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Biorefining of High Acid Rice Bran Oil 
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Rice bran oil with a high free f a t ty  acid content  (FFA) 
after degumming and dewaxing can be converted into edi- 
ble quality oil of sat isfactory refining characteristics by 
first adopting the biorefining process to reduce the major 
portion of the F FA by converting them into neutral 
glycerides with the aid of 1,3-specific lipase under op- 
t imum conditions and later deacidifying the residual FFA 
of the biorefined oil by alkali neutralization. 

Rice bran oil, as obtained in commerce, varies in its free 
fa t ty  acid content  depending on the quality of bran from 
which the oil is extracted.  Generally, the free fa t ty  acid 
level varies from about 2 to 5 per cent but oils having high 
free fa t ty  acid content--from about 15 per cent to as high 
as 40 per cent--are also commercially produced. The refin- 
ing of high FFA rice bran oil has been accomplished by 
miscella refining I1} with single solvent-like hexane or with 
double solvent consisting of hexane and alcohol {both 
ethanol [2] and isopropanol [3]}, by physical refining (4) 
and by their combination (4). Efforts have also been made 
to deacidify high FFA rice bran oil by reesterification 
using a chemical ca ta lys t  (5). The refining of high FFA 
rice bran oil by isopropanol extract ion and alkali 
neutralization has also been reported (6). 

The unique properties of some microbial lipases to syn- 
thesize triglyceride from a fa t ty  acid and glycerol can be 
conceived for utilization to develop an alternative process 
for deacidifying a vegetable oil. The process, in particular, 
may be useful in the deacidification of high FFA vege- 
table oils. The present s tudy makes an effort to in- 
vest igate  the potential  of the enzymatic deacidification 
process for refining high FFA rice bran oil by examina- 
tion of the enzymatic esterification reaction variables like 
enzyme concentration, reaction temperature and reaction 
time, glycerol concentrat ion and amount  of moisture in 
the reaction mixture. 

This s tudy involves the determination of free fa t ty  acid 
with the progress of esterification reaction under different 
conditions. The efficacy of the method has been tested 
in terms of the refining factor when ult imately the alkali 
refining has been combined to remove residual FFA. 

MATERIALS AND METHODS 

Rice bran oil was supplied by K. N. Oil Industries, Raipur, 
Madhya Pradesh. The oil was degummed {7) by 0.1 per 
cent phosphoric acid of 85 per cent strength as 10 per cent 
aqueous solution at 60~ for 30 minutes and the degum- 
med oil was then dewaxed by t rea tment  with 0.2 per cent 
CaC12 in the form of 10 per cent aqueous solution at 
15~ for 4 hr (8). 

The degummed and dewaxed rice bran oil was enzymat- 
ically deacidified by Mucor  miehei lipase (Lipozyme T M) 
supplied by Novo Industry,  Denmark. 

Refining was conducted with a different percentage of 
the enzyme at different temperatures  and pressures with 
or without adding glycerol and with or without  adding 
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water. The reaction was also carried out at first at at- 
mospheric pressure and later under vacuum. The amount  
of glycerol added was stoichiometric and a 30 per cent 
excess of the stoichiometric amount. The FFA percentage 
was examined (9) at different intervals of the reaction by 
recovering the oil from enzyme by extract ion with nor- 
mal hexane and desolventizing the oil. 

The biorefined oil from the optimum conditions was fur- 
ther refined by adding a theoretical quanti ty of dilute 12 ~ 
Be' caustic soda solution at ca. 60~ 

The degummed, dewaxed rice bran oil and biorefined 
oils were analyzed for FFA (9), unsaponifiable mat ter  (10) 
and color { 11). The percentage of monoglcerides, diglycer- 
ides and triglycerides was determined by gas liquid 
chromatography (12). 

RESULTS AND DISCUSSION 

The results obtained indicated that  the extent  of 
deacidification depends mainly on the amount of glycerol, 
enzyme, water and also on temperature  and pres- 
sure employed during the deacidification reactions 
{Tables 1-5}. The data  in Table 1 shows tha t  by using 
stoichiometric amounts  of glycerol, the FFA level 
decreases significantly compared to not using glycerol 
during the reesterification reaction. The use of excess 
amounts of glycerol over the theoretical amount  does not 
show any improvement  in the rate and degree of 
deacidification. 

The amount  of enzyme used in the reaction {Table 2) 
appears to be sat isfactory at the 10 per cent level as can 
be seen in terms of the reduction in FFA level when com- 
pared with the amount  of enzyme used at 5 per cent and 
15 per cent levels. However, a drop in FFA level by about 
80 per cent by using 5 per cent enzyme by weight in about 
10 hr can be achieved. By increasing the enzyme to 10 
per cent, the rate of deacidification improves by another 
8 per cent. A further increase in the enzyme amount does 
not show any improvement  in the rate and degree of 
deacidification. 

I t  is important  to maintain water at 10 per cent of the 
weight of enzyme in order to achieve a bet ter  deacidifica- 
tion rate  {Table 3). 

Among the variables, the pressure maintained during 
the reaction appears to great ly influence the rate of the 
deacidification reaction {Table 4). I t  is necessary that  the 
reaction is conducted at low pressure at 10 mm Hg. The 
rate of FFA drop is enhanced when the reaction is con- 
ducted at  30 mm Hg instead of at atmospheric pressure. 
The rate is further  enhanced when the reaction is con- 
ducted at 10 mm Hg. However, the difference between 
the working pressures of 30 mm and 10 mm Hg is no 
doubt  significant but  not as significant as it is when the 
reaction is conducted at atmospheric pressure. 

As expected, the temperature  during the reaction has 
an influence on the rate of deacidification {Table 5). Thus 
at 50~ the FFA is lowered to about 8 per cent from 30 
per cent in 10 hr. While at 70~ the FFA drops to 3.5 
per cent. When the reaction is conducted at 80~ the 
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d r o p  i n  t h e  F F A  i s  l e s s  d u e  t o  t h e  e x p e c t e d  e n z y m e  d e a c -  
t i v a t i o n  a t  t h a t  t e m p e r a t u r e .  

U n d e r  t h e  o p t i m u m  c o n d i t i o n s  o f  e s t e r i f i c a t i o n ,  t h e  

d e a c i d i f i e d  oil  s t i l l  c o n t a i n s  3 . 6  p e r  c e n t  F F A ,  1 .3  p e r  c e n t  

T A B L E  1 

Ef fec t  of  Glycerol  on the  E x t e n t  of  Deacid i f ica t ion  of D e g u m m e d  
a n d  D e w a x e d  Rice  B r a n  Oil  in B i o r e f i n i n g  P r o c e s s  

m o n o g l y c e r i d e s  ( M G ) ,  12 .8  p e r  c e n t  d i g l y c e r i d e s  ( D G )  a n d  
8 0 . 3  p e r  c e n t  t r i g l y c e r i d e s  ( T G )  ( T a b l e  6). T h e  o r i g i n a l  

c r u d e  oi l  c o n t a i n e d  30  p e r  c e n t  F F A ,  4 p e r c e n t  u n s a p o n i -  

f i a b l e  m a t t e r  a n d  n e a r l y  t h e  s a m e  a m o u n t  o f  M G  a n d  
D G  b u t  o n l y  a b o u t  53  p e r  c e n t  T G ,  w h i c h  i s  s i g n i f i c a n t l y  

l e s s  t h a n  t h e  b i o r e f i n e d  s a m p l e .  T h i s  o b s e r v a t i o n  t h a t  t h e  
F F A  h a s  b e e n  c o n v e r t e d  i n t o  m o s t l y  T G  i s  h i g h l y  

Reac t ion  condit ion:  
i) E n z y m e  u s e d - - 1 0 %  on the  wt. of oil 

ii) P r e s s u r e - - 1 0  m m  H g  
iii) T e m p e r a t u r e - - 7 0  ~ 
iv) W a t e r - 1 0 %  

T A B L E  3 

Ef fec t  of W a t e r  on t he  E x t e n t  of  D e a c i d i f i c a t i o n  of  D e g u m m e d  
and D e w a x e d  Rice  B r a n  Oil 

Glycerol  u s e d  

Lov ibond  color 
(1 cm cell) 

Reac t ion  % F F A  
t ime  in h r  in oil Y R 

W i t h o u t  glycerol  1 28.8 - -  - -  

2 25.4 - -  - -  

5 18.0 - -  - -  

7 18.7 - -  - -  

i 0  19.8 14.2 2.8 W a t e r  u s e d  

Condit ion:  
i) Glycero l - - theore t i ca l  a m o u n t  

ii) E n z y m e - - 1 0 %  on the  wt  of oil 
iii) P r e s s u r e - - 1 0  m m  H g  
iv) T e m p e r a t u r e - - 7 0 ~  

Lov ibond  color 
(1 cm  cell) 

Reac t ion  % F F A  
t ime  in hr  in oil Y R 

Theore t ica l  a m o u n t  1 1 0 . 8  - -  - -  

2 8 . 5  - -  - -  

5 4 . 7  - -  - -  

7 3 . 6  - -  - -  

I 0  3 . 6  9 . 0  2 . 2  

W i t h o u t  wa te r  1 12.0 - -  - -  
2 11.6 - -  - -  
5 6.9 - -  - -  
7 4.5 - -  - -  

10 4.6 12.0 2.4 

30% excess  on theore t ica l  1 1 0 . 7  - -  - -  

2 8 . 1  - -  - -  

5 4 . 1  - -  - -  

7 3 . 8  - -  - -  

I 0  3 . 6  1 2 . 0  2 . 0  

10% on the  wt  of e n z y m e  1 10.8 - -  - -  
2 8.5 - -  - -  
5 4.7 - -  - -  
7 3.6 - -  - -  

10 3.5 9.0 2.2 

T A B L E  2 

Ef fec t  of E n z y m e  on t h e  E x t e n t  of  Deacid i f ica t ion  of D e g u m m e d  
a n d  D e w a x e d  Rice  B r a n  Oil 

Condit ion:  
i) G lyce ro l - - theore t i ca l  a m o u n t  

ii) T e m p e r a t u r e - - 7 0  ~ 
iii) P r e s s u r e - - 1 0  m m  H g  
iv) W a t e r - - 1 0 %  on the  w t  of e n z y m e  

A m o u n t  of e n z y m e  u s e d  
Reac t ion  % F F A  

t ime  in h r  in oil 

Lov ibond  color 
(1 cm cell) 

Y R 

5% 

10% 

15% 

1 12.6 - -  - -  
2 9.2 - -  - -  
5 6.4 - -  - -  
7 5.8 - -  - -  

10 5.4 12.2 2.6 

1 
2 
5 
7 

10 

10.8 
8.5 
4.7 
3.6 
3.5 9.0 2.2 

1 10.7 - -  - -  
2 8.2 - -  - -  
5 4.8 - -  - -  
7 3.8 - -  - -  

10 3.6 10.0 2.2 

T A B L E  4 

Ef fec t  of P r e s s u r e  on  the  E x t e n t  of Deacid i f ica t lon  of D e g u m m e d  
a n d  D e w a x e d  Rice  B r a n  Oil 

Condit ion:  
i) Glycero l - - theore t i ca l  a m o u n t  

ii) E n z y m e - - 1 0 %  on the  wt  of oil 
iii) T e m p e r a t u r e - - 7 0 ~  
iv) W a t e r - - 1 0 %  on the  wt  of e n z y m e  

P re s su re  
Reac t ion  % F F A  

t ime  in h r  in oil 

Lov ibond  color 
(1 cm cell) 

Y R 

A t m o s p h e r i c  

30 m m  H g  

i0 m m  H g  

1 18.9 - -  - -  
2 15.6 - -  - -  
5 10.7 - -  - -  
7 8.4 - -  - -  

10 8.2 12.8 2.5 

1 
2 
5 
7 

10 

1 
2 
5 
7 

10 

15.1 
10.8 

6.2 
5.2 
4.7 

10.8 
8.5 
4.7 
3.6 
3.5 

10.8 

9.0 

2.2 

2.2 
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TABLE 5 

Effect of Temperature on the Extent of D e a c i d i f i c a t i o n  

of Degummed a n d  D e w a x e d  R i c e  B r a n  Oi l  in B i o r e f i n i n g  Process 

Condition: 
i) Glycerol--theoretical amount 

ii) Enzyme--10% on the wt of oil 
iii) Pressure--10 mm Hg 
iv) Water--10% on the wt of enzyme 

Temperature 
in C 

Reaction % FFA 
time in hr in oil 

Lovibond color 
(1 cm cell) 

Y R 

50 

70 

80 

1 1 4 . 7  - -  - -  
2 12.0 -- -- 
5 8.8 -- -- 
7 8.2 -- -- 

10 7.9 13.4 2.5 

1 1 0 . 8  - -  - -  

2 8.5 -- -- 
5 4.7 -- -- 
7 3.6 -- -- 

10 3.5 9.0 2.2 

1 15.1  - -  - -  
2 14.3 -- -- 
5 8.8 -- -- 
7 6.9 -- -- 

10 5.0 10.0 2.3 

TABLE 6 

C h a r a c t e r i s t i c s  o f  C r u d e  a n d  R e f i n e d  R i c e  B r a n  Oi l  S a m p l e s  

Lovibond color 
(1 cm cell) 

FFA Unsap. MG DG TG 
% % % % % Y R 

Crude rice 
bran oil 30.0 4.0 1.2 12 .5  53.3 27.0 4.0 

Biorefined 
oil 3.6 2.0 1.3 12 .8  80.3 9.0 2.2 

Biorefined 
and alkali 
refined 
oil a 0.1 2.0 1.0 12 .5  84.0 5.0 0.6 

aRefining factor of the oil is 1.2. 

encourag ing ,  The reac t ion  has occurred ei ther  be tween  
the  glycerol  used  and  the  F F A  or be tween  the DG and  
the  F F A .  Qui te  l ikely bo th  of the  two es ter i f ica t ion  reac- 
t ions  have t aken  place s i m u l t a n e o u s l y  because  the DG 
con t en t  in  the  crude and  the  bioref ined sample  is near ly  

the same and  the  TG c o n t e n t  in the ref ined sample  is 
s ign i f i can t ly  increased.  

The combined  b iore f in ing  and  alkali  r e f in ing  process  
compares  well in t e rms  of re f in ing  factor  and  color wi th  
the  miscel la  re f in ing  process r ega rd ing  hexane  (1) and  a 
hexane-alcohol  m i x t u r e  (2) as shown prev ious ly  in our  
labora tory  and  is by  far superior to the combined physical  
ref ining and  alkali neu t ra l i za t ion  process inves t iga ted  by  
the au thors  in respect  to the ref in ing character is t ics .  The 
re f in ing  factor  inc ludes  the  to ta l  per cent  loss of oil f rom 
the s tages  of b io re f in ing  and  alkali  r e f in ing  divided by  
the F F A  of the crude oil. 

The overall  r esu l t s  ob t a ined  in the  p resen t  s t u d y  and  
the fact t ha t  the energy required is much  lower compared  
to other  processes  can sugges t  t h a t  h igh F F A  rice b r a n  
oil can be refined with a high degree of economy by  a com- 
b i n a t i o n  of e n z y m a t i c  d e a c i d i f i c a t i o n  a n d  a lka l i  
neu t ra l i za t ion .  
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ERRATUM 

This  article, "Biore f in ing  of High  Acid Rice B r a n  Oil," by  S. B h a t t a c h a r y y a  and  D.K. B h a t t a c h a r y y a  which 
appeared  in the October  issue of J A O C S  (66:1469-1471), appears  here in full r ep r in t  due to the omiss ion  of 
several  p a r a g r a p h s  in the  or iginal ly  p r in t ed  article. 
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