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A B S T R A C T  
Visible spectra between 520-700 nm of unbleached mustard oil, 
rice bran oil and their 10 mixtures are reported. Mustard oil shows 
its characteristic band at 671.5 nm, and rice bran oil shows two 
characteristic bands at 550 and 564 nm and a contour centered at 
about 656 nm. The 564 nm band starts emerging in mixtures even 
by the 5% presence of rice bran oil and takes its well resolved shape 
at higher ratios. The 671.5 nm mustard oil band shows uniform 
hypsochromic shift up to 40% of rice bran oil, and at higher 
concentrations this shifting becomes irregular. An approximate 
estimation of rice bran oil adulteration in mustard oil can be made 
by observing the shifted position of 671.5 nm band. 

I N T R O D U C T I O N  

The  mos t  c o m m o n  cook ing  m e d i u m  of  Nepa l  and  N o r t h  
India  is m u s t a r d  oil. Rice b r an  oil is one  of  the  m a i n  adul-  
t e r an t s  of  m u s t a r d  oil s ince i t  is o b t a i n e d  as a c h e a p  by-  
p r o d u c t  o f  the  r ice mill  i n d u s t r y .  It  m a y  c o n t a i n  a h igh  free 
f a t t y  acid ( F F A )  c o n t e n t ,  up  to  50% or more ,  wh ich  m a k e s  
it unsu i t ab l e  for  edible  p u r p o s e s  (1).  Genera l ly  the  p re sence  
of  rice b r an  oil in m u s t a r d  oil is suspec ted  by  a h igh  F F A  
c o n t e n t  of  the  sample ,  bu t  n o  c o n f i r m a t o r y  o p i n i o n  can be 
f o r m e d  by this  tes t  a lone.  R e c e n t l y  some  work  o n  t h e  IR 
spec t roscop ic  s t u d y  o f  m u s t a r d  oil and  rice b r an  oil m i x t u r e  
has  been  c o m m u n i c a t e d  f rom this  research  c e n t e r  (2)  an d  a 
separa te  b a n d  for  C=O s t r e t c h i n g  was f o u n d  in m i x t u r e s  
con ta in ing  more  t h a n  30% of h igh  F F A  rice b r a n  oil. I t  is 
possible  to  o b t a i n  useful  i n f o r m a t i o n  regard ing  the  n a t u r e  
of  edible  oils and  fats  by  means  o f  visible s p e c t r o s c o p y  (3) ,  
and  some  work  in th is  field has  been  r e p o r t e d  in the  l i tera-  
tu re  (4-7). In o rder  to  f ind  a qu ick  m e t h o d  for  d e t e c t i n g  
the  p resence  of  rice b r an  oil in m u s t a r d  oil  samples ,  t he  
s p e c t r o p h o t o m e t r i c  s t u d y  of  these  two  oil m i x t u r e s  has  
been  d o n e  and  r e p o r t e d  in this  paper .  

E X P E R I M E N T  

Materials 

Musta rd  (M) oi l  was e x t r a c t e d  f r o m  b l ack  m u s t a r d  seeds  
in a village expel le r  uni t .  Pure  rice b r an  (RB)  oil was ob-  
t a ined  f r o m  a m a n u f a c t u r e r  o f  this  off where  i t  is e x t r a c t e d  
by  so lvent  e x t r a c t i o n  process .  Bo th  oils were f i l te red  an d  
s to red  in p o l y e t h e n e  bot t les .  Some phys ica l  c o n s t a n t s  an d  
values of  the  oil samples  are seen in Table  I. 

Instrument 

A Pye  U n i c a m  S P 8 - I 0 0  U V  S p e c t r o p h o t o m e t e r ,  w i t h  l 0  

TABLE I 

Physical Constants and Values of Oil Samples 

Constant/values etc. Mustard oil Rice bran oil 

Sap onification value 173 189 
Iodine value 101 98 
Sp. gr. at 20 C 0.911 0.918 
Solidification point - - -  0.5-1.5 C 
FFA content 1.8% 23.5% 
(calculated as oleic acid) 

m m  p a t h  l eng th  silica cuve t t e s  was used.  All spec t ra  were 
r e c o r d e d  by  o p e r a t i n g  t h e  i n s t r u m e n t  on  a b s o r b a n c e  l imi t  
1, b a n d  w i d t h  o f  s c a n n i n g  sys t em on  0 .2  n m ,  wave leng th  
speed  2 n m  see- l ,  an d  c h a r t  speed 5 sec. c m - l .  

Procedure 

S t a n d a r d  m i x t u r e s  o f  m u s t a r d  oil  w i t h  r ice b r a n  oil were  
p r e p a r e d  in  d i f f e r en t  ra t ios  of  9 5 M : 5 R B  to  1 0 M : 9 O R B  on  
v o l u m e  basis at  r o o m  t e m p e r a t u r e  ( 2 0  C). Spec t ra  were  
r e c o r d e d  w i t h o u t  any  cu v e t t e  in  the  r e fe rence  c o m p a r t m e n t  
o f  the  i n s t r u m e n t .  
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FIG. 1. Visible spectra of mustard oil, rice bran oil and their mix- 
tures. (A) M oil, (B) 95M:5RB oil mixture, (C) 90M:10RB oil 
mixture, (D) 80M:20RB oil mixture, (E) 70M:30RB oil mixture, 
(F) 60M:40RB oil mixture, (G) 50M:50RB oil mixture, (H) 
40M:60RB oil mixture, (I) 30M:70RB oil mixture, (J) 20M:80RB 
oil mixture, (K) 10M:90RB oil mixture, and (L) RB oil. 
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TABLE II 

Shifting of 671.5 nm Mustard Oil Band in 
Presence of Rice Bran Oil 

Percent o f  rice bran oil 
in rice bran-mustard Position of 671.5 nm 

Sample oil mixtures mustard oil band 

B 5 671.25 nm 
C 10 671.00 nm 
D 20 670.50 nm 
E 30 670.00 nm 
F 40 669.50 nm 
G 50 668.50 nm 
H 60 667.00 nm 
1 70 664.00 nm 
J 80 6 5 8 . 5 0  nm 
K 90 657.00 nm 

R E S U L T S  A N D  D I S C U S S I O N  

Visible  spec t ra ,  in the  region 520 to 700  nm,  of pure  
m u s t a r d  oil, rice b r an  oil and  the i r  10 mix tu re s  are s h o w n  
in Figure  1. Be low 520 nm wave leng th  the  abso rbance  of  all 
these  samples  exceeded  an a b s o r b a n c e  of 1 and  hence  are 
no t  shown.  Curves A and  L represen t  the  spect ra  of  pure  
mus t a rd  oil and  rice bran  oil, respect ively .  Curves B to K 
are the  spec t ra  of  var ious  mix tu re s  of  these t w o  oils in 
o rder  of  increas ing  pe rcen tage  of rice bran  oil in the  mix-  
ture .  It is observed  t ha t  m us t a r d  oil shows  a charac te r i s t ic  
a b s o r b a n c e  peak  at 671 .5  nm and  a shou lde r  be tween  532 
and  538 nm.  The  671 .5  n m  band  of m u s t a r d  oil is very 
close to the  670  nm peak s h o w n  by rapeseed  oil (3 ,4) ,  and  
this  closeness can be a t t r i b u t e d  to  the  fact t ha t  general  
p roper t i e s  of  these  t w o  Brassica oils are similar (8).  Rice 
b r an  oil spec t ra  (L)  shows  one  shou lde r  having  its cen te r  at 
523 n m ,  two  charac te r i s t i c  bands  at 550 and  564 nm,  and  a 
b road  c o n t o u r  hav ing  its cen te r  at  ca. 656  nm .  Since the  
a p p a r e n t  co lor  of  a s u b s t a n c e  is always the  c o m p l e m e n t  of  
the  color  abso rbed ,  the  523,  550 and  564 n m  bands  seem 
to  be in a c c o r d a n c e  wi th  the  r edd i sh -purp le  appea r ing  rice 
b r an  oil (9). I n t ens i t y  of  all these  523,  550 and  564 n m  
bands  of  rice oil is h igher  t h a n  the  671 .5  n m  m u s t a r d  oil 
band .  The  656  n m  b r o a d  b a n d  is of  low in t ens i ty  in com-  
par i son  to  all above  m e n t i o n e d  bands .  

The  550 and  564 b a n d  cen te r s  of  rice b ran  oil are f o u n d  
to  be  sh i f t ed  sl ightly as the  m u s t a r d  oil ra t io  increases in  
the  mix tu re s  (see curves  K to  B). The 564 and  550 n m  
b a n d s  appea r  as shou lde r s  in the  m i x t u r e s  when  the  r ice 
b r an  oil is 5% (curve  B) and  30% (curve E), respect ively .  As 
the  rice b r an  oil r a t io  increases ,  t hey  gradual ly  change  i n t o  
well resolved  bands .  The  convex  shapes  of  564 and  550 n m  
b a n d s  a p p e a r  at  40% and  80% rice b ran  oil c o n t e n t ,  respec-  
t ively.  The  523 n m  s h o u l d e r  emerges  in  the  spec t ra  of  
m i x t u r e s  at 90% rice b ran  oil c o m p o s i t i o n .  A b s o r p t i o n  

in tens i ty  of  564 and  550 n m  bands  increases  regular ly  wi th  
the  rise in rice b ran  oil pe rcen tage  in mix tu res .  The  
shou lde r  at  ca. 535 n m  in m u s t a r d  oil spec t ra  disappears  
when  the  rice b r a n  oil c o n t e n t  in the  m i x t u r e  is more  than  
10%. These  ef fec ts  seem logical  w h e n  the  n a t u r e  of  spec t ra  
of  pure  m u s t a r d  and  rice b r a n  oils are cons idered .  

Shifting of 671 .5  nm Mustard Oil Band 

The  671.5  n m  b a n d  of  m u s t a r d  oil gradual ly  shifts  
towards  lower  wave leng th  and  becomes  wider  as the  rice 
b ran  oil ra t io  in the  m i x t u r e  increases.  This  h y p s o c h r o m i c  
shif t  of  b a n d  cen te r  may  be due to  the  so lvent  e f fec t  of  rice 
b r an  oil and  par t i cu la r ly  to  656  n m  b a n d  of  it. Table  II 
shows  the  sh i f t ing  at  d i f fe ren t  rice bran  oil pe rcen tages  of  
the  mix tu re .  

It is clear f rom Table  II t h a t  the  sh i f t ing  of  charac te r i s t ic  
671.5  n m  m u s t a r d  oil band  is regular  up  to  40% of  the  rice 
bran  oil c o n t e n t ,  and  b e y o n d  this  it shif ts  h a p h a z a r d l y  for  
every 10% increase  of  rice bran  oil c o n t e n t .  It may  be 
in fe r red  f rom the  above  discussion t h a t  the  adu l t e r a t i on  of  
rice b ran  oil in m u s t a r d  oil can be de tec ted  up  to a mini- 
m u m  l imit  of  5% by observ ing  a sl ight shou lde r  at ca. 
560-564  nm.  A rough  quan t i t a t i ve  e s t i m a t i o n  can be made  
by observ ing  the  sh i f t ed  pos i t i on  of  671 .5  n m  band .  To test  
the  val id i ty  of  this  m e t h o d ,  some  samples  of  mus t a rd  oil 
adu l t e r a t ed  wi th  rice b r an  oil ( o t h e r  t han  the reference  
samples)  were prepared .  The  pe rcen tage  of  RB oil in these 
samples  was d e t e r m i n e d  by observ ing  the sh i f t ed  pos i t ion  
of  671 .5  n m  peak  and  read ing  the  c o r r e s p o n d i n g  value of  
RB oil % on the  curve o b t a i n e d  f rom the  p lo t  of  values 
given in Table  II. C o m p a r i s o n  of  ac tual  and  expe r imen t a l  
values have been  s h o w n  in Table  III. 

The reason  of  a b o u t  + 15% var ia t ion  at h igher  RB oil 
c o n t e n t  seems due to the  b road  c o n t o u r - s h a p e d  na tu re  of  
the  656  n m  band ,  whose  cent ra l  pos i t ion  varies slightly 
f rom sample  to  sample .  

This  paper  is based en t i re ly  on the  d e t e r m i n a t i o n  of  
color  d i f fe rences  b e t w e e n  the  two  oils in the i r  u n b l e a c h e d  
fo rms  since mos t ly  they  are used as such  a f te r  be ing  ex- 
t r ac t ed  by  small  expel lers  in villages and  also by small  oil 
mills. The  color  of  such  oils is l ikely to be var iable ,  b o t h  at 
source and  a f te r  s torage.  However ,  samples  s to red  for  more  
t han  one  year  and  co l lec ted  f rom d i f fe ren t  places showed  
similar  spect ra .  
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Spectrophotometric Studies of Rice Bran Oil and Mustard 
Oil Mixtures: II 

J.S. JHA, Research Centre for  Appl ied Science & Technology, 
Tr ibhuvan University, K i r t ipur ,  Kathmandu, Nepali 

A B S T R A C T  

Visible spectra, between 400 to 500 nm range, of rice bran oil, 
mustard oil and their 7 mixtures, diluted 10 times in carbon tetra- 
chloride, are reported. Mustard oil spectra shows three characteristic 
bands centered at wavelength 428, 453 and 482 nm, while no such 
band has been observed in rice bran oil spectra in this range. Inten- 
sity of 428 nm band increases as the rice bran oil percentage 
increases in the mixture of two oils. Five indices, R 1 to R5, have 
been suggested for the approximate determination of rice bran oil 
adulteration in mustard oil. Plots of R 2 and R 3 against percentage 
of rice bran oil in the mixture have been found to be straight lines. 
The index R3, equal to 1000(A428-A4~2) , has been found to be the 
most useful for this approximate esttmation of rice bran oil in 
mustard oil. 

INTRODUCTION 

Rice b r a n  oil is suspec ted  to  be  one  of  t he  m a i n  a d u l t e r a n t s  
of  m u s t a r d  oil. We have  been  engaged in the  s p e c t r o p h o -  
t ome t r i c  s t udy  of  t he  m i x t u r e s  of  rice b r a n  and  m u s t a r d  oil 
wi th  a view to  have  a qu i ck  m e t h o d  o f  i ts d e t e c t i o n .  It  was 
r epo r t ed  earl ier  (1)  t h a t  rice b r an  oil o f  h igh  free  f a t t y  acid 
c o n t e n t  ( F F A )  gives a C=O s t r e t ch ing  b a n d  at  1710  cm -1, 
n o t  observed  in m u s t a r d  oil sample .  This  b a n d  emerges  as a 
shou lde r  in the  rice b r a n - m u s t a r d  oil m i x t u r e ,  w h e n  rice 
b r an  oil c o n t e n t  is 30% in t he  a d m i x t u r e .  E x p e r i m e n t s  wi th  
nea t  oil samples  as such in the  cuve t t e s  s h o w  t h a t  t he  
presence  o f  rice b r a n  oil even at  low c o n c e n t r a t i o n  (5%) 
was su f f i c ien t  to  s h o w  a s h o u l d e r  due  t o  cha rac te r i s t i c  564  
n m  rice b r an  oil b a n d  and  the i r  a b s o r b a n c e  was f o u n d  to  be  
qui te  h igh b e t w e e n  4 0 0 - 5 0 0  n m  region (2). 

To u n d e r s t a n d  t he  n a t u r e  o f  spec t ra  in th is  reg ion  i t  was 
t h o u g h t  desirable  to  e x t e n d  these  inves t iga t ions  us ing  a 
su i tab le  solvent .  This  pape r  repor t s  t he  resul ts  o f  spec t ro-  
p h o t o m e t r i c  s t u d y  o f  m u s t a r d  oil, r ice b r an  oil and  the i r  
m i x t u r e s  us ing  c a r b o n  t e t r ach lo r ide  as solvent .  

E X P E R I M E N T A L  

The  samples  o f  m u s t a r d  (M) oil and  r ice b r a n  (RB)  oil were  
the  same,  used in earl ier  work,  and  the i r  deta i ls  have  been  
a l ready m e n t i o n e d  (2). Mix tures  o f  m u s t a r d  oil and  rice b ran  
oil were p repa red  in d i f f e ren t  ra t ios  o n  v o l u m e  basis at  
r oom t e m p e r a t u r e  (20  C). All the  samples  were  dissolved 
and  d i lu ted  10-fold wi th  c a r b o n  t e t r ach lo r ide .  Pye U n i c a m  
SP8 - 100 UV S p e c t r o p h o t o m e t e r  was used  to r u n  the  
spect ra  of  samples  e m p l o y i n g  usual  t e c h n i q u e .  

RESULTS A N D  DISCUSSION 

Figure 1 shows visible spectra ,  b e t w e e n  4 0 0  to  500  nm,  of  

mu-stard oil, r ice b r a n  oil  and  the i r  mix tu res .  S ince  t h e  oil  
samples  are d i lu ted  in c a r b o n  t e t r ach lo r ide ,  t he  i n t e n s i t y  
o f  var ious  b a n d s  s h o w n  b y  nea t  oil samples  (2),  ( 5 0 0  to 760 
n m )  decreases  to  such an e x t e n t  t h a t  t h e  same a l m o s t  merge  
in t he  ma in  curve  and  so have  n o t  b e e n  s h o w n  in F igure  1. 

Curves  A and  I show the  spec t r a  of  m u s t a r d  oil a n d  r ice 
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FIG. 1. Spectra of mustard oil, rice bran el l  and their mixtures  at 
1/10th dilution in carbon tetrachloride. (A) 100M:ORB;  (B) 
90M:10RB; (C) 80M:20RB; (D)70M:30RB;  (E) 60M:40RB; (F) 
50M:50RB; (G) 40M:60RB; (H) 20M:80RB; (I) OM:100RB; oil 
mixtures.  

JAOCS February 1980 / 85 


