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bution are in reasonably good agreement with those 
found experimentally. I t  should be pointed out that  
the determinat ion of the four  types of glycerides does 
not take into account the actual position a given fa t ty  
acid occupies on the glyceride molecule, as discussed 
by Quimby et al. (20). 

The percentages of solid glycerides estimated from 
dilatometric measurements (Table IV) show fur ther  
evidence of the effect of the sodium methylate treat- 
ment on lard. The lard containing lard flakes showed 
little difference in content of solids above 30~ but  
below that  tempera ture  the effect of the t reatment  
was still considerable. Tallow did not show any ap- 
preciable change. 

Cooling curves and micropenetrat ion measuremenm 
(Figures 1-5) present additional evidence of change 
in character of lard. A slight but  apparent ly  signifi- 
cant change in tallow was observed in the cooling 
curves. Despite the apparent  increase in solid glyc- 
eride content of t reated lard at 30~ or higher 
tempera tures  (Table IV) ,  the micropenetrations were 

TABLE IV 

Dilatometric Da ta - -Es t imated  Percentages of Solids in Lard and 
Tallow before and after Treatment with Sodium Methylate 

Lard  Tallow 

Temp. o~. Un- 
treated 

lO ~ 
15 24.2 
20 20.4 
25 14.3 
30 4.2 
35 3.0 
40 1.6 
45 0.0 
50 .... 

Treate, 

21.3 
14.2 
12.5 

9.5 
6.7 
3.4 
2.0 

Untreated 
§ 

lard flakes 

33.6 
31.1 
27.7 
22,4 
15.1 
14.0 
12.0 

7.7 
0.2 

Treated 
§ 

lard flakes 

27.6 
22.7 
19.1 
16.4 
14.2 
11.6 

6.9 
0.2 

Un- 
treated 

~ . T - - -  
56.7 
51.6 
43.6 
34.6 
26.7 
19.1 

9.4 

Treated 

57.1 
55.9 
50.0 
43.1 
34,7 
26.7 
18.4 

8.8 

greater at these temperatures  than those for the un- 
treated lard (Figure  3). The addition of lard flakes 
greatly lessened the differences in micropenetrations 
between the treated and untreated lard. 

Cake volume tests were conducted with the lard 
and treated lard to which 8% lard flakes had been 
added. In  a typical  test with pound cake formula- 
tion the t reated lard yielded a cake volume of 225 
cc. per 100 g. of cake compared to 190 cc. per 100 g. 
of cake for the untreated.  

Summary 

Treatment  of lard with sodium methylate did not 
affect f a t ty  acid composition nor  the usual chemical 
constants and melting points. The glyceride compo- 
sition however was altered considerably and showed 
close agreement with values calculated for random 
distribution. This change in glyceride composition 
was accompanied by significant changes in physical 
character as shown by consistency numbers, dilato- 
metric and micropenetrat ion measurements, and cool- 
ing curves. 

Beef tallow remained almost unaffected by the so- 
dium methylate treatment.  The glyceride composition 
before and af te r  t reatment  as determined by Kar tha ' s  
method agreed well with values calculated for ran- 
dom distribution. 0 n l y  the cooling curves indicated 
any change induced by the treatment.  
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An Investigation of the Oil of Laemonema Morosum Matsubara. 
I. Research on the Docosenol Fraction 
SABURO KOMORI and TOSHIO AGAWA, Deportment of Chemical Technology, 
Faculty of Engineering, Osaka University, Japan 

T 
HE FISH Laemonema Morosum Matsubara is na- 
tive to the Pacific ocean near the nor thern  par t  
of J apan  and is caught by a depth drag-net at 

300-350 m. below the surface in deep sea areas. The 
flesh of this fish is used as food, and the oil is used 
in the leather industry.  In  this investigation it was 
found that  the oil of this fish contains a large amount 
of unsaponifiable matter,  consisting of the esters of 
higher alcohols and f a t ty  acids instead of glycerides. 
Except  for  toothed whale oil, such an animal oil has 
not been reported before. The main component of 

the unsaponifiable mat ter  of this oil is a new alcohol, 
11-docosen-l-ol. Toyama has reported (6) the exist- 
ence of docosenol in the oil of a bottle nose whale, but  
the s t ructure  of this alcohol was not determined be- 
cause its content was very  small. The docosenol in 
whale oil is liquid at room temperature  while l l -  
docosen-l-ol is solid, m.p. 31.5-32.1~ In  the vege- 
table kingdom the existence of 13-docosen-l-ol has 
been confirmed in the seed wax of simmondsia cali- 
fornica (1). 
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Experimental and Discussion 
a) Properties of the Oil~ of Laemonema Morosum 

Matsubara. The fish used in this research were ob- 
tained at the port  of Shiogama, Miyagi Prefec ture  in 
Japan,  and the photographs of the fishes are shown 
in Figures 1 and 2. 

Fro. 1 

All samples showed a large amount  of unsaponifi- 
able matter  and were different f rom common fish oi l  
Though it was a marketable oil, oil No. 1 was  con- 
sidered not to contain any other oil, and so we used 
it  in the following experiments. 

b) Fractionation of the Unsaponifiable Matter. 
From oil No. 1, (1,500 g.) the unsaponifiable mat ter  
(522 g.) was extracted by  the usual method. This 
unsaponifiable mat ter  was converted into acetate and 
was distilled as shown in Table I l I .  Up to Fract ion 
No. IV a long-necked (30 cm.) Claisen flask packed 
with Makmahon was used. Fo r  the other fractions a 
short-necked Claisen flask was used under  high vac- 
uum (0.1 ram. Hg.)  in order to avoid isomerization 
at high temperature.  

c) Research on the Doco~enol Acetate Fraction. 
Fractions V I I I  and IX  were considered to be doco- 
senol acetate f rom the distillation temperature,  the 
saponification value, and the iodine value. Research 
on these fractions was under taken first because the 
existence of docosenol in na tura l  oil is very r a r e  
Fract ion V I I I  (140 g.) was saponified and the alcohol 
obtained (128 g.) was fract ional ly crystallized from 
300 ml. of methanol as shown in Table IV. 

F I G .  2 

The weight of each par t  of the fish is shown in 
Table i. Sample No. 1 in Table I was obtained from 
the fish shown in F igure  1. 

The characteristics of the oils obtained from three 
sources are given in Table II .  Sample No. i was a 
market oil of Laemonema Morosum Matsubara. Oil 
No. 2 was prepared by wet-rendering from the in- 
ternal  organs of the fish of F igure  2. Oils Nos. 3-5 
were obtained by ether extraction f rom each par t  
shown in Table I. 

T A B L E  I 

I ~Veight of 
r L e n g t h  f W e i g h t  [ W e i g h t  I i n t e r n a l o r -  

Sample  No. [ of f ish I of fish [ of l iver  [ g u n s  except 
(era.)  (g . )  (g . )  l iver  (g . )  

1 .............. ~ 2 . . .  . . . . . . . . . . . . . . . .  - 5 . ~ -  8 8 - - ~ -  5 - ~ -  3~- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 6  5 6 0  7~ 3 9  

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51 4 7 2  2 7  I 6  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51 550 37 18 
5 ................................................ 44 362 42 19 
S u m  ........................................... | .... I 2,801 '~ / 234 b ! 129 e 

a Yielded 28 g. or  1 .0% oil. 
b Yielded 204 g ,  or  8 7 . 1 %  oil. 
e Yielded 12 g. o r  9 . 3 %  oil. 

T A B L E  I V  

C o o l i n g  . [ 
Crys ta l  No. I temp.  Yield  

, . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  ' 

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ - - 5  �9 25,3 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 / 29.6 ] 
Resid  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / .... a3.8 [ 

N[elting po in t  
(~ 

28 .0 -31 .7  
27 .7 -29 .8  
28 .8 -29 .1  

yellow l iquid 
at 20~ 

The crystals 1, 2, and 3 were mixed and recrystal- 
lized from methanol, acetone, and n-hexane succes- 
sively. The crystals (41.5 g.) thus obtained had the 
following constants, m.p. 31.5-32.2~ iodine value 
78.7 (theoretical, 78.3), and acetyl value 153.0 (the- 
oretical, 152.4). One gram of the crystals was hydro-  
genated over pla t inum black and then recrystallized 
from ether. 

The crystals thus obtained had a melting point  of 
70.3-70.8~ and were recognized as docosanol by the 
mixed melting point  test with pure  docosanol (3).  
Therefore the original unsatura ted  alcohol was do- 
cosenol. We concluded that  the oil of Laemonema 
Morosum Matsubara did not contain any docosanol, 
par t ly  because the iodine value of the docosenol men- 
tioned above agreed with the theoretical value of do- 
cosenol and par t ly  because the crystals, No. I in Table 
5, readily dissolved in methanol. 

Docosenol having m.p. 31.5-32.3~ was acetylated 
with acetyl chloride. The acetate (5.0 g.) obtained 
was oxidized with powdered potassium permanganate 
(10 g.) in acetone (50 ml.) as mentioned in a previ- 
ous report  (4). Af te r  removal of 3.44 g. of neutral  

T A B L E  11 

Sample  No. 

1 ............................................................... 
2 ............................................................... 
3 a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

tCefractive 
index  

ag o 

1.4712 
1.4709 
1.4694 
1.4729 
1.4783 

Acid  
va lue  

4.2 
1 . 8  
2 . 1  
2.8 
2.3 

Sap.  
v a l u e  

130.6 
1 3 5 . 6  
1 3 0 . 3  
157.3 
137.3 

Iodine 
va lue  

108.4 
112.6 
120.7  
115.7 
1 1 3 . 5  

Yield 
(%) 
34.9 
31.0 
34.0 
22.5 
2 8 . 9  

Unsapon i f i ab le  m a t t e r  

Sap.  va lue  
of acetate 

163.4  
165.7 
164.2 
169.3 
172.5 

Iodine 
v a l u e  

73.9 
75.4 
78.6 
80.5 
81.3 

a L i v e r  oil. b Oil of i n t e r n a l  o r g a n s  except  l iver ,  c B o d y  oil. 
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T A B L E  III 

Frac t ion  

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

111 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I V  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

V I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V H  ...................................................................... 

VIII ...................................................................... 
IX ...................................................................... 

l~esidue .................................................................. 

Disti l l .  
temp. (~ 

124 /1  mm. 
1 2 4 - 1 3 5 / 1  mm. 
1 3 5 - 1 4 5 / 1  ram. 
1 4 5 - - 1 5 4 / 1  m m .  

150/0.1 r a m ,  
150-160/0.1 ram. 
1 6 0 - - 1 6 4 / 0 . 1  r a m .  
1 6 4 - - 1 6 6 / 0 . 1  r a m .  
1 6 6 - 1 6 7 / 0 . 1  mm. 

(g.) 

2 .5  
7 .0  
7 .5  

2 9 . 0  
1 8 . 5  

1 1 2 . 5  
1 3 8 . 0  
1 8 2 . 0  

1 3 . 5  
1 4 . 5  

Yield 

(%) 
0 .5  
1 .3  
1 . 4  
5 .5  
3 .5  

2 1 . 2  
2 6 . 1  
3 4 . 4  

2 .5  
2 . 7  

Sap. 
v a l u e  

1 7 3 . 0  
1 9 9 . 4  
1 9 7 . 2  
1 8 9 . 3  
1 6 9 . 0  
1 6 7 . 9  
1 6 2 . 8  
1 5 3 . 7  
1 5 3 . 0  
1 5 4 . 0  

Iod ine  
va lue  

19.0 
1 3 . 8  
2 3 . 5  
2 1 . 6  
6 1 . 7  
7 0 . 3  
7 6 . 7  
7 8 . 7  
8 6 . 2  

A p p e a r a n c e  
a t  2 0 ~  

y e l l o w  l i q u i d  
l i g h t  y e l l o w  l i q u i d  
c r y s t a l  
c r y s t a l  
l i g h t  y e l l o w  l i q u i d  
l i g h t  y e l l o w  l i q u i d  
l i g h t  y e l l o w  l i q u i d  
l i g h t  y e l l o w  l i q u i d  
l i g h t  y e l l o w  l i q u i d  
l i g h t  y e l l o w  l i q u i d  

substances, the oxidized product  (3.37 g.) was frac- 
t ionally distilled as in Table V. 

Fract ion 2 was recrystallized from water contain- 
ing acetone and crystals having an m.p. 26.5-27.1~ 
and a neutralization value 302.3 (theoretical value of 
undecanoic acid 301.4) were obtained. 

T A B L E  V 

Yield .. 
Disti l l .  temp. (~ (g.)  m.p. (~ 

1 1 5 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 3  1 8 . 3 - - 1 9 . 8  
2 155--175 ...................................... 1.67 23 .0 -24 .5  
3 1 7 5 - - 2 1 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 5 2  . . . . . . . . . . . .  

These crystals were proven to be undecanoie acid 
by the mixed melting point test. Fract ion 3 in Table 
V was saponified, and the hydroxy  acid was oxidized 
with chromic acid in acetic acid at 40~ for  one 
hour. The excess of chromic acid was reduced with 
methanol, and the acetic acid was distilled off u n d e r  
diminished pressure at 40~ The oxidation products  
were extracted with ether, and a white powder (0.75 
g.) having an m.p. 104.5-105.1~ was obtained. 

After  washing with petroleum ether, the white 
powder was recrystallized from hot water, yielding 
crystals having an m.p. 107.5-108.3~ The crystals 
were mixed, in the same ratio, with nonamethylene- 
1.9-diearboxylie acid (m.p. 109.0-110.0~ and the 
mixture  had an m.p. 108.5-109.5~ 

Therefore it was recognized that  the dicarboxylic 
acid was nonamethylene-l.9-dicarboxylic acid and the 
original docosenol was 11-docosen-l-ol. This alcohol 
has never been reported and corresponds to cetoleic 
acid (~ ,~2-doeosenoic  acid). F r o m  the data  of Ta- 
ble I I I  the docosenol seems to constitute about 50% 
of the unsaponifiable mat ter  of this oil. I t  might be 
thought  that  the melting point of l l-docosenol is too 
high compared with cetoleic acid (m.p. 32.5-33~ 
because the melting points of higher alcohols are 
much lower than those of corresponding acids as 
shown in Table u  

T A B L E  V I  

Alcohols m.p. (~ Acids m.p. 

)leyl, 2 oleie 13 or 16 
~laidyl. 3 6 - 3 7  elaidie 51.5 
Behenyl 70.6 behenie 79.95 
Erucyl, 3 4 . 4 - 3 5 . 5 ( 5 )  erucic 33.5 

3 3 . 2 - 3 3 . 7 ( 3 )  
Brassidyl  (3) 53 .0-53 .5  brass id ic  59.9 
l l -docosenol  .................... 31 .7-32 .3  cetoleie 32 .5 -33  

The ll-docosenot (I)  having the m.p. 31.2-32.0~ 
was fract ionated by  the urea adduct  method as fol- 
lows. One par t  of docosenol, one par t  of urea, and 
six parts  of methanol were mixed and warmed to 
70~ for 10 rain. and then cooled to ]0~ The re- 
sults are summarized in Figure  3. 

In  this experiment no substance having a higher 
melting point was separated. The ll-docosenol (I)  
(3 g.) was converted to the trans isomer at 30-35~ 
with mercury  (0.06 g.) and nitric acid (d 1.42, 0.22 
g.) according to the method of H. N. Grifflth and 
T. P. Hildi tch (2).  

The trans-ll-docosenol obtaine& showed an m.p. 
52.4-52.8~ af ter  recrystallizing three times from 
ethyl alcohol. 

Doeoscnol from filtrale m.p. 28.9-30,1~ 0.28 g. [ 

m.p. 31.2- ])ocoscnot from filtrate 
32"0~ l~l.l). 31,0-32.0~ 
(1.~5 g,) 0~13 g. Recrysta~Iiza- 

tion from 
methanol J\l D . . . . . . .  I from the ery~tal 

of urea adduct 
m.p. 31.7-32.3 ~ 

] 1.04 g. ( I I )  

FIO. 3 

The infrared spectra have been obtained on this 
trans-ll-docosenol and 11-docosenol ( I I )  in F igure  3. 
The measurements were made in carbon disulfide, 
10% solution, 0.l-ram. thickness, with a Perkin-Elmer  
Model 21 In f ra red  Spectrophotometer.  The results 
are presented in F igure  4. F rom a comparison of the 

i 
(W~V~EN~TH MIO~ONS) 

;L 
~ 3 "I ~ ~ 6 7 8 ? i* j~ ~ t3 /4 tS 

(W~VELENq'TH MICRON$) 

FI~. 4. Infrared speetra of trans-ll-docosenol (upper figure) 
and 11-docosenol (II) in Figure 3 (lower figure). 

absorption at 10.4 ~ it was recognized that  the 11- 
docose41-1-ol ( I I )  did not contain any trans isomer 
which had been isomerized during the preparat ion of 
this alcohol. 
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Summary 
I t  has been shown tha t  the oil of Laemonema More- 

sum Matsubara,  a deep sea fish, contains a large 
amount  (31-34%) of unsaponifiable matter .  The 
main component  (ca. 50%) of which is 11-docosen- 
1-ol, has an m.p. 31.7-32.3~ This alcohol has not 
been previously repor ted  in the l i terature.  F r o m  this 
alcohol trans-ll-docosen-l-ol having m.p. 52.4-52.8 ~ 
C. was prepared.  The inf ra red  spectra  of these two 
alcohols are given. 
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Studies on the Oxygen Uptake of Fat Emulsions Used in 
Intravenous Alimentation 
ROBERT P. GEYER, IRVING SASLAW, and FREDRICK J. STARE, Department of Nutrition, 
Harvard School of Public Health, Boston, Massachusetts 

T 
t~E PARTICLES Of fa t  in an emulsion which is suit- 
able for  intravenous nutr i t ional  purposes (1, 2, 
3, 4) must  be extremely small to avoid undesir-  

able physiological reactions and to insure max imum 
stability. In  such emulsions most of the particles of 
fa t  are well below I micron in diameter,  result ing in 
an enormous surface area of lipids which might  favor  
hydrolyt ic  and oxidative reactions. Pre l iminary  ex- 
periments,  however, in which a coconut oil emulsion 
(1) was used, disclosed ahnost complete stabil i ty to 
both types of degradat ion reactions under  normal  con- 
ditions of storage. 2 To gain a bet ter  unders tanding  of 
the factors  involved in the oxidation of the highly 
dispersed l ipid in such emulsions, a number  of ex- 
perinlents were subsequently done in which the up- 
take of molecular oxygen by various emulsions and 
their  individual  components was studied manomet-  
rically. As pointed out by  Holman  (5)5 relat ively 
little work has been done on the oxidation of emul- 
sions of fat.  

The problems invest igated were a) the relative rates 
of oxidation of a typical  emulsion and its components, 
b) the influence of the type of oil on the uptake  of 
oxygen by emulsions, c) the influence of the type and  
concentration of stabilizer on the uptake  of oxygen 
by both emulsions and the stabilizers themselves, d) 
the influence of part icle size of the oil droplets on the 
oxygen uptake  of emulsions, and e) the influence of 
t empera tu re  on the oxidation rate of emulsions and 
stabilizers. Although the conditions used for  these 
measurements  were not those dealt with in the actual  
use of the emulsions, they allowed comparisons to be 
made between various prepara t ions  in a relat ively 
short period of time. Fur the rmore  data so obtained 
should prove useful  as a complement to results found 
when the more usual but  more t ime-consuming pro- 
cedures are used. The usefulness of the W a r b u r g  

1 Supported in p a r t  by grants-in-aid f rom the Research and  Develop- 
ment  Division, Office of Surgeon General,  Depar tment  of the Army 
(DA-49-0070MD-49) ; The. Upjohn Company, Kalamazoo, Mich.; Atlas 
Powder  Company, Wihnington,  Del.; and  Armour  and Company, Chi- 
cago, 1|I. 

2 Unpubl ished data  obtained in this laboratory. 

manometr ic  method in studies on the oxygen uptake 
of oils has been shown (6, 7, 8). 

Experimental 
Preparation of Emulsions. The prepara t ions  used 

in the present  studies were made by  means of high 
pressure homogenization. The homogenizer was pre- 
heated to approximate ly  65~ by means of hot water,  
rinsed with distilled water,  and then flushed with 
nitrogen. The emulsion ingredients were added to 
the required amount  of wa rm 5% dextrose solution, 
and the entire mixture  was premixcd in a blender 
for 5 rain. The blender j a r  was provided with a ther- 
mometer  and an inlet tube for  nitrogen. The prep- 
arat ion was then t rans fe r red  to the homogenizer ~ and 
emulsified at 3,000 lbs. p.s.i, unti l  the diameter  of the 
particles was well below 1 micron as determined by 
visual phase microscopy. Samples removed before the 
particles were this small are so designated under  the 
proper  experiment.  In  all cases the tempera ture  was 
kept below 85~ and a ni trogen atmosphere was 
mainta ined over the liquid in the reservoir. The fin- 
ished emulsions were sealed in glass containers af ter  
flooding with nitrogen and autoclaved for  15 rain. at  
15 lbs. p.s.i. The sterile prepara t ions  were stored in 
the dark  at room tempera tu re  and were used within 
two days f rom the time of preparat ion.  

Method of  Studying the Oxygen Uptake. The oxy- 
gen uptake  was measured by  conventional technique 
(9), using a Precision circular, twenty-place War-  
burg  appara tus  at 38~ The shaking speed was 90 
strokes per  minute  with an ampli tude of 3 cm. Flasks 
with a capaci ty  of 15 ml. were used, and the  total 
liquid volume in the flask was 3 ml. Gassing was done 
with 100% oxygen for  10 rain. and was followed by a 
5-rain. equilibration period. Resett ing of the manom- 
eters was accomplished when necessary by  opening 
the stopcock to air. 

Oxygen Uptake Experiments. A large number  of 

a Model 124 E, Manton Gnu]in B~[anufacturing Company Inc.,  Ever- 
ett, Mass. 


