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Influence of Viscosity on Wax Settling and Refining Loss 
in Rice Bran Oil 
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The role of viscosity on wax settling and refining loss in 
rice bran oil (RBO) has been studied with model systems 
of refined peanut oil and RBO of different free fat ty  acids 
contents.  Wax was  the only const i tuent  of RBO that sig- 
nificantly increased the viscosity (81.5%) of oil. Monogly- 
cerides synergistically raised the viscosi ty  of the oil (by 
114.2%) and lowered the rate of wax settling. Although a 
reduction in the viscosity of the oil significantly decreased 
the refining loss, the minimum loss attained was still 20% 
more than the theoretically predicted value. This led us 
to conclude that some chemical constituents, such as mono- 
giycerides, must be removed before dewaxing; thereafter, 
oryzanol  and phospholipids have to be removed. One can 
get an oil free of wax, recover other by-products and reduce 
processing losses. 

KEY WORDS: Dewaxing, monoglycerides' influence on wax settling, 
refining loss, rice bran oil, rice bran wax, synergism between mono- 
glycerides and RBW, viscosity, wax settling. 

Processing of rice bran oil (RBO) by conventional alkali refin- 
ing methods is expensive due to the presence of wax and 
high oil losses during refining (1,2}. Wax occludes oil, 
resulting in high losses of oil during the dewaxing and refin- 
ing steps (1-4). Understanding how the constituents of RBO 
influence the settling rate of wax could improve processing 
efficiency. The present study aims at understanding the 
nature of chemical constituents responsible for increasing 
the viscosity of RBO and the effects of viscosity on wax- 
settling and refining loss in peanut and rice bran oils. 

MATERIALS AND METHODS 

Materials. Refined peanut oil (PNO) and solvent-extracted 
RBO were purchased from the local markets in and around 
Mysore, India_ Rice bran wax (RBW), RBO free fatty acids 
(FFA), RBO triglycerides, RBO partial glycerides, RBO 
oryzanol (OZ), soy lecithin (SL) and glyceryl monostearate 
(GMS) were used in the study. The details of their prepara- 
tion/isolation and analysis have been described elsewhere 
(1). Known amounts of the above constituents were added 
to PNO, and then the mixture was heated on a water bath 
for dissolution. Oil samples were brought to room tempera- 
ture (26 +_ 2°C) prior to determining viscosity. 

Preparation of monoglyceride free RBO. Crude RBO 
miscella was passed through a silica gel column (oil mis- 
celia]silica gel ratio of 5:1, volJwt) as described in an earlier 
communication (5) (flow rate of miscella percolation in- 
creased by applying 38 cm vacuum), and the eluted oil 
misceUa was collected and desolventized to get an oil that 
had reduced amounts of monoglycerides (starting oil 
1.67%; after treatment 0.2%). 

Preparation of oils with different viscosities. A com- 
bination of solvents and RBO was prepared by adding 
known amounts of water. Two layers of oil with different 
viscosities formed when the solvent-off mixture contained 
about 1.4% water in the mixture. Therefore, a solvent-oil 
mixture was prepared by using hexane (225 mL), absolute 
ethyl alcohol (67.5 mL), RBO (250 mL) and water (7.5 mL). 

The solvent-off mixture was shaken and allowed to stand 
for about 5 min at room temperature, which then separ- 
ated into two distinct layers. The top and bottom layers 
were separated and desolventized to obtain low- and high- 
viscosity oils, respectively. 

Degummed oil was prepared from crude RBO as out- 
lined in an earlier communication (1); it had a slightly 
lower viscosity as compared to the initial crude RBO. 

Methods. Refining loss was determined by using 10-g 
oil samples, as described previously (1). Oil viscosities were 
determined with an Ostwald viscometer of 25-mL capacity 
(6) in a constant-temperature water bath. The data were 
subjected to one-way (unequal sample size)/two-way ana- 
lysis of variance, followed by Duncan's new multiple range 
test for segregating differences between means (7). 

Wax settling experiments. Model wax-settling experi- 
ments were conducted at room temperature (26 + 2°C) 
by placing PNO/monoglyceride-free RBO in graduated cyl- 
inders with or without added constituents such as RBW 
(3%), SL (2%) or GMS (1%), and then determining, at 4-h 
intervals to the end of the experiment, the volume of 
supernatant oil from which the wax had settled. The con- 
centrations of individual constituents added to PNO were 
chosen on the basis of the levels at which wax, gums and 
monoglycerides are normally present in crude RBO (1). 

RESULTS AND DISCUSSION 

Constituents responsible for increasing viscosity of model 
oil. To determine how wax settling is influenced by the 
constituents of crude RBO, a large quantity of pure RBO 
(i.e., triglycerides) was necessary. Because RBO triglycer- 
ides and PNO (both contain triglycerides with approxi- 
mately similar fatty acid compositions) behaved similarly 
with respect to viscosity and refining loss (see Tables 1 
and 4, shown later), all model oil experiments were con- 
ducted with PNO instead of RBO triglycerides. Of the 
constituents individually added to PNO, FFA, OZ, SL and 
GMS did not significantly influence viscosity of the oil 
(Table 1). RBW alone increased the viscosity of the model 
oil by 81.5%. In combination with other constituents, 
RBW also significantly affected the viscosity of the oil 
(55.7-114.2%) (Table 2). SL and OZ individually reduced 
the viscosity of RBW in model oil to 55.7-59.4% over 
PNO, whereas GMS, along with RBW, synergistically in- 
creased the viscosity of the model oil (114.2%). It  is in- 
teresting to note that GMS alone did not significantly in- 
crease the viscosity of the model oil (8.7%) (Table 1). Also, 
OZ reduced the synergistic effect of GMS with RBW on 
viscosity (114.2%) to that  of the initial value for RBW 
alone (81.5% for RBW and 78.3% for model oil contain- 
ing GMS, RBW and OZ). SL also behaved like OZ in that 
it reduced the synergistic effect of GMS with RBW on 
viscosity, but to a significantly lesser extent (96.8%). SL 
and OZ in combination completely eliminated the syner- 
gistic effect of GMS with RBW in the model oil. The 
mechanism by which viscosity changes were brought 
about by the addition of RBO constituents to model oil 
is not yet understood. 
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TABLE 1 

Individual Effects of RBO Constituents on Viscosity 

Viscosity at 30 +__ 0.1°C 

Increase 
Sample oil a cP b over PNO (%) 

PNO 34.5 c 0.0 
PNO + 6.8% FFA 36.0 ¢'d 4.4 
PNO -t- 3% RBW 62.6 e 81.5 
PNO -F 1% OZ 37.4 c'd 8.4 
PNO -t- 1% GMS 37.5 c'd 8.7 
PNO + 2% SL 41.4 d 20.0 
RBO triglycerides 36.6 c,d -- 
Commercially refined RBO 37 _ 2.0 --  
SEra (35 df) + 2.06 -- 

aPNO, refined peanut oil; FFA, rice bran off (RBO) free fatty acids; 
RBW, rice bran wax; SL, soy lecithin; OZ, oryzanol; GMS, glyceryl 
monostearate; SEre, standard error of mean values; df = degrees 
of freedom. 
bAny two means having different superscripts (c-e) are significantly 
different (P ~< 0.05). 

TABLE 2 

Combination Effects of RBO Constituents on Viscosity 

Viscosity at 30 +_ 0.1°C 

Increase 
Sample oil ~ cP b over PNO (%) 

PNO 34.5 c -- 
PNO + 6.8% FFA (APNO) 36.0 c 4.4 
APNO + 3% RBW 62.6 e 81.5 
APNO + 3% RBW + 2% SL 55.0 d 59.4 
APNO + 3% RBW + 2% GMS 73.9 g 114.2 
APNO + 3% RBW + 1% OZ 53.7 d 55.7 
APNO + 3% RBW + 1% GMS 

+ 2% SL 67.9 f 96.8 
APNO + 3% RBW + 1% GMS 

+ 1% OZ 61.5 e 78.3 
APNO + 3% RBW + 1% GMS 

+ 1% OZ + 2% SL 55.1 d 59.7 
SE m (16 df) +- 0.4519 --  

aAPNO, peanut oil acidified with 6.8% of RBO FFA; other abbre- 
viations as in Table 1. 
bAny two means having different superscripts d-g  are significant- 
ly different (P ~< 0.05). 
CThe data of PNO and APNO were not included for analysis of 
variance. 

Effect of added monoglycerides on wax settling in 
model oil. I n  t h e  mode l  oil, G M S  inc rea sed  the  vo lume  
of w a x  s e t t l i n g s  b y  31.6%, t h e r e b y  r e d u c i n g  the  superna-  
t a n t  oil con ten t  by  87.8%. This  was a t t r i b u t e d  to  the  eleva- 
t ion  in t h e  v i s c o s i t y  b y  43.7% of t he  m o d e l  oil by  G M S  
(Table 3). The  s a m e  effect  was  a lso  o b s e r v e d  for t he  R B O  
m o n o g l y c e r i d e  f rac t ion  a d d e d  to t he  mode l  oil. For  exam- 
ple, t he  monog lyce r ide  f rac t ion  i so l a t ed  b y  si l ica gel t rea t -  
m e n t  ( iden t i f i ed  as  ox id ized  monog lyce r ides ,  Ref. 8) in- 
c r ea sed  t h e  v i s c o s i t y  of t h e  m o d e l  oil b y  15.5%, r e su l t i ng  
in d e c r e a s e d  s u p e r n a t a n t  oil  c o n t e n t  b y  58.3% and  in- 
c r eased  v o l u m e  of wax  s e t t l i n g s  b y  18.4%. Therefore,  any  
a t t e m p t  to  inc rease  t h e  s e t t l i n g  r a t e  of wax  in t he  oil 
w i t h o u t  p r io r  r emova l  of n a t i v e  m o n o g l y c e r i d e s  would  
m e e t  w i t h  l i t t l e  success.  

I t  is n o t  p re sen t ly  clear  as  to  how GMS/monog lyce r ides  
of R B O  c a u s e d  an  inc rease  in v i s c o s i t y  of the  mode l  oil. 
I t  is p r o b a b l e  t h a t  an  i n t e r a c t i o n  b e t w e e n  hydrophob ic  
groups  of R B W  and  p a r t l y  hydrophi l ic  g roups  of G M S / S L  
m i g h t  be  ope ra t i ve  to  p r o d u c e  an oil-in-oil t y p e  of s o l i d -  
l iquid  emuls ion .  

Effect of removal of native monoglycerides from RBO 
on wax settling. W h e n  monoglycer ide- f ree  RBO was sub- 
j ec ted  to  t he  wax-se t t l i ng  exper iments ,  t he  volume of wax  
s e t t l i n g s  was  r educed  f rom 41 m L  (for con t ro l  oil) to  17 
m L  (for monog lyce r ide - f ree  oil), a 58.5% reduct ion .  Th is  
r e su l t ed  in a 40.7% increase  in t he  y i e ld  of s u p e r n a t a n t  
oil, the reby  conf i rming  t h a t  the  removal  of monoglycer ides  
f rom R B O  acce le ra t ed  the  s e t t l i n g  of w a x  and  inc reased  
oil recovery.  

Effect of varying the viscosity of RBO on refining loss. 
For  th is  se t  of exper iments ,  RBO was pa r t i t i oned  between 
hexane  and  aqueous  e thy l  a lcohol  to  ge t  oils  w i th  low and  
h igh  viscosi t ies .  These  oils differed in composi t ion ,  in t h a t  
t he  low-v iscos i ty  oil c o n t a i n e d  m o s t l y  t r ig lycer ides ,  
whereas  t h e  h igh-v i scos i ty  oil con ta ined  a g rea te r  propor-  
t ion  of t h e  p a r t i a l  g lycer ides ,  wax, p h o s p h a t i d e s  and  OZ 
[as i n d i c a t e d  b y  a qua l i t a t i ve  th in- layer  c h r o m a t o g r a p h i c  
e x a m i n a t i o n  of the  oils (1)]. In t e re s t ing ly ,  these  oils h a d  
the  s a m e  F F A  con ten t  as  t he  s t a r t i n g  RBO. A l t h o u g h  the  
ref ining loss increased  wi th  increased  v i scos i ty  (37.8-75.3 
cP  oils s tudied) ,  i t  could  no t  be  r educed  to  t h a t  of the  con- 
t ro l  P N O  by  lower ing  v i s c o s i t y  a lone (Table 4). I r respec-  
t ive  of F F A  c o n t e n t  (6.8-11.8% F F A  oils  s tudied) ,  t he  
ref in ing  loss  i nc reased  b y  20 -42% in all  cases.  However,  
P N O s  of  v a r y i n g  F F A  c o n t e n t s  (1.1-6.8% F F A  in the  oils  

TABLE 3 

Effect of Viscosity on Wax  Settling in Model Systems (26 +__ 2°C) 

Sample oil a Viscosity (cP) b 

Volume of wax 
settlings 

after 191 h (starting 
volume, 100 mL) 

Volume of 
supernatant oil 

after 191 h (mL) b 
PNO + 3% RBW + 2% SL 53.6 d 
PNO + 3% RBW + 2% SL 

+ oxidized monoglyceride 
fraction isolated from 
RBO (1%) 61.9 e 

PNO + 3% RBW + 2% SL 
+ 1% GMS 77.0 f 

SEm (dr) c _ 0.2176 (15) 

76 -- 0.5 

90 -- 2.0 

97 -- 0.5 

24.71 

10.3 TM 

3.0 n 
+_ 0.924 (6) 

aAbbreviations as in Table 1. 
bAny two means having different superscripts d-f  or 1-n are significantly different (P ~< 0.05). 
CThe number in parentheses indicate df. 
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Viscosity Refining loss (%) 
at 30 + 0.1°C Predicted b Observed c 

Sample oil FFA (%) (cPF (A) (B) 

% Increase over 
predicted loss 
(B -- A/A) 100 

PNO 1.1 34.46 m 6.4 6.3 d --  
4.3 35.80 m'n 13.5 13.4 e -- 
6.8 35.80 m'n 19.0 18.7 f --  

RBO 6.8 41.20 p'q 19.0 23.0 g 21.1 
10.1 45.15 r 26.2 32.0 i 22.1 
11.8 42.33 q 30.0 36.0 j 20.0 
6.8 41.20 p'q 19.0 23.0 g 21.1 
6.8 49.74 t 19.0 27.05 42.1 
6.8 52.07 u 19.0 27.05 42.1 

11.8 37.78 ° 30.0 36.0 j 20.0 
11.8 47.20 s 30.0 40.0 k 33.3 
11.8 75.29 v 30.0 53.41 78.0 

RBO-fraction 
(triglycerides) 6.2 36.65 n'° 17.6 17.6 -- 

SE m (df) -- _+ 0.4972 (36) -+ 0.299 (39) -- 

aAbbreviations as in Table 1. df, Degrees of freedom. The numbers in parentheses indicate df. 
bpredicted loss -- (2.2 X %FFA) + 4.0. 
CAny two means having different superscripts d-v  are significantly different (P ~< 0.05). 

s tud ied)  and  t h e  R B O  t r i g lyce r ide ' s  f r ac t ion  (6.2% F F A  
oil) d id  n o t  show h igher  re f in ing  losses  t h a n  t h e  p r ed i c t ed  
values .  I n  an  oil  w i t h  h igh  v i s c o s i t y  (75.3 cP), t he  refin- 
i ng  loss  was  a l so  s i g n i f i c a n t l y  h ighe r  (78% inc rease  com- 
p a r e d  w i t h  t h e  low-v iscos i ty  con t ro l  PNO).  I n  low-vis- 
cos i t y  oil  (37.8 cP), t he  re f in ing  loss  was  s i g n i f i c a n t l y  
lower, b u t  t he  losses  were 20% more  t h a n  t h e  p r e d i c t e d  
value.  However ,  in t he  f r ac t ion  r ich  in R B O  t r i g l y c e r i d e s  
( con ta in ing  6.2% FFA),  t h e  v i s c o s i t y  was  s im i l a r  to  t h a t  
of t he  con t ro l  PNO, and  t h e  re f in ing  loss  was  a lso  s imi la r  
to  t h e  p r e d i c t e d  va lue  (Table 4). Th i s  i n d i c a t e d  t h a t  by  
r e d u c i n g  t h e  v i s c o s i t y  of R B O  alone, re f in ing  loss  c a n n o t  
be  r e d u c e d  to  a va lue  less  t h a n  20% above  t h e  va lue  
p r e d i c t e d  on the  bas i s  of F F A  con t en t  of t he  oil. Th is  20% 
excess  va lue  was  the  lowest  loss  t h a t  was  o b s e r v e d  for 
R B O s  w i t h  d i f fe ren t  F F A  c o n t e n t s  and  v i scos i t i es .  

Effect of processing crude RBO on viscosity and refin- 
ing loss. The  r e su l t s  of p roces s ing  a t y p i c a l  R B O  are  
p r e s e n t e d  in Table 5. The  c rude  oil h a d  h igh  v i s c o s i t y  

and  p r o d u c e d  h igh  re f in ing  loss. D e g u m m i n g  R B O  re- 
d u c e d  the  v i s c o s i t y  a n d  re f in ing  loss  b y  5.6 and  4.6%, 
respect ively;  dewaxing  d e g u m m e d  oil reduced  these  values  
b y  21.8 a n d  64.6%, respect ive ly .  F u r t h e r m o r e  v i s c o s i t y  
r e d u c t i o n  b y  p u r i f i c a t i o n  in to  t r i g l y c e r i d e s  r e d u c e d  the  
v i s c o s i t y  b y  30.4% and  re f in ing  loss  b y  100%; t h e  refin- 
i ng  loss  and  v i s c o s i t y  were t h e n  s imi la r  to  t h o s e  of t h e  
con t ro l  P N O  w i t h  t he  s a m e  F F A  c o n t e n t  (Table 5). Reduc- 
t ion  of c rude  oil v i s c o s i t y  the re fore  d id  n o t  a p p r e c i a b l y  
reduce  t h e  re f in ing  loss  (v i scos i ty  37.8 cP, re f in ing  loss  
20% more  t h a n  p r e d i c t e d  value,  Table  4), b u t  r e d u c t i o n  
of v iscos i ty ,  such  as  b y  i so l a t i on  of t r i g l y c e r i d e s  f rom 
RBO, y i e lde d  the  p r e d i c t e d  re f in ing  loss  (v i scos i ty  36.7 
cP, Table  5). The  p a r t i a l  g l y c e r i d e s - c o n t a i n i n g  oil showed  
h igh  v i s c o s i t y  (67.3 cP), and  t h e  ref in ing loss  was  a lso  ap- 
p r ec i ab ly  h igh  (78% increase  c o m p a r e d  to  s t a r t i n g  RBO). 
Therefore,  OZ a n d  m o n o g l y c e r i d e s  need  to  be  r e moved  in 
a d d i t i o n  to  d e g u m m i n g  and  d e w a x i n g  before  t h e  oil is 
a lkal i - ref ined.  L o w e r i n g  c rude  oil  v i s c o s i t y  for r e d u c i n g  

TABLE 5 

Typical  Viscosities and Refining Losses  of RBO a 

Viscosity at 27.8°C 
Sample oil (cP) b 

Refining loss (%) 

Predicted c Observed d 

Crude RBO (6.8% FFA) 
Phosphoric acid degnmmed 
Dewaxed by chilling 
Dewaxed oil fractionated into 

triglycerides (had 6.2% FFA) 
Dewaxed oil fractionated into 

partial glycerides 
PNO (6.8% FFA) 
SEm (18 dr} 

52.67 k 19.0 30.0 
49.74 j 19.0 29.5 
41.20 i 19.0 22.9 

36.65 h 17.6 17.6 

67.30 e'l 19.0 53.4f 
35.80 g 19.0 18.7 

_+ 0.1378 --  - -  

aAbbreviations as in Table 1. 
bAny two means having different superscripts g-1 are significantly different (P ~ 0.05). 
cpredicted loss --- (2.2 × %FFA) + 4.0. 
dMean of duplicate values. 
eValue increased by 28.0%; 83.6% increase based on triglycerides. 
fValue increased by 78.0%; 185.6% increase based on PNO. 
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refining losses and  increas ing crude oil v i scos i ty  for a 
fas ter  wax  set t l ing,  therefore, is no t  by  i tself  a solut ion 
to the  problems encountered  in refining and/or dewaxing  
of RBO. 

This s t u d y  indicates  tha t :  (i) RBW-set t l ing  ra te  is low- 
ered by  the  presence of monoglycer ides  (GMS) t h r o u g h  
a rise in viscosi ty;  (ii) any a t t e m p t  to accelerate wax set- 
t l ing by  a l ter ing v i scos i ty  of the  oil, w i thou t  removal  of 
native monoglycerides, would meet  with little success; and 
(iii) excessive refining loss is dependent  not  only on viscosi- 
t y  bu t  also on cons t i t uen t s  o ther  t h a n  wax and  mono- 
glycerides [such as OZ, which  m a y  no t  have influence on 
v i scos i ty  individually, b u t  has  a synergist ic/direct  in- 
fluence on increas ing ref ining loss (1) in the  oil sy s t ems  
studied].  
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