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minution methods studied included grinding at mois- 
ture  contents f rom 12 to 31%, rolling and re-rolling 
at various moisture levels from 4 to 13%, and roll- 
ing at temperatures  f rom 90 to 150~ 

Grinding of cottonseed flakes, at 18 to 31% mois- 
ture  content and at pH 8.2, through a peanut  but ter  
mill reduces the free-gossypol content to between 
0.047 and 0.090%, depending upon the moisture con- 
tent  and the number of times the material  is passed 
through the mill. Concurrent ly the nitrogen solubili- 
ties of these materials were reduced from approxi- 
mately 96% to approximately 80%. 

The moisture content of cottonseed meats during 
rolling significantly affects the free-gossypol content 
of the meals. The free-gossypol contents of the flaked 
meats are inversely related to the moisture content 
during rolling. The free-gossypol contents of these 
flaked meats are in the same relative order dur ing  all 
stages of processing, indicating that  moisture content 
dur ing rolling is critical and its influence cannot be 
overcome during subsequent processing steps. 

The effects of multiple re-rolling to reduce free- 
gossypol content can apparent ly  be overcome by sub- 
sequent processing. The values for  materials which 
had been rolled only once fell on the same smooth 
curve as those for materials which had been rolled 
three times, af ter  all of these materials had been 
mixed for two hours at 31% moisture and pH 8.2 
and 90~ 

The nitrogen solubility of cottonseed meals is 
slightly reduced by rolling at moisture contents in 
excess of 10%. 

There is an indication that  the nitrogen solubility 
of flaked cottonseed meats decreased dur ing the 
initial phase of mixing at pH 8.2 and 31% moisture 
and then increases to approximately its original 
value. 

Mixing in the presence of alkali at moisture con- 
tents of 24 to 31% and at a temperature  of 90~ 

gave a significant reduction in the free gossypol 
content of cottonseed meals without a corresponding 
decrease in ni trogen solubility. 

Increased temperatures  of flaking, up to 150 ~ F ,  
are accompanied by a reduction in the free-gossypol 
content of the flakes produced. At  the higher tem- 
peratures  there is some reduction in nitrogen solu- 
bility (to approximately 85%).  

Prolonged mixing (for  120 min.) in the presence 
of 31% moisture and at pH 8.2 and 120 or 150~ 
significantly reduced the  nitrogen solubilities of cot- 
tonseed meals when compared to mixing at 90~ 

Cooking at temperatures  as low as 150~ at 31% 
moisture content and pH 8.2 significantly reduced 
the nitrogen solubilities of cottonseed meals (to ap- 
proximately 70%).  Most of these meals had free- 
gossypol contents of less than 0.04%. 
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Some Properties of the Lipase Present 
In Germinating Rapeseed 1 
L. R. WETTER, Prairie Regional Laboratory, National Research Council of Canada; 
Saskatoon, Saskatchewan, Canada 

PRELIMINARY SURVEY has indicated that  the vari- 
ous oilseeds grown in Western Canada have 
extremely low contents of lipase. According to 

the li terature,  the lipase activity of some oilseeds 
increase during germination. Ramakrishnan (13), for 
example, reported a qualitative increase in the lipase 
content of the groundnut  when it was germinated. 
Gershtein (3) has reported that  sprouting tung seed 
increases five-fold in lipase activity af ter  40 days and 
then there is a gradual  decline; Johnston and Sell 
(7) found that  the activity increased eight and a 
half  times af ter  32 days. On the other hand, oats 
produce a lipase that  reaches maximum activity af ter  
8 hrs. of germination and then drops off rapidly  (6). 
Germinating cottonseed produced a marked increase 
in lipase along with a decrease in total lipids (12). 

One of the oilseeds grown in Western Canada, rape- 

1 Contr ibut ion  from the  Nat iona l  R e s e a r c h  Council of Canada ,  P ra i r i e  
R e g i o n a l  Laboratory ,  Saskatoon,  S a s k a t c h e w a n .  I s s u e d  as P a p e r  No. 
236 on the  "Uses of P l a n t  P roduc t s "  a n d  as N.R.C. No. 4175.  

seed, possesses very  little lipase activity in the dor- 
mant  seed. In  common with the behavior of other 
oilseeds already cited however it exhibits a marked 
increase in lipase activity on germination. This paper  
deals with quanti tat ive aspects of this increase and 
also discusses some of the properties of the enzyme. 

Materials and Methods 
Materials. Polish rapeseed (Brassica campestris L.) 

was used throughout  in this investigation unless oth- 
erwise designated. The seeds were germinated either 
in the dark or in the light at approximately 25~ 
on white Ottawa sand in large Pyrex  dishes (10 by 
15 in.). A glass plate cover was employed to main- 
tain the humidity near  saturation. During germina- 
tion no nutr ients  were added, and the moisture con- 
tent was maintained in the dish with distilled water. 

Af ter  the desired period of growth, distilled water 
was used to wash the seedlings free of sand. Then 
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T A B L E  I 
The Lipase  Act iv i ty  of Pol i sh  Rapeseed at  

Var ious  Stages of Ge rmina t i on  

Days of 
ge rmina t ion  

O ........................................................ 
1 ........................................................ 
2 ........................................................ 
3 ........................................................ 
5 ........................................................ 
7 ........................................................ 

L ipase  ac t iv i ty  a of 
ma te r i a l  g rown in  the 

D a r k  L i g h t  

0.157 0.157 
0.231 0.164 
0.533 2.79 
1.60 15.13 
4.75 15.35 b 
2.95 8.63 b 

a Expressed  as mlCI. bu tyr ic  acid released per  hour  per  g r a m  dry  
weight .  

b For  Argen t ine  rapeseed the values  were 2.79 and 1.60 for 5 and  7 
days, respectively. 

they were blended in acetone at -10~ in a War ing  
blendor. The t empera tu re  of the suspension was kept  
below 0~ while the seedlings were homogenized (the 
t ime was usually 10 rain.). The homogenate was fil- 
tered in the cold and washed free of oil and pigments  
with cold acetone. The finely ground plant  tissue was 
dried and stored in the cold unti l  ready for  assay. 
Ungerminated  rapeseed powders were p repared  by the 
same method. 

The substrate was p repared  f rom a commercial 
sample of t r ibu ty r in  with no fu r the r  purification. 
Fo r  assay purposes the emulsion was p repa red  by  
homogenizing 10 g. of t r ibu tyr in  and 1 g. of vegetable 
lecithin in 90 ml. of water  in a " V i r  T i s "  homoge- 
nizer s for 4 rain. at 45,000 r.p.m. The emulsion was 
made up to 100 ml. and stored in the cold until  ready  
for  use. The substrate emulsion was stable for periods 
of at least a month. 

Methods, The assay for  lipase act ivi ty was essen- 
t ial ly the same as described by Goldman and cowork- 
ers (5).  The enzyme suspension was p repared  by 
weighing out the required amount  of acetone-powder 
and homogenizing it in 0.9% NaC1 for 2 min. in the 
" V i r  T i s "  homogenizer. The suspension and sufficient 
distilled water  to give a final volume of 50 ml. a f te r  
the substrate has been added were placed in a 100-ml., 
double-walled beaker. Wate r  was circulated around 
the beaker f rom a thermostated bath  mainta in ing the 
contents of the beaker at 35~ 

The enzyme and water  were f i rs t  t i t ra ted  with base 
(approximate ly  0.1 N) to a p H  of 8.5 and allowed 
to equilibrate at 35~ then 10 ml. of substrate were 
added and the t ime was recorded as zero. As the 
reaction progressedl the p H  was kept  at  8.5 by the 
addit ion of 0.1 N N a O H  from a Beckman model K 
automatic  t i t rator .  The automatic t i t ra tor  eliminated 
the need for  buffers and, in addition, made provision 
for  a closer observation of the release of f a t t y  acids 
by the enzyme. E a r l y  in the s tudy  it was found that  
the blank was negligible dur ing the 1-hr. period re- 
quired for  the assay, therefore no regular  blanks were 
determined in agreement  with the practice of Balls 
et al. (1). Lipase act ivi ty was expressed as raM. of 
butyr ic  acid released af ter  1 hr. of incubation at 
35~ p H  8.5, and a substrate concentration as speci- 
fied above (10). 

Results 

The effect of germinat ion on lipase content was 
studied by growing 25-g. lots of Polish rapeseed on 
white sand as described. These were grown ei ther  in 
the dark  or in  the greenhouse under  opt imum light 
conditions with the t empera ture  approximate ly  the 
same in both cases. Samples were harvested at speci- 

e Obtained f rom E. Machlet t  and Son, New York, N. Y. 

fled t ime-intervals and prepared  as acetone powders. 
The seeds germinated very  rap id ly ;  in all cases the 

emergence of the root t ip could be observed af ter  12 
hrs. The seedlings grown in the light did not grow 
any fas ter  but, as shown in Table I, the product ion 
of lipase was more rap id  and reached a higher value 
than those grown in the dark. The tr iglyceride-spli t-  
t ing enzyme increased in act ivi ty 30 times in 5 days 
in the etiolated seedlings, and those grown in the l ight 
showed a hundred-fold increase in the same time. By 
the seventh day the act ivi ty had s tar ted to decline. 

The species differences are pronounced. Two sam- 
ples of Argent ine  rapeseed (Brassica napus L.),  which 
were germinated in the light for  5 and 7 days, re- 
spectively, possessed a much lower lipase act ivi ty 
(Table I )  whereas the initial lipase content in the 
ungerminated  seed was only slightly lower (0.116-raM. 
butyr ic  acid released per  hour per  gram d ry  weight) .  

Prote in  ni trogen values indicate no significant 
change dur ing germination.  Both germinated  and 
non-germinated seeds contained about 55 rag. of ni- 
t rogen per  gram of acetone-extracted meal. The 
propert ies  of oil extracted in acetone f rom etiolated 
seedlings however exhibited a profound change, sug- 
gesting that  the lipase which was produced was 
hydrolyzing the oil. Both the iodine and saponifi- 
cation v a l u e s  decreased with germinat ion time. 

One of the most active prepara t ions  (3-day ger- 
minat ion in the light) was used for the studies of the 
general propert ies  of the lipase. In  all cases the 
enzyme was homogenized in 0.9% (w./v.)  NaC1 im- 
mediately  before car ry ing  out the assay. The sub- 
s t rate  was p repared  beforehand, kept at 3~ and used 
as required. 

The first p rope r ty  to be invest igated was the sta- 
bili ty of the enzyme in solution. This was done by 
car ry ing  out progressive assays on a sample which 
was homogenized in NaC1 and stored at 4~ Table I I  

T A B L E  II 

The Stabi l i ty  of Germina ted  Rapeseed Lipase  
Solut ions Stored at  4~  

Time of s torage ( in  days)  % Act iv i ty  

0 100 
1 98 
2 94 
5 87 
9 78 

shows that  1-day storage has no effect on the act ivi ty ;  
however af ter  9 days approximate ly  78% of the en- 
zyme remains. Therefore enzyme homogenates used 
subsequently were freshly p repared  to ensure maxi- 
mum act ivi ty in all experiments.  

The p H  opt imum for  lipase act ivi ty was deter- 
mined very  conveniently by  using the automatic  
t i t rator ,  which also eliminated possible buffer effects. 
Buffer salts have been found to influence the progress 
of enzyme reactions as is the case for  urease (8) and 
fungal  proteases (11), and the elimination of buffer 
salts f rom an enzyme reaction is therefore often de- 
sirable. F igure  1 shows the effect of p i t  on the hydrol-  
ysis of t r ibu ty r in  by samples grown in the light and 
the  dark. The p H  opt imum (8.5) is the same regard-  
less of whether the seed had been germinated in the 
light or in the dark,  thus suggesting that  the enzyme 
is similar for  both. No activi ty was evident at p H  
5.0, and it falls off ve ry  rap id ly  at alkaline pH.  The 
rate of inactivation is appa ren t ly  grea ter  than  at acid 
pH.  This opt imum is somewhat higher than  that  
found for  pancreat ic  lipase (5). Bamann  and Ullmann 
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T h e  t w o  s e t s  o f  p o i n t s  a r e  f o r  t w o  d i f f e r e n t  s a m p l e s ,  one  g r o w n  
i n  t h e  d a r k  ( @ )  t h e  o t h e r  i n  t h e  l i g h t  ( C ) ) .  

q B u t y r i c  a c i d  ~ m3CL o f  b u t y r i c  a c i d  r e l e a s e d  p e r  s a m p l e  i n  
30 m i n u t e s .  

(2) found that  in 100 varieties of ripe non-germinated 
seeds examined, the p H  optimum varied from 8.5 to 
10.5. Rapeseed lipase falls in the same range and 
therefore does not differ in this respect from other 
plant  lipases. 

The reaction rate during the initial 60 rain. of 
hydrolysis of the substrate is zero-order (Figure 2). 
The amount of butyr ic  acid released is l inear with 
time for all concentrations of enzyme up to and in- 
cluding 90 rag. of germinated rapeseed per test, but 
above this the relationship no longer holds and the 
order of the reaction changes. Some rapeseed lipase 
preparations exhibited a zero-order rate for a period 
of 2 hrs. 

Another method for determining the order of the 
reaction is by following the release of f a t ty  acids 
for  varying substrate concentrations. Table I I I  shows 
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I n f l u e n c e  o f  e n z y m e  c o n c e n t r a t i o n  o n  t h e  r a t e  o f  
h y d r o l y s i s .  C o n d i t i o n s  o f  e x p e r i m e n t :  10 ml .  o f  1 0 %  t r i b u t y r i n  
w i t h  v a r y i n g  a m o u n t s  o f  e n z y m e .  T h e  f ina l  v o l u m e  b e f o r e  t i t r a -  
t i o n  w a s  50 ml .  T h e  p H  w a s  m a i n t a i n e d  a t  8 .5  a n d  t h e  r e a c t i o n  
t e m p e r a t u r e  w a s  35 ~ C. 

T A B L E  I I I  
The Effect of Changing  Substra te  Concentrat ions on 

the Zero-Order  Rate  Constant  

mlYI. Tr ibu ty r in  per  test  koa s b 

1.34 .................................................. 0.0158 .0007 
2.00 .................................................. 0.0158 .0013 
3.34 ................................................... 0 .0157 .0013 
4.00 ................................................... 0.0167 .0014 
5.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0161 .0009 

a ko is expressed as ml~I. of bu tyr ic  acid released per minute. 
b S is the s t anda rd  deviation. 

that a four-fold change in t r ibutyr in  concentration 
does not result  in a significant change in the reaction 
rate constant. The conditions were the same as those 
described in Figure  2, except that the amount of sub- 
strate was varied while the enzyme concentration was 
kept constant at 60 rag. of germinated rapeseed per 
test. The rate can therefore be regarded as zero-order 
since the change in substratc concentration has no 
effect. 

A noticeable change f rom the zero-order reaction 
rate was observed for low t r ibutyr in  concentrations. 
Figure 3 shows the results when 60 rag. of germinated 
rapeseed were tested with 0.334 mM. of t r ibutyr in  
for  a period of more than an hour. F o r  the first 23 
rain. the curve follows the zero-order reaction rate as 
at higher substrate concentrations, and af ter  this time 
the rate is neither zero nor  first order. The change 
occurs at a point which can be accounted for by the 
release of one butyr ic  acid molecule per molecule of 
t r ibutyrin.  Also at this point the emulsion clears, 
indicating that  a pronounced physical change has 
taken place in the substrate. This behavior has also 
been reported for oat lipase (10) except that  hydrol- 
ysis ceased completely af ter  1 mM. of f a t t y  acid had 
been released for every mM. of triglyceride. 

The Michaelis-Menton constant, Kin, was calculated 
according to the method of Lineweaver and Burk (9) 
where S /V  is plotted against S, giving a straight line 
from which the constant is calculated. The constant 
was 4.06 • 10 -4 M. Mart in  and Peers (10) reported 
a value somewhat higher than this for  oat lipase, but 
the current  value agrees with the Km reported for 
hog pancreatic lipase by Sobotka and Glick (17). 

One distinctive feature  of the rapeseed lipase is 
that the amount of hydrolysis of t r ibu tyr in  varies 
directly with the concentration of the enzyme. In 
contrast, other lipases, such as castor bean lipase (14) 
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FIG. 3. T h e  h y d r o l y s i s  c u r v e  o b t a i n e d  w h e n  l o w  ( .334  m M )  
c o n c e n t r a t i o n s  o f  t r i b u t y r i n  a r e  e m p l o y e d .  
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and pancreatic lipase (5), do not give a linear rela- 
tionship between enzyme concentration and hydrolysis 
of substrate. 

The action of rapeseed lipase on several substrates 
was studied. Emulsions of sunflower, olive, and rape- 
seed oil were prepared in the same way as the tribu- 
tyr in  substrate. The amount of hydrolysis was based 
on the saponification value of the emulsions. These 
oils were hydrolyzed less rapidly than was t r ibutyr in  
(Table IV) ,  and the differences might be accounted 

T A B L E  I V  

A c t i o n  of  G e r m i n a t e d  R a p e s e e d  L i p a s e  o n  V a r i o u s  S u b s t r a t e s  

Substrate P e r c e n t a g e  of  h y d r o l y s i s  

Triacetin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 . 2  
T r i b u t y r i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 .8  
T r i o l e i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.6 
O l i v e  o i l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 . 0  
S u n f l o w e r  o i l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 8  
Rapeseed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 .1  

for  by the degree of dispersion of the oils. However 
visual observation of the emulsions suggested that  
they were well dispersed. The fact that  tr iacetin is 
not as readily hydrolyzed as t r ibu tyr in  suggests that  
some other factors besides degree of dispersion are 
involved. 

Activation and inhibition by a number of com- 
pounds have been reported for various lipases (4, 16, 
18). Some of these compounds have been tested with 
the rapeseed lipase, and the results (Table V) show 

T A B L E  V 

T h e  E f f e c t  o f  V a r i o u s  C o m p o u n d s  o n  L i p a s e  A c t i v i t y  a 

C o m p o u n d  C o n c e n t r a t i o n  ( M )  Activity 

Na~i~ ........................................... 

N a N a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Glutathione . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n - A m y l  a l c o h o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N a F  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P h e n o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C y s t e i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G l y c y l g l y c y l g l y e i n e  . . . . . . . . . . . . . . . . . . . . . .  
G l y c y l g l y c i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N o n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
l C e s o r c i n o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G l y c y l - L - l e u c i u e  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a C l ~  �9 2I : [eO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D L - L e u  c y l g l y c i n e  . . . . . . . . . . . . . . . . . . . . . . .  

0 . 1  
0 . 1  
0 . 0 1  
0 . 0 1  
0 .1  
0 . 0 1  
0 . 0 1  
0 .1  
0 . 0 1  

0 . 0 1  
0 . 0 1  
0 . 0 1  
0.01 

1 3 2  
1 2 6  
1 1 8  
1 1 1  
1 0 7  
1 0 3  
1 0 3  
1 0 2  
1 0 1  
1 0 0  

9 2  
9 2  
8 0  
7 7  

a C o n d i ' ~ i o n s :  A s  i n  o t h e r  a s s a y s  e x c e p t  t h a t  1 m l .  o f  t h e  c o m p o u n d s  
in the c o n c e n t r a t i o n  d e s i g n a t e d  w e r e  a d d e d  t o  1 0  m l .  o f  e n z y m e  s o l u t i o n  
a n d  s h a k e n  f o r  1 h r .  p r i o r  to  a s s a y .  

that  many of the compounds had no significant effect. 
Three compounds served as activators (NaCN, NAN3, 
and glutathione) while leucylglycine appeared to in- 
hibit the hydrolysis of t r ibutyrin.  I t  was noted that  
higher concentrations of CaC12 (0.1 M) had neither 
an activating nor  an inhibiting effect on the lipase 
activity. 

Discussion 

The lipase activity of rapeseed is markedly in- 
creased by germination. As noted earlier, other oil- 
seeds (3, 7, 12) also show increases in lipase activity 
but not to the same degree as found in the present 
study. Along with this increase there is a marked 
change in the residual oil but  no significant change 
in the amount  of nitrogen. I t  was also observed that  
the production of lipase is higher in seedlings grown 
in the light, which probably results from the more 
active metabolic state of the plant  grown in light. 
There is considerable varietal differences, for example, 
Argentine (Brassica napus L.) did not produce as 
active a lipase as did Polish (Brassica campestris L.). 

This might be related to the fact that  Argentine 
germinates and grows more slowly than does Polish 
and therefore the increase would not be as marked for 
the time period used in this investigation. 

The lipase found in germinating rapeseed hydro- 
lyzes different triglycerides at different rates. This 
effect is not entirely a mat ter  of dispersion or of size 
of the tr iglyceride molecule because tr iacetin is no 
more readily hydrolyzed than is sunflower oil. Schoen- 
heyder and Volqvartz (15) found that  pancreatic and 
milk lipases split t r ibu tyr in  more rapidly than other 
triglycerides. They also showed that  tr iacetin is hy- 
drolyzed more slowly, a conclusion which agrees with 
the present results (Table IV).  

The reaction rate is zero-order when t r ibu tyr in  is 
employed as the substrate for  the experimental  con- 
ditions described. Sehoenheyder and co-workers (15) 
found that  for a number  of triglycerides the reaction 
rate was first-order up to 20% hydrolysis. F rom their  
work one might conclude that  germinated rapeseed 
lipase is different from pancreatic, liver, or milk 
lipase because of the different reaction rate. On the 
other hand, the variat ion in reaction rates may result 
f rom the methods used for the preparat ion of the 
substrate emulsions. Still another fact  may be the 
substrate concentrations employed, which were ap- 
proximately six times higher in the present investiga- 
tion. However this appears unlikely because when 
equivalent concentrations were employed in the pres- 
ent work, a zero-order reaction rate still obtained. In  
experiments 3 with pancreatic lipase at high substrate 
concentrations, zero-order rates were also obtained. 
Goldman et al. (5), working with pancreatic lipase 
and using but ter fa t  as the substrate, found that  their 
data could not be fitted to a zero, first, or second 
order  equation. I t  would appear  therefore that  lipases 
from various sources may have different affinities for  
the same substrate, possibly depending on the method 
employed in prepar ing the emulsions. 

Germinated rapeseed (5 days in the light) is not 
as high in lipase activity as is steapsin (pancreatic 
lipase). On a weight basis the lat ter  hydrolyzes tribu- 
ty r in  37 times more rapidly  than does germinated 
rapeseed, but  on a ni trogen basis the activity for  
pancreatic lipase is only about 17 times greater.  

Many of the compounds tested as inhibitors or 
activators had no effect on the activity. Among these 
were the peptides which reportedly enhance the hy- 
drolysis of tr iglycerides (4),  but  since the peptides 
used in the current  work were not the same as re- 
ported by other workers, the results may not be 
str ict ly comparable. Also of interest is the fact  that  
Ca ++ did not have any effect on the activity at the 
concentrations used. NaCN, NAN3, and glutathione 
all resulted in an activation which indicates that 
su l fhydryl  groups may be involved, as with wheat 
germ lipase (16). Weinstein and Wynne  (18) showed 
that KCN activates pancreatic lipase by 50% and 
that  the degree of activation varies with concentra- 
tion and the length of time the enzyme is in contact 
with the material. The results described here are of 
a prel iminary nature and demonstrate only that  rape- 
seed lipase possesses some properties in common with 
lipases from other sources. 

Summary  

The lipase content of rapeseed germinated in light 
increases by 100-fold over that  of the dormant  seed. 

s U n p u b l i s h e d  d a t a  b y  t h e  a u t h o r .  
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The increase was much less in seeds germinated in the 
absence of light. A zero-order reaction rate for  the 
enzyme was observed when t r ibu tyr in  was employed 
as the substrate. Opthnum activity occurred at p H  
8.5. The Michaelis-Menton was calculated to be 4.06 
• 10 -4 M, which is close to values reported for other 
lipases. While most substances tested had no effect 
on fat-spli t t ing activity, NaCN, NAN3, and glutathi- 
one behaved as activators. 

Acknowledgment 
The author wishes to acknowledge his indebtedness 

to A. S. Sieben for technical assistance. 

REFERENCES 

I. Balls, A. K., Matlack, M. B., and Tucker, I. W., J. Biol. Chem., 
1'22, 125 (1937-38). 

2. Bamann, E., and Ullmann, E., Biochem. Z., 812, 9 (1942). 

3. Gershtein, L. A., Doklady Akad. Nauk. S.S.S.R., 72, 1091 (1950).  
4. orertler, W., Eermentforschung, 15, 171 (1936).  
5. Goldman, M. L., Burton, T. It. ,  and Rayman, M. M., Food Res., 

19, 503 (1954).  
6. Janecke, H., Starke, 3 , 2 9  (1951).  
7. Johnston, F. A. Jr. ,  and Sell, I t .  M,  Plant  Physiol., 19, 694 

(1944). 
8. Kistiakowsky, or. B., Mangelsdorf, P. C. Jr. ,  Rosenburg, A. J., 

and Shaw, W. It .  R., J. Am. Chem. Soc., 74, 5015 (1952).  
9. Lineweaver,  H., and Burk, D., J. Am. Chem. Soc., 56, 658 

(1934).  
10. Martin, H. F., and Peers, F. G., Biochem. J., 55, 523 (1953).  
11. McConnell, W. B., Spencer, E. Y., and Trew, J.  A., Can. J.  

Chem., 31, 697 ( (1953) .  
12. Olcott, H. S., and Fontaine, T. D., J. Am. Chem. Soc., 63, 825 

(1941).  
13. Ramakrishnan,  C. V., Science and Culture ( Ind ia ) ,  19, 566 

(1954).  
14. Rose, W. Or., J. Am. Oil Chem. Soc., 28, 47 (1951).  
15. Schoenheyder, F., and Yelqvartz, K., Enzymologia, 11, 178 

(1944),  
16. Singer, T. P., J.  Biol. Chem., 174, 11 (1948) .  
17. Sobotka, H., and orlick, D., J. Biol. Chem., 105, 199 (1934).  
18. Weinstein, S. S., and Wynne, A. M., J. Biol. Chem., 11g, 649 

(1935-36). 

[Received September 4, 1956] 

Error in the Determination of Active Ingredient in 
Detergent Products 
L. U. ROSS and E. W. BLANK, Research and Development Department, 
Colgate-Palmolive Company, Jersey City, New Jersey 

T 
[~E DETERMINATION of active ingredient in commer- 
cial detergent products  by gravimetric separation 
of the alcorhol-solub]e material is an accepted pro- 

cedure (1). The alcohol soluble is t i t ra ted for NaC1 
content, and a correction is made. Experience in 
this laboratory indicates that  when Na2CQ, N a H C Q ,  
and Na2B40~ are present, similar interferences arise 
by vir tue of their solubility in alcohol. The estab- 
lishment of a correction when such salts are present 
in the alcohol soluble is a difficult and impractical 
operation. 

The appreciable solubility of NaC1 in alcohol is an 
accepted fact. The l i terature reveals little informa- 
tion regarding the solubility of Na2C03, N a H C Q ,  
and Na2B~0~ in methyl  and ethyl alcohol (2). 

The magnitude of the error involved in assuming 
the alcohol soluble to be equivalent to active ingre- 
dient is shown by the results presented in Table I for  

TABLE I 

Comparison of Results for the Active Ingredient  Content of Detergent 
Products Employing Three Methods of Determination 

Detergent Product  
Determination 

Alcohol soluble ....................................... 
1 : 1 Acetone-ethyl ether soluble ............. 
Active ingredient (alkyl aryl 

sulfonate) by U. V. absorption .......... 
Na~CO~ ................................................... 
NaHC0.~ ................................................. 
NaCl ....................................................... 
Borax ..................................................... 

No. 1 No. 2 No. 3 

22.18 I 6.27 42.32 
15.11 I 3.98 41.34 

I 
14.25 I 3.72 41.33 

3.82 I 12.99 5.00 
Nil [ 31.53 Nil 

0.79 1.06 0.10 
14.18 Nil Nil 

three typical  detergents. In each case the result for  
active ingredient determined as alcohol soluble is con- 
siderably greater than that  determined by ultraviolet 
absorption. By extract ing the alcohol-soluble material 
with 1:1 acetone-ethyl ether, values are obtained 
which more closely approximate those determined by 
absorption in the ultraviolet. 

Procedure 
Obtain the dry  alcohol-soluble material  in the usual 

manner  (1).  I t  is not necessary to heat to constant 
weight. Add 75 mI. of 1:1 acetone-ethyl ether mix- 
ture to the alcohol-soluble residue and warm on the 
steam bath. Agitate with glass stirring rod, and filter 
warm through a Whatman No. 40 paper  or equiva- 
lent. Wash the flask and paper with small, additional 
volumes of warm 1:1 acetone-ethyl ether. Evaporate 
the combined filtrate and washings on the steam bath, 
and d ry  in an oven to constant weight at 80 _ 2~ 

Discussion 
The t reatment  with 1:1 acetone-ethyl ether re- 

moves NaC1, Na2CQ, N a H C Q ,  NaOH, and Na2B407 
in addition to traces of other inorganic salts. In de- 
veloping this purification procedure, the removal of 
Na2CO~ and NaHCO~ was demonstrated by running 
infrared spectra of the alcohol-soluble material be- 
fore and af ter  purification. Carbonate ion absorp- 
tions at 4.05, 5.65, 7.0, 11.38, and 14.3 microns were 
eliminated as a result of the purification treatment.  

The addition of 1.1 acetone-ethyl ether directly to 
the product  under  analysis is not recommended be- 
cause of the limited solubility of active ingredient 
in the mixture. By  working with the alcohol-soluble 
material, visual observation will prevent  errors result- 
ing from part ial  solubility of the active ingredient. 
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