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~ important  cri terion of the value or " g r a d e "  of 
a vegetable oil is based on the content of free 
f a t ty  acids therein. The factor  responsible for  

the formation of such free f a t ty  acids (except in 
ra ther  well-defined special cases) appears to be some- 
thing connected with the seed itself, and commonly 
regarded as a lipolytic enzyme. Whether  these plant  
lipases are pa r t  of the normal composition of the 
seed or come from contaminating organisms, their  
action is to produce free acids and thus decrease the 
value of the oil. 

I t  is generally recognized that  seeds rich in fats 
should contain a lipase; otherwise it would be diffi- 
cult to explain the synthesis of glycerides in the plant  
and their  subsequent utilization as food for  the ger- 
minating seed. Investigations on the seeds of a large 
var ie ty  of plants have demonstrated the presence of 
a phytolipase [cf. Bamann and Ulmann (2)]  but  usu- 
ally not in the quantities that  might be expected f rom 
the behavior of the oil on occasion. However our 
knowledge of the action of lipases and our  abil i ty to 
demonstrate their  presence by  adequate laboratory  
techniques are both fa r  f rom perfect  at present. This 
paper  reports  the first results of a s tudy being under-  
taken to clarify the role of plant  lipases in normal 
seeds and in the behavior of the oils made from them. 
The present work has been carried out with the lipase 
of the castor bean (Ricinus communis) because it is 
one of the few common plants f rom which a large 
quant i ty  of lipase may be obtained. Even with this 
enzyme, which when proper ly  prepared  is very  active, 
it is apparent  that  laboratory handling may cause 
great and f requent ly  total inactivation, often for un- 
explained reasons. I t  seems quite probable that  other 
plant  lipases are not  necessarily less active, bu t  only 
less stable. Ricinus lipase preparat ions  may be classi- 
fied into two types:  a " l ipase  m i l k "  as first described 
by  Hoyer  (3) and la ter  concentrated to a " l ipasc  
c r eam"  by  centrifuging,  as described by  Willst~itter 
and Waldschmidt-Leitz (11), and a lipase powder, ob- 
tained by  defat t ing shelled or unshelled castor beans. 
Of the large number  of lipase powder preparat ions 
that  have been described it is probable that  those of 
Longenecker and Haley (7) were the most active. The 
lipase powders possess the advantage of stabil i ty on 
prolonged storage and the disadvantage that  they con- 
tain the highly toxic material,  r iein (5)3  

It  is already apparent  that  most studies on plant  
lipase [though not all, see (7)]  have been conducted 
with emulsions of oil in water  whereas the reverse 
condition, tha t  of an emulsion of water  in oil, usually 
obtains under  na tura l  conditions. I t  has now been 
observed that  under  the lat ter  conditions even small 
quantities of active lipase are capable of producing a 
spectacular development of free f a t ty  acid. Provided 
time is allowed, the extent  of hydrolysis depends more 
upon the water  available in the emulsion than upon 
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u Longonecker (6) found it  necessary to conduct the operations in- 
cident to the prepara t ion of the enzyme and also the weighing  of the 
sample for use, in an especially constructed box. The preparat ion and  
use of lipase cream does not require these precaut ions since only oily 
or moist mater ia ls  are  handled.  

the amount  of the enzyme itself. Neutral izat ion of the 
free acids formed seems to be unnecessary for  the 
continued action of the enzyme. On the other hand, 
certain substances of the phospholipide class were 
found  to be very  good substrates (as might  be ex- 
pected),  but  others of the same class proved to be 
powerful  inhibitors. 

Method of Assay. Measurement of l ipolytic activ- 
i ty in an emulsion of a little water  and much oil, in- 
stead of the reverse, required a procedure differing 
great ly f rom that  usually employed. A s tudy of the 
course of lipolysis of cottonseed oil is described later  
and furnishes the basis for  the method of assay used 
throughout  this paper.  The lipase cream (250 rag.) 
is s t i r red with 200 mg. of water, and this mixture  is 
then st i rred with 25.0 g. of oil. Fo r  the results re- 
ported in this paper,  hand st i rr ing with a glass rod 
was invariably used for  the initial mixing of the 
cream and oil. The cream emulsifies readily with the 
oil, and subsequent s t i rr ing is of little value when 
the amount  of water added to 250 mg. of cream does 
not exceed 0.5 m12 No buffer is required, and it is 
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unnecessary to neutralize the l iberated acid for  the 
action of the enzyme to continue. The mixture  of 
enzyme cream, water, and oil is allowed to stand for  
60 minutes at about  25 °. A weighed port ion (1 to 5 
grams) of the reaction mixture  is then dissolved in 
20 to 25 ml. of a previously neutral ized mixture  of 
alcohol and ether (1 :1 ) ,  containing 5 drops of the 
mixed indicator  of Kleinzeller and Trim (4),  and 
t i t ra ted  with s tandard  alcoholic potassium hydroxide.  
Unless otherwise stated, all values for  lipolytic activ- 
i ty are expressed as percentage of free acids produced 
in the reaction mixture.  F igure  1 (25 °) may  be used 
to correct an act ivi ty value determined at some time 
varying from 45 to 90 minutes, to the s tandard  re- 
action period of 1 hour. The foregoing method is 
extremely simple and sufficiently accurate for  the 
present  purpose. Replicate results tha t  check within a 
margin of 5% have always been consistently obtained. 

3 St i r r ing  this mixture  with a blender for  1 minute  at low speed 
results  in total inact ivat ion of the enzyme, but  s t i r r ing  with a magnet ic  
s t i r rer  has no iharmful effect. When us ing  lipase powder  preparat ions  
under  the conditions described for  the l ipase cream, a definite advan- 
tage is gained by s t i r r ing  with a magnet ic  s t i r re r  for  a period of 5 
minutes,  as bettex and more  reproducible emulsions a re  thereby obtained. 
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Preparation of Enzyme Material. When prepara- 
tions of lipase cream were made by  the method of 
Wil lst~tter  and Waldsehmidt-Leitz  (11, 12),  it was 
observed that many  of them were inactive. The less 
active preparations were frequent ly  capable of acti- 
vat ion by  the addit ion of an electrolyte, as shown in 
Table 1A. The solution of electrolyte was 0.5 M and 

T A B L E  IA 

Effec t  of  Sal ts  on  L i p a s o  A c t i v i t y  

K H _ ~ P O 4  Time., hrs .  

3 . 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 9  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 9  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Control  N a O A C  ( N H ~ ) 2 S O d N a C I  

0 . 9  1 .9  1 .8  1 .6  
2 , 0  4 . 0  4 . 6  8 , 0  
6 . 7  7 . 7  ! 9 . 4  9 . 2  
7 . 7  8 . 6  1 3 . 9  8 .8  
8 . 0  9 .1  1 4 . 7  9 . 6  

9 .1  . . . .  9 . 4  
i:~ 9.5 14.5 9.2 

2 .1  
6 . 0  

9 .6  
1 2 . 5  
1 4 . 4  

replaced the water  used in the standard assay pro- 
cedure, i.e., the reaction mixture consisted of 25.0 g. 
oil, 0.25 g. l ipase cream, and 0.20 ml. of 0.5 M salt 
solution. However  the addition of various electro- 
lytes had no act ivating effect on creams which were 
somewhat  more active, Table lB .  For  reasons that 

T A B L E  1 B  

Effec t  of  Sal ts  on  L i p a s e  A c t i v i t y  

T • r  m e '  C o n t r o l  N a C I  N a s S 0 ~ a  N a 2 S 0 4 b  ( N H ~ ) , , H P 0 4  K H d P 0 , L  

~Z.......I-Y4 I h 4 1 ~ l - - ~ /  ~ I 1 6 - - -  
3 . . . . . . . .  I 2 . 7  I 2 . 7  I 2 . 7  [ 2 . 6  I 0 . 6  / 3 . 1  
4 ........ ] 6.6 I 8.2 I 6.3 I 0.2 I 0.7 I 7.5  

114  ... . . . . .  I 1 0 . 9  ] 9 .9  I 9 .8  [ 9 .4  I 0 .5  I 12 .0  

(NH~)2SO~ 

1 . 4  
2 . 6  
6 .1  
8 . 5  

cannot  be explained, totally inactive preparations 
were also o b t a i n e d - - l a t t e r l y  with great frequency,  
perhaps owing to the increased age of the beans. 
Various treatments,  such as soaking the beans in 
water,  al lowing tha " m i l k "  to stand in the cold, 
adding magnesium, manganese,  or sodiunl salts to the 
castor bean milk or  at tempting partial ly  to digest the 
castor bean proteins in the " m i l k "  with trypsin or 
papain resulted in little or no improvement  in the 
quality of the cream prepared subsequently.  

I t  was found  however  that adjustment  of the p H  
of  the suspension of beans ground with  water  to pH 
4.2-4.8 with acetic or hydrochloric  acids invariably 
produced a very  active cream. 4 Table II  shows the 
yield and activity of creams prepared at various pH's. 
The reported yie ld of cream represents the amount  
obtained from 10 grams of shelled beans. The fol- 
lowing  method for the preparation of lipase cream 
from castor beans was therfore adopted. 

Shel led castor beans are ground in a mortar to a 
greasy paste. Dist i l led water equivalent to twice the 
weight  of the beans is then added in small portions 
with frequent  grinding during the course of one 
hour. The originally smooth paste assumes a some- 
what  granular  appearance during this operation al- 
though the presence of granular particles cannot  be 
detected by probing with  the pestle. At  the end of 
the hour  the material  is transferred to a beaker, with 
the aid of an addit ional  quanti ty  of  water equal to 
about half  that added during the grinding,  and the 

4 I - I o y e r  ( 3 )  i n  1 9 0 7  obta ined  act ive  p r e p a r a t i o n s  by  gr inding'  shel led 
cas tor  b e a n s  w i t h  water ,  a n d  a l l o w i n g  them to s tand  for severa l  days ,  
u s i n g  chloral  h y d r a t e  as  a preservat ive .  /-Ie no ted  that  t h e  m i x t u r e  
b e c a m e  acid,  a n d  ident i f ied  lact ic  a n d  carbon ic  ac ids  a s  t w o  of  the  
ac id ic  p r o d u c t s .  H a y e r  also f o u n d  that  addi t ion  of  an  ac id  w o u l d  pro-  
d u c e  an act ive  l ipasc  mi lk  at once.  

T A B L E  II 

E f f e c t  of p i t  of Castor  B e a n  Milk  on 
of  L i p a s e  Cream 

Yield a n d  A c t i v i t y  

Mi lk  

S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  
C a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

p H  

3 .5  
4 . 0  
4 . 0  
4 . 0  
4 . 2 5  
4 . 2 5  
4 . 5 0  
4 . 5 0  
4 . 5 0  
4 . 5 0  
4 . 7 5  
5 . 0  
5 .0  
5 .0  
5 . 5  
6 . 0  
6 . 7  

Yield,  g .  

2 . 7  
2 . 6  
3 .1  
6 , 0  
3 . 5  
6 .2  
2 .1  
3 . 9  
7 .7  
3 . 5  
7 .B  
2 . 2  
7 .3  
0 . 7  
7 .3  
5 .5  
3 ,5  

A c t i v i t y  

3 .2  
5 .1  
5 . 8  
1.f i  
5 .8  
5 . 4  
4 . 7  
4 . 8  
6 .6  
6 .8  
6 .2  
2 . 6  
5 . 9  
2 . 4  
0 . 2  
0 . 2  
0.1 

aCream C w a s  p r e p a r e d  f r o m  mi lk  to w h i c h  0 .2  M p h t h a l a t e  buffer ,  
p H  4 . 2 5  w a s  added  b e f o r e  a d j u s t m e n t  of  pYL 

b P h t h a l a t e  buffer ,  p H  4 . 5 0 ,  u s e d  to w a s h  cream,  in s t ead  of u s u a l  
w a t e r  w a s h .  

c N a t u r a l  p H  of castor  b e a n  mi lk .  

l ipase milk is stored overnight  in a covered beaker 
at 2 ° to 4 ° . Phthalate  buffer (0.2 M, p H  4.25) is 
then added. The amount  added has been varied from 
one-half  the volume of the milk to a volume equal to 
that of  the milk, wi thout  affecting the yie ld or activ- 
i ty of the cream. The p H  of the buffered milk is then 
adjusted to 4.5, and the milk is centrifuged.  The 
cream is removed with the aid of  a small  glass spooll2 
The cream is transferred to another centr i fuge  tube 
containing disti l led water,  washed by agitation,  and 
centrifuged.  It  is then given a second similar wash- 
ing, transferred to a glass-stoppered weighing  bottle, 
and stored in a refrigerator unti l  used. A typical  
yield was 19.9 grams of twice-washed cream from 25 
grams of shelled beans. 

Creams have also been prepared from unshel led 
beans, by the above procedure. The yield and activ- 
ity of  the cream so obtained is not greatly different 
from that prepared from shelled beans, but  it is dark 
in color. Several at tempts  to prepare lipase cream 
by grinding castor beans with water in a ball  mil l  
resulted in inactive preparations.  

The behavior of the cream on storage is somewhat  
peculiar. A decrease in act ivi ty  of 8 to 10% during 
the first 24 hours is not  unusual .  It  has sometimes 
been observed that the next 8 to 10 days'  storage at 
2 ° to 4 ° results in an increase of act ivi ty  of 25 to 
30% above the original act ivity value. Af ter  43 days'  
storage at 2 ° to 4 ° a lipase cream with  an original  
act ivity of 6.5 decreased to 4.0. Mold growth in the 
cream was observed at that time. 

Action of Lipase Cream on Cottonseed Oil. The rate 
of lipase action on cottonseed oil at several tempera- 
tures is given in Figure  1. The rather small  tem- 
perature coefficient of r icinus lipase is noteworthy.  
It  wil l  be observed that an increase in temperature  
from 10 ° to 20 ° results in an activity increase of 
about  50% instead of the more general doubl ing of 
activity with  a 10 ° temperature  increase. This be- 
havior is similar to that of the pig pancreas lipase, 
which Balls  and Tucker (1)  found to be surpris ingly  
active at temperatures  as low as - - 3 0  °. 

We have also made comparisons of enzyme activity 
at temperatures  of  2 ° to 4 ° and - -16  ° to - -18  ° . In 

T h e  g lass  spoon  w a s  m a d e  by  c u t t i n g  a test  t u b e  of  su i tab le  size,  
about  5 - 6  r a m . ,  f r o m  the  c losed e n d  a n d  s e a l i n g  that  to a g lass  rod 
about  3 ram. in d iameter .  T h e  rod is sea led  to the  e d g e  of  the  r o u n d e d  
sha l l ow  c u p  f r o m  the  tes~ tube,  in a d irect ion  paral le l  to t h e  l e n g t h  
of  the  tube .  
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these mixtures  19.8 grams of lipase cream was mixed 
with 19.8 grams of water  and then  with  1,500 grams 
of cottonseed oil. Af te r  mixing, 30- to 40 -g ram 
portions were placed in 50-ml. flasks, which were 
s toppered and placed in storage in an electric re- 
f r igera tor  at 2 ° to 4 °, or in a cold storage room 
main ta ined  at  - -16  ° to - -18  ° . The data so obtained 
is given in Table I I I .  6 

T A B L E  I I I  

L ipa so  Ac t iv i ty  a t  Low T e m p e r a t u r e  

2 ° t o  4 ° C ,  - - 1 6  ° to --1;~ ° C. 

Time,  hrs .  % f . f . a .  Time,  h rs .  % f . f . a .  

0 .5  . . . . . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
23  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
47  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

119  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
405  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 6 4  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 2 9 2  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 2 0  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 4 9 2  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7.1 
8.8 
9 .7  

10 .5  
12 .6  
13 .6  
15 .6  
1 8 . 9  
2 1 . 6  
2 3 . 5  
2 4 . 0  
2 5 . 5  

47  . . . . . . . . . . . . . . . . . . . . . . . . . .  
119  . . . . . . . . . . . . . . . . . . . . . . . . .  
4 0 5  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

764  . . . . . . . . . . . . . . . . . . . . . . . . . .  
1292  . . . . . . . . . . . . . . . . . . . . . . . . .  
1820  . . . . . . . . . . . . . . . . . . . . . . . . . .  
2516  . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 .2  
9.1 

12.1  
13 .8  
15 .0  
15 .0  
17 .1  

I t  should be noted that  approx imate ly  one hour  
was required to a t ta in  the storage t empera tu re  and 
free f a t t y  acids were being formed much more rap-  
idly dur ing  this t ime than  when the samples had 
cooled to the storage tempera ture .  There were prob- 
ably  some differences between the individual  subsam- 
ples especially at - -18  °, as is evidenced by  the 15% 
free f a t t y  acids in the samples stored for  1,292 and 
1,820 hours whereas the 2,516-hour sample had shown 
an increase to 17.1%. The marked  difference in the 
act ivi ty  of lipase at  2 ° and - -18  ° was doubtless due 
to the fact  tha t  both fa t  and water  are solid at the 
lower temperature .  The act ivi ty of lipase at temper-  
a tures  at which both the fa t  and wate r  are solid was 
discussed by  Balls and Tucker  (1).  

The reaction did not appea r  to be either a first or 
second order reaction bu t  did appea r  to follow the 
Sch/itz rule ~ / t ime /ex ten t  of hydrolysis  ~ k)  dur- 
ing the ear ly pa r t  of the reaction. Indeed  at a tem- 
pera tu re  of 10 ° the Schiitz rule was obeyed dur ing  
the 9 hours  required to a t ta in  an acid concentrat ion 
of 13.3%. At  20 ° deviation f rom the square root 
relationship was noted af ter  2.25 hours, when 10.8% 
free acid had been formed,  while at 25 ° deviation 
f rom this law was observed a f t e r  1.6 hours, when 
11.1% free acids were present.  These data are shown 
in Table IV. 

T h e  subd iv i s ion  of the  l a r g o  sample  in to  20-  to 30 -g ro ins  subsam-  
pies  w a s  neces s i t a t ed  by the imposs ib i l i ty  of o b t a i n i n g  u n i f o r m  samples  
f r o m  the  cold mix tu re s .  Th i s  p r o c e d u r e  also he lped  to a t t a i n  the  stor- 
age  t e m p e r a t u r e s  more  r ap id ly .  At the end of the s t o r age  t i m e  the  
samples  w e r e  hea ted  to a b o u t  80  ° to i n a c t i v a t e  the l ipase .  

Lipase cream, p repa red  as described, contains f rom 
45 to 60% of wa te r ;  stoichiometrically,  250 rag. of 
the cream can furnish  sufficient water  to hydrolyze  
25 to 30% of the 25 grams of cottonseed oil used in 
the test, bu t  lipase action stops when one-half to two- 
thirds  of this wa te r  has been used. Addi t ion of wa te r  
to a lipase-oil system tha t  has become static due to 
lack of water  results in f u r t h e r  spl i t t ing of the fat ,  
bu t  at  a much slower rate  than  the original. This 
slower rate  is p robab ly  due to the fact  tha t  the water  
thus added is not emulsified as well as tha t  present  
in the cream. 
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F I G .  2 .  E f f e c t  o f  a d d i t i o n  o f  w a t e r  t o  0 . 2 5  g .  l i p a s e  c r e a m  

b e f o r e  m i x i n g  t h e  c r e a m  w i t h  2 5 . 0  g .  o f  o i l .  

The addi t ion of water  to the cream before mixing 
it with cottonseed oil increases the rate  of spli t t ing,  
up to about  2% of water,  based on the weight of oil 
to be employed. This effect is shown in F igu re  2. 
I t  will be noted tha t  the value obtained by  the assay 
procedure  described above is well below the l imit  
imposed b y  the available water.  F igure  3 shows the 
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R a t i o  of S q u a r e  Root  of T i m e  of Reac t i on  to F a t t y  Acid  L i b e r a t e d  
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Fro. 4. Effect of synthetic cephalins on lipase cream of mod- 
erate activity. 
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FIG. 6. Inhibition of lipase cream by egg phosphatide. 

extent  of spl i t t ing of cottonseed oil when vary ing  
amounts  of cream are added• In  all cases the mix- 
tures  contained 0.20 ml. of water,  which is included 
in the reaction mixture  for  the pu rpos e  of calculating 
the percentage of cream in the reaction mixture.  All 
t i t ra t ions  are corrected for  the acid in the cream 
used al though this is only significant when the con- 
centrat ion of the cream exceeds 1%. Fo r  these data 
the percentage of free f a t t y  acids in the mix ture  has 
been calculated to the percentage of cottonseed oil 
hydrolyzed.  

Inhibition of Lipase by Phosph~tides. Phospha-  
tides are normal  const i tuents  of crude vegetable oils, 
and it was therefore  deemed to be of interest  to 
observe the effect of synthetic dipalmitocephal in (8) 
and  of palmitolinoleocephalin (9) on lipase activity.  
When  the la t ter  was found  to inactivate lipase, the 
effect of na tura l  mixed phosphatides as represented 
by  soybean phosphatide,  egg phosphatide,  and  salmon 
egg phosphatides was also studied. The results are 
shown in F igures  4 to 8. The phosphat ide was dis- 
solved in cottonseed oil to make a 2 %  solution, heat- 
ing to 80 ° to 90 °, when necessary, to effect solution. 
Aliquots of this were used directly, a f te r  cooling to 
room tempera ture ,  and  were also diluted to make the 
concentrations of 0.2 and 0.02% phosphat ide in the 
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FIG. 8. Effect of salmon egg phosphat ide  on lipase cream• 
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oil. These solutions of phosphat ide  in oil were then 
added to a mix ture  of lipase cream and  water  in 
the usual way. Corrections were appl ied to account 
for  the acidi ty of the phosphatide.  The observat ion 
tha t  dipalmitocephal in is pract ical ly  wi thout  effect is 
doubtless due to the insolubil i ty of this substance in 
cottonseed oil at  room tempera ture .  Soybean phos- 
phatide is pract ical ly  wi thout  effect; the increased 
spl i t t ing a f t e r  7 or 8 hours  is p robab ly  due to the 
improved emulsions obtained in the presence of this 
substance. The inh ib i tory  phosphat ides  appea r  to 
cause a precipi ta te  in the reaction mix ture  and prob-  
ably  inactivate the lipase by  irreversible combinat ion 
of the phosphat ide a t  the active centers of the lipase. 

Soybean phosphat ide doubtless contains cephalins, 
and we are unable  to explain why it  is not inhibi- 
tory.  I t  may  be due to s t ruc tura l  differences in the 
a r rangement  of the groups at tached to the glycerol 
or to other differences, such as optical activity.  I n  
this connection it is of interest  to note tha t  synthetic  
cephalin is unable  to serve as subst ra te  for  the en- 
zyme in cabbage tha t  splits e thanolamine or serine 
f rom cephalin or phosphat idyl  serine, bu t  soybean 
phosphatides are a good subst ra te  for  this enzyme 
system (10). 

S u m m a r y  

A procedure  for  p repa r ing  an active lipase cream, 
of reproducible  activity,  f rom castor beans is de- 
scribed. Shelled castor beans are ground in a m o r t a r  
to a greasy paste. Wa te r  is incorporated in this paste  
b y  addit ion of small quantities,  with f requent  grind- 
ing. This suspension of ground castor beans in water  
is stored overnight  at 2 ° to 4 °, phtha la te  buffer  is 
then added, and  the p H  adjus ted  to 4.5. This  sus- 
pension is cent r i fuged and  the cream washed twice 
with water.  This lipase cream emulsifies with oils and  
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reacts rapidly with them to liberate free fa t ty  acids, 
without neutralization of the fat ty acids liberated, or 
the addition of buffers, or any other substance al- 
though the rate of fat splitting is enhanced if about 
2% of water is added. The rate of splitting of cot- 
tonseed oil at 10 ° and 20 ° by this lipase cream indi- 
cates that the temperature coefficient of this enzyme 
is about half of the usual temperature coefficient. The 
lipasc is inhibited by a soluble synthetic cephalin, 
egg phosphatide, and salmon egg phospbatide, but 
not by soybean phosphatide. 
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Sesame Oil. VI. Determination of Sesamin 
PIERRE BUDOWSKI, I R. T. O'CONNOR, and E. T. FIELD, Southern Regional 
Research Laboratory, 2 New Orleans, Louisiana 

~ ESAMIN, one of the minor constituents of sesame 
oil, was first isolated from the acetic acid extract 
of sesame oil by Tocher (20) in 1890. Villa- 

veechia and Fabris (21) in 1892 obtained sesamin 
from the unsaponifiable matter of sesame oil. These 
authors described some of its properties, but no fur- 
ther significant work on sesamin was reported until 
1928 when Adriani (1), and Boeseken and Cohen 
(3), independently, indicated that the correct empiri- 
cal formula for sesamin was C2oHls06. The structure 
and properties of sesamin were extensively investi- 
gated by Bertram et el. (2), Boesekcn and Cohen (3), 
and Cohen (8). The relationship between sesamin 
and other naturally occurring compounds, especially 
asarinin, was investigated and discussed by Erdtman 
(10), Kaku et el. (17), Huang-Minlon (14), and 
Bruchhausen and Gerhard (4). The last mentioned 
authors proposed a complete structure for sesamin 
as shown in the accompanying formula. 

j O  cH2  
CH--CH 

I 1 
CH 2 CH 

No/ 
o \  

CH 2 

In 1937 Eagleson (9) found that the insecticidal 
activity of pyrethrum insecticides was markedly en- 

1 Rockefeller ~ounda t ion  Fellow f rom tho ~Iinisterio de Agr i cu l t u r e  y 
Cria,  Division de Qulmica, E1 Valle, n .  F'. Venezuela. 

2 One of tho laborator ies  of the B u r e a u  of Agr icu l tu ra l  and  Indus-  
t r ia l  Chemistry,  Agr icu l tu ra l  Research  Adminis t ra t ion,  U. S. Depar tmen t  
of Agr icul ture .  

hanced by the addition of sesame oil. The oil alone 
was inactive as an insecticide, and of 42 animal and 
vegetable oils tested only sesame oil acted as a syner- 
gist for the pyrethrins. Haller and co-workers (13) 
fractionated sesame oil by molecular distillation in 
an effort to isolate the active principle. From the 
active fractions a crystalline compound was obtained, 
which was shown to be sesamin. Insecticidal tests 
with pure sesamin showed that this compound pos- 
sessed marked synergistic activity with pyrethrins. 

Although other unidentified minor constituents of 
sesame oil have been reported to exhibit synergistic 
effects (19), sesamin is the only component which has 
been shown definitely to act as a synergist with pyr- 
ethrins; therefore its quantitative determination in 
this oil is of practical importance. 

A colorimetric method for the estimation of sesamin 
was described in 1944 by Jacobson, Acree, and Haller 
(16). Since this method has certain disadvantages 
which will be discussed below, an improved method 
appears to be desirable. Such a method has been de- 
veloped and is described in the present report. It  is 
based on the measurement of the ultraviolet absorp- 
tion of sesame oil (11, 15, 18) following the removal 
of sesamol by treatment with alkali (6) and correc- 
tion for the absorption resulting from the presence 
of sesamolin. 

Experimental 
Sesame oil contains, besides sesamin, other minor 

constituents, the absorption characteristics of which 
are not known. Therefore, the following compounds 
were prepared:  sesamin and sesamolin, by extraction 
from sesame oil as described elsewhere (5) ;  and 
sesamol, by synthesis (5). The absorption spectra of 
these compounds in the ultraviolet region are shown 
in Figures 1 and 2 together with the absorption spec- 
t rum of a crude sesame oil. 


