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S t u d i e s  o n  M o l d  L i p a s e  

C o m p a r a t i v e  S t u d y  of  L i p a s e s  O b t a i n e d  f r o m  
M o l d s  G r o w n  o n  C o c o a n u t  

By C. V. RAMAKRISHNAN and B. N. BANERJEE I, Bangalore 

L i p a s e  h a d  b e e n  o b s e r v e d  to  be  p r e s e n t  ill AspergiUus 
niger b y  CAMUS 2. HAEItN a h a d  e x p l o r e d  t h e  p o s s i b i l i t y  of 
f a t  s y n t h e s i s  b y  f u n g a l  e n z y m e s .  ARCHIBALD I~AYNER 4 
o b s e r v e d  t h a t  c e r t a i n  m o l d s  d e c o m p o s e  t h e  ed ib le  oils 
i n t o  f a t t y  ac ids  a n d  f i n a l l y  i n t o  CO~ a n d  CH, .  FODOR 
a n d  CHARI 5 f o u n d  t h a t  m y c e l i a l  t ipase  of  Aspergillus 
niger and penicillium roque/orti s h o w e d  t h e  m a x i m u m  
l ipo ly t i c  a c t i v i t y a t a n  o p t i m u m  p H  of 6.5. RAMAKRISHNA N 
a n d  NEVG1 ~ i n v e s t i g a t e d  t h e  d i f f e r e n t  oi l  seeds  a n d  
t-{AMAKRISHNAN a n d  BANERJEE 7 t h e  d i f f e r e n t  oil seed  
cakes  for  t h e i r  l i po ly t i c  a c t i v i t y .  I n  c o n t i n u a t i o n  of  
t h e i r  s e a r c h  for  a c h e a p  a n d  a c t i v e  l ipase ,  t h e  a u t h o r s  
a re  i n v e s t i g a t i n g  t h e  mo lds  g r o w n  on d i f f e r e n t  oil seeds  
for  t h e i r  l i p o l y t i c  a c t i v i t y .  T h e  p r e s e n t  p a p e r  dea l s  w i t h  
t h e  r e s u l t s  of t h e i r  i n v e s t i g a t i o n s  on  m o l d  l ipases  fro m 
c o c o a n u t  source .  C '" 

Experimental 
C o c o a n u t  k e r n e l  in  d i f f e r e n t  f o r m s - k e r n e l  in  mi lk ,  

s l i g h t l y  m a t u r e d  kerne l ,  m a t u r e d  k e r n e l  a n d  d r i ed  k e r n e l  
( K o p r a )  were  k e p t  in  de s i cca t o r s  o v e r  w a t e r  a t  28°C a n d  
e x p o s e d  t o  a i r .  T h e  m o l d s  b e g a n  t o  g r o w  on  t h e m  a f t e r  
f ou r  days .  

I t  was  f o u n d  t h a t  t h e  m o l d  g r o w t h  was  m a x i m u m  in 
t h e  case  of k e r n e l  in  m i l k  a n d  d e c r e a s e d  in  t h e  o r d e r - -  
k e r n e l  in  m i l k  ( m o i s t u r e  72.2 %;  free f a t t y  ac id  - -1 .4  %), 
s l i g h t l y  m a t u r e d  k e r n e l  ( m o i s t u r e  65-1% ; f ree  f a t t y  ac id  
2 .1%) ,  m a t u r e d  k e r n e l  ( m o i s t u r e  53.2 % ;  free f a t t y  ac id  
- - 2 . 2 % )  a n d  d r i e d  k e r n e l  ( m o i s t u r e  2 - 8 % ;  f r ee  f a t t y  
ac id  -- 2-4 %).  

T h e  m o l d s  g r o w n  were  s u b c u l t u r e d  in  C z a p e k  a g a r  
m e d i u m  in  P e t r i  d i shes  a n d  p u r e  s t r a i n s  were  p r e p a r e d .  
S t a i n i n g  m e t h o d s  used  b y  MlSWARD BAYLISS, DAVm 
GLICK, a n d  ROBERT SIEM 8 as  wel l  as  t h e  b io log ica l  
m e t h o d s  used  b y  GRAmLL a n d  1REED 8 were  u sed  t o  
d e t e c t  t h e  l i po ly t i c  m o l d s  f rom t h e  p u r e  s t r a i n s  o b t a i n e d .  

T h e  p u r e  s t r a i n s  of  t h e  l ipo ly t i c  m o l d s  were  g r o w n  in  
l i q u i d  C z a p e k  m e d i u m  a t  37°C, a n d  a f t e r  a w e e k  t h e  
m a t s  f o r m e d  were  r e m o v e d ,  w a s h e d  wel l  w i t h  s t e r i l i s ed  
w a t e r ,  a n d  e x t r a c t e d  w i t h  l ow-bo i l i ng  p e t r o l e u m  e t h e r  
to  r e m o v e  t h e  fa t .  T h e y  were  c o m p l e t e l y  d r i ed  a t r o o m  
t e m p e r a t u r e  to  r e m o v e  t h e  s o l v e n t ,  p o w d e r e d  well,  
s i eved  t h r o u g h  a 60 m e s h  s ieve,  a n d  t h e  p o w d e r  was  used.  

T h e  a c t i v i t y  of t h e s e  m o l d  IMposes was s t u d i e d  b y  
i n v e s t i g a t i n g  t h e  h y d r o l y s i s  of f r e s h l y  p r e p a r e d  g r o u n d -  
n u t  oil  u s i n g  t h e s e  l ipases  a n d  d i s o d i u m  p h o s p h a t e - -  
c i t r i c  ac id  b u f f e r  of v a r y i n g  p H .  
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E a c h  s e t  of t h e  e x p e r i m e n t s  c o n s i s t e d  of 1 c m  ~ of  oil, 
5 c m  * of w a t e r ,  0.1 g of m o l d  l ipase ,  2 c m  ~ of b u f f e r  
m i x t u r e  of v a r y i n g  p i t ,  a n d  a few d r o p s  of t o l u e n e  in  a 
f l a sk  i n c u b a t e d  a t  37°C for  24 h o u r s  a f t e r  a t h o r o u g h  
s h a k i n g .  A l w a y s  a b l a n k  a c c o m p a n i e d  e a c h  sample .  
A f t e r  t h e  p e r i o d  of i n c u b a t i o n ,  t h e  c o n t e n t s  were  r e m o v e d  
a n d  t i t r a t e d  a g a i n s t  0.1 N N a O H  a f t e r  t h e  a d d i t i o n  of 
25 c m  a of  n e u t r a l  a l coho l  a n d  w a r m i n g  for  s o m e  t ime .  
N e c e s s a r y  p r e c a u t i o n s  were  t a k e n  t o  o b t a i n  r e a d i n g s  
u n d e r  s t e r i l e  cond i t i ons .  T h e  d i f fe rence  b e t w e e n  t h e  
s a m p l e  a n d t h e  b l a n k  in t e r m s  of em 3 of 0.1 N s o d i u m  
h y d r o x i d e  wil l  g ive  t h e  a c t i v i t y  of t h e  l ipase.  The  r e su l t s  
a re  g i v e n  in T a b l e  I. 

F r o m  t h e  a b o v e  t a b l e ,  i t  c a n  b e  seen  t h a t ,  in  genera l ,  
t h e  s t r a i n s  i s o l a t e d  f r o m  m o l d s  g r o w n  o n  k e r n e l  in  mi lk  
s h o w  h i g h  l i po ly t i c  a c t i v i t y .  T h e  o p t i m u m  p H  for  al l  t h e  
l ipo ly t i c  m o l d s  is 6.2. Aspergillus ]lavus, Aspergillus 
oryzae a n d  AspergiIlus niger A2 s t r a i n s  a re  h i g h l y  l ipo ly-  
t i c  in  n a t u r e .  

T h e s e  t h r e e  s t r a i n s  were  g r o w n  on  c o c o a n u t  cake  
m e d i u m .  I n  d i f f e r e n t  c u l t u r e  f lasks,  200 c m  8 of cake  so- 
l u t i o n  c o n t a i n i n g  15 % of oi l -free cake  was  a d d e d  a n d  
d i f f e r e n t  a m o u n t s  of c o c o a n u t  oil  (f. t, a. = 0.05 %) -were 
a d d e d .  T h e y  were  s t e r i l i s ed  for  10 m i n u t e s  u n d e r  15 lbs.  
p ressu re ,  i n o c u l a t e d  w i t h  t h e  s t r a i n s  a n d  i n c u b a t e d  a t  
37°C. A f t e r  f ou r  days ,  t h e  m a t s  were  r e m o v e d  a n d  t h e  
l ipase  p o w d e r  was  p r e p a r e d .  T h e  a c t i v i t y  of  t he se  mo ld  
l ipases  was  d e t e r m i n e d  b y  s t u d y i n g  t h e  h y d r o l y s i s  of 
f r e sh ly  p r e p a r e d  g r a n d  n u t  b y  oil u s i n g  t he se  l ipases  a n d  
d i s o d i u m  p h o s p h a t e - c i t r i c  ac id  b u f f e r  of  6.2 p H .  T h e  
r e su t t s  a re  g i v e n  in T a b l e  I I .  

Table II 
Lipase activity I 

in terms of difference 
in cm ~ of 0-1 N NaOH 

Czapek 

Medium Growth 

Appreciable 
growth 

Not  
satisfactory 

Slight growth 

Good growth 
Very 

good growth 

Slight growth 

Slight growth 

Cocoanut cake 
alone 

Cocoanutcake  + 
2% cocoanut oil 

Cocoanut cake + 
5% cocoanut  oil 

Cocoanut cake + 
10%cocoanutoi l  

Cocoanut cake + 
15%cocoanutoi l  

Cocoanut c a k e +  
20%cocoanuto i t  

between the sample I 
and the Mank for l 

A }o&e A"'  

6-8 6.1 5-8 

5.2 4.8 4.3 

5,8 5.3 4'9 

6.9 6-5 6 . i i  

2,9 70.8 9.5 t 
7.1 6.8 6.2 

5.2 4-7 4-4 

F r o m  t h e  a b o v e  t ab l e ,  i t  c a n  b e  seen  t h a t  t h e  s t r a i n s  
g r o w n  on c o c o a n u t  c ake  m e d i u m  c o n t a i n i n g  1 0 %  oil 
s h o w  h i g h  l i po ly t i c  a c t i v i t y .  T h i s  g ives  a n  i n d i c a t i o n  
t h a t  t h e  c a k e  m e d i u m ,  o n  f u r t h e r  i n v e s t i g a t i o n ,  m a y  
p r o v e  t o  b e  a good  s o u r c e  for  t h e  g r o w t h  of t i po ly t i c  
mo lds  on  a l a rge  sca le .  

Synthetic activity o] the lipolytic ~zolds 
A c e t o n e - d r i e d  l ipase  was  p r e p a r e d  f r o m  t h e  molds  

a c c o r d i n g  t o  RAZIAKRISttNA~ a n d  NEVGI'S I m e t h o d .  T h e  

1 C. V. RA~AKalSHNAN and G. V. NEVGI, J. Univ. Bombay 19, 
Part 3, p. 36 (1950). 
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Name of the mold 

Aspergillus niger A 1 
F r o m  kerne l  in mi lk  . . . . . . .  
F r o m  s l igh t ly  m a t u r e d  kernel  
F r o m  m a t u r e d  kernel  . . . . . . .  
F r o m  dried ke rne l  . . . . . . . .  
Aspergillus niger A 2 
F r o m  kernel  in mi lk  . . . . . . .  
F r o m  s l igh t ly  m a t u r e d  kernel  
F r o m  m a t u r e d  kernel  . . . . . . .  
F r o m  dr ied kernel  . . . . . . . .  
A spergillus flavus 
F r o m  kernel  in mi lk  . . . . . . .  
F r o m  s l igh t ly  m a t u r e d  kernel  
F r o m  m a t u r e d  ke rne l  . . . . . . .  
F r o m  dr ied  ke rne l  . . . . . . . .  
Aspergillus oryzae 
F r o m  kernel  in mi lk  . . . . . . .  
F r o m  s l igh t ly  m a t u r e d  kerne l  
F r o m  m~ tu red  kernel  . . . . . .  
F r o m  dr ied kerne l  . . . . . . . .  
Penicill ium sp. 
F r o m  kernel  in mi lk  . . . . . . .  
F r o m  s l igh t ly  m a t u r e d  kernel  
F r o m  m a t u r e d  kerne l  . . . . . .  
F r o m  dr ied kernel  . . . . . . . .  
Yellow mold 
F r o m  kerne l  in mi lk  . . . . . . .  
F r o m  s l igh t ly  m a t u r e d  kernel  
F r o m  m a t u r e d  ke rne l  . . . . . . .  
F r o m  dr ied kernel  . . . . . . . .  
Aspergillus [umigatus 
F r o m  kerne l  in mi lk  . . . . . . .  
F r o m  s l igh t ly  m a t u r e d  kerne l  
F r o m  m a t u r e d  kerne l  . . . . . .  
F r o m  dr ied  kerne l  . . . . . . . .  
Rhizopus sp. 
F r o m  kerne l  in  mi lk  . . . . . . .  
F r o m  s l igh t ly  m a t u r e d  kerne l  
F r o m  m a t u r e d  kerne l  . . . . . . .  
F r o m  dr ied kernel  . . . . . . . .  

Activi ty of the mold lipase in terms of 

3.1 

b9 
b7 
.~.2 
t-9 

3-1 
,~.5 
.).8 
2.2 

3-8 
2-9 
2-5 
2-3 

3.0 
2.8 
2-5 
2-4 

2.5 
2,0 
1-9 
1.5 

2"7 
2"5 
2-2 
1-~ 

1.2 
1-fi 
0.~ 
0"5 

1-( 
0"] 
0.~ 
0.~ 

3-6 

3.2 
2.9 
2.6 
2.2 

3.3 
2.8 
3.0 
2.5 

4.2 
3.9 
3.4 
2"8 

3.7 
3.4 
2-9 
2,6 

2.8 
2-6 
2-4 
2'0 

2.9 
2-5 
2.1 
1.8 

1.8 
1-5 
1.2 
0.c 

1.2 
0"~ 
0.( 
0< 

sample and the 

4-~ 

3-5 
3.2 
2.9 
2-6 

3.8 
3"0 
3.5 
2-8 

4.8 
4.5 

• 3-9 
3-I 

4.5 
3.8 
3-2 
2-9 

3.1 
2.9 
2-6 
2.2 

3.1 
2.8 
2.5 
2.2 

2,1 
1.8 
1.5 
1.1 

1-5 
1.2 
0.9 
0.6 

lank 

4"8 

~-2 
4-0 
3-6 
3-0 

4-9 
3"8 
4.5 
3.2 

5.2 
4.7 
4.1 
3.8 

5.0 
4.8 
4-2 
3-9 

3.5 
3.2 
2-8 
2.5 

3.3 
2.9 
2.7 
2"4 

2.4 
2.0 
1.5 
1.5 

2"0 
1.8 
1.4 
1.0 

difference in em a of 0,1 N NaOH between the 
when the pH of the mixture  is 

5-4 

~-9 
~'5 
~.1 
3.9 

5"1 
~'5 
~'9 
3,8 

5.6 
5"2 
4.9 
4-1 

5-2 
5"0 
4-8 
4"2 

3"6 
3-4 
3-0 
2"9 

3-5 
3"2 
3.0 
2'8 

2.8 
2.5 
2.2 
1.8 

6-2 

i.2 
i.O 
1.7 
~'2 

~.8 
~.2 
~.5 
¢.5 

5.8 
5.2 
~.2 
4.8 

5.1 
5.5 
5.1 
4.7 

4.2 
d ' l  
3"7 
3'2 

4.0 
3"5 
3"2 
3"0 

3.2 
3.0 
2.8 
2.6 

2.5 
2.2 
1.8 
1.6 

2.2 
1.9 
1.5 
1.4 

6 ' 8  7"2 

b6 ;.1 
t.2 b8 
b0 b5 
b8 b0 

~.2 t-7 
b8 t.2 
5.0 ~-5 
~-2 1.0 

5.9 4.3 
5-2 t.1 
~.8 ~.7 
~-1 3,2 

5.1 ~-9 
5-0 t.5 
~--7 ~.i 
4-2 3.8 

4.0 3.5 
3-8 3.2 
3-5 3.0 
2-9 2.5 

3.4 2.9 
3-2 2.7 
2.~ 2-2 
2.5 1.8 

2.5 1-8 
2-,~ 1-9 
2.( 1-4 
2.( 1-I 

2.1 1-5 
1.~ 1.0 
1.~ 0"8 
04 0-7 

s y n t h e s i s  o f  b u t y l  o l e a t e  w a s  c a r r i e d  o u t  u s i n g  t h e s e  
l i p a s e s .  

I n  d i f f e r e n t  c o n i c a l  f l a s k s ,  e q n i m o l e c u l a r  q u a n t i t i e s  
(0 -054  g m o l e c u l e )  o f  b u t y l  a l c o h o l  ECH~(CH2)2 C H a O H - -  
]3. P .  1 1 7 ° C ;  d e n s i t y  = 0 .809  g e m  3 m o l e c u l a r  w e i g h t  
74 .1]  a n d  o le ic  a c i d  [ C s H a ~ C H  = C H ( C H 2 ) ~ - C O O H  ]3. P .  
2 8 6 ° C  100 m m  d e n s i t y  = 0 .895  g / c m 3 ;  m o l e c u l a r  w e i g h t  
282.4)  w e r e  a d d e d .  T h e  l i p a s e  (1 g) a n d  e t h e r  s o l v e n t  
(10 c m  ~) w e r e  a d d e d  t o  e a c h  f l a s k ,  s h a k e n  wel l ,  a n d  k e p t  
in  t h e  i n c u b a t o r  a t  3 7 ° C  a f t e r  c o r k i n g  wel l .  A t  d i f f e r e n t  
i n t e r v a l s  o f  t i m e  1 c m  3 f r o m  e a c h  f l a s k  w a s  t a k e n ,  25 c m  8 
o I  n e u t r a l  a l c o h o l  a d d e d ,  w a r m e d  f o r  s o m e  t i m e  a n d  
t i t r a t e d  a g a i n s t  0.1 N s o d i u m  h y d r o x i d e .  A l w a y s  a b l a n k  

Table I I I  
Solvent: Ether  Synthesis of butyl  oleate 

d 
Z 

1 
2 
3 

Name of the lipase 

Aspergillus flavus 7.9 14.8 
AspergiIlus oryzae 6.9 12-7 
Aspergillus niger A 2 5.8 11.1 

1 2 3 4 

16-5 20.1 
1-5-1 18.2 
13.8 15.6 

Percentage synthesis on day 

5 '"'1" 6 7 

29-7 40.2 35-6 
20.6 32,8 29-8 
19.8 30.7 27-6 

a c c o m p a n i e d  e a c h  s a m p l e .  T h e  d i f f e r e n c e  b e t w e e n  t h e  
b l a n k  a n d  t h e  s a m p l e  w a s  c a l c u l a t e d  i n  t e r m s  of  c m  8 
o f  0,1 N s o d i u m  h y d r o x i d e .  F r o m  t h i s  t h e  p e r c e n t a g e  
s y n t h e s i s  w a s  c a l c u l a t e d .  T h e  r e s u l t s  a r e  g i v e n  i n  t a b l e  I I I ,  

F r o m  T a b l e  I I I ,  i t  c a n  b e  s e e n  t h a t  t h e  m o l d  l i p a s e s  
c a n  a l so  s y n t h e s i s e  e s t e r s  w h i c h  s u g g e s t s  t h a t  t h e s e  m i g h t  
b e  u t i l i z e d  f o r  t h e  p r e p a r a t i o n  o f  s y n t h e t i c  f a t .  

T h e  a b o v e  o b s e r v a t i o n s  p r o v e  t h a t  t h e s e  m o l d  l i p a s e s  
c a n  be  u s e d  fo r  f a t  h y d r o l y s i s  i f  a p i l o t  p l a n t  c a n  be  e r e c t -  
e d  t o  g r o w  t h e  l i p o l y t i c  m o l d s  o n  a l a r g e  s c a l e .  T h e  
s t r a i n s  o b t a i n e d  f r o m  t h e  m o l d s  g r o w n  o n  o t h e r  oi l  s e e d s  
wi l t  a l so  be  a n a l y s e d  fo r  t h e i r  l i p o l y t i c  a c t i v i t y ,  a n d  i f  n o  
o t h e r  s t r a i n  w i t h  b e t t e r  a c t i v i t y  i s  f o u n d ,  t h e s e  wi l l  be  
i n v e s t i g a t e d  a s  t o  w h e t h e r  l i p a s e  c a n  b e  e x t r a c t e d  f r o m  
t h e m  o n  a l a r g e  s ca l e .  
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