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Introduction 

R ICE BRAN, the term applied to the coating re- 
moved f rom brown rice dur ing milling, is com- 
posed of the seed coat, the major  pa r t  of the 

germ, and most of the outer layer  of the kernel to- 
gether with some broken kernels. The b ran  which 
constitutes about  8.5% of the whole grain is highly 
nutr i t ious owing to its content of fat,  protein, and 
vitamins (6).  Because of the nutr i t ional  value of rice 
bran  i t  has been used as a feed for  poul t ry  and live- 
stock. However in addition to its value as a feed- 
stuff, rice bran  constitutes a potential  source of oil. 
The bran  contains f rom 14-18% of an oil with prop- 
erties similar to that  of cottonseed oil (4).  Moreover 
the removal of the oil f rom the bran  should not impair  
its value as a stock feed since the protein and vitamin 
contents should be correspondingly increased by  re- 
moval of the oil and it should be more stable with 
respect to the oxidative rancidi ty  which is often a 
serious problem with this mill feed. 

A major  difficulty of rice bran  as a raw material  
for  the product ion of high quali ty edible oil is asso- 
ciated with its deterioration in storage, principal ly 
as a result  of hydrolysis of the oil in the bran.  

In  1903 Browne (3) investigated the formation of 
free f a t ty  acid in rice b ran  by  the action of lipolytic 
enzymes. He repor ted that  heating the bran inhibited 
the hydrolyt ic  action to some degree. Fu r the r  work 
was reported by  West and Cruz (9) in 1933, who 
concluded that  " t h e  formation of free f a t ty  acids in 
vegetable oils is due to the action of moisture in the 
presence of enzymes . . . which act as catalysts and 
accelerate the hydrolysis of the fats . . . .  Heat ing the 
bran  removes tile moisture and stops the destructive 
action of the enzymes . . . .  " I t  is therefore assumed 
that  the presence of enzymes is necessary to br ing 
about this hydrolyt ic  action since at ordinary  tem- 
peratures  moisture alone is not effective in producing 
rapid hydrolysis of glycerides. 

I t  is apparent  tha t  before appreciable progress can 
be made toward the commercial product ion of a high 
qual i ty  edible oil f rom rice bran,  some means must 
be developed to prevent  the rapid formation of free 
f a t ty  acids in the bran  af ter  its removel f rom the 
rice and prior  to extraction of the oil. The present 
repor t  deals with a) the determination of the factors 
affecting the formation of free f a t ty  acids in rice bran  
during storage, and b) possible methods of minimiz- 
ing or prevent ing the formation of these acids. 

Materials 
The rice brans used in these investigations were:  

a) b ran  f rom s tandard milled, Southwestern-grown, ~ 
long-grained rough rice of different varieties which 
are re fe r red  to hereinaf ter  as " r e g u l a r "  rice bran  
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and b) b ran  from Southwestern-grown, long-grained, 
"Converted" rice. "Converted"  is the term applied 
to the process of forcing the minerals and water-solu- 
ble B complex vitamins from the hulls, bran  layer, 
and germ of the rough rice into the endosperm or 
kernel by  means of hot water applied under  pressure, 
followed by application of heat to g e l a t i n i z e  the 
starch of the endosperm (7). Af ter  conversion the 
rice is milled in the same manner  as untreated rice. 

Methods 
All of the samples of bran  were analyzed for oil 

(Ba-3-38), moisture (Ba-2-38), and free fa t ty  acids 
(Aa-6-38) by the procedures of the Official Methods 
of the American Oil Chemists' Society (2) for  oil- 
seeds excepting that  the bran  did not require grind- 
ing and the free f a t t y  acids were determined on 
approximately 3.0-g. samples of oil. The stored bran  
was sampled at  intervals and analyzed for its con- 
tent of free fa t ty  acid. The stored brans were mixed 
either by hand or by shaking the container before 
removing samples for  analysis. The samples were ex- 
tracted immediately and a record kept  of the date 
and exact time of extraction. 

Results 
The Effect of Storage at Different Temperatures 

on the Formation of Free Fatty Acids. A sample of 
regular  rice bran (9.6% oil, 12.6% moisture) was di- 
vided into three portions of approximately 40 pounds 
each. Each portion was stored in a large, closed can 
and stored at one of the following temperatures:  1. 
3~176 2. 25~176 3. 31~176 Fig- 
ure 1 shows the variat ion in the rate of formation of 
free f a t t y  acids with temperature.  Reference to the 
curves in this F igure  shows that the content of free 
fa t ty  acids of the bran was initially low but  rose rap- 
idly, especially at the higher temperatures  (Curves 1 
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~G. 1. Effect of storage at different temperatures on the 

formation of free fatty acids. Curve 1 storage at 3~ curve 
2 at 25~ and curve 3 at 31~ 



T . i :  JOI:RNAL OF TIIE AMERICAN OiL C/IIEMISTS' SOCII':TY, DECEMBER, 1949 739 

and 2, Figure  1). In the initial period of storage, 
that  is the first 12 hours, during which time the rate 
of formation of free f a t ty  acids is the same in all 
three samples, thermal equilibrium of the bran  with 
its surroundings is probably not attained. Although 
all of the samples eventually showed a rapid increase 
in the content of free fa t ty  acids, the rate of hydroly-  
sis was slowest at the lowest temperature  (Curve 1, 
Figure  1). 

A p p r o x i m a t e l y  40 pounds of b ran  from "Con-  
ve r t e d"  rice (17.27% oil, 9.10% moisture) was stored 
at a temperature  of 3~176 in a 50-pound lard 
can. This bran stored quite well, increasing from an 
original content of free f a t ty  acids of 2.6% to 6.5% 
in 6 �89  months. The moisture content increased from 
9.10% to 9.42% over the same period of time. lIow- 
ever, af ter  the t ransfer  of a I)ortion of the bran from 
the lower temperature  (3~ to a tempera ture  of 
25~ the bran  kept  well for  7 days, increasing in 
free fa t ty  acids f rom 6.5% to 8.1%, af ter  which it 
deteriorated rapidly,  increasing in the content of free 
f a t ty  acids from 8.1% to 46.9% in 9 days. But  bran  
from freshly milled " C o n v e r t e d "  rice stored at 25~ 
showed a very  gradual  increase in free f a t ty  acid con- 
tent from 3.2% to 10.8% in 61/2 months. 

Effect of Drying at 70 ~ 85 ~ 100 ~ and 110~ on 
the Formation of Free Fatty Acids in Rice Bran Dur- 
ing Storage. A sample of freshly milled regular  rice 
bran (15.40% oil, 12.92% moisture, 3.5% initial free 
f a t ty  acids) was divided into ]3 portions. One portion 
served as a control, and the 12 remaining portions 
were dried by heating for  different periods of time 
and at different temperatures  in a forced dra f t  oven. 
The times and temperatures  used were 1, 2, a n d  3 
hours and 70~ 85~ 100~ and 110~ respec- 
tively. The samples were stored in t ight ly closed Ma- 
son jars at 25~ Determinations of free f a t ty  acids 
and moisture were made periodically. The data with 
respect to the conditions of t reatment  of the samples 
and the change in moisture af ter  drying and during 
storage arc given in Table 1 and curves for  the forma- 
tion of free fa t ty  acids a f te r  storage for 122 days in 
Figure  2. Although a simple mathematical relation- 
ship is not evident in the rate curves, comparison of 
the data in Table I and Figure  2 indicates that the 
rate of increase in free f a t ty  acids varies directly 
with the final moisture content of the bran. 

Data with reference to the t reatment  of the samples 
dried for 1, 2, or 3 hours at 100~ and 110~ and 
the changes in moisture content af ter  dry ing  and dur- 
ing storage are given in Table I I  and for the rates 
of formation of free f a t ty  acids during storage for 
122 days in Figure  3. Comparison of the data in 
Table I I  and Figure  3 indicates that  the rates of for- 
mation of free fa t ty  acids vary  with the final mois- 
ture contents of the bran. These results are similar 
to those obtained by drying  the bran at 70~ and 
85~ The free f a t ty  acid content of the samples 
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~'1o. 2. E f f e c t  o f  d r y i n g  o n  t h e  f o r m a t i o n  o f  f r e e  f a t t y  a c i d s  
i n  r e g u l a r  r i c e  b r a n  s t o r e d  a t  2 5 ~  T i m e  a n d  t e m p e r a t u r e s  o f  
drying: (1) xNone, (2) 1 hr. at 70 ~ , (3) 2 hrs. at 70 ~ (4) 3 
hrs. at 70 ~ (5) 1 hr. at 85 ~ (6) 2 hrs. at 85 ~ (7) 3 hrs. at 
85 ~ 

dried for  three hours in each ease remained almost 
s tat ionary throughout  the period of storage. 

Effect of Drying on the Formation of Free Fatty 
Acids in Bran From "Conver ted"  Rice. A sample of 
bran  from " C o n v e r t e d "  rice (18.01% oil, 6.57% mois- 
ture, 3.2% initial free f a t ty  acids) was divided into 
13 portions. One portion served as a control, and the 
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Fro. 3. Ef fec t  of  d r y i n g  on the  formatiol~ o f  f ree  f a t t y  acids  
in r egu la r  rice b r an  s to red  a t  25~ T ime  and  t e m p e r a t u r e s  of  
d r y i n g :  (1)  None,  (2)  1 hr.  a t  100 ~ , (3)  2 hrs.  a t  100 ~ , (4)  3 
hrs.  a t  100 ~ (5)  1 hr.  a t  110 ~ (6)  2 hrs.  a t  110 ~ (7)  3 hrs.  
a t  l l 0 ~  

T A B L E  [ 

R e g u l a r  Rice  B r a n  �9 D r i e d  ( t i e a t e d )  a t  70~ a n d  85~ a n d  S to red  at  25~  

1,~xpcrinlent No. t 2 3 4 5 6 7 

T rea t men t ,  
Hea ted ,  h o u r s  ................................................ 0 1 2 3 1 2 3 

temp.,  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 70 70 85 85 85 
B r a n  temp.  a f t e r  hea t ing ,  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 64 65 64 74 76 
Mois tu re  a f t e r  hea t ing ,  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.72 5.11 4 .90 19.12 4.30 3.54 
M'oisture a f t e r  18 weeks ,  % ................................ 17.40 7.87 5.42 4 .16 9.41 4.72 3.50 

a Oil content ,  1 5 . 4 0 % ;  o r ig ina l  moisture~ 1 2 . 9 2 % .  
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T A B L E  I1 

R e g u l a r  l~iee B r a n  a Dr i ed  ( i I e a t e d )  a t  100~C. a n d  I I 0 : C .  and  S tored  a t  25 ~ C. 

E x p e r i m e n t  No. 

T r e a t m e n t ,  
Hea ted ,  hou r s  ................................................ 

t e m p . ,  ~  .......................................... 
B r a n  temp. a f t e r  hea t ing ,  ~ .............................. 
Mo i s tu r e  a f t e r  hea t ing ,  % ................................... 
Mois tu re  a f t e r  18 weeks ,  % ................................ 

a Oil content ,  1 5 . 4 0 % ;  o r ig ina l  mo i s tu r e  

0 

17.40 

12.92%. 

3 

1 2 
1 0 0  1 0 0  
9O 94 

3.63 2.54 
4.08 2.44 

3 
100 

92 
2.37 
2.26 

1 
110 

76 
4 . 4 t  
3.92 

6 7 

2 3 
110 110 
104 105 

3.69 2.06 
3.66 1.86 

rmnaining 12 portions were dried for  1, 2, or 3 hours 
at one of the following tempera tures :  1. 70~ 2. 
85~ 3. 100~ and 4. 110~ The b ran  was dried 
in t rays  in a forced d ra f t  oven and stored in t ight ly  
closed 5[ason jars  at 25~ The contents of free fa t ty  
acids and moisture were deternfined periodically. 

The data with reference to var ia t ion in the content 
of free f a t ty  acids as a funct ion of the moisture con- 

T A B L E  I I I  

S t o r a g e  of D r i e d  ( H e a t e d )  " C o n v e r t e d "  Rice  B r a n  a at  
25~ fo r  130 a n d  200 D a y s  

H e a t  t r e a t m e n t  

None ......................... 
70~ 

I h r  ...................... 
2 h r s  ..................... 
3 h rs  ..................... 

85~ 
1 hr  ...................... 
2 h r s  ..................... 
3 h r s  ..................... 

100~ 
1 hr  ...................... 
2 hru ..................... 
3 hrs  ..................... 

110~ 
1 hr  ...................... 
2 hrs  ..................... 
3 hrs  ..................... 

~Iois- 
ture ,  
% 

6.57 

3.52 
3.05 
2.97 

3.10 
2.02 
2.16 

2.62 
1.65 
1.50 

4.00 
1.82 
1.29 

Mois tu re  
a f t e r  7 
months ,  

% 

6.80 

6.02 
4.41 
3.91 

5.06 
3.42 
2.97 

4 .04 
2.58 
3.21 

5.18 
2 .95  
2.01 

F . F . A .  
a f t e r  130 

days ,  
% 

F . F . A .  
a f t e r  200 

d a y s ,  
% 

8.8 10.8 

3.6 7.9 
3.7 4.5 
3.3 3.6 

3.7 7.7 
3.3 4.7 
3.3 4.7 

").6 9.2 
3.4 4.8 
3.3 7.5 

3.9 6.9 
3.6 5.8 
2.8 4.4 

a 0i] content ,  18 .01%,  or ig ina l  F.FmA.,  3 .2%.  

tent  of the b ran  af ter  storage for  130 and 200 days 
are given in Table l l I .  Reference to this table in- 
dicates that  the nmisture contents increased dur ing 
storage and that  in each case the less hydra t ed  sam- 
ples increased in f a t t y  acid content at the slower rate. 
Since tile rate of format ion of free f a t t y  acids was 
only slightly affected by  dry ing  over the t empera ture  
range investigated, data  for  only three experiments  
are reproduced in the fo rm of curves, namely,  1. the 
bran  dried for  3 hours at 70~ 2. the b ran  dried 1 
hour at 70~ and 3. the control (F igure  4). 

Effect of Storage at Different Relative Humidities 
or~ the Formation of Free Fatty Acids in Rice Bran. 
Six samples of bran,  three f rom freshly milled regu- 
lar rice and three f rom " C o n v e r t e d "  rice, were stored 
in large desiccators containing sa tura ted  salt solutions 
to mainta in  relative humidit ies of 32.5%, 53.3%, and 
75.4% (5).  The b ran  contained iu large crystalliz- 
ing dishes was placed in the desiccators and stored at 
25~ The effect of the relative humidi ty  on the mois- 
ture content of the stored b r a n  is shown in Table IV, 
and the effect on the rate of format ion of free fa t ty  
acids in the b ran  f rom " C o n v e r t e d "  rice in F igure  5. 
F rom F igure  5 it is evident tha t  equil ibrium was 
at ta ined within five days. The rate of hydrolysis  
increased propor t ional ly  to the relative humid i ty  of 
storage and therefore to the final moisture content. 
The results agree with those obtained on b ran  f rom 
regular  rice (F igure  6). In  the case of regular  rice 
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F r o .  4. E f f e c t  o f  d r y i n g  on  t h e  f o r m a t i o n  o f  f r e e  f a t t y  a c i d s  

i n  b r a n  f r o m  "Conver ted"  r i c e  s t o r e d  a t  25~ T i m e  a n d  t e m -  
p e r a t u r e  o f  d r y i n g :  ( 1 )  3 h r s .  a t  70 ~ ( 2 )  1 h r .  a t  7 0 ~  ( 3 )  
N o n e .  

bran  equil ibrium was also a t ta ined within five days. 
Although inhibit ion of hydrolysis  in the regular  b r a n  
was not as great  as that  f rom " C o n v e r t e d "  rice, the 
results were similar. 

Effect of Storage at Different Relative Humidities 
on the Formation of Free Fatty Acids in Predried 
Bran From Regular and "Converted" Rice. Since 
both drying and the relative h u m i d i t y  of storage 
markedly  affected the format ion of free fa t ty  acids 
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F r o .  5. E f f e c t  o f  s t o r a g e  a t  d i f f e r e n t  r e l a t i v e  h u m i d i t i e s  o n  
t h e  f o r m a t i o n  o f  f r e e  f a t t y  a c i d s  i n  b r a n  f r o m  " C o n v e r t e d "  
r i c e  s t o r e d  a t  2 5 ~  R e l a t i v e  h u m i d i t y :  ( 1 )  3 2 . 5 % ,  ( 2 )  5 3 . 3 % ,  
a n d  ( 3 )  7 5 . 4 % .  



*1 T I l E  J O U R N A L  OV T H E  AaX{ERICAN 0 I L  (_, IEMISTS  S O C I E T Y ,  D E C E M B E R ,  1 9 ' t 9  741  

TABLE IV 

Storage of Rice Bran at 25~ and Different 
Relative Humidi~iea 

Experiment No. 1 2 3 4 5 6 

Type of bran . . . . . . . . . . . . . . . . . . . . . . . . . .  "(Jonverted" Regular  

Oil eonient, % ....................... 17.27 17.27 17.27 14.90 14.90 14.90 
Origins.] moisture, %, ............ 9.10 9.10 9.10 I 1.28 I 1.28 11.2R 
Relativo humi(lity, % ........... 32.5 53.3 75.4 32.5 53. :4 75.4 
Moisture after storage, %a ..... 6.15 7.25 8.60 8.44 9.88 11.1~ 

" "C, onverted" stored 11 weeks; regular stored 6 weeks. 

in rice bran,  an examination was made of the rate of 
hydrolysis of dried samples of the b ran  f rom regular  
and " C o n v e r t e d "  rice stored at different relative hu- 
midities. A sample of regular  rice b ran  (15.40% oil, 
12.92% moisture, 3.5% initial free f a t ty  acids) was 
divided into 9 portions. One portion served as a con- 
trol;  four  portions were dried in a t r ay  in a forced 
draf t  oven for  3 hours at  85~ and the remaining 
four samples were dried in a forced d ra f t  oven for 
2 hours at 110~ Of the samples dried for  3 hours 
at 85~ one served as a predr ied control and the 
others were stored at various relative hunfidities. The 
samples dried for  2 hours at l l0~ were similarly 
treated, that  is, one served as predried control for 
eompamson with the others which were stored at  spe- 
cific relative humidities. As can be seen f rom the 
data in Table V, the moisture content of the samples 
increased dur ing storage and f rom Figure  7 that  the 
increase in free f a t t y  acids varied with the relative 
humidi ty  dur ing storage and also with the final mois- 
ture content of the bran.  
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Fro.  6. E f f e c t  of  s t o r a g e  a t  d i f f e r e n t  r e l a t i v e  h u m i d i t i e s  on 
the  f o r m a t i o n  of  f r e e  f a t t y  ac ids  in r e g u l a r  r i ce  b r a n  s t o r e d  
a t  25~ R e l a t i v e  h u m i d i t y :  ( 4 )  3 2 . 5 % ,  (5 )  5 3 . 3 % ,  a n d  (6 )  
75.~%. 
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Fro.  7. E f f e c t  o f  s t o r a g e  a t  v a r i o u s  c o n t r o l l e d  r e l a t i v e  hu- 

nf id i t ies  on t h e  f o r m a t i o n  of  f r e e  f a t t y  ac ids  in p r e d r i e d  r egu-  
l a r  r ice  b r a n  s t o r e d  a t  25~  T i m e  a n d  t e m p e r a t u r e  ( ~  of  
d r y i n g  a n d  r e l a t i v e  h u n f i d i t y  of  s t o r a g e :  ( 1 )  0, 0, u n c o n t r o l l e d ,  
( 2 )  3 hrs . ,  85 ~ , u n c o n t r o l l e d ,  ( 3 )  3 hrs . ,  85 ~ 3 2 . 5 % ,  (4 )  3 
hrs . ,  85 ~ , 5 3 . 3 % ,  (5 )  3 hrs . ,  85 ~ , 7 5 . 4 % ,  (6 )  2 hrs . ,  110 ~ , un-  
con t ro l l ed ,  ( 7 )  2 hrs . ,  110 ~ 3 2 . 5 % ,  (8 )  2 hrs . ,  l I 0  ~ 5 3 . 3 % ,  
( 9 )  2 hrs . ,  110 ~ 7 5 . 4 % .  

A similar exper iment  was made with bran  f rom 
" C o n v e r t e d "  rice (18.01% oil, 6.57% moisture, 3.2% 
initial free f a t ty  acids).  The times and tempera tures  
employed for  d ry ing  were 5 hours at 85~ and 2 
hours at l l 0~  As can be seen from Table VI, the 
moisture contents increased dur ing storage, but  all of 
the samples kept  well, those having the lowest mois- 
ture content keeping best. 

Effect of Added Moi.~ture on the F o r m a t i o n  of 
Free Fatty Acids in Brans From Regular and "Con- 
verted" Rice. A sample of b ran  f rom " C o n v e r t e d "  
rice (18.01% oil, 6.57% moisture,  3.2% initial free 
f a t ty  acids) was divided into six portions. One por- 
tion served as a control, and four  of the remaining 
five port ions were dried in a t ray  in a forced d ra f t  
oven for  2 hours at 85~ All of the samples were 
stored in t ight ly  closed Mason jars  at 25~ Repre- 
sentative data obtained in this exper iment  are pre- 
sented in F igure  8. 

Curve 1 of F igure  8 represents  the undr ied  control. 
To the second undr ied  sample, represented by  Curve 
2, enough moisture was added to increase the mois- 
ture content of the b ran  to 1.5 times that  of the origi- 
nal. In  this sample the content of free f a t t y  acids 
increased sharply  and then gradual ly  decreased. In  
the predr ied sample represented by  Curve 3 the con- 
tent  of free f a t t y  acids remained s ta t ionary  through- 
out the storage period. The sample of dried b r a n  
which was stored for  120 days and then restored to 

TABLE V 

Dried (Heated)  Regular Rice Bran a Stored &t 25~ a.nd Different Relative Humidities 

1 Experiment No. J 

Treatment,][eated, hours ....................... 

temp., ~ ................. 
0 ?, 3 
...... 85 85 

Bran temp. after heating, ~ . . . . . . . . . . . .  76 76 
Moisture after heating, % . . . . . . . . . . . . . . . .  2.54 3.54 
R, olative humidity, % ................. ' . . . . . . . . . . . .  .22.5 
MToisture after 1 week, olo ........... : ! 3.45 ...... 5.10 
Moisture after 9 weeks, % ......... 14.76 ...... 6.52 
Moisture after 18 weeks, v-~ ....... 17.40 3.50 : 6 76 

3 
85 
76 

3.5.1 
5'3.a 

6.54 
8.81 
8.96 

3 
R5 
76 

3.54 
75.4 

7.72 
12.56 
13.18 

6 I 7 

'2 " 2 
110 11o 
104 104 

3.69 :'.69 
...... 32.5 
...... 3.44 

,5.42 

2 
110 
104 

3.69 
5 :I ..'-I 

5.84 
&05 
8.44 

2 
] ll/ 
lO4 

:L69 
75.4 

7.3~ 
12.1'3 
52.70 

so i l  content, 15.40%; original moisture, 12.92%. 
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[i'IG. 8. Effect  on the format ion  of free  f a t t y  acids in bran 

from '~Conver ted"  rice predried for 2 hrs. a t  8 5 ~  condi- 
t ioned by addit ion of moisture,  and stored a t  2 5 ~  ( 1 )  Origi- 
nal  s a m p l e ,  ( 2 )  original  raised to 1 � 8 9  t imes original  moisture,  
( 3 )  predried, no added moisture,  (4)  predried,  stored 120  d a y s ,  
restored to original  moisture,  (5)  predried,  restored to original  
moisture,  (6)  predried,  raised to 1 � 8 9  t imes original  moisture.  

its original moisture content is represented by Curve 
4 which shows that an increase in hydrolysis followed 
the addition of moisture. To Sample 5, represented 
by Curve 5, enough moisture was added immediately 
after drying to restore it to its original moisture con- 
tent. In this case the rate of hydrolysis is similar to 
that of the control, Curve 1. In Sample 6 enough 
moisture was added to increase its moisture content 
to 1.5 times that of the original. The curve for this 
sample, like that (Curve 2) of the undried sample 
which also had its moisture content increased to 1.5 
times the original, shows a rapid increase in the rate 
of hydrolysis compared with the undried control. 

This experiment was repeated with regular rice 
bran, as shown by the data in Figure 9 in which the 
designation of the curves correspond to those given 
previously for the bran from "Converted" rice. The 
two experiments were again repeated with bran from 
both "Converted" and regular rice, employing the 
time and temperature of 2 hours at 110~ with the 
results shown in Figures 10 and 11, respectively. 

Effect of Chemical Treatment and of Inert Atmos- 
phere on the Formation of Free Fat ty  Acids in Stored 
Rice Bran. Five samples of 5.5 pounds each of bran 
from freshly milled regular rice (16.8% oil) were 

I00 
I I I . . . . . . .  ( 

4-(.. I o~176176176176176176 . . . . . . . . . . . .  ~176176 
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o 
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FIG.  9. Regular  rice bran treated exact ly  as described in 

Fig .  8, except  (4)  was  stored 35  d a y s  a n d  then restored to 
original  moisture.  

stored in stainless steel buckets, one control sample 
and four experimental samples, each containing a dif- 
ferent inhibitor (I).  Each of the samples was treated 
with one of the following inhibitors: 0.31% of ethyl- 
ene chlorohydrin, 0.03% of sodium cyanide, 0.19% 
of propylene glycol dipropionate, or 0.03% of 1,3-di- 
methyl-4,6-bis(chloromethyl) benzene. After storage 
for seven days at 25~ all of the samples had dete- 
riorated. The control sample had increased in free 
fatty acid content from 3.3% to 77.1%, and the bran 
containing the inhibitor which gave the best results, 
that is, sodium cyanide, increased in free fatty acids 
from 3.3% to 68.0%. 

Four samples of freshly milled regular rice bran 
(16.66% oil, 11.62% moisture) were treated as fol- 
lows : 

a )  A portion of the bran was  p laced in a large crysta l l iz ing  
dish, which was  in turn placed in a vacuum desiccator a n d  
stored under vacuum at room temperature.  

b )  A second port ion of the bran was  placed in a two-quart 
Mason jar. Carbon dioxide was  passed  into the head space,  
a n d  t h e  j a r  was closed and stored at room temperature.  

c)  A five-liter flask was  half-fi l led with a third port ion of 
the  bran, and n i trogen  gas,  purified by  pass ing  it over hot  
copper, was  passed through the bran af ter  which the flask was  
closed and stored at  room temperature.  

d )  A f o u r t h  a n d  control  port ion of bran was  stored at room 
temperature in a 5 0 - p o u n d  l a r d  c a n .  

After storage for 23 days all four samples were 
found to have a content of free fatty acids of 39% 

T A B L E  V I  

Dried (Heated) "Converted" Rice Bran a Stored at 25~ and Differen~ Relative Humidities 

Experiment No. 9 

Treatment, 
Heated,  hours  .................................... 

temp., ~ ............................... 
B r a n  temp. after heating, ~ ................... 
Moisture after heating, % ....................... 
Relative humidity, % ............................... 
Moisture after 4 weeks'  storage, % ......... 
Moisture after ] 6 weeks' storage, % ....... 
Moisture after 28 weeks' storage, % ........ 
Free t ' a t t y  Acid; % 
Days  s torage 0 ..................................... 

10 ....................... s ............. 
60 ..................................... 

100 ...................................... 
150,  ..................................... 

1 __82 
0 

...... 85 

2.05 

3.2 3.2 
3.5 3.2 
6.0 3.2 
7.7 3.13 
9.2 3.2 

3 4 

5 5 
85 85 
81 81 

2.05 2.05 
32.5 53.3 

3.78 4.47 
4.36 5.38 
4.99 6.13 

3.2 3.2 

3.6 
4.0 4.5 

55 _ _  L 

85 

2.05 
75.4 

5.16 
6.77 
7.16 

3.2 
3.4 
4.5 m 
5.2 

6 7 

2 2 
110 110 

88 88 
1.82 1.82 
...... 32.5 
...... 4.14 

4 30 
2.95 5.04 

3.2 3.2 
3.0 3.4 
3.9 3.7 
3.5 4.0 
4 9  4.9 

112 
88.82 

53.3 
5.20 
5.3. .0 , 
5.62 

3.2 
3.4 
4.2. 
4.9 
5.3 

2 
110 

88 
1.82 

75.4 
5.36 
6.70 
7.14 

3.2 
3.4 
4.3 
5.2 
6.6 

a Oil content, 18.01%; original moisture, 6.57%. 
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F r o .  10. E f f e c t  on t h e  f o r m a t i o n  o f  f r e e  f a t t y  a c i d s  in  b r a n  
f r o m  " C o n v e r t e d "  r i c e  p r e d r i e d  f o r  2 h r s .  a t  110~  c o n d i -  
t i o n e d  by addition of moisture, and stored at 25~ (1) Origi- 
nal sample, (2) predricd, no added moisture, (3) predried, 
stored 120 days, restored to original moisture, (4) predried, 
restored to original moisture, (5) predried, raised to 1�89 times 
original moisture. 

to 42%. Af te r  50 addit ional  days of storage all four  
samples had contents of free f a t t y  acids of 64% to 
78%. The best sample (free f a t ty  acids content 64%) 
was stored under  vacuum and therefore was par t ia l ly  
dehydra ted  dur ing the storage period. The moisture 
content of this sample decreased f rom 11.44% to 
10.22% whereas the moisture content of the other 
samples remained unchanged.  

100 I I ~ i 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  �9 ....~.~ 

I ....... ... 
t) .~ 
L " 3 
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Time, Days 
FIe. 11. Regular rice bran treated exactly as described in 

Fig. 10. except (3) was stored 35 days and then restored to 
original moisture. 

S u m m a r y  a n d  C o n c l u s i o n s  

Tile oil, contained in b ran  f rom regular ly  milled 
rice, when stored at prevai l ing atmospheric tempera-  
ture, humidity,  and na tu ra l  moisture content is sub- 
jcct to rapid  hydrolysis  which increases tim free fa t ty  
acid content of the oil to a point  where it camtot be 
economically refined. 

Data have been presented sllowing tile effects of a) 
tenll)erature, b) dry ing  at  t empera tures  of 70 ~ 85 ~ 
]()0 ~ and 110~ for various periods of time up to 
5 hours, c) different relative humidit ies before and 
af ter  drying,  and d) added moisture on the rate of 
formation of free f a t ty  acids dur ing storage in bran 
from both regular  and " C o n v e r t e d "  rice. 

Decreasing the storage tempera ture  tends to retard 
the format ion of free f a t t y  acids. In  the case of regu- 
lar rice b ran  deteriorat ion dur ing storage occurred 
at a fa i r ly  rapid rate even at 3~ whereas bran  from 
"Converted" rice was fa i r ly  stable when stored at 
this tempera ture .  

The investigation of the effect of heating or dry ing  
and the effect of different relative hunlidities on the 
storage of rice b ran  have shown that  b ran  f rom both 
regular  and " C o n v e r t e d "  rice can be stored for  peri- 
ods of at least four  months without  excessive increase 
in tbe content of free f a t t y  acids, provided the b ran  
is dried sufficiently and is mainta ined at a low mois- 
ture content. An increase in the moistm'e content of 
predried bran  causes a rapid  increase in the free 
f a t ty  acid content of the oil in the bran.  

Invest igat ions of the effect of chemical inhibitors 
and of iner t  a tmosphere on the rate  of free f a t ty  
acid format ion of regular  rice bran  indicated that  
these were ineffective in prevent ing deterioration. 
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