 2.18 1.58 0.23 0.38 0.49 0.05 0.40 0.03 0.02
anteiso-13:0 0.21 0.31 0.26 0.35 0.14 0.23 0.18 0.03 0.15 tr ud
n-13:0 0.19 0.14 0.22 0.17 0.15 0.16 0.13 0.09 0.13 tr 0.27
AEl4 :0 nd nd 0.01 nd nd tr tr tr tr 0.09 nd
C(14):0 nd nd nd nd nd nd nd nd nd 0.04 nd
iso-14:0 2.12 11.78 T7.54 5.70 0.97 1.47 1.70 0.18 1.24 0.13 0.17
n-14:0 5.75 8.15 9.43 9.49 4.04 5.67 6.99 4.06 6.42 1.32 1.04
4(15):0 0.08 0.16 0.12 0.12 nd nd 0.06 0.05 nd nd 0.05
iso-15:0 4.05 28.74 18.62 13.00 1.42 2,11 2.48 0.40 2.57 0.22 0.15
anteiso-~15:0 0.79 3.13 1.95 1.34 0.38 0.50 0.80 0.14 0.68 0.17 nd
n-15:0 0.63 0.84 0.86 1.12 0.59 0.7% 0.90 0.47 0.86 04,39 0.20
4(16):0 0.10 0.44 0.51 0.14 nd nd nd nd nd nd nd
c(26):0 nd nd nd nd nd nd nd nd 0.61 4,42 4.40
is0-16:0 2.21 12.62 8.72 5.22 0.85 1.23 1.35 0.22 0.89 0.20 0.14
n-16:0 6,61 9.03 12.78 13.57 5.58 9.43 14.53 8.62 16.58 15.66 12.49
B(17):0 nd nd nd nd nd nd nd nd nd 0,09 0.43
iso-17:0 0.41 0.86 0.99 0.56 0.26 0.29 0.30 0.30 0.27 0.19 0.20
anteiso~17:0 0.16 0,44 0.40 0.41 0.16 0,16 0.19 0.14 0.08 nd nd
n-17:0 0.07 0.75 0.69 0.74 0.36 0.38 0.61 0.44 0.62 0.94 0.87
AélB :0 nd nd 0.16 nd nd nd nd nd nd nd nd
C(18):0 nd nd nd 0.38 nd nd 0434 0.31 0.44 2.24 2.93
iso-18:0 0.26 0.18 0.49 0.18 0.42 0.21 0.20 tr 0.20 0.18 0.30
n-18:0 0.77 0.23 0.56 1.26 0.99 1.09 1.99 1.72 4.22 9.46 11.58
iso0-19:0 tr nd nd nd nd nd nd nd nd nd 0,18
n-19:0 nd nd nd tr nd tr nd tr tr 0.14 0.07
€(20):0 nd nd nd nd nd nd nd nd 0.09 nd nd
n-20:0 0.17 0.16 0.21 0.23 0.32 0.30 0.25 0.39 0.29 0.20 0.21
n-22:0 nd nd nd nd nd nd nd nd nd nd 0.15

Total saturated 27.16 83,33 69.65 58.78 18.33 26.53 36,13 18.39 39.25 36,60 36431
iso gtotalg 10.38 58,35  40.01 27.67 4.64 6.45 7.46 1.27 6.23 1,03 1.28

anteiso (total 1.20 3.91 2.66 2.14 0.72 0.94 1.23 0.33 0.96 0.15 0.01
10:1 0.07 0.13 0.03 0.10 0.01 0.01 nd nd nd nd nd
1l:1 0.09 0.08 0,05 nd nd nd nd nd nd nd nd

A(12):1 nd 0.07 0.05 0.08 0.01 0.02 0.05 nd tr nd nd
12:1 0.34 tr 0.11 0.16 0.20 0.22 0.08 0.09 0.13 nd nd
13:1 nd nd 0.04 0,10 0.04 nd nd nd nd nd nd
14:1 1.24 0.77 0.26 0.26 0.61 0.69 0.41 0.38 0.75 0.14 0.09
14:1 2.58 tr 0.37 1.54 2.69 1.63 0.64 1.38 0.61 tr 0.12
15:1 0.25 tr 0.24 0.20 0.29 0.07 0.21 0.17 0.26 tr 0.27
16:1 21.88 6.41 10.41 13.49 20.54 18.91 14.30 13.63 10.67 3,50 3.09

B(17):1 0.65 0.27 0.44 0.57 0.67 0.56 0.70 0.66 0.56 0.14 0.37
17:1 0.79 0.37 0.43 0.70 1.18 0.87 0.73 0.69 0.92 0.31 0.27
18:1 29.66°  6.30. 14,07 17.04 3431 32.90 31,70 36.96  30.54 28,03 30,54
19:1 0.16 0.04 0.07 0.12 0.28 0.23 0.20 0.34 0.26 0.31 0.29
20:1" 3.99 0.35 0.84 1.74 5.27 4.%6 3.95 8.50 3.34 2.95 3.03
21:1 nd nd nd nd nd nd nd nd nd nd 0.03
2231 1.43 0.17 0.35 0.75 2.25 1.82 1.67 3.89 1.42 1.86 1.54

Total moncene 63.13 14.96 ~7.76 36,85 68.35 62.29 54.84 66.69 49.46 37.24 39.64
12:2 w? 0.08 0.04 0.05 nd 0.16 0.04 0.02 0.07 0.02 nd nd
16:2 w4 0.44 0.11 0.15 0.39 nd 0.24 0.36 0.33 0.39 0.08 0.09
16:3 w ? 0.05 0.10- 0.05" tr 0.08 0.22 tr tr 0.21 1.39 1.51
16:4 w 3 0.26 0.08 0.14 0.16 0.45 0.38 0.29 tr tr nd nd
18:2 w6 0.84 0.20 0.48 0.59 1.07 1.01 0.95 1.11 0.92 1.15 1.34
18:2 w4 0.02 0.10 0.02 tr 0.05 nd tr tr 0.04 tr 0.04
18:3 w6 nd nd nd tr nd nd tr tr tr 0.05 0.05
18:3 w3 0.17 0.10 0.16 0.25 1.13 0.51 0.43% 0.60 0.43 0.39 0,38
18:4 »3 0.11 0.03 0.03 0.11 0.13 0.17 0.16 0.33 0.12 0.10 0.09
20:2 w6 0.07 0.03 0.03 0.08 0.07 0.08 0.09 0.09 0.07 0.04 0.06
20:3 w9 0.07 nd 0.03 0.05 0.10 0.11 0.09 0.19 0.09 0.15 0.12
2013w 6 0.13 nd 0.03 0.06 0.07 0.10 0.07 0.11 0.13 0.19 0.17
20:4 w 6 0.85 0.09 0.16 0.59 1.05 0.77 0.86 1.02 2.21 5.54 5.57
2034 W 3 0.36 0.07 0.08 0.19 0.49 0.56 0,36 0.74 0.22 0.47 0.25
20:5 w3 1.97 0.16 0.36 0.10 2.46 2.25 1.86 2.70 2.37 6.34 5.36
2115w 2 0.16 0.05 0,15 0.13 0.20 0.25 0.25 0.41 0.42 0.35 0.48
22:3 w b 0.06 nd nd tr tr nd nd nd tr nd 0.01
22:4 w6 0.17 nd nd tr 0.19 0.23 0.15 0.43 0.15 0.17 0.18
22:5 w6 0.14 nd 0.06 tr 0.21 0.24 0.17 0.42 0.22 0.28 0,22
22:5 W 3 0.87 0.20 0.17 Q.47 1.19 0.92 0.57 1.46 0.73 1.12 0.95
22:6 w3 2.89 0.35 0.44 1.20 4.22 3.10 2.35 4,91 2.55 8.35 7418

Total polyene 9.71 1.71 2.59 4.37 13.32 11.18 9.03 14.92 11.29 26,16 24.05

tr: trace. nd : not detected under the condition employed.
A—C: unknown. The same alphabets signify identical FCL.
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Table 7. Long—chain fatty acid composition (Weight %) of organs in the adult whale,

Stenella caeruleo—alba.

Sample Stomach Intes- Pan- Gall-

Fatty acid Tongue 7y ITnd  IIIrd  tine Liver ' lcas bladder Fidmey Heart Lung
iso-10:0 nd 0.04 0.03 0.04 0.04 0.04 0.04 0.17 0.03 0.04 0.04
n-10:0 0.04 0.09 0.08 0.07 0.08 0.10 0.06 0.3%2 0.08 0.07 0.06
iso-11:0 0.03 0.09 0.10 0.09 0.05 0.07 0.05 0.17 0.05 0.02 nd
anteiso-11:0 nd tr tr tr tr 0.0% tr 0.05 nd nd nd
n-11:0 tr 0.03% 0.02 0.02 0.03 0.03 tr 0.05 nd 0.01 nd
¢(12):0 nd 0.03 0.02 tr nd nd tr 0.05 nd nd nd
iso-12:0 0.03 0.04 0.02 tr 0.02 0.03 tr 0.05 nd 0.01 nd
n-12:0 0.18 0.04 0.04 0.08 0.09 0.05 0.04 0.14 0.12 0.12 0.05
A(13):0 0.20 0.27 0.05 0,12 0.12 0.05 0,12 0.07 0.23 0.30 0.07
iso-13:0 0.04 0.07 0.01 0.02 0,02 nd tr 0.04 nd nd nd
anteiso-13:0 tr 0.03 tr 0.01 tr nd nd tr nd nd nd
n-13:0 0.04 0.03 tr 0.03 0,01 tr tr 0.15 0.10 0.12 0.25
c(14):0 nd nd 0.24 nd nd nd nd 0.04 nd. nd 0.04
iso-14:0 0.20 0.29 tr 0.22 0.13 0.08 0.06 0.35 0.10 0.09 0.08
n-14:0 4.78 2,04 0.63 1.23 1,30 1.44 1.08 1,23 2.17 2,44 1.76
AEIB;:O nd nd nd 0.04 0.04 0.05 0.0% 0.06 0.04 0.07 0.05
B(15):0 nd nd nd nd nd nd tr nd nd 0.08 nd
is0-15:0 0.54 0.37 0.06 0.18 0.15 0.12 0.09 0.14 0.11 0.15 0.15
anteiso-15:0 0,03 0.07 0.04 0.09 0.08 nd nd 0.05 nd 0.07 0,06
n-15:0 0.45 0.32 0.19 0.30 0.33 0.28 0.31 0.33 0.34 0.33 0.57
c(16):0 nd 1.37 0.77 1.55 1.09 0,14 1.06 1.34 1.80 2.55 1.55
is0-16:0 0.25 0.40 0.15 0.31 0,26 0.13 0.21 0.17 0.19 0.18 0.15
n-16: 12.82 15.7% 16.08 15.77 16.19 12,77 20.83  18.68 15.35  14.68  24.65
iso-17: 0.25 0.13 0.20 0.26 0.27 0.25 0.24 0.30 0.19 0.24 0.18
anteiso-17:0 0.13 tr 0.11 tr 0.13 0.13% nd nd nd 0.10 0.11
n-17:0 0.76 0.89 0,70 0.78 0.81 0.99 0.76 0.81 0.88 0.88 0.72
c(18):0 nd 2,22 1.09 2.54 1.66 0.14 1.26 1.63 0.97 1.18 l.11
is0-18:0 0.24 0.20 0.17 .0.29 0.16 0.23 0.30 0.47 0.29 0.23 0.23
n-18:0 3.18 12.40 11.27 12,83 12,86 17.68 10.35 12.65 9.16 9.11 11.17
is0~19:0 0.04 tr 0.08 tr nd 0,07 0.08 0.15 0.08 0.03 0.08
1n-19:0 0.12 0.10 0.15 0.09 0.14 0.22 0,12 0.13 0.09 0.18 Q.11
c(20):0 0.03 nd nd nd nd nd nd nd nd nd nd
is0-20:0 0.02 nd nd nd nd nd nd nd nd 0.08 nd
n-20: 0.04 0.43 0.75 0.52 0.81 0.34 0.43 0.68 0.53 0.38 0.48
n-22:0 tr 0.20 0.48 0.18 0.36 nd 0.16 0.25 0.36 tr 0.36
4(23):0 nd nd 0.17 tr 0.12 nd nd nd nd nd nd
4(24):0 nd nd 0.40 nd 0.17 nd nd nd nd nd nd
Total saturated 24,80 37,92 34,10  37.66  37.52  35.46  37.68  40.72  33.26 33,74  44.08
;so totalg 1.64 1.63 0.82 1.41 1.10 1.02 1.07 2,01 1.04 1.07 0.91
anteiso (total 0.16 0.10 0.15 0.10 0.21 0.16 nd 0.10 nd 0.17 0.17
A(12):1 0.03 0.07 nd nd nd nd nd nd nd nd nd
4(13):1 nd nd nd nd nd nd nd nd 0,06 0.02 nd
14:1 0.08 0.13 tr 0.02 0.06 tr nd 0,01 0,03 0.03 nd
14:1 0.32 0.18 nd nd nd 0.20 0.05 0.03 0.09 0.08 nd
15:1 0.02 0.04 tr tr tr nd nd 0.17 0.12 0.10 0.20
16:1 6.51 4.97 4.27 3451 3457 5e32 2.88 2.52 3.70 3.60 3.45
B(17):1 0.61 0.57 0.27 0.43 0.62 0.57 0.78 0.80 0.44 0.42 0,54
17:1 0.57 0.53 0.50 0.26 0.54 0.58 0,31 0.08 0.56 0.49 0,26
18:1 32,59 31.31 31.78 27.34 29.28 25.72 28,50 21.29 28.18 28.72 18,32
19:1 0.34 0.34 0.27 0.32 0.31 0.31 0.35 0.30 0.33 0.28 0,14
20:1 10.75 5.03 3,31 4,12 4,04 2,72 3.81 3449 6.07 5.75 3,39
211 0.04 0.06 0.07 0.07 tr 0.08 0.03 0.04 0.09 0.03 0.05
2231 6.87 2,97 1.62 2,69 2.20 1.06 1.88 2,24 4448 3.67 2.42
Total monoene 58.73 46.20 42,09 38.76 40,62 36,56 38.59 30.97 44,15 43,19 28,77
16:2 w4 0.33 0.20 0.06 0.12 0.26 0.25 0.19 0.21 0.24 0.12 0,14
1623 w ? nd 0.52 0.47 1.22 0.56 nd 0.60 0.60 0.54 0.55 0.38
16:4 w3 nd tr nd nd tr nd nd tr nd nd nd
18:2 w6 1l.12 l.44 4.07 1.45 1.15 1.11 1.88 1.09 1.37 1.60 0.64
18:2 w 4 tr 0.06 nd tr 0.03 tr nd 0.06 nd nd 0.05
18:3 w 6 tr tr nd tr tr nd 0.02 nd nd nd 0.08
1813 w 3 0.46 0.20 0.18 0.14 0.18 0,40 0.16 0.13 0.22 0.43 0.12
18:4 w3 0.51 0.14 0.09 0.11 0.06 0.17 0.05 0.09 0.11 0.28 0.10
20:2 w6 0.10 0.09 1.32 0.11 0.10 0.19 0.08 0.11 0.07 0.19 0.11
20:3 w9 0.22 0.24 0.21 0.18 0.17 0.27 0.16 0.16 0.17 0.21 0.10
20:3 w6 0.07 0.24 0.32 0.24 0.27 0.27 0.40 0.32 0.22 0.13 0.28
2014 w 6 0.74 6.71 7.84 7.70 6.52 7.66 7.41  10.53 8,10 5.92 6.72
20:4 w3 0.74 0.19 0.28 0.37 0.29 0.51 0.46 0.36 0.32 0.58 0.35
2015 w3 1.32 1.20 5,04 3.89 3.17 5.27 4,94 5,27 4.45 4.78 5.36
21:5 w2 0.55 0.96 0.87 0.73 1.18 0.19 0.46 1.42 0.94 0,61 2,02
22:3 w6 nd 0.25 nd nd nd 0.17 0.09 nd nd 0.12 0.07
22:4 w6 0.39 0.91 0.49 0.67 0.84 0.59 0.35 1.02 0.52 0.%0 1.84
22:5 w6 0.42 0.31 0.11 0.32 0.36 0.44 0.23 0.33 0.3%2 0.35 0.49
22:5 w3 2.20 1.59 0.68 1.85 2,06 2.55 1.62 2.72 1.24 1.17 4.38
22:6 w3 7.30 0.63 1.78 4.48 4.66 7.94 4,63 3.90 3.76 5.73 3,92
Total polyene 16,47 15.88 23,81 23,58 21.86 27,98 23,73 28,31 22,59 23,07 27.15

tr: trace. nd : not detected under the condition employed.
A—C : unknown. The same alphabets signify identical FCL.
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Table 8. Long—chain fatty acid composition (Weight %) of lipids of tissue and organs
in the nursling whale, Stenella caeruleo—alba.

Sample Outer Inner Peri- Stomach Intes- .. Pan-  Gall- N
m\ melon melon BV Blubber Musele ... Tongue Tor—"Sp i TTerd tine VT Greas bladder N6V Heart
isc -10:0 0,09 0.38 0.15 0.07 tr 0.03 0.04 0.14 0.13 0.02 tr tr 0.02  0.15 tr 0.01
©-~10:0 0,22 0.26 0.24 0.2 0,02 0.09 0,11 0,25 0.19 0,08 0.07 0.03 0.07 0.03 0,05 0.12
iso-11:0 0.34 0.92 0.13 0.04 0.01 0.01 0.02 0.2%3  0.17 0.07 0.05 tr 0.01 0.09 0.02 0.02
anteiso-11:0 0.04 0.13 0.03 0.01 nd 0,01 tr 0.08 0.02 0,03 0.02 tr nd 0.04 nd 0.02
n-11:0 0.04 0.13 0.05 0.03 tr 0.01 0.04 0.06 0.04 0.03 0,01 0.06 0.02 0,03 0.03 0.03
iso-12:0 1.28 3.40 0.85 0.09 0,01 0.04 0.08 0.66 0.35 0.23 0.09 tr 0.02  0.35 0,02 0,07
n-12:0 0.09 0.66 0.84 0.43 0.11 0.3 0.51 0.44 0.28 0.17 0.54 ©C.13 0.27 0.36 0.15 0.48
A(13):0 0.23 0.84 0,55 0.29 0.10 0.51 0.34 0.35 0.8 0.16 nd 0.14  0.41 nd 0.55 0.46
is0~13:0 0.7 1.52 . 0.47  0.19 nd 0.03 0.08 0.35 0.25 0.11 0.08 0.05 0.08 0.26 0.07 0.07
anteiso-13:0 0.81 0.45 0.15 0.05 nd 0.02 0.04 0.13 0.08 0.03 0.03 tx 0.03 0.13 tr 0.03
n-13:0 0.09 0.12 0.07 0.05 nd 0.07 0.05 Q.10 Q.07 0.05 0,03 0.03 0.08 0.21 0.05 0.07
c (14) :0 tr tr nd nd nd nd 0.02 nd nd nd nd nd 0.02 nd nd nd
i50-14:0 3.28 10.86 1.8l 0.25 0.05 0.12 0.23 2.35 1.68 0.79 0.37 0.06 0.06 1.69 0.05 0.23
n-14:0 8.14 8.99 7.47 5.70 1.89 4.14 4.22 5.21 3,09 2.24 2,08 2.22 4.85 3.60. 4.03 5.03
B(l‘j) 0 0.18 0.21 0.11 nd nd nd nd 0.04 nd nd nd 0.21  0.13 nd 0.15 nd
iso-15:0 4.52 10.97 2.02 1.25 0.19 0.21 0.3 2.60 1.94 0.91 0.54 0.19 0.23 1.96 0.34 0.38
anteiso-15:0 0.51 1,90 1.07 0.13 tr 0.09 0.13 0.48 0.38 0.18 0.13 0.07 0.09 0.38 tr 0.10
n-15:0 0.76  1.27 0.62 0.49 0.65 0.52 0.51 0.67 0.52 0.38 0.46 0.37 0.63 0.92 0.53 0.63
¢(16):0 nd nd tr nd 1.40  0.98 0.64 0.58 0.41 0.54 0.37 0.09 nd 0.75 0.41  0.48
iso-16:0 5.74 12,42 2.9 1.03 Q.28 0.12 0.30 3.05 2.32 1,12 Q.52 0.20 0.10 2.5% 0.13 0.23
n-16:0 11.94 12.13 13,55 12,51 29.98 15.98 18.97 15.63 15.19 13.85 16.60 14.43 16.58 20,90 17.47 18.34
B(17):0 0.78 nd tr nd nd nd 0.71 nd nd nd nd nd nd nd nd nd
iso-17:0 0.80 1.26 0,62 0.53 0.25 0.29 0.25 0.42 0.40 0.32 0.27 0,18 0.31 0.40 0.54 0.25
anteiso-17:0 0.34 0,63  0.27 0,16 tr tr 0.05 0.16 0,12 0.07 tr 0.11  0.08 0,11 tr tr
n-17:0 0.69 0,51 0.68 0,57 0.78 0.56 0,55 0.73 0.80 0,76 0.74 0.53 0.77 0.99 0.43 0.66
¢(18):0 nd né nd nd 1.23  0.52 0,60 1.31 1,30 1.26 1,03 0.17 0.13 2.09 0.43 0.44
igo-18:0 0.13 tr nd 0.16 tr 0.21 nd 0.18 0.21 0.17 0.17 0.16 tr tr 0.18  0.25
n-18:0 1.05  0.45 1,37 1.97 12,15 T7.27 8.60 7.05 9.59 9.36 11.15 14,02 5.11 12.02 6.20 5.42
B(19):0 nd 0.18 nd. nd nd nd 0.3  nd nd nd nd nd 0.11 nd nd nd
is0-19:0 nd nd nd nd nd 0.16 nd 0.10 0.32 0.07 0.07 nd nd 0.21 nd nd
n-19:0 nd nd r tr 0.14 nd 0.14 0.38 0.07 0.07 0.06 0.18 0.1l 0.04 nd 0.03
¢(20):0 nd nd nd nd nd nd nd nd nd nd nd nd nd nd 0.04 = 0.09
iso~-20:0 nd nd nd nd nd 0.02 nd 0.05 0,09 0.08 tr nd nd 0.08 nd 0.06
n-20:0 nd nd nd nd nd 0.44  0.07 0.38 0.51 0.61 0.55 nd nd 0.64 tr 0.31
n-21:0 ? nd nd nd nd nd 0.06 nd 0.08 0.08 0.10 0.07 nd nd 0.09 nd 0.06

n-22:0 nd nd nd nd nd tr nd 0.10 0.17 0.36 0,07 nd nd 0.08 né tr

Total saturated 42.81 70,59 35.71 26,12 49.34 3%2.83 38,00 44.34 40.95 34.22 36,17 33.54 30.32 51.13 31.87 34.37
igo §‘Botalg 16,72 41,73 8,64  3.60  0.79 1.24 1.3 10.13 7.86 3.89 2,16 0.84 0.83 .72 1,35 1.57

anteiso (total 1,07 31l 1,52 0.35 tr 0,12 0,22 0.85 0.60 0.31 0,18 0.18 0,20 0.66 +tr  0.15
1031 0.04 0.09 0.12 0.04 nd nd  0.02 0.04 0.0l 0.01 nd nd nd nd nd nd
11:1 nd tr nd 0,02 nd nd tr  0.30 0.20 0.02 0.02 nd nd  0.26 nd nd
12:1 0,36 0,25 0,20 0.15 0.05 nd 0,32 0,25 0.06 0.04 nd  0.05 0.25 0.81 0.04 0,03
13:1 nd  0.04 nd ad 0,02 nd tr 0,69 0,19 0.11 0.02  tr tr  0.07 nd nd
14:1 0.06 0,17 0.04 tr nd  0.07 0,38 0.78 0.21 0.23 0,12 nd nd  0.41 nd  0.22
14:1 2,70 1.32 2,45 1.97 0.17 0,38 0.45 0.61 0,31 0.24 0,27 0.55 0.45 0.28 0.41 0.39
15:1 0,16 0,25 0.20 0.17 tr 0.06 0,11 0.3 nd 0,09 0,18 0.07 wnd 0.57 0.08 0.09
16:1 22,95 13.30 23,01 22.60 6.40 8,57 9.86 8.79 8.85 8.38 9.55 15.55 9.88 8.42 9.44 10,29
c(16):1 0.59 0,66 0.76 0.8l 0.45 0.68  tr 0,65 0.75 0.57 0.59 0.38 0.65 0.80 0.84 1,11
17:1 0.58 0.49 0.83 0.89 0.26 0.85 0.3 0.56 0.61 0.64 0.69 0.66 0.72 0.11 0.57 0.98
18:1 22,93 11,00 28,32 34.35 22.44 38,41 35.37 27.73 28.09 35.19 29.84 25.68 41.79 26.89 38.66 35.16
1951 0,15 0.06 0.28 0,29 tr  0.28 0.18 0.20 0,16 0.21 0,19 0.10 0.29 0.25 0.36 0.21
20:1 1.40  0.24 1.6l 2.65 1.98 1.79 1.56 1.78 1.64 1.98 1.66 0.63 3.93 2.06 3.48 3.03
22:1 0.33 0.03 0.33 0.82 0.71 1,18 0.98 0.78 0.80 1.00 0,71 0,13 0.92 1.05 0.97 0.81
Total monoene 52.25 27.90 58.15 64.76 32.48 52,27 49.59 43.52 41.91 48.77 43.84 43.78 58.88 41.98 54,85 52.32
16:2 w4 0.24 0,38 0,33 0.29 0.01 0.26 0.29 0.25 0.26 0.17 0.22 0.55 0.39 0.11 0,08 0.35
16:3 w?  0.29  0.26 0.40 0.16 0.78 0,50 0.29 0.34 0.34 0.42 0.18 0,15 0.21 0.34 0.15 0.29
16:4 w3 nd nd nd nd nd nd nd nd nd nd nd nd nd 0.13 nd nd
18:2 w6 0,76 0,39 0.96 1,13 0,90 nd 1,52 1,14 1.26 2.59 1.02 1.50 1.41 0.59 1.73 1.27
18:2 w4 nd nd nd nd nd nd nd 0.04 0.05 0.05 0.01 nd nd nd nd nd
18:3 w6 nd nd nd nd nd nd nd 0,05 0.05 0.04 0,03 nd nd  0.07 nd 0,03
18:5 w3 0,19 0.11  0.16 0.31 0.22 0.48 0.41 0,27 0.29 0.30 0.26 0.51 0.37 0.07 0.20 0.59
18:4 w3  0.11  0.04 0,17 0.22 na  0.13 0.18 0.09 0.19 0.08 0.07 0.20 0,15 nd  0.30 0.20
20:2 w6 0,07 nd 0,07 0,11 0.08 0,18 0.10 0.13 0,13 ©0.11 0.10 0.06 0.13 0.10 0.24 0.13
20:3 w6 0,04 nd 0,04 0.05 0,26 0,35 0.07 0,15 0.27 0.25 0.21 0.22 0,05 0.17 0.13 0,09
20:4 w6 0.42 0,06 0.50 0.84 T7.56 2,94 477 4.45 6.99 6.82 8.01 9,06 1,12 1.8l 3,36 2.69
20:4 w3 0,18 nd  0.25 0,37 0,10 0.3 0.10 0,23 0.28 0,23 0.2l 0.22 0,31 0.71 0.32 0.39
20:5 w3 0.87 0,08 1.15 1,81 3.67 1.48 1.83 1,15 1.96 2.46 2,62 4,20 0.77 0.31 1.84 2.01
21:5 w 2 nd nd nd nd nd 0,29 nd  0.37 0.48 0.38 0.38 nd  C.03 1.30 nd  0.09
22:3 w6 nd nd nd nd nd nd 0.08 nd nd nd nd nd nd nd nd nd
22:4 w6 nd nd nd  0.11 0.73 0,33 0.08 0.84 0.82 0.6l 0.85 0.24 0.13 0.72 0.19 0.33
22:5 w6 nd nd  0.06 0,11 0,17 0,37 0.06 0.22 0.24 0,15 0.3l 0.20 0.24 +tr 0.2 0.27
22:5 w3 Q.46 0,08 0.49 0.87 1.60 1,55 0.60 0.81 1.26 0.76 1.57 1.52 1.26 0.3 1,12 1.10
22:6 w3 1,31 0,11 1,56 2,74 2,10 5,93 2.03 1.63 2.27 1.59 3.94 4.15 4.23 0,12 341  3.48
Total polyene 4,94 1,51 6.4 9.12 18.18 14,90 12.41 12,14 17.14 17.01 19.99 22,68 10.80 6.89 13.28 - 15.31

tr: trace. nd: not detected under the condition employed.
A—C: unkown. The same alphabets signify identical FCL.
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Table 9.

45

Long—chain fatty acid composition (Weight %) of lipids of tissue and organs

in the foetus whale, Stenella caeruleo—alba.

M Melon Jaw Blubber Muscle Tongue g;i::z?ne Liver ©Pancreas Kidney  Heart Lung I:i;’?.ig
i80-10:0 0.09 0.09 0.02 tr 0.07 0.10 0.02 0.01 0.01 0.03 0.01 0.02
£-10:0 0.05 0.05 0.04 0.02 0.02 0.04 tr 0.02 0.01 0,02 tr 0.01

A(11):0 0.09 0.02 0.04 nd nd nd nd 0.02 nd nd nd nd
iso-11:0 0.14 0.07 tr tr 0.08 0.08 nd 0.01 0.01 0.01 0.01 0.01

anteiso-11:0 nd nd nd nd nd nd nd nd nd nd nd nd
1-11:0 nd tr tr tr T 0.04 tr 0.01 0,01 ir tr 0,01

4(12):0 0.06 0.0% nd nd nd nd nd 0,01 nd nd nd nd
iso-12:0 0.09 0.09 0.03 tr 0.03 0.07 nd 0.01 0.02 0.04 0.03 0,02
n-12:0 1.14 0.64 0.64 0.26 0.18 0.13 0.12 0.23 0.14 0.14 0.08 0.24
iso-13:0 0.05 0.05 nd nd 0.03 tr nd 0.02 tr nd nd 0,03

anteiso-13:0 nd nd nd nd nd nd nd nd nd nd nd ad
n-13:0 0.08 0,03 0.07 0.03 tr nd 0.03 0.01 nd nd nd 0,04

A(14):0 0.04 0.03 nd nd nd nd nd nd nd nd nd nd
c(14):0 nd 0.03 nd 0.05 0.12 0.08 0.03 0.03 0.27 0.16 0.83 0.25
iso-14:0 0.16 0.05 0.06 0.02 0.04 tr tr 0.05 0,06 0.08 tr 0.09
n-14:0 9.80 5.52 5.87 4,33 3e41 1.92 3.07 3.86 1.91 2,50 3.56 2.59
iso-15:0 0.41 0.22 0.14 0.11 0.07 0.04 0.07 0.06 tr 0.07 0,05 0.19

anteiso-15:0 nd nd né nd nd nd nd nd tr nd nd tr
n-15:0 1.00 0.59 0.7 0.69 0.66 0.69 0.73 0.61 0.49 0.51 0.72 0.52
c(16):0 0.27 0,39 0.20 0.31 0.20 0.38 0.14 0.16 1.34 2.06 1.98 0.98

iso-16:0 0.69 0.26 0.17 nd 0.11 0.09 tr nd nd nd nd tr
n-16:0 17.62 22,36 21.69 21.48 23.36 20.34 25.10 21.65 18.87 20.13 22.92 16.45
iso-17:0 0.20 tr nd nd nd nd nd nd nd nd nd 0.03

anteiso-17:0 nd nd nd nd nd nd nd nd nd nd nd nd
n-17:0 0.53 0.65 0,71 0.92 0.78 0.73 0.69 0.86 0,62 0.55 0.67 0.85
c(18):0 0.62 0.43 0.32 0.43 0.18 0.21 0.16 0.17 nd nd 0.60 0.49

iso-18:0 nd 0.05 nd nd nd nd nd nd nd nd nd nd
n-18:0 4.14 7.60 8.06  10.12  12.77  14.78 9.44 8.92 14.21  11.48 1318 13.71

is0-19:0 nd nd nd tr nd nd nd nd nd nd nd nd
n-19:0 ? 0.14 0.52 0.19 0.19 0.08 0.17 0.34 0.19 0.18 0.03 0.15 0.15
¢(20):0 nd nd nd nd nd 0.05 nd nd nd 0.04 nd 0.08

n-20:0 nd nd nd nd nd nd nd nd nd nd nd nd
4(21):0 0.35 0.38 0.44 0.32 0.33 0.32 0.22 0.53 0.38 0.53 0.40 0.64
Total saturated 37.76 40.15 39.39 39.26 42.52 40.26 40.16 37.44 38.53 28,36 45.19 37.76
iso (total) 1.8 0.88 0.40 0.13 0.43 0.38 0.09 0.16 0,10 0.23 0,10 0.39

anteiso (total) nd nd nd nd nd nd nd nd nd nd nd tr

10:1 nd nd nd nd nd nd nd nd nd nd nd nd

1l:1 nd nd nd nd nd nd nd nd nd nd nd nd

12:1 0.16 nd 0.06 0,02 nd nd nd nd nd nd nd nd

13:1 0.07 nd 0.03 0.07 nd nd nd nd nd nd nd nd

14:1 0.22 0.05 0.14 0.20 0.10 0.05 tr 0.29 0.09 0.13 0.07 0.03

14:1 3.59 0.80 0.94 0.30 0.20 0.06 0.35 0.26 0.09 0.09 0.04 0.10
c(14):1 nd nd nd nd nd 0.14 nd nd 0,30 0.45 0.52 0431

15:1 0.72 0.22 0.37 0.14 0,14 0.08 0.04 0,37 nd nd nd nd

16:1 30,73 15.23 16,43 11,59 8.74 6.83 10,64  10.72 7.09 7.61 7.80 8.37
¢(16):0 nd nd nd nd nd nd nd nd 0.81 2.04 1.45 0.34

17:1 nd 0.19 0.32 0.26 0.35 0.60 0.23 0.4 0.32 0.81 0.23 0.39

18:1 15.04  19.47 21.95  24.34  23.30  24.86  19.04  24.59 22,67 26.89  22.43  26.62
c(18):0 nd nd nd nd nd 0.04 nd nd rd nd 0.09  0.08

19:1 0,30 1.55 0,45 0.46 0.37 0.35 0.74 0.47 0.54 0.33 0.44 0,36

20:1 0.67 0.88 1.06 1.09 1.08 1.55 0.78 1.21 1.26 1,21 1.59 1.69

22:1 047 0.71 0.67 0.55 0.92 1.15 0.93 1.08 1.36 0.67 .77 1.20

Total monoene 51.97 39.10  42.42 39.02 35.20  35.71 32,75 39.43 34.53  40.23 35,43 39.49
18:2 wé 1.02 5.23 1.43 1.55 1.35 1.04 1.22 1.55 0.94 1.02 0.39 0,50

18:3 w3 0.18 0.24 0.23 0.27 0.27 0.47 0.21 0.22 0.44 0.31 0.38 0.39

20:2 wb 0.64 0.76 0.80 0.79 0.79 0.79 0.76 0.92 0.76 0.94 0.91 1.11

20:3 w9 1.16 1.50 1.88 1,77 1.66 2.89 3,17 2.08 4.01 1.95 2.76 3.79

20:3 w6 0.94 1.44 1.76 1.74 1.77 1.79 2,02 1.88 2.16 1.86 2,06 1.86

20:4 w6 1.08 1.70 1.59 2,01 2.57 3.40 3.60 2.42 5.38 3.76 2.72 2.85

2035 w3 0.93 1.94 .77 2,34 2.96 2.37 3.77 2.87 5.09 4.09 2.37 2.08

2135 w 2 0.11 0.22 0,22 0,22 0.28 0.45 0,29 0.22 0.27 0.27 0.21 0.34

22:3 w6 0.59 1.07 1.63 1.21 1.56 2,11 0.89 1.33 1.59 1.24 1.74 1.94

22:4 w6 0.28 0.47 0.72 0.71 0.58 0.72 0.57 0.63 0.70 0.70 0.58 0.40

22:5 wb 0.20 0.35 0.74 0.31 0.96 1.58 1.02 0,36 0.71 0.60 0.45 1.46

22:5 w3 1.47 2,73 2.54 4.30 3.95 2.76 2.97 4.39 1.56 2.46 2.47 2.70

2216 w3 1.67 3.10 2.88 4,50 3.58 %.66 6.60 4,26 3.33 2,21 2,34 3.33

Total polyene 10.27  20.75  18.19 21,27  22.28  24.03  27.09 23,13  26.94  21.41  19.38  22.75

tr : trace.

nd : not detected under the condition employed.

A—C : unkown. The same alphabets signify identical FCL.

tissue of the melon, jaw and blubber and
the muscle of the melon and jaw parts (all
these parts are collectively named adipose
tissue in this paragraph) as compared with
the muscle of the body parts and organs
including the liver (in the same manner,

named muscle—organs).  Monoene acids

were much less in the inner melon among
the adipose tissue but equal or more in the
other adipose tissue, and much higher es-
pecially in the outer layer of every adipose
tissue as compared with the muscle —organs.
As for individual monoene acid, under 16:1

were contained more but above 17:1 were
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equally or only less in the adipose tissue as
compared with the muscle—organs. Gen-
erally, polyene acids were contained equally
or only less in the adipose tissue as com-
pared with the muscle—organs. Especially,
20:4 w6, 20:5 w3, 22:5 w3 and 22:6 3
were very little in the adipose tissue.

In the nursling, the quantitative composi-
tion of branched—chain acids in each sam-
ple was almost similar to that in the adult.
However, the branched —chain acid content
in the outer layer of the subcutaneous tissue
(as mentioned above, the jaw and blubber
of the nursling are herein considered as the
outer layer) showed a higher value as com-
pared with that in the adult. In the
stomach and gall—bladder, the content
showed a remarkably high value almost
proportionated to that in the subcutaneous
tissue. The content in the stomach de-
creased in the order of the Ist, IInd,
III rd and IV th stomachs (or intestine).
On the other hand, the composition each of
odd —numbered iso acids, even—numbered
iso acids and anteiso acids showed a
similar trend to that in the adult. How-
ever, there was a difference from the adult
in that iso—16: 0 showed the maximum value
among every branched—chain acid in the
tissue and organs where branched —chain
acids existed in large quantity. Moreover,
even—numbered iso acids in the subcutane-
ous tissue except for the blubber, stomach
and gall—bladder were more than odd—
numbered iso acids (see also Table 14 and
15), showing a trend opposite to the adult.

The quantitave composition of saturated
straight —chain, monoene and polyene acids
in each sample of the nursling also showed
a similar trend to that in the adult but the
quantitative difference among the partswas
smaller than that in the adult. In com-

parison of the nursling with the adult, the

content of such lower acids among saturated
acids as 14:0 and 16:0 was higher and that
of such higher acids as 18: 0 and 20:0 was
lower ; among monoene acids, the content
of 16:1 was higher, 18:1 was almost equal
and 20:1 and 22:1 was lower; and among
polyene acids, 20:4 w6, 20:5 w3 and 22:6
3 were much lower.

In the foetus, the differentiation to adi-
pose tissue was not recognized in any of the
meloh, jaw and blubber. Branched—chain
acids also were much less than in the adult
and nursling, but neverthless branched —
chain acids were contained more in the
melon and jaw than in the muscle and
organs including the liver. Even—numbered
iso acids were more than odd—numbered
iso acids, and anteiso acids were not de-—
tected .
similar to that of the nursling , that is,

The iso acid composition was

is0—15:0 was the maximum value among
odd — numbered iso acids, and iso—16:0
among even—numbered iso acid.

The quantitative composition of saturated
straight—chain, monoene and polyene acids
in each sample of the foetus was similar to
that in the adult or nursling but the quan-
titative difference among the parts was
smaller than that in the adult. It was
particularly different from the adult and
nursling in that, among polyene acids, 16:
2 w4, 16:3 w?, 16:4 w3, 18:2 w4, 18:3 @
6, 18:4 3 and 20:4 @3 were not recognized
but 20:2 6, 20:3 @9, 20:3 w6 and 22:
3 w6 were rather abundant.

The weight and molar percentages of
branched —chain acids per total acids in the
tissue and organs of the adult and nursling
are shown in Tables 10—15.

In this paragraph, it was examined par-
ticularly on the relations between isobutyric
acid and even—numbered iso acids above

carbon number 6 (even—numbered iso >Cg
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Table 10. Composition (weight %) of branched—chain fatty acids in all of the short— and
long—chain fatty acids from adipose tissue and muscle in the adult whale, Stenella
caeruleo—alba.

Sample Cuter Center Under Muscle  Outer Irmer Muscle  Outer Immer Muscle  Peri-
Fatty acid melon  melon  melon (melon) jaw jaw (jawv)  blubber blubber (dorsal) toneum
iso- 4:0 0.5L1 0.94 0.84 0.84 0.40 0.54 0.52 0.16 / 0.01 0.05
iso- 5:0 15.64 38.06 31.19 27435 8.27 8.97 11.83 3.70 / 0.38 1.31
iso- 6:0 nd nd rd nd nd nd nd nd / 0.01 0.01
iso- 7:0 nd nd nd nd nd nd nd nd / 0.20 0.01
iso- 8:0 nd nd nd nd nd nd nd nd / nd nd
iso- 9:0 nd nd nd nd nd nd nd nd / nd nd
180-10:0 0.03 0.09 0.05 0.08 0.04 0,06 0.09 tr / 0.04 0.06
iso-11:0 0.20 0.39 0.39 0.3%9 0.13 0.20 0.25 0.04 / 0.03 0.06
anteiso-11:0 0.04 0.02 0.03 0.03 0.04 0.05 0.05 0.02 / nd 0.01
iso-12:0 0.34 0.46 0.55 0,56 0.28 0.43 0.48 0.07 / tr 0.01
is0-13%:0 0.54 1.60 1.48 1.13 0.21 0.35 0.43 0.04 / 0.03 0.01
anteiso-13:0 0.17 0.19 0.18 0.21 0.13 0.20 0.16 0.03% / tr nd
is0-14:0 1.78 7.17 5.10 4,06 0.89 1.33 1.48 0.21 / 0.12 0.17
iso-15:0 3.39 17.50 12.61 9.25 1.30 1.90 2.17 0.37 / 0.19 0.14
anteiso-15:0 0.66 1.91 1.32 0.96 0.34 0445 0.70 0.13 / 0.15 nd
iso-16:0 1.85 7.68 5.91 3.73 0.78 1.11 1.18 0.21 / 0.18 0.14
iso-17:0 0.35 0.53 0.67 0.41 0.24 0.26 0.26 0.28 / 0.17 0.20
anteiso-17:0 0.14 0.27 0.27 0.30 0.15 0.15 0.17 0.13 / 0.11 nd
iso-18:0 0.22 0.11 0.33 0.13 0.38 0.19 0.18 tr / 0.16 0.30
is0-19:0 nd nd nd nd nd nd nd nd / nd 0.17
anteiso-19:0 nd nd nd nd nd nd nd nd / nd nd
150-2030 nd nd nd nd nd nd nd nd / nd nd
iso (total, >C¢) 8.70  35.53  27.09  19.74 4,25 5,83 6.52 1.22 / 1.13 1.28
even number 4.22 15.51 11.94 8.56 2.57 3,12 3441 0.49 / 0,51 0.69
0dd number 4.48 20,02 15,15  11.18 1.87 2.71 3,11 0.73 / 0.62 0.59
anteiso (total, >c6) 1.01 2.39 1.80 1.50 0.66 0.85 1,08 0.31 / 0.26 0.01
Sum total 25,86 76.92 60.92 49.43 13.58 16.19 19.95 5.39 / 1.78 2.65

tr : trace. nd: not detected under the condition employed.
The values of iso—10: 0 adopted from the long—chain fatty acids.

Table 11. Composition (weight %) of branched —chain fatty acids in all of the short— and
long—chain fatty acids from organs in the adult whale, Stenella caeruleo—alba.

Semple Stomach Intes— . Pan~ Gall- . .

Fatty acid Tongue —37 Tmd  IiIrd  tine Liver o eas bladder Fidney Heart Lung
iso- 4:0 0.22 0.10 0.06 0.07 0.03 0.05 0.02 0.05 0.10 0.09 0,03
iso- 5:0 8.67 2,60 1.13 1.61 1.10 0.25 0.31 2,73 0.39 0.57 0.69
iso- 6:0 nd 0.01 0.02 0.04 0.01 0.02 0,02 0.18 0.03 0.04 0.04
iso- 7:0 nd tr 0.04 0.13 0.06 0.09 0.01 0.37 0.02 0.04 0,03
iso- 8:0 nd nd nd 0.03 nd 0.03 nd 0.06 0,02 0.03 0.02
iso- 9:0 nd nd nd nd nd 0.04 nd. nd 0,02 nd nd
is0-10:0 nd 0.04 0.03 0.04 0.04 0.04 0.04 0.17 0.03 0.03 0.04
iso-11:0 0.03 0.09 0.09 0.09 0.05 0.07 0.05 0.16 0.05 0.02 nd

anteiso-11:0 nd tr tr Tr tr 0.03 tr 0.05 nd nd nd
is0-12:0 0.02 0.04 0.02 tr 0.02 0.03 tr 0.05 nd 0.01 nd
is0-13:0 0.03 0.06 0.01 0.02 0.02 nd tr 0.03 nd nd nd

anteiso-13:0 tr 0.03 tr 0.01 tr 0.08 nd tr . nd nd nd
iso-14:0 0.16 0.28 tr 0.21 0.12 0.11 0.06 0.33 0.10 0.08 0.08
is0-15:0 0.44 0.37 0.06 0.17 0.15 nd 0.09 0.13 0.11 0.14 0.14

anteiso-15:0 0.02 0.06 0.04 0.09 0.08 nd nd 0.05 nd 0.07 0.06
iso-16:0 0.20 0.39 0.13 0.30 0.26 0.13 0.21 0.17 0.18 0.16 0,14
is0-17:0 0.21 0.1% 0.25 0.25 0.26 0.24 0.24 0.28 0.18 0.22 0.18

anteiso-17:0 0.11 tr 0.10 tr 0.14 0.13 nd nd nd 0.09 0.12
is0-18:0 0.19 0.19 0.15 0.28 0.15 0.22 0.3%0 0.46 0.28 0.21 0.23
is0-19:0 0.03 tr 0.08 tr nd 0.07 0.08 0.14 0.08 0.03 0.09

anteiso-19:0 nd nd nd nd nd nd nd nd nd nd nd
1s80-20:0 0.18 nd nd nd nd nd nd nd nd 0.08 nd
iso (total, > 06) 1.49 1.60 0.88 1.56 1.14 1.09 1.10 2.53 1.10 1.09 0.99

even number 0.75 0.95 0.35 0.90 0.60 0.58 0.63 1.42 0.64 0.64 0.55
odd number 0.74 0.65 0.53 0.66 0.54 0.51 0.47 1.11 0.46 0.45 0.44

anteiso (total, >Cg) 0,13 0.09 0.14 0.10 0.22 0.24 tr 0.10 nd 0.16 0.18

Sum total 17,51 4.7%9 2.39 3034 2.49 1.63 1.43 5.41 1.59 1.9 1.89

tr: trace. nd : not detected under the condition employed.
The values of iso—10: 0 adopted from the long—chain fatty acids.
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Table 12. Composition (mole %) of branched—chain fatty acids in all of the short— and
long—chain fatty acids from adipose tissue and muscle in the adult whale, Stenella
caeruleo—alba.

Sample Outer Center Under Muscle  Oubexr Inner Muscle  Outer Inner Muscle  Peri-
Fatty acid melon  melon  melon (melon) Jaw jaw (jaw) blubber blubber (dorsal) toneum
iso- 4:0 1.21 1.68 1.62 1.71 1.09 1.48 1.29 0.49 / 0.04 0.17
iso- 5:0 32,12 58.76 52.08 47.90 19.21 21.27 25,50 9.64 / 1.26 3.50
iso- 6:0 nd nd nd nd nd nd nd nd / 0.02 0.02
iso- 7= nd nd nd nd nd nd nd nd / 0.05 0.02
iso- 8:0 nd nd nd nd nd nd nd nd / nd nd
iso- 9:0 nd nd nd nd nd nd nd nd / nd nd
iso-10: 0.04 0.08 0.05 0.08 0.06 0.08 0.12 tr 0.09 0.07 0.10
is0-11:0 0.23 0.3% 0.3%6 0.37 0.16 0.26 0.29 0.06 0.35 0.06 0.09
anteiso-11:0 0,04 0.02 0.03 0.03 0.05 0.06 0.06 0.03 0.07 nd 0.01
iso-=12: 0.36 0.36 0.47 0.50 0.33 0.52 0.53% 0.09 0.45 tr 0.01
1s0-13:0 0.53 1.18 1.18 0.94 0.23 0.39 0.44 0.05 0.48 0.04 0.01
anteiso-13:0 0.17 0.14 0.14 0.21 0.14 0.23 0.16 0.04 0.18 tr nd
iso-14:0 1.63 4.95 3.81 3.18 0.92 1.41 1.4% 0.20 1.40 0.17 0.20
iso-15: 2,93 11.39 8.87 6.83 1.27 1.90 1.97 0.41 2,72 0.27 0.16
anteiso-15:0 0.57 1.24 0.93 0.71 0.33 0.45 0.64 0.14 0.72 0.21 nd
is0-16:0 1.51 4.72 3.93 2.60 0.72 1.05 1.01 0.22 0.89 0.23 0.15
iso-17:0 0.27 0.31 0.42 0.27 0.21 0.23 0.21 0.28 0.26 0.21 0.20
anteiso-17¢ 0.11 0.16 0.17 0.20 0.13 0.13 0.14 0.13 0.08 0.14 nd
is0-18:0 0.16 0.06 0.20 0.08 0.3%2 0.16 0.14 tr 0,18 0.19 0.29
is0—19:0 tr nd nd nd nd nd nd nd nd nd 0.16
anteiso~19:0 nd nd nd nd nd nd nd. nd nd nd nd
is0-20:0 nd nd nd nd nd nd nd nd nd nd nd
iso (total, >06) 7.66 23,38 19.29 14.85 4,22 6.00 6.14 1.31 6.82 1.31 1.41
even number 3.70 10.17 8.46 6.44 2.35 3,22 3.23% 0.51 3.01 0.68 0.77
odd number 3,96 13.21 10.83 8.41 1.87 2.78 2.91 0.80 3.81 0.6% 0.64
anteiso (total, »C) 0.89 1.56 1.27 1.15 0.65 0.87 1.00 0.34 1.05 0.35 0.01
Sum total 41.88 85.38 T4.26 65.61 25.17 29.62 33.93 11.78 7.87 2.96 5.09

tr : trace. nd : not detected under the condition employed.
The values of iso—10:0 adopted from the long—chain fatty acids.

Table 13. Composition (mole %) of branched—chain fatty acids in all of the short— and
long —chain fatty acids from organs in the adult whale, Stenella caeruleo—alba.

Sample Stomach Intes— s Pan~ Gall=-

Fatty acid Tongue  ~To¥ TInd  IIIrd  tine Liver  reas bladder roney Heart Long
iso- 4:0 0.65 0.32 0.20 0.23 0.08 0.17 0.08 0.15 0.33 0.30 0.10
iso- 5:0 22,36 6,91 3.79 4.41 2.98 0.69 0.85 6.98 1.07 1.66 1.87
iso- 6:0 nd 0.02 0.05 0.10 0.03 0.06 0.04 0.41 Q.07 0.11 0.09
iso— T:0 nd 0.01 0.08 0.27 0.12 0.20 0.02 0.74 0.05 0.09 0.07
iso- 8:0 nd nd nd 0.06 nd 0.06 nd 0.10 0.04 0.06 0.04
iso~ 9:0 nd nd nd nd nd 0.08 nd nd 0.04 tr nd
is0-10:0 nd 0,06 0.05 0.07 0.06 0.07 0,06 0.25 0.05 0.06 0.06
iso~11:0 0,04 0.13 0.14 0.13 0.08 0.11 0.08 0.23 0.08 0.03 nd

anteiso-11:0 nd tr tr tr e 0.05 tr 0.07 nd nd nd
iso-12:0 0.03 0.06 0.03 tr 0.03 0.04 tr 0,06 nd 0.01 nd
iso-13:0 0.04 0.08 0.01 0.03 0.03 nd tr 0.04 nd nd nd

anteiso-13:0 tr 0.04 tr 0.01 tr 0.01 nd tr nd nd nd
iso~14:0 0.19 0.33 tr 0.26 0.15 .~ 0.14 0.07 0.38 0.12 0.11 0.10
iso-15:0 Q.48 Q.41 0.07 0.20 0.17 nd 0.10 0.14 0.13 0.17 0.16

anteiso-15:0 0.02 0.07 0.05 0.10 0.09 nd nd 0.05 nd 0.08 0.07
iso-16:0 0.21 0.41 0,15 0.33 0.28 0.14 0.23 0.17 0.20 0.19 0.15
iso-17:0 0.20 0.13 0.27 0.26 0.27 0.25 0.25 0.27 0.19 0.24 0.18

anteiso-17:0 0.11 tr 0.11 tr 0.14 ~ 0.14 nd nd nd 0.10 0.12
iso-18:0 0.18 0.18 0.16 0.28 0.15 0.22 0.30 0.42 0.28 0.22 0.22
iso-19:0 0.03 tr 0.08 tr nd 0.07 0,08 0.12 0.08 0.03 0.08

anteiso-19:0 nd nd nd nd nd nd nd nd nd nd nd
iso-20:0 0.15 nd nd nd nd nd nd nd nd 0.08 nd
iso (total, >06) 1.55 1.82 1.09 1.99 1.37 1.44 1.23 3.33 1.33 1.40 1.15

even number 0.76 1.06 0.44 1.10 0.70 0.73 0.70 1.79 0.76 0.84 0.66
odd number 0.79 0.76 0.65 0.89 0.67 0.71 0.53 1.54 0,57 0,56 0.49

anteiso (total, >06) 0.13 0.11 0.16 0.11 0.23 Q.20 tr 0.12 nd 0.18 0.19

Sum total 24.69 9.16 5.24 6.74. 4,66 2.50 2,16 10.58 2.73 3454 3.31

tr : trace. nd : not detected under the condition employed.
The values of iso-10 : 0 adopted from the long-chain fatty acids.
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Table 14. Composition (weight %) of branched —chain fatty acids in all of the short— and
long—chain fatty acids from tissue and organs in the nursling whale, Stenella
caeruleo—alba.
Sample Outer Inner Peri- Stomach Intes- _. Pan- Gall- .

Fatty acid melon melon Jew  Blubber Muscle ‘toneum Tongue Ist IInd IIIrd tine Liver creas bladder Kidney Heart
iso- 410 118 1.77 1.6] 0.81 0.08 0.18 0.29 0,92 0.36 0.21 0,02 0.02 0,12 0,11 0.07 0.06
iso- 5:0 17.84 19.13 14.25 6,26 0.71 1.13  3.66 7.09 3.82 2,47 1.45 0,40 0.97 1.12  0.43 0,50
is0- 6:0 0.04 nd nd  0.02 0.01 00l 0.07 nd nd nd nd 0.02 tr  tr  tr  tr
150-10:0 0.15 0.30 0.12 0,06 tr  0.03 0.04 0.3 0.13 0,02 tr  tr 0,02 0.14 tr  0.01
is0-11:0 027 0.73 0.1 0.04 0.01 0.0l 0.02 0.2l 0.16 0.06 0.05 tr  0.0L 0.09 0.02 0.02

anteiso-11:0 0.04 0.10 0.05 tr  nd  0.00 tr 0.08 0.02 0,03 0.02 tr nd 0,04 nd 0.02
150-12:0 1.02  2.68 0.1 0,08 0.01 0.04 0.08 0.61 0.34 0.25 0.09 tr 0,03 0.34 0,02 0,07
150-13:0 057 1.20 0.40 0.18 nd  0.03 0.08 0.3 0.25 0.1 0,08 0,05 0.10 0.25 0.07 0.07

anteiso-13:0 0.14 0.55 0.12 0.04 =nd 0.02 0.04 0.12 0.08 0.03 0.03 tr 0,04 0.3 tr  0.03
180-14:0 2.6 8.56 1.51 0.25 0.05 0.11 0.21 2.15 1.64 0.78 0.38 0.06 0.07 1.66 0,05 0.22
150-15:0 5.60 8.64 1.70 1.16 0.19 0.21 0.34 2.38 1.89 0,90 0.55 0,19 0.02 1.94 0.34 0.38

anteiso-15:0 0.41 1.5 0.90 0.12  fr  0.09 0.12 0.44 0.37 0.18 0.15 0,07 0.11 0.38 tr  0.10
180-16:0 455 9.79 2.6 0,95 0.27 0.12  0.29 2.79 2,27 1.1 0.52 0,20 0.15 2.49 0.13 0.23
i50-17:0 0.64 1.00 0.51 0.49 0.24 0.2 0,23 0.38 0.39 0.32 0.28 0.18 0.38 0.40 0.55 0.25
anteiso-17:0 0.27 0.5 0.23 0.15 &r  tr  0.05 0.15 0.12 0,07 tr 0,1 0.0 0.1 tr  tr
180-18:0 011 +r  ma  0.15 tr  0.20 nmd 0.7 0.20 0.7 0.7 0.16 tr  tr  0.18 0.25
i180-19:0 nd nd nd nd nd 0.16 nd 0,09 - 0,31 0.07 0.07 nd nd 0.20 nd nd
anteiso-19:0 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
150-20:0 nd nd nd nd  nd 0,02 nd  0.04 0.09 0.08 tr nd nd 0.8 nd 0.06
iso (total, DCg) 13.36 32,90 T.22 3.36 0.78 125 136 9.27 7.67 3.85 2.19 0.85 0.76 7.5 134 156
even mumber 8.28 21.53 4.50 1.19 0.54 0.55 0.69 5.89 467 2.39 1.16 0.44 0,25 471 0.38 0.84
odd number 5.08 11.57 2.72 1.87 0.44 0.70 0.67 3.38 3.00 1.46 1.05 0.42 0.51 2.88 0.96 0.72
antesso (total, >0) 0.86 2.45 1.28 031 fr 042 021 0.79 0.5 031 0,8 0.8 025 0.6 tr  0.15
Sun total 55.87 56.25 24.42 10.74 1.57 2.66 5.52 18.07 12.44 6.84 3.84 1.46 2.10 9.48 1.84 2.27
tr : trace. nd: not detected under the condition employed.

The values of iso—10 : 0 adopted from the long—chain fatty acids.

Table 15. Composition (mole %) of branched—chain fatty acids in all of the short— and long
—chain fatty acids from tissue and organs in the nursling whale, Stenella caeruleo
—alba.
Sample Cuter Inner Peri- Stomach Intes- _. Pan- Gall~ .

Fatty acid melon melon Jav  Blubber Muscle ‘toneum Tongue Ist IInd IIIrd tine Liver creas bladder Kidney Heart
iso- 4;0 4,09 3.8l 3,98 2.23 0.26 0.55 0.84 2.46 1.01 0.62 0.05 0.05 0.29 0.33 0.22 0.19
iso- 5:0 34,79 35.47 29.3%2 14.85 2.08 2.92 9.17 16,30 9.34 6,31 3.72 1,10 2.07 2.89 1.16 1.45
ise— 6:0 0.07 nd nd 0.04 0.02 0.03 0.15 nd nd nd nd 0.04 tr 0.01 tr tr

10 0.17 0.33 0.15 0.09 tr 0.05 0,06 0.18 0.19 0.03 tr tr 0.03  0.22 tr 0.02
Q0 0.29 0.74 0.12 0,05 0.02 0.01 0.03 0.27 0.22 0.09 0.07 tr 0.01 0.13 0.03 0.03

anteiso-11:0 0,04 0,10 0.03 tr nd 0,01 tr 0,10 0.03 0.04 0.03 tr nd 0.06 nd 0.03
iso-12:0 1.01 2.5 0.74 0.10 0.02 0.05 0.10 0.71 0.43 0.30 0.12 r 0.03 0.45 0.03 0.10
iso-13:0 0.53 1,06 0.39 0.20 nd 0,04 0.09 0.35 0.29 0.13 0.10 0.06 0.10 0.3l 0.09 0.10

anteiso-13:0 0.13 0.31 0.12 0.05 nd 0.02 0.05 0.13 0.09 0.04 0.04 tr 0.04 0.16 tr 0.04
iso-14:0 2,28 7.10 1.39 0.24 0.07 0.13 0.24 2,21 1.79 0.89 0.43 0.07 0.07 1.91 0.06 0.29
is0-1530 2,96 6.75 1.47 1.16  0.23 0.23  0.36 2.31 1.95 0.97 0.59 0.22 0,02 2,10 0.38 0.46

anteiso-15:0 0.34 1.17 0.78 0.12 tr 0.10 0.13 0.43 0.38 0.19 0.14 0.08 0.10 0.41 tr 0.12
is0-16:0 3,38 7.23 1,77 0.90 0.32 0.12 0.29 2,56 2,21 1.13 0.53 0.22 0,11 2.55 0.14 0.27
iso-1 0.47  0.70 0.40 0.44 0.27 0.28 0.22 0.3% 0.36 0.31 0.27 0,19 0.31 0.39 0.54 0.27

anteiso-1 0.20  0.35 0.18 0.13 tr o 0.05 0.13 0.11 0.07 tr 0.11 0.08 0.11 tr tr
iso-1 0.08 tr nd 0.13 tr 0.19 nd 0.14 0.18 0,16 0.16 0.16 tr tr 0.17 0.26
iso-1 nd nd nd nd nd 0.14 nd 0.07 0.26 0.06 0.06 nd nd 0.18 nd nd

anteiso-1 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
i50-20:0 nd nd nd nd nd 0.02 nd 0.03 0,07 0,07 tr nd nd 0.07 nd 0.06
iso (total, >cé) 11.24 26,44 5,43 3,35 0,95 1.29 1.54 9,16 7.95 4.14 2.33 0.96 0.68 8.32 1.44 1.86
even number 6.99 17.19 4.05 1.50 0.43 0.59 0.84 5.83 4.87 2.58 1.24 0.49 0.24 5.21 0.40 1.00

cdd number 4,25  9.25 2,38 1.85 0.52 0,70 0.70 3.33 3.08 1.56 1.09 0.47 0.44 3,11 1.04 0.86

anteiso (total, >Cs) 0.71  1.93 1.11  0.30 tr 0.13  0.23 0.79 0.61 0.34 0.21 0.19 0.22 0.74 tr 0.19
Sum total 50463 67.64 40.84 20,73 3.29 4.89 11,78 28,71 18,91 11,41 6.31 2,30 3.26 12.28 2.82 3,69

tr : trace.

nd : not detected under the condition employed.

The values of iso—10 : 0 adopted from the long—chain fatty acids.

acids), between isovaleric acid and odd—
numbered iso acids above carbon number 7
(odd—numbered iso >C; acids), and be-
tween 2—methyl butyric acid [ 2 — methyl
butyric acid was estimated to be as much

as 5% of isovaleric acid following the data

of Ackman et al. (1973)] and anteiso acids
above carbon number 7 (anteiso >Cy acids).
Therefore, the data in Tables 10—15 are
indicated separately for fatty acids under
carbon number 5 and above carbon number

6. Moreover, the malar percentages also
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are provided.

The percentages of the content of branched
—chain acids with higher carbon number
against that of the acids with lower one in
the adipose tissue of the adult and nursling
showed a remarkable difference among the
three groups of acids mentioned above. In
the adipose tissue of the adult, the even-—
numbered iso >Cg acid content was 3.06—
16.5 times (weight %) or 1.04—6.05 times
(mole %) as much as the isobutyric acid
content, the odd—numbered iso >Cg acid
content was 0.21—0.55 times (weight %)
or 0.09—0.24 times (mole %) as much as
the isovaleric acid content, and the anteiso
>C7; acid content (all anteiso acids were
odd number) was 1.29—1.89 times (weight
%) or 0.48—0.82 times (mole %) as much
as the 2—methyl butyric acid content. In
this respect, the percentages in the nursl-
ing showed an almost similar trend to that
in the adult. In the case of iso acids
wherein the content of branched — chain
acids with higher carbon number was high,
the percentages differed among various parts
of the adipose tissue . Moreover , the
values changed in proportion to the content
of branched —chain acids with higher car-
bon number. In the case of anteiso acids
wherein the content of branched — chain
acids with higher carbon number was low,
the percentages did not show any remark-
able difference among various parts of the
adipose tissue. The proportional relation of
the percentages to the content of branched
—chain acids with higher carbon number
was not recognized. However, these find-
ings may be due to the caluculation of 2—
methyl butyric acid content as 5% of iso-
valeric acid.

In the tissue and organs other than the
adipose tissue, the percentages showed re-

markable variations without any specific a

- trend.
Discussion

In the adult and nursling, the long—chain
branched acid content showed a high value
in the adipose tissue, especially in the melon
and jaw parts. The content of both isobu-
tyric acid and even—numbered long—chain
iso acid in the adipose tissue was higher in
the nursling than in the adult, and, in the
adult, the content of these acids in the jaw
parts was higher than in the melon parts.
These facts suggest that long —chain branched
acids are biothynthesized from short—chain
branched acids in the adipose tissue. On
the other hand, in the adipose tissue the
percentages of the content of branched—
chain acids with higher carbon number
against the content of the corresponding
branched—chain acids of lower carbon
number increased or decreased in proportion
to the content of the corresponding branched
—chain acids with higher carbon number.
This fact supports the aforementioned spec—
ulation and suggests that biosynthetic activ—
ities differ by the kind of tissue.

In land mammalia, it has been known
that long—chain branched acids are biosyn-
thesized from short—chain branched acids
in the adipose tissue (Horning et al., 1961),
and in the case of straight—chain acids, the
biosythetic activities by which short—chain
acids is transformed to long—chain acids
differ by the kind of adipose tissue (Ingle,
Bauman, and Carribus, 1972a and 1972b ;
Pothoven and Beitz, 1973 ; Pothoven, Beutz,
and Zimmerli, 1974). Therefore, it is quite
possible that the same biosynthetic process
occurs in the whales.

The content of isobutyric, isovaleric and
2—methyl butyric acids in lipids of the adult
and nursling differed by the kind of tissue
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and organs, and showed a considerably
higher value in the adipose tissue than in
the muscle (body part) and organs including
the liver. In the adipose tissue of land mam-
malia, each short—chain branched acid
is biosynthesized from the corresponding
branched —chain amino acid (Itakura, 1972),
and the metabolic activities of branched—
chain amino acids are very high in the
adipose tissue. . Morover, the conversion

from branched—chain amino acids to fatty

acids is much more enhanced in the adipose"

tissue than in the muscle and organs (Feller
and Feist, 1959; Rosenthal, Angel, ‘and
Farkas, 1974). These evidences are useful
to explain the peculiarities of distribution of
short—chain branched acids in the whales.
Tt is considered that short—chain branched
acids of adipose lipids in the whales
are biosynthesized from the corresponding
branched —chain amino acids independently
in each adipose tissue. However, short—chain
branched acids existed also in the muscle,
liver and other organs. Such short—chain
branched acids are not recognized in the fish
and squids which are food of the whales.
Therefore, it is deservedly considered that
short—chain branched acids in the muscle,
liver and other organs are biosynthesized in
these parts. The short—chain branched acid
composition in these parts was similar to
that in adipose tissue. Therefore, it is
impossible to deny entirely the possibility
that the short—chain branched acids of ad-
ipose tissue lipids originate in metabolic
matters of the body. To clarify this, at
least the fatty acid composition in blood
must be studied. : \ ’ \

In the foetus, the lipid content in the
subcutaneous tissue of the melon and jaw
was rather lower than that in other tissue
However,

and organs. the long—chain

branched acid content 'in the jaw and melon

was higher than in other tissue and orgais.
Moreover, the long—chain branched acid
composition in the melon and jaw differed
from that in other tissue and organs, being
similar to that in the adipose tissue of the
nursling. These facts can be understood
better by assuming that branched—chain
acids in each adipose tissue -are biosynthe—
sized independently in that adipose tissue
like in the adult and nursling. In the foetus
of the present study, branched —chain acids
were contained only little in adipose tissue
lipids, but in the- foetus just before the
birth a large amount of both short— and
long —chain branched acids were contained
in adipose tissue lipids as describeb in the
previous paper (Morii and Kanazu, 1972a).

Branched—chain acid .content in the
tongue, stomachs and gall—bladder wherein
the lipid content was very low was relatively
high. Among these three parts, the tongue
is in immediate contact with the jaw muscle,
and, it is possible that branched—chain
acids may be detected aboundantly in the
tongue, depending on sampling procedure.
However, the stomachs and gall—bladder are
independent of the adipose tissue. Espe-
cially, in the stomachs, the branched —chain
acid content was recognized more in the
nursling than in the adult. 'In ruminants,
short—chain branched acids are absorbed
through the wall of the stomachs. There-
fore, if short—chain branched acids exist
in milk of the whaies, it may also be con-
sidered that the branched—chain acids in
the stomachs of the nursling originate from
the short—chain branched acids in milk.
If this :Vis true, it is possible to consider
that short;chain branched acids in stomach
lipids of the adult also originate from the
short—chain branched acids which are prob—
ably produced by microorganisms in stomach

cavity.
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In the muscle, and liver and other organs,
the branched —chain acid content was only
little and the composition also differed re-
markably from that in the adipose tissue.
Especially. the long—chain branched acid
composition was rather similar to fish oil.
Accordingly, it may also be considered that
the branched—chain acids in these parts

originate from fatty acid in blood.
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