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Effects of Filtration Through Bleaching Media on Thiobarbituric Acid 
and Carbonyl Values of Autoxidized Soybean Oil 
geito Boki*, Sanji Shinoda, Mayumi Abe and Seiko Shimizu 
Faculty of Pharmaceutical Sciences, Kinki University, Kowakae 3-4-1, Higashi-Osaka, Osaka 577 Japan 

E f f e c t s  o f  f i l trat ion  b l each ing  on th iobarbi tur ic  acid 
va lues  (TAV) and carbonyl  va lues  (CV) o f  a u t o x i d i z e d  
soybean  oi l  w e r e  i n v e s t i g a t e d  by us ing  s i x t e e n  k inds  
o f  b l each ing  m e d i a  in order  to improve  oi l  quality.  The 
s tandard act ivated  clay w a s  the  m o s t  e f f e c t i v e  in re- 
ducing  the  a m o u n t s  o f  a l d e h y d e s  and k e t o n e s  in autox-  
id ized  soybean  oil.  From the  d e c r e a s e s  in TAV and CV 
and phys ica l  and c h e m i c a l  p rop er t i e s  o f  media ,  it  w a s  
conc luded  that  d e c r e a s e s  o f  TAV and CV are  main ly  
d o m i n a t e d  by the  ac idi ty  over  the  h i g h e s t  range,  + 1.5 

- 5.6, rather  than the  ac id i ty  over  the  l o w e r  acid 
s t rength  ranges ,  tota l  ac id i ty  or s p e c i f i c  sur face  area  
o f  media .  From the  r e s u l t s  o f  c h e m i c a l  c o m p o s i t i o n  
and ac id i ty  over  the  h i g h e s t  range (+ 1.5 --  - 5 .6)  o f  the  
c lays  and TAV or CV reduct ion  by us ing  the  heat- 
t rea ted  c lays ,  i t  w a s  s u g g e s t e d  that  the  ac id i ty  over  the  
h ighes t  range or ig inated from the  w a t e r  conta ined  be- 
t w e e n  layers  and bound w a t e r  in the  clay. 

Soybean  oil c o n t a i n s  a high p e r c e n t a g e  of  u n s a t u r a t e d  
f a t t y  ac ids  such  as oleic, l inoleic or  l inolenic.  F r ee  r a d i c a l s  
f o r m e d  on the  u n s a t u r a t e d  f a t t y  ac ids  fo rm p e r o x i d e s  o r  
h y d r o p e r o x i d e s  by  r e a c t i o n  wi th  d issovled  oxygen.  The 
h y d r o p e r o x i d e s  spl i t  in to  sma l l e r  a n d  o d o r o u s  o rgan ic  
c o m p o u n d s  such  as  a ldehydes ,  ke tones ,  a lcohols  a n d  
ac ids  wi th  tox ic i t i e s  t h a t  a r e  c o n s i d e r a b l y  s t r o n g e r  to  
an ima l s  (1).  The s t a n d a r d  a c t i v a t e d  c lay  effect ively r edu -  
ces t he  p e r o x i d e  va lue  of  a u t o x i d i z e d  soybean  oil (2). 
Khoo et al. (3)  i n d i c a t e d  t h a t  p r o c e s s e s  involving chemi-  
cal  a d s o r p t i o n  a n d  s u b s e q u e n t  c h e m i c a l  r e a c t i o n  p ro -  
ceed  on t h e  su r f ace  of  a c t i v a t e d  clays. Ney (4)  found  t h a t  
h y d r o p e r o x i d e s  of  l inoleic ac id  a r e  d e c o m p o s e d  into  ke- 
tone  o r  l inolenic  ac id  by  a c t i v a t e d  clay. Therefore ,  it is 
n e c e s s a r y  to  inves t iga te  t h e  a m o u n t s  of  a l d e h y d e s  or  ke-  
tones  in soybean  oil a f te r  f i l t r a t ion  t h r o u g h  b leach ing  me- 
dia. The a m o u n t s  of  a l d e h y d e s  a n d  ke tones  a r e  m e a s u r e d  
by t h i o b a r b i t u r i c  ac id  va lue  (TAV) a n d  ca rbony l  va lue  
(CV), respect ive ly .  The ob jec t  of  th is  s t u d y  is to  c lar i fy  a 
r e l a t i onsh ip  be tween  the  d e c r e a s e s  of  TAV a n d  CV a n d  the  
phys i ca l  o r  chemica l  p r o p e r t i e s  of  t he  media .  

MATERIALS AND METHODS 

Materials. Soybean oil, autoxid~ed soybean oil and 
bleach ing  m e d i a  were  the  s a m e  m a t e r i a l s  as  t hose  shown  
in the  p r e v i o u s  p a p e r  (2). 

Methods. Fi l t r a t i on  t h r o u g h  b leach ing  m e d i a  was  ca r -  
r ied ou t  by  the  m e t h o d  d e s c r i b e d  p rev ious ly  (2).  TAV was  
d e t e r m i n e d  by  the  Standard Methods of Analysis for Hy- 
gienic Chemists (5)  to m e a s u r e  t he  a m o u n t  of  m a l o n a l d e -  
hyde  (6)  in a u t o x i d i z e d  soybean  oil. CV was  d e t e r m i n e d  
by JOCS m e t h o d s  2.4.22-73 (7)  to  m e a s u r e  t he  a m o u n t  of  
ke tones  in a u t o x i d i z e d  s o y b e a n  oil. 

*To whom correspondence should be addressed. 

Ac id  s t r e n g t h  a n d  a c id i t y  of  m e d i a  we re  m e a s u r e d  by  
Benesi ' s  b u t y l a m i n e  t i t r a t i o n  m e t h o d  (8),  a n d  d a t a  have  
been  r e p o r t e d  in o u r  p rev ious  p a p e r  (2).  Specif ic  s u r f a c e  
a r e a s  of  m e d i a  we re  m e a s u r e d  by  t h e  m e t h o d  d e s c r i b e d  
p rev ious ly  (2),  a n d  t h e s e  d a t a  also have  been  r e p o r t e d  in 
t h e  p rev ious  p a p e r  (2).  

SiO2, H20( - )  a n d  H20(+) were  d e t e r m i n e d  by  the  gravi-  
m e t r i c  m e t h o d  (9). A1203, Fe203, MgO, CaO, Na20 a n d  K20 
w e r e  d e t e r m i n e d  by  the  a t o m i c  a b s o r p t i o n  m e t h o d  (9). 
A u t o x i d i z e d  s o y b e a n  oil a n d  t r e a t e d  s o y b e a n  oil w e r e  
s t o r e d  in a b r o w n  d e s i c c a t o r  over  s i l ica  gel a t  30~ Sam-  
p le s  were  w i t h d r a w n  p e r i o d i c a l l y  for  m e a s u r e m e n t s  of  
TAV a n d  CV. 

RESULTS AND DISCUSSION 

Effect of filtration through bleaching media. The de-  
c r e a s e s  in TAV a n d  CV of  a u t o x i d i z e d  s o y b e a n  oil by  f i l ter-  
ing it t h r o u g h  va r i ous  m e d i a  a r e  s h o w n  in Table 
1. The  d e c r e a s e s  of  TAV a n d  CV were  m e a s u r e d  by t r e a t i n g  
10 g of  a u t o x i d i z e d  soybe a n  oil (PV, 42.1 meq /kg ;  TAV, 2.1; 
CV, 10.8) wi th  1 g of  media .  The  s t a n d a r d  a c t i v a t e d  c l ay  
( m e d i u m  l )  was  t he  m o s t  effect ive in r e d u c i n g  TAV (88%) 
a n d  CV (63%), a n d  o t h e r  m e d i a  r e d u c e d  TAV 2--66% a n d  
CV -26~27%. 

Effects  of  c o n c e n t r a t i o n  of  m e d i a  1-3  on d e c r e a s e s  of  
TAV a n d  CV of  a u t o x i d i z e d  soybe a n  oil a r e  shown  in Table 

TABLE 1 

Effects of Filtration Through Various Media on Decreases of 
Thiobarbituric Acid and Carbonyl Values of Autoxidized 
Soybean Oil 

No. Media Decrease (%) 
TAV CV 

1 Standard activated clay 88 63 
2 Activated clay 66 18 
3 Japanese acid clay 29 27 
4 Synthetic zeolite 39 0 
5 Bentonite 26 4 
6 Kaolin 47 -26 
7 Diatomaceous earth 41 - 11 
8 Talc 31 -15 
9 Florisil 23 11 

10 Celite 14 11 
11 Silica gel for column 

chromatography 34 3 
12 Sea sand 18 -8 
13 Magnesium oxide 54 10 
14 Titanium dioxide 50 17 
15 Aluminum oxide for column 

chromatography 2 21 
16 Basic aluminum oxide for column 

chromatography 12 21 
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TABLE 2 

E f f e c t s  o f  C o n c e n t r a t i o n  o f  M e d i a  on  D e c r e a s e s  o f  TAV and CV of A u t o x i d i z e d  
S o y b e a n  Oil 

Medium 
concentration a 

(%) 

Amount of TAV decrease (%) by media b CV decrease (%) by media b 
oil No. 1 No. 2 No. 3 No. 1 No. 2 No. 3 
(g) 

1.64 60 70 36 9 -8 -3 7 
2.44 40 74 36 19 -8 -3 7 
4.76 20 79 44 35 -8 -2 21 
9.10 10 88 66 29 63 18 27 

16.67 5 88 80 26 47 19 30 

aOne gram of medium. 
bSee Table 1 for medium identification. 
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FIG.  1. TAV and  CV c u r v e s  o f a u t o x i d i z e d  s o y b e a n  oi l  and  t r e a t e d  
s o y b e a n  o i l  s t o r e d  at  30~ a u t o x i d i z e d  oil; and  Q, t r e a t e d  oil .  

2. Decreases  of  TAV and  CV by using the  m e d i a  1-3 in- 
c r eased  progress ive ly  wi th  inc rease  of  m e d i a  c o n c e n t r a -  
t ion up to 16.67%. At  t he  lowest  c o n c e n t r a t i o n  of  media ,  a 
dec rea se  of  TAV by using the  m e d i u m  1 was  70%. At  m e d i a  
c o n c e n t r a t i o n s  of  4.76% or  less, inc reases  of  CV using the  
m e d i a  1 and  2 were  found.  

To d e t e r m i n e  w h e t h e r  the  s tabi l i ty  of  oil t r e a t e d  wi th  
m e d i u m  1 increased ,  au tox id ized  soybean  oil and  t r e a t e d  
soybean oil were  s to r ed  in a b rown  des i cca to r  at  30~ The 
resul ts  of  TAV and  CV m e a s u r e m e n t s  are  shown in Figure  
1. The resul t s  of  s to rage  of  a u t o x i d z e d  soybean  oil by fil- 
t e r ing  it t h r o u g h  m e d i u m  1 ind ica t ed  t h a t  t he  qua l i ty  of  
t he  t r e a t e d  soybean  oil is sl ightly be t t e r  (up  to ca. 25 
days).  However ,  ou r  a s s u m p t i o n  t h a t  r emoving  a ldehydes  
and  ke tones  will r enova t e  the  au tox id ized  soybean  oil was  
no t  bo rne  out,  and  TAV and  CV of  the  t r e a t e d  soybean oil 
w e r e  h igher  a f te r  it was  s to r ed  for a p p r o x i m a t e l y  45 and  
53 days, respect ively.  

Effects of physical  and  chemical properties of  media  on 
decreases of TAV and CV. The resul t s  in Tables 1 and  2 
ind ica te  t h a t  t he  effect  on dec reases  o f  TAV and  CV of  
au tox id ized  soybean  oil differed wi th  m e d i a  and  t h a t  the  
s t a n d a r d  ac t iva ted  clay was  the  m o s t  effect ive for reduc-  
ing TAV and  CV. It  is possible t h a t  d i f ferences  in physical  
and  chemica l  p rope r t i e s  of  m e d i a  cause  d i f ferences  in 
act ivi ty  for r educ ing  TAV and  CV. 

Table 3 shows the  co r re l a t ion  coeff icients  ca l cu l a t ed  by 
using the  d a t a  of  ac id i ty  over  each  acid  s t r eng th  r ange  

TABLE 3 

C o e f f i c i e n t  o f  D e t e r m i n a t i o n  V a l u e  O b t a i n e d  by  L i near  Re- 
g r e s s i o n  B e t w e e n  D e c r e a s e  o f  TAV or CV and  Ac i d i ty  over  E a c h  
Ac id  S t r e n g t h  R a n g e  or  S p e c i f i c  Sur face  A r e a  

Property Correlation coefficient a 

TAV CV 

Acid strength, Ho 
+ 1.5 -- - 5.6 0.686 b 0.735 b 
+ 3.3 -- + 1.5 0.243 -0.302 
+ 6.8 -- + 3.3 0.143 0.256 
+ 6.8 -- - 5.6 c 0.175 0.227 
Specific surface area 0.232 0.316 

aCorrelation coefficients were calculated by using the data of acidity 
over each acid strength range and specific surface areas reported 
in the previous paper (2), and decreases of TAV and CV shown in 
Table 1. 

bThere is significant difference at 1%. 
~Total amounts of acid sites. 

and  specific su r face  a r e a  r e p o r t e d  in the  p rev ious  p a p e r  
(2) as well as dec reases  of  TAV and  CV (Table 1). No corre-  
la t ions  were  found  be tween  dec reases  of  TAV or  CV and  
acidi t ies  over  acid s t r eng th  ranges  + 3.3 -- + 1.5, + 6.8 
+3.3, + 6.8 -- - 5.6 or  specific su r face  a r e a  of  media .  The  
re la t ionsh ips  be tween  dec reases  of  TAV or CV and  ac id i ty  
over  the  highest  acid s t r eng th  range  (+ 1.5 -- - 5.6) w e r e  
highly s ignif icant  wi th  coeff icients  of  0.686 and  0.735, re- 
spectively.  It was  c o n c l u d e d  t h a t  dec reases  of  TAV and  CV 
are  d o m i n a t e d  by the  a m o u n t s  of  acid sites of  the  highest  
acid s t r eng th  range  r a t h e r  t h a n  the  a m o u n t s  of  acid si tes 
of  lower  acid s t r eng th  range,  to ta l  a m o u n t s  of  acid sites or  
specific sur face  areas.  The  conc lus ion  on dec reases  of  TAV 
and  CV was  in a g r e e m e n t  wi th  t h a t  on the  dec rease  of  PV 
(2). 

Origin of the strongest acid site. In o r d e r  to e luc ida te  
an origin of  the  s t ronges t  acid  si tes having act ivi ty  for TAV 
or  CV reduc t ion ,  the  chemica l  compos i t ions  (wt%) of  t he  
clays were  d e t e r m i n e d  and  the  d a t a  are  shown in Table 4. 
The mole  ra t io  of  8iO2/Al203, to ta l  ac idi ty  and  acidi ty  over  
the  highest  acid  s t r eng th  r ange  are  also shown in Table 4. 
A l though  it is well  known t h a t  the  mole  ra t io  of  SIO2/ 
A1203 has  a co r r e l a t i on  wi th  ac id i ty  (10), the  p r e s e n t  
va lue  c o r r e s p o n d e d  to the  to ta l  ac idi ty  r a t h e r  t h a n  to t he  
acidi ty  over  the  h ighes t  acid s t r eng th  range,  + 1.5 ~ - 5.6. 
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TABLE 4 

Chemical  Composit ion and Acidity of  Clays 

Content (wt%) 
Standard Activated Japanese 

Composition activated clay clay acid clay 

SiO 2 75.00 69.13 70.14 
AI2O 3 7.47 7.08 11.10 
Fe2Os 5.65 4.22 2.56 
MgO 2.24 2.58 3.72 
CaO 1.59 2.75 1.18 
Na20 0.84 0.92 0.38 
KzO 0.66 0.78 0.76 
H~O (_)a 1.18 0.93 1.01 
HzO (+)b 4.30 3.73 4.05 
Total 98.93 92.14 94.80 

SiO2/Al203 17.10 16.68 10.72 
(mole ratio) 

Acidity over 
range of 
+ 1.5 ~ - 5.6 ~ 2.569 0.659 0.487 
(m mol/g) 

Total acidity ~ 28.970 22.560 5.267 
(m mol/g) 

aWeight decrease of clay due to treatment at ll0~ for 4 hr. 
bIgnition loss of clay treated at 110~ for 4 hr. 
~:Correlation coefficients of the relationship between the mole ratio 
of Si02/Al20:~ and acidity over the highest acid strength range + 1.5 

- 5.6 or total acidity were 0.611 and 0.979, respectively. 

TABLE 5 

Acidity of  Clays Treated at Various Temperatures  

Temperature 
("c) 

Acidity over the 
acid strength range + 1.5 -- - 5.6 (m mol/g) 

Standard 
activated clay Activated clay 

i10 2.569 0.659 
300 0.991 0.782 
500 0.806 0.690 
700 0.550 0.521 
900 0.073 0.000 

The resul t s  i nd ica t ed  t h a t  t he  s t ronges t  acid si tes did no t  
o r ig ina te  f rom the  mole  ra t io  of  SIO2/A1203. 

If  t he  w a t e r  c o n t a i n e d  be tween  layers  and  bound  w a t e r  
in a c lay is an origin of  the  s t ronges t  acid  sites, bo th  acid-  
ity over  the  h ighes t  acid  s t r eng th  r ange  and  TAV or  CV 
r e d u c t i o n  wou ld  d e c r e a s e  wi th  an inc rease  in t e m p e r a -  
t u r e  o f  h e a t - t r e a t m e n t  o f  the  clay. Table 5 shows  the  acid-  
ity over  the  h ighes t  acid  s t r eng th  r ange  (+ 1.5 -- - 5.6) of  
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FIG. 2. Decreases  of  TAV and CV of  autoxidized soybean oil by 
using the clays treated at various temperatures:  o, standard acti- 
vated clay; and D, activated clay. 

t he  clays t r e a t e d  a t  va r ious  t e m p e r a t u r e s .  The  ac id i ty  of  
the  h e a t - t r e a t e d  clays d e c r e a s e d  wi th  t he  rise of  the  
t r e a t m e n t  t e m p e r a t u r e  by steps,  as was  expec t ed .  F igure  
2 shows  the  dec rease s  in TAV and  CV of  a u t o x i d i z e d  soy- 
bean  oil by using the  clays t r e a t e d  a t  va r ious  t e m p e r a -  
tures .  TAV a n d  CV r e d u c t i o n  o f  t he  clays d e c r e a s e d  wi th  
an i n c r e a s e  in t e m p e r a t u r e .  The  co r r e l a t i ons  be tween  
ac id i ty  over  t he  h ighes t  acid  s t r eng th  r ange  (+ 1.5 --  - 5.6) 
and  TAV or  CV r e d u c t i o n  by using the  h e a t - t r e a t e d  clays 
were  highly significant ,  wi th  coeff ic ients  of  0.786 and  
0.933, respect ively .  F r o m  the  resul t s  of  chemica l  compos i -  
tion, ac id i ty  and  TAV or  CV reduc t ion ,  it is c o n c l u d e d  t h a t  
the  ac id i ty  over  the  h ighes t  acid  s t r eng th  r ange  (+ 1.5 -- - 
5.6) o r ig ina tes  f rom the  w a t e r  c o n t a i n e d  be tw een  layers  
and  b o u n d  w a t e r  in the  clay. 
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