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T 
H E  A P P L I C A T I O N  Of interesterification reactions t o  

triglycerides was first described in 1924 by Van 
Loon (24). The following year Norman (16) and 

Griin (9) published fur ther  observations on this type 
of reaction. Thus it was early recognized that  the 
physical character  of a fa t  could be altered by a re- 
shuffling or rearrangement  of the fa t ty  acids on the 
glyceride molecules. The rearrangement,  as carried 
out by the early investigators, required extremes of 
time and temperature  and was often accompanied by 
breakdown of the t reated fat. Since that time many  
patents and publications have appeared which de- 
scribe more favorable conditions and improved cata- 
lysts. The later contributions of Van Loon (25), 
Gooding (8), Eckey (4, 5), Bailey (1), and Vander  
Wal  (23) t yp i fy  the advances in this field. 

In  the absence of a catalyst, rearrangement  occurs 
slowly, requir ing more than 8 hours at 270~ to 
reach equilibrium for a mixture of beef stearine and 
soybean oil (25). The addition of certain catalysts 
great ly  reduces the time required and permits the use 
of much lower temperatures.  Tin, stannous hydrox- 
ide, and sodium ethylate were originally proposed as 
effective catalysts by  Van Loon (24). Desnuelle and 
Naudet (3) reported that  sodium methylate was more 
active than sodium ethylate, tin, or powdered zinc 
and that  temperatures  of 200~ or slightly less could 
be used successfully. Eckey (4) later showed how- 
ever that  alkali metal alkoxides are effective catalysts 
even at 50~ when dispersed rapidly  through dry  
neutra l  glycerides. Based on changes in amounts of 
t r isa turated glycerides produced in the treatment,  
his evidence indicated that  extensive randomization 
of the glycerides '  s tructures had occurred. Evidence 
for randomization had previously been presented by 
Naudet and Desnuelle (15) and Norris and Mattil 
(17) under  other conditions of treatment.  

The recent applications of ester interchange reac- 
tions to natural  fats have been evaluated largely on 
the basis of changes in physical properties. For  exam- 
ple, Vander  Wal (23) described a process for  t reat ing 
lard with sodium methylate to produce a product  with 
creaming properties far  superior to those of the orig- 
inal lard as judged by cake volume studies. Bailey 
(1) utilized a rearrangement  process to change the 
crystal  habit of lard, thus improving the fat  for  bak- 
ing purposes. Hoer r  et al. (12) have shown that  re- 
ar ranged lard differs from ordinary  lard not only in 
cake-making properties but also in X-ray  diffraction 
spectra and in microscopic appearance of the crystal- 
lized fat. 

Aside from its value in improving the physical 
character  of certain fats, rearrangement  is also of 
interest in connection with at tempts to answer the 
controversial question of pa t tern  of glyceridc distri- 
bution in natural  fats. Riemenschneider et al. (21) 
recognized that  the glyceride distribution in lard was 
significantly different from random but thought  these 

1 Presented at the Spring meeting o~ the American Oil Chemists' Soci- 
ety, San Antonio, Tex., April 12-14, 1954. 

2A laboratory of the Eastern Utilisation t~esearch Branch, Agricul- 
tural  Research Service, U. S. Department  of Agriculture. 

differences could be at t r ibuted to metabolic changes 
occurring af ter  the glycerides were formed and sug- 
gested that  the formation (synthesis) by the animal 
probably followed a random pat tern.  In  later work 
(14) by two independent  methods they confirmed 
the finding that  lard glycerides are non-random in 
character. In  this same report  however there was evi- 
dence that  some fats may have a random pattern.  
Chicken fat, for  example, base~l on percentage com- 
position of the four  principal types of glycerides, 
conformed to a random pattern.  Norris and Mattil  
(17), on the other hand, concluded that  animal fats, 
unlike seed fats, have a random pat te rn  of glyceridc 
distribution. Eckey (4) has shown that  beef tallow, 
unlike lard, is almost unchanged by catalytic inter- 
esterification t reatment  with sodium methylate and 
at t r ibuted this to the already random nature of the 
fat. Quimby st  al. (20) however, f rom fractional 
crystallization, X-ray,  and thermal data  on lard, tal- 
low, and mutton fat,  concluded that  animal fats arc 
non-random in glyceride distribution. 

The present paper  is a report  on the glyeeride 
compositions and properties of a lard and an edible 
beef tallow before and af ter  t reatment  with sodium 
methylate under  mild conditions. The term " r ea r -  
r a n g e d "  in this paper  is used in its broadest sense 
to include any type of " reshuff l ing"  of fa t ty  acids 
either within the same glyceride molecule or between 
different molecules and any configurational changes 
which at present may not be well defined. 
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FIG. 1. Cooling curves. Untreated and treated lards. 
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Experimental  

A commercial, steam-rendered lard of high quali ty 
was used in this investigation. The lard was com- 
posed of 25% killing fats and 75% cutting fats. The 
tallow was rendered in the laboratory from fresh 
edible beef ruffle tissue. 

Catalytic Treatment. The catalytic t reatment  was 
carried out in a 2-1, 3-neck round-bottom, glass flask, 
equipped with s tandard taper  joints, a stirrer,  ther- 
mometer, gas inlet and outlet tubes for nitrogen, and 
an inlet for admitt ing catalyst. The fats were thor- 
oughly dried by heating under  vacuum at 95~ un- 
der a stream of purified nitrogen. 

Approximately  600 g. of the dried fat  were intro- 
duced into the flask, ni t rogen was passed through, 
and the fat  was heated with st irr ing to 55~ The 
catalyst in the form of finely divided sodium methyl- 
ate 0.5% was added while the fat  was being vigor- 
ously stirred. St i r r ing was continued at this temper- 
a ture  for  1 hr., following which a small quant i ty  of 
water  (11 ml.) was added to the reaction. The tem- 
perature  of t h e m i x t u r e  was increased to 70~ and 
the contents of the flask were then filtered through 
a Buchner  funnel  containing a bed of filter-aid, �88 in. 
in thickness. The filtered fat  was then redried at 95 ~ 
C. in a stream of nitrogen at a pressure of approxi- 
mately 5 mm. Hg. Deodorization of a 235-g. sample 
of such rearranged~ lard at 170~ for  2 hrs. at 1 ram. 
of Hg. pressure, yielded only 0.12 g. of ethyl ether- 
soluble material  in the dry  ice t rap.  The free f a t t y  
acid content of the material  was equal to 11% as oleic 
acid. 

Analytical Characteristics. Values for the iodine 
number, saponification equivalent, hydroxyl  values, 

capil lary melting points, and Wiley melting points 
were obtained by official A.O.C.S. methods. 

The fats were analyzed for monoglyceride content 
by the modified periodic acid method of Pohle and 
Mehlenbacher (19). 

Consistency numbers were obtained by using an 
apparatus  and procedure similar to that  described 
by Har r ing ton  (10). However, for the beef tallow, 
the cooling bath was maintained at 20~ instead of 
the usual 11~ 

Fatty Acid Composition. The content of polyun- 
saturated acids of the lard and of the tallow, before 
and af ter  t reatment,  was determined spectrophotomet- 
rically by the method of Herb  and Riemenschneider 
(11). The oleic acid content was calculated from the 
spectrophotometric data and the iodine value. No 
significant changes in f a t ty  acid composition were 
produced in either the lard or tallow by ~he sodium 
methylate treatment.  The fa t ty  acid composition of 
the lard was typical  of those reported in the litera- 
ture, having 37.8% of saturated acids and 62.2% of 
unsatura ted acids (50.2% oleic, 10.9% linoleic, 0.8% 
linolenic, 0.3% arachidonie, and 0.1% pentaenoic 
acids). The tallow consisted of 59.4% saturated acids 
and 40.6% unsatura ted acids (38.0% oleic, 2.0% lin- 
oleie, and 0.6% linolenic acids). 

Glyceride Composition. The glyceride compositions 
of the t reated and untreated fats were estimated by 
Kar tha ' s  acetone-permanganate  method (13). The 
percentages of t r isa turated glycerides were deter- 
mined by an independent  crystallization method (14). 

Penetration Data. The penetrat ion values were ob- 
tained over a range of temperatures  by the  method 
of Feuge and Bailey (6). 

Dilatometric Data. The dilatometric measurements 
were made with dilatomeiers of the type  described 
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by Schroeder (22). The percentage of solids in the 
fats were calculated f rom these data according to the 
method of Ful ton  et al. (7). 

Cooling Curves. The cooling curves of the original 
and treated fats were obtained by recording tempera- 
ture and time when 20-g. samples of the melted fats 
(70~ were cooled in air at 15.0~ without stirring. 

TABLE I 

Analy t i ca l  Cha rac t e r i s t i c s  of L a r d  a n d  Tal low Before  and  Af t e r  
Trea tmen~ wi th  Sod ium )/ iethylate 

Tal(ow L a r d  

I U n t r e a t e d ]  Treated 
I o d i n e  N u m b e r  ....................... 1 66,0 1 64.9 
Sapon.  E q u i v a l e n t  ................. { 287.1 ~ 284.8 
% Monoglycer ides  .................. [ 0.9 [ 2.0 
] :Iydroxyl Va lue  ...................... [ 4.1 [ 4 .6  
Capi l la ry  )/LP. ~ ................... ] 35 .2 -38 .8  / 36 .0 -37 .8  
Wi l ey  )s  ~ ........................ 36.7 | 37.8 

Untreated / Treated 

284.21 286.7  
1.21 0.9 
3 . 5 |  12.1 

4 6 . 0 - 4 8 . 4  ~ 46 .0 -48 .5  
47.4 47.4 

Resul t s  and Discuss ion 

The iodine values, saponification equivalents, hy- 
droxyl  values, percentages of monoglycerides, and 
melting points (Table I)  show no significant differ- 
ence between the t reated and untrea ted  fats. The 
t reated tallow had a higher hydroxyl  value than the 
untreated,  but this does not show up in an increase 
in monoglycerides. 

The consistency numbers (Table I I )  show that  the 
-physical character  of lard was great ly changed by 
the treatment.  The addition of lard flakes to " r e -  
a r r a n g e d "  lard produced a much greater  change in 
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TABLE II 

Effect  of Sod ium lYlethylate T r e a t m e n t  on Cons is tency  
I~umbers  of L a r d  a n d  Tal low 

" C "  No. 
S u b s t r a t e  (~ C.) 

U n t r e a t e d  L a r d  ...................................................... 17.2 
U n t r e a t e d  L a r d  q- 8% L a r d  F l akes  ........................ 24.8 
T r e a t e d  L a r d  .......................................................... 12.1 
T rea t ed  L a r d  -~ 8 %  L a r d  F l akes  ............................ 30.4 
U n t r e a t e d  Tallow. ................................................... 33.6 
T r e a t e d  Tal low ........................................................ 33.4 
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this measurement than did similar addit ion to un- 
t reated lard. The tallow appeared to be unaffected by 
the sodium methylate treatment.  Consistency num- 
bers, al though str ict ly empirical, are obtained under  
carefully controlled conditions of cooling and mixing 
and are readily reproducible for a given sample of 
fat. Hence the difference in values for  the treated 
and unt rea ted  lard undoubtedly reflects considerable 
changes in glyceride s tructures  or composition. 

The glyceride compositions of the untreated and 
treated fats in terms of the four types as found 
experimental ly are shown in Table I I f  along with 

TABLE III 

Glyeer ide  Composi t ions  of L a r d  and  Tal low ( %  mol)  before  
a n d  a f t e r  T r e a t m e n t  w i t h  Sod ium Methylate 

GS~U _ GSU~ GU3 

25.3 I 53.3 I 
27.3 45.5  
26.5 43.9 1 - - -  

46,6  l 30.3 I 
48,4 28.0  ] 
43.1 29.0 

I GSa 

L a r d  I 
U n t r e a t e d  ........................ ] 2.9 
T r e a t e d  ............................ I 4.3 

Randoma. . . . . . . . . . . . . . . . . . . . . . . .~ .  / 5.3 

Tal low I 
Untreated ........................ ~ 18.2 
Treated ............................ { 18.5 
R a n d o m  b .......................... I 21.4  

a S a t u r a t e d  Acid  Content ,  3 7 . 6 5 %  
dora d i s t r ibu t ion .  

18.5 
22.9 
24.3 

4.9 
5.1 
6.5 

tool) used  in  calculat ion of ran-  

b S a t u r a t e d  Acid Content ,  5 9 . 7 5 %  (nml)  used  in calculat ion of ran-  
dom d i s t r ibu t ion .  

values calculated for random distribution. The com- 
position of the untrea ted  lard is significantly differ- 
ent f rom random whereas the t reated lard shows that  
extensive interchange of f a t ty  acids has taken place. 
The glyceride compositions determined for  tallow and 
treated tallow however are probably not significantly 
different. The values calculated for  random distri- 
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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.  

REFERENCES 

1. Bailey, A. E., U. S. Patent  Applications 319,130 (1940) ; 478,078 
(1943).  

2. Bailey, A. E., "Industr ia l  Oil and Fat Products," Interscience 
Publishers, New York, 2nd ed., page 682 (1951).  

3. Desnuelle, P., and Naudet, M., Bull. soc. chim. France, 90-94 
(1946).  

4. Eckey, E. W., Ind.  Eng. Chem., 40, 1183-1190 (1948) .  
5. Eckey, E. W., U. S. Patents 2,378,005 (1945) ;2 ,378 ,006  (1945) ;  

2,378,007 (1945) ;  and 2,442,531 (1948).  
6. Feuge, R. 0., and Bailey, A. E., Oil and Soap, 21, 78-84 (1944).  
7. Fulton, N. D., Lutton, E. S., and Wille, R. L., 5. Am. Oil Chem- 

ists' Soc., 31, 98-103 (1954).  
8. Gooding, C. 1VI., U. S. Patent  2,309,949 (1943).  
9. Griin, A., Z. Angew Chem., 38, 827 (1925).  
10. nar r ing ton ,  B. S., Crist, F. B., Kiess, A. A., and Jacob, W. A., 

Oil and Soap, 22, 29-30 (1945).  
11. Herb, S. F., and Rieraenschneider, 1%. W., Anal. Chem., 25, 

953-955 (1953).  
12. Hoerr,  'C. W., and Waugh, D. F., J ,  Am. Oil Chemists' Soc., 

32, 37-41 (1955).  
13. Kartha,  A. R. S., J.  Am. Oil Chemists' Soc., 30, 280-282 (1953).  
14. Luddy, i~. E., Fertsch, G. R., and l~iemenschneider, ~.  W., 

J. Am. Oil Chemists' Soc., 31, 266-268 (1954).  
15. Naudet, ~ . ,  and Desnuelle, P., Bull. soc. chim. France, 323-325 

(1947).  
16. Normann, W., Ger. Pa tent  417,215 (1925).  
17. Norris, F. A., and )/s K. F., Oil and Soap, 23, 289-291 

(1946).  
18. Norris, ~. A., and Mattil, K. F., J.  Am. 0il Chemists' Soc., 24, 

274-275 (1947) 
19. Pohle, W. D. and Mehlenbacher, V. C., J.  Am. Oil Chemists' Soc., 

27, 54-56 (1950).  
20. Quimby, O. T., Wille, R. L., and Lutton, E. S., J. Am. Oil Chem- 

ists' Soc., 30, 186-190 (1953).  
21. Riemenschneider, i~. W., Luddy, F. E., Swain, M. L., and Ault, 

W. C., Oil and Soap, 23, 276-282 (1946).  
22. Schroeder ~V. ~., Transactions, Am6riean Association of Cereal 

Chemists, Vol. ~,  p. 141-148 (1952).  
23. Vander Wal, R. J., and Van Akkeren, L. A., U. S. Patent 

2,571,315 (1951) .  
24. Van Loon, C., British Patent  249,916 (1924).  
25. Van Loon, C., U. S. Patents 1,744,596 (1930) . ;  1,873,513 

(1932).  
[Received April 27, 1955] 

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). 


