
5] 
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The thiobarbituric acid (TBA) reactivity o f  ox id ized  
methyl  l inoleate,  soybean oil, s e s a m e  oil, lard, chicken 
oil and sardine oil  was  characterized by using four 
di f ferent  methods  with 0.01% butylated hydroxyto- 
luene  (BHT).  Optimal pH for the  reactivity o f  mos t  o f  
the  oxidized samples  was  3-4,  and that o f  some  
samples  was  above 5. Introduction o f  2 mM t-butyl 
hydroperoxide  (t-Bu00H) or 0.2 mM ferric ion in the  
reaction markedly  enhanced the reactivity. Introduc- 
t ion of  0.2 mM ethylenediamine  tetraacet ic  acid sup- 
pressed  the  reactivity. The characterist ics  o f  the  TBA- 
reactivity o f  the  samples  were similar to those  o f  
a lkadienals  or alkenals .  The most  preferable  method  
for the  es t imat ion  of  the  TBA-reactive subs tances  o f  
the  ox id ized  fats and oils  was  that us ing so lvents  at pH 
3.5 with introduction o f  BHT, and t-Bu00H or ferric ion. 

KEY WORDS: Alkadienals ,  a lkenals ,  ferric ion, oxi- 
d ized fats and oils,  TBA-reaetivity, t-butyl hydroper- 
oxide.  

Oxidized fats and  oils produce  the red 1:2 malonal-  
dehyde- th iobarbi tur ic  acid (TBA) pigment  on heat ing 
with TBA in an acidic medium, and malona ldehyde  and 
its p recursors  have been long considered to be responsi  
ble for the pigment  formation (1-4).  Ohkawa et al. (5) 
and Asakawa and Matsushi ta  (6) demons t r a t ed  tha t  the 
TBA-reactivity of pure  fat ty  ester  hydrope rox ides  is the 
highest, at  pH 3-4. In addition, it was found tha t  ferric 
and  ferrous ions enhance  the react ivi ty (6,7). Since the 
TBA-reactivity of malonaldehyde  is not  enhanced  at  t ha t  
pH value and by the metal  ions, this enhancement  was 
tentat ively  ascr ibed to the increased decompost ion  of the 
hydroperox ides  into malonaldehyde  (6). 

Recent investigations have demons t r a t ed  tha t  alkadie- 
nals and alkenals genera ted  in lipid oxidat ion  are prone  
to produce  the same pigment  in subs tant ia l  yields (8-13),  
and  the charac ter i s t ics  of the TBA-reactivity of these 
aldehydes are different from those of malonaldehyde.  The 
react ivi ty of a lkadienals  and  alkenals is the highest a t  pH 
3-4 and above 5, respectively (12), and is enhanced  by 
tert-butyl  hydroperox ide  (t-Bu00H) (9-12).  Fur ther -  
more, the TBA-reactivity of 2-hexenal  is enhanced  by 
ferric ion (13). 

In a previous p a p e r  (14), we have suggested tha t  the 
major  TBA-reactive substances  in oxidized fats and  oils 
may  be due to a ldehydes  other  than  malonaldehyde,  since 
the TBA-reactivity of the samples was much higher than  
tha t  due to the  contents  of malona ldehyde  and  its 
precursors .  In the presen t  communicat ion,  we charac te r -  
ized the TBA-reactivity of oxidized fats  and  oils by using 
several different assay variat ions,  pH values, t-Bu00H, 
ferric ion and e thylenediamine te t raace t ic  acid (EDTA) 
to identify the  major  TBA-reactive substances,  and  
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offered mechanis t ic  considera t ion for the TBA-reactivity 
of oxidized fats and oils. 

EXPERIMENTAL PROCEDURES 

Materials .  TBA and 2,4 nonadienal  were obta ined from 
Wako Pure Chemical Indust r ies  (Osaka, Japan) .  2 
Hexenal, 2,4-hexadienal,  t e t r a m e t h o x y p r o p a n e  and 
methyl l inoleate were obta ined from Tokyo Kasei Kogyo 
Co. (Tokyo, Japan) .  t-Butyl hydroperoxide  (t-Bu00H, 70% 
in water )  was pu rchased  from Sigma Chemical Co. (St. 
Louis, MO). Butylated hydroxyto luene  (BHT) was from 
Nikki Universal Co. ( 'lbkyo, Japan) .  Malonaldehyde sodi- 
um salt  was p r e p a r e d  from t e t r a m e t h o x y p r o p a n e  (15). 
Soybean oil was a p r oduc t  of Showa Sangyo Co. (Tokyo, 
Japan) ,  and  sesame oil was J apan  Pharmacopoe ia  grade. 
Subcutaneous  lipids of hog ( lard)  and  chicken, as well as 
whole lipids of sard ine  meat,  were ex t r ac t ed  and pre  
pa red  as descr ibed (16). 

Oxid i zed  f a t s  and  oils. Methyl linoleate, soybean oil, 
sesame oil, lard and chicken oil were oxidized at 98°C by 
the active oxygen method  (AOM) (17). Sardine oil was 
oxidized by ultraviolet  light (UV) i r radia t ion  (16). 
Hydroperoxide  contents  of the oxidized samples  were 
de termined by peroxide  value (meq/Kg)  (18). 

TBA test. The TBA tes t  was carr ied out direct ly on the 
samples by fore' different variations:  method  A, in 2% 
acetic acid (14); me thod  B, by Buege and Aust  (19); 
method C, by Uchiyama and Mihara (20); and  method  D, 
by Ohkawa et al. (5). The major  differences in these 
methods  are the solvents employed and, thus, the pH 
values of the react ion mixtures.  All the react ions  were 
per fbrmed by the two-s tep mode which involves an initial 
t r ea tmen t  at  5°C and subsequent  heat ing at  100°C (9- 
11,14). t-BuOOH (2 raM) (9-12,14), 0.2 mM ferric chloride 
(6,13) and 0.2 mM ethylenediamine te t raace t ic  acid 
(EDTA) (7,13) were in t roduced  in the  reaction.  In o rder  
to prevent  undesh 'able  lipid oxida t ion  during the assay, 
0.01% BHT (1,6,14,21) was in t roduced  in the  reaction.  
Absorpt ion  spec t ra  of the react ion mix tures  or the 
ex t rac t s  were measu red  on a Shimadzu UV-240 visible 
(Kyoto, J a p a n )  or a Hitachi U 2000 spec t ropho tomete r  
(Tokyo, Japan) .  The amoun t  of red pigment  was deter-  
mined by absorbanee  at  532 nm and the ext inct ion 
coefficient of the 2:1 TBA-malonaldehyde pigment  at  532 
nm:156000 (4). 

Method A. In a 13-mL screw-cap tube, 5.0 mL of 0.40% 
TBA in water ,  0.1 mL of a mix ture  of BHT (final concen- 
t ra t ion  0.01%) and sample  in glacial acetic acid, and 10 #L 
of t-BuOOH (final concent ra t ion  2.0 mM) in glacial acetic 
acid were p laced (in tha t  order) .  The pH value of the 
react ion mix ture  was about  2.1. The mix ture  was kept  at  
5°C for 60 min and then  hea ted  at  100°C for 20 rain. The 
mix ture  was ex t r ac t ed  with 2.0 mL of chloroform to 
remove the oil. 

Method B. In a test  tube, 1.0 mL of water ,  2.0 mL of 
0.375% TBA in 15% tr ichloroacet ic  acid-0.25 N hydrochlo- 
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r ic  acid,  50 ttL of  a m i x t u r e  of  BHT (0.01%) a n d  s a m p l e  in 
g lac ia l  ace t ic  acid,  a n d  10 t~L of  t-BuOOH (2.0 mM) in 
g lac ia l  ace t ic  ac id  w e r e  p laced ,  in t h a t  o rder .  The  pH v a l u e  
of  t h e  r e a c t i o n  m i x t u r e  was  a b o u t  0.7. The m i x t u r e  w a s  
k e p t  a t  5°C for  60 rain a n d  t h e n  h e a t e d  a t  100°C for  15 
min. The  m i x t u r e  w a s  e x t r a c t e d  w i th  2.0 mL of  ch loro-  
fo rm to r emove  t h e  oil. 

Method C. The fol lowing were  p l a c e d  in a t e s t  t u b e  in 
th is  o rder :  0.5 mL of  wa t e r ,  3.0 mL of  1% p h o s p h o r i c  acid,  
1.0 mL of  0.6% TBA in wa te r ,  50 ttL of  a m i x t u r e  of  BHT 
(0.01%) a n d  s a m p l e  in g lac ia l  ace t ic  acid,  a n d  10 #L of  t- 
BuOOH (2.0 mM) in g lac ia l  ace t ic  acid.  The pH va lue  of  t h e  
r e a c t i o n  m i x t u r e  was  a b o u t  1.8. The  m i x t u r e  was  k e p t  a t  
5°C for  60 min  a n d  t hen  h e a t e d  a t  100°C for  45 min.  Red 
p i g m e n t  was  e x t r a c t e d  wi th  4.0 m L  of  n -bu tano l .  

MethodD.  These  so lu t ions  we re  p l a c e d  in a t e s t  t u b e  in 
t h e  fol lowing o rder :  0.8 mL of  w a t e r  [or w a t e r  c o n t a i n i n g  
fer r ic  ch lo r ide  (0.2 mM) o r  EDTA (0.2 raM)], 0.2 mL of  
8.1% s o d i u m  dodecy i su l fa te ,  1.5 mL of  20% acet ic  ac id  
so lu t ion  a d j u s t e d  a t  pH 2-5.5 wi th  10 N NaOH, 1.5 mL of  
0.8% TBA in wa te r ,  50 ttL of  a m i x t u r e  of  BHT (0.01%) a n d  
s a m p l e  in g lac ia l  ace t i c  acid,  a n d  10 ttL of  t-BuOOH (2.0 
mM) in glacia l  ace t ic  acid.  The  m i x t u r e  was  k e p t  a t  5°C for  
60 min  a n d  t h e n  h e a t e d  a t  100°C for  60 min. Red p i g m e n t  
was  e x t r a c t e d  w i th  1.0 mL of  w a t e r  a n d  5.0 mL of  n-  
b u t a n o l - p y r i d i n e  (15:1). 

T A B L E  1 

A m o u n t  o f  R e d  P i g m e n t  f r om O x i d i z e d  M e t h y l  L i no l ea te  and  
S o y b e a n  Oi l  in F our  D i f f e r e n t  V a r i a t i o n s  o f  t h e  T B A  A s s a y  w i t h  
0.01% B H T  a 

Oxidized methyl linoleate (peroxide value 1600 meq/Kg) 

Red pigment (nmol/mg sample) 

Method -t-BuOOH + 2 mM t-BuOOH 

A 10.07 13.46 
B 2.94 4.80 
C 2.70 3.78 
D (pH 3.5) 24.20 39.25 

Oxidized soybean oil (peroxide value 710 meq/Kg) 

Red pigment (nmol/mg sample) 

Method -t-BuOOH + 2 mM t-BuOOH 

A 4.79 5.48 
B 2.68 3.12 
C 3.36 3.43 
D (pH 3.5) 11.04 16.03 

~AII the tests were performed using 1.5 mg of the samples. 

RESULTS 

The TBA te s t  of  ox id i zed  me thy l  l ino lea te  a n d  soybean  oil 
w i th  a n d  w i t h o u t  t BuOOH was  p e r f o r m e d  in t he  fou r  
d i f fe ren t  va r i a t i ons  in t h e  p r e s e n c e  of  0.01% B H T - -  
m e t h o d  A in 2% ace t ic  ac id  (14); m e t h o d  B by Buege a n d  
A u s t  (19); m e t h o d  C by U c h i y a m a  a n d  M i h a r a  (20); a n d  
m e t h o d  D a t  pH 3.5 by  O h k a w a  et al. (5)  (Table 1). Major  
d i f fe rences  of  t he se  v a r i a i t o n s  we re  t hose  of  so lven ts  
employed ,  a n d  thus ,  t he  pH va lues  of  the  r e a c t i o n  
mix tu re s .  Both  the  ox id i zed  oils w i t h o u t  t-BuOOH p ro -  
d u c e d  d i f fe ren t  a m o u n t s  of  t he  p i g m e n t  in t he  va r i a -  
t i o n s - t h e  h ighes t  y ie ld  was  o b t a i n e d  in m e t h o d  D a t  pH 
3.5 (Table l ,  left  co lumn) .  E n h a n c e m e n t  by t-BuOOH was  
obse rved  in all  t he  v a r i a t i o n s  (Table 1, r ight  co lumn) .  The  
d i f fe rences  of  t he  TBA-reac t iv i ty  of  t he se  oils in t he  
v a r i a t i o n s  we re  s imi la r  to  t h o s e  of  2 ,4 -hexadiena l ,  
a l t h o u g h  no t  i den t i ca l  to  t h o s e  of  t e t r a m e t h o x y p r o p a n e  
(12).  

In  o r d e r  to assess  a u t o x i d a t i o n  of  l ipid s a m p l e s  d u r i n g  
t h e  TBA test ,  t he  t i m e - c o u r s e  of  t h e  TBA-reac t iv i ty  of  
u n o x i d i z e d  me thy l  l ino lea te  a n d  s o y b e a n  oil in m e t h o d  D 
a t  pH 3.5 in t h e  a b s e n c e  a n d  p r e s e n c e  of  BHT w a s  
fo l lowed (Fig. 1A a n d  B). In  t h e  a b s e n c e  of  BHT, t h e  
a m o u n t  of  t he  p i g m e n t  p r o d u c e d  in t he  r e a c t i o n  mix-  
t u r e s  wi th  a n d  w i t h o u t  t-BuOOH progress ive ly  i n c r e a s e d  
a n d  d id  no t  r e a c h  p l a t e a u s ,  i nd i ca t i ng  t h a t  s u b s t a n t i a l  
a u t o x i d a t i o n  t o o k  place .  In t he  p r e s e n c e  of  0.01% BHT, 
t h e s e  i nc r ea se s  we re  effect ively p r even t ed ,  even wi th  t- 
BuOOH. BHT was  a lso  effect ive in t he  r e a c t i o n  of  t he se  oils 
w i th  0.2 mM fer r ic  ion ( d a t a  n o t  shown) .  Hence,  i nco rpo -  
r a t i o n  of  0.01% BHT was  r e q u i r e d  to  p r e v e n t  u n d e s i r a b l e  
a u t o x i d a t i o n  of  the  s a m p l e s  d u r i n g  the  test .  

pH D e p e n d e n c e  o f  t he  TBA-reac t iv i ty  of  s t a n d a r d  
a l d e h y d e s  wi th  a n d  w i t h o u t  t-BuOOH, fer r ic  ion a n d  
EDTA in m e t h o d  D was  i nves t i ga t ed  (Fig. 2). The  TBA 
reac t i v i t y  of  t e t r a m e t h o x y p r o p a n e  a n d  m a l o n a l d e h y d e  
s o d i u m  sa l t  was  a l m o s t  c o n s t a n t  b e t w e e n  pH 2-4  a n d  w a s  

lower  above  pH 5 (Fig. 2A, sol id  line), t-BuOOH sl ight ly 
d e c r e a s e d  t h e  r e a c t i v i t y  t h r o u g h o u t  t he  pH ranges  (Fig. 
2A, d o t t e d  line), w h i c h  m a y  be due  to  t h e  d e c o m p o s i t i o n  
of  m a l o n a l d e h y d e  by  the  h y d r o p e r o x i d e ,  as  has  been  
d e m o n s t r a t e d  previous ly ,  (22,23).  In add i t ion ,  ferr ic  ion 
(Fig. 2A, c h a i n e d  l ine)  a n d  EDTA (Fig. 2A, line wi th  smal l  
d o t s )  gave l i t t le  effect  on the  react iv i ty .  The  yield of  the  
p i g m e n t  f rom t e t r a m e t h o x y p r o p a n e  was  a lmos t  quan t i -  
t a t ive  u n d e r  the  r e a c t i o n  cond i t i ons  be low pH 4. 

The g r e a t e r  pH d e p e n d e n c e  of  t he  TBA-reac t iv i ty  of  
a lkena l s  a n d  a l k a d i e n a l s  is shown  in Fig. 2B-D. The 
r e a c t i v i t y  of  2 - h e x e n a l  was  m a x i m a l  above  pH 5 (Fig. 2B, 
sol id  l ine),  a n d  t h a t  o f  2 ,4 -hexad iena l  a n d  2 ,4 -nonad iena l  
was  m a x i m a l  a t  pH 3-4  (Fig. 2C a n d  D, solid line), t- 
BuOOH p r o m o t e d  t h e  r eac t i v i t y  of  t he se  a l d e h y d e s  be low 
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FIG.  1. A u t o x i d a t i o n  o f  u n o x i d i z e d  m e t h y l  H n o l e a t e  ( A ) ,  and  
s o y b e a n  o i l  ( B ) ,  dur i ng  t h e  T B A  t e s t  pe r i od  in  m e t h o d  D at  pH 
3.5. T he  a m o u n t  o f  red  p i g m e n t  f o r m e d  from 1.0 m g  of  the  s a m p l e  
i n t h e  a b s e n c e  ( B ) ,  and  p r e s e n c e  ( O ) ,  o f  0.01% B H T  w a s  p lo t t ed .  
A r r o w s  i n d i c a t e  t h e  s t a n d a r d  r e a c t i o n  p e r i o d  o f  m e t h o d  D. With 
n o n e  ( ) ,  and  w i t h  2 mM t - B u O O H  ( . . . .  ) .  
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FIG. 2. Effec t  of  pH, t-BuOOH, ferric ion and EDTA on the TBA-reactivity of  s t a n d a r d  a l d e h y d e s  in 
method D with 0.01% BHT. A: Tet ramethoxypropane  or malonaldehyde sodium salt  (20 nmol).  B: 2- 
hexenal  (0.84 #moO. C: 2,4-hexadienal (0.44 #mol). D: 2,4-nonadienal (0.33 #mol). E: A mixture  of  2- 
hexenal  (0.84 # m o o  and 2,4-nonadienal (0.33 #tool). With none (-4D--) ,  2 mM t-BuOOH (---©---), 0.2 mM 
ferric chloride ( -q~ - - - ) ,  and 0.2 mM EDTA (---A---). 
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FIG. 3. Effec t  of  pH, bBuOOH, ferr ic  ion and EDTA on the  TBA-reactivity of oxidized f a t s  a n d  oils in 
method D with 0.01% BHT. A: oxidized m e t h y l  H n o l e a t e ;  AOM-3 hr  (perox ide  value 890 m e q / K g ) ,  AOM- 
12 hr  (1620) and AOM-24 hr  (1010). B: oxidized soybean oil; AOM-6 hr  (220) and AOM-30 hr  (710). C: 
oxidized sesame oil; AOM-22 hr  (490) and AOM-30 hr  (800). D: oxidized lard; AOM-6 hr  (90), AOM-20 hr  
(260) and AOM-30 hr  (710). E: oxidized chicken oil; AOM-6 hr  (60), AOM-20hr (300) and AOM-30 hr  
(940). F: oxidized sardine  oil; UV-21 hr  (530) and UV-38 hr  (740). E a c h  s a m p l e  of  0.2-2.0 mg w a s  
s u b j e c t e d  t o  t h e  t e s t .  W i t h  n o n e  ( - -O- - ) ,  2 mM t-BuOOH (---O---), 0.2 mM ferric  chloride ( ~ - - - ) ,  and 0.2 
mM EDTA ( - -A-- ) .  

pH 4 (Fig. 2B-D, dotted line). In addition, ferric chloride 
enhanced the reactivity of these aldehydes below pH 4 
(Fig. 2B-D, chained line). EDTA completely suppressed 
the reactivity of these aldehydes throughout  the pH 
ranges (Fig. 2B-D, line with small dots). The TBA- 
reactivity of these aldehydes was not significant in the 
presence of both EDTA and t-BuOOH (data  not shown). 
The yield of the pigment from 2-hexenal was about 3%, 
and those from 2,4-hexadienal and 2,4-nonadienal were 
about 13% under the optimal conditions. When 2-hexenal 
and 2,4-nonadienal were mixed in a 2.5:1 ratio, the TBA- 
reactivity with and without t BuOOH was maximal at pH 
3 (Fig. 2E), which was similar to that  of 2,4-nonadienal 
alone (Fig. 2D). 

pH Dependence of the TBA-reactivity with method D of 

oxidized methyl linoleate, soybean oil, sesame oil, lard, 
chicken oil and sardine off with different stages of 
autoxidation was investigated (Fig. 3). The pH depend- 
ence was different with the samples and the stages of 
their autoxidation (Fig. 3, solid line). The optimal pH for 
most samples was 3-4, and for some samples was above 5. 
t-BuOOH enhanced the reactivity of most samples (Fig. 3, 
dotted line). Ferric ion enhanced the reactivity of oxi- 
dized methyl linleate, soybean oil and sesame oil (Fig. 3, 
chained line), and EDTA suppressed the reactivity of 
these oils almost completely (Fig. 3, line with small dots). 
The TBA-reactivity of these oils was not significant in the 
presence of both EDTA and t-BuOOH (data  not shown). 
The characteristics of the TBA-reactivity of these oxi- 
dized fats and oils were similar to those of alkadienals 
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FIG. 4. T h e  m e c h a n i s m  o f  t h e  T B A  r e a c t i o n  o f  o x i d i z e d  f a t s  a n d  o i l s  in  m e t h o d  D w i t h  BHT. 

a n d / o r  a lkenals ,  a n d  e s sen t i a l ly  d i f fe ren t  f rom t h o s e  of  
t e t r a m e t h o x y p r o p a n e .  

D I S C U S S I O N  

In a p r ev ious  p a p e r  (14), it  h a s  been  d e m o n s t r a t e d  t h a t  
ox id ized  fa ts  a n d  oils r e l ea se  on ly  a smal l  a m o u n t  of  
m a l o n a l d e h y d e  a n d  s u b s t a n t i a l  a m o u n t s  of  o t h e r  a lde-  
hydes,  a n d  t h a t  t he i r  TBA-reac t iv i ty  is m u c h  h igher  t h a n  
t h a t  due  to  the i r  m a l o n a l d e h y d e  con ten t s .  I t  has  been  
sugges t ed  t h a t  a l d e h y d e s  o t h e r  t h a n  m a l o n a l d e h y d e  
c o n t r i b u t e  to  t he  TBA-react ivi ty .  I t  was  f o u n d  in t he  
p r e s e n t  inves t iga t ion  t h a t  t h e  TBA-reac t iv i ty  of  va r i ous  
ox id ized  fa t s  a n d  oils was  g rea t ly  d e p e n d e n t  on the  pH 
va lues  of  t h e  r e a c t i o n  mix tu re s .  The o p t i m a l  pH was  3 -4  
or  above  5. I n t r o d u c t i o n  of  t-BuOOH or  fer r ic  ion in t he  
r e a c t i o n  m a r k e d l y  e n h a n c e d  the  r eac t i v i t y  of  all  t h e  
samples .  I n t r o d u c t i o n  of  EDTA c o m p l e t e l y  s u p p r e s s e d  
the  r eac t i v i t y  even in t he  p r e s e n c e  of  t-BuOOH. The 
c h a r a c t e r i s t i c s  of  t he  TBA-reac t iv i ty  of  t h e  ox id i zed  fa ts  
a n d  oils were  s imi la r  to  t h o s e  of  a l k a d i e n a l s  a n d / o r  
a lkenals .  

The pH d e p e n d e n c e  of  t he  TBA-reac t iv i ty  of  p u r e  f a t t y  
e s t e r  h y d r o p e r o x i d e s  was  r e p o r t e d  ea r l i e r  (5,6), a n d  the  
r eac t i v i t y  h a s  been  a sc r ibed  to  t h a t  of  t he  h y d r o p e r o x i d e s  
t hemse lve s  (5).  The effect  of  fe r r ic  ion a n d  EDTA on the  
r eac t i v i t y  of  t he  h y d r o p e r o x i d e s  was  also k n o w n  (6,7). A t  
t h a t  t ime,  i t  was  a s s u m e d  t h a t  fer r ic  ion p r o m o t e d  the  
d e c o m p o s i t i o n  of  t he  h y d r o p e r o x i d e s  in to  m a l o n a l d e -  
hyde,  a n d  EDTA t r a p p e d  the  m e t a l  ion c o n t a m i n a t e d  in 
t h e  r e a c t i o n  m i x t u r e s  to p r e v e n t  t he  d e c o m p o s i t i o n  (6,7). 
However ,  j udg ing  f rom the  p r e s e n t  resul ts ,  i t  looks m o r e  
l ikely t h a t  t he  pH d e p e n d e n c e  of  t he  r eac t i v i t y  of  t he  
ox id ized  fa ts  a n d  oils was  due  to  t he  r e l e a s e d  a l k a d i e n a l s  
a n d / o r  a lkenals ,  a n d  e n h a n c e m e n t  of  t he  r eac t iv i ty  by  t- 
BuOOH a n d  ferr ic  ion was  d u e  to  t h a t  of  t he se  a ldehydes .  
The m a j o r  TBA-reac t ive  s u b s t a n c e s  f rom the  ox id ized  
fa ts  a n d  oils m a y  be r e a s o n a b l y  a s c r i b e d  to  a lkad iena l s ,  
a lkena l s  a n d  those  r e l e a s e d  f rom t h e  s a m p l e s  u n d e r  t he  
t e s t  cond i t ions .  

The la rge  d i f fe rence  in t h e  TBA reac t i v i t y  of  ox id ized  
fa ts  a n d  oils  in t he  fou r  v a r i a t i o n s  o f  t he  a s s a y  (Table 1) 
m a y  be due  to  t he  r eac t i v i t y  of  a l k a d i e n a l s  a n d  a lkenals .  
Me thod  D a t  pH 3.5 p r o p o s e d  by  O h k a w a  et al. (5)  m a y  be 
the  m o s t  p r e f e r a b l e  m e t h o d  for  t he  a s s a y  of  t he  TBA- 
reac t ive  s u b s t a n c e s  of  t he  ox id i zed  fa ts  a n d  oils. In th is  
a s s a y  m e t h o d ,  i n t r o d u c t i o n  of  BHT was  requ is i t e  to  
p r e v e n t  u n d e s i r a b l e  a u t o x i d a t i o n  du r ing  the  assay.  F o r  
effect ive p i g m e n t  deve lopmen t ,  i n c o r p o r a t i o n  of  t- 
BuOOH a n d  ferr ic  ion was  p re fe rab le .  If  t he  a s s a y  we re  
p e r f o r m e d  by  use  of  t he  so lvents  a n d  t h e  r e a g e n t s  free of  
c o n t a m i n a t e d  fer r ic  ion, t he  TBA-reac t iv i ty  of  t h e s e  fa ts  
a n d  oils m a y  be m u c h  lower.  I f  t h e  a s s a y  were  p e r f o r m e d  
in t he  absence  of  d i sso lved  oxygen  or  a n y  ox idan t s ,  t he  
r eac t iv i ty  m a y  be s u p p r e s s e d .  

The m e c h a n i s m s  for  the  TBA-reac t iv i ty  of  the  ox id ized  
fa ts  a n d  oils in m e t h o d  D a t  pH 3.5 in t he  p r e s e n c e  of  BHT 
m a y  be p o s t u l a t e d  in F igure  4. U n d e r  t he  TBA te s t  
cond i t ions ,  t he  ox id i zed  fa ts  a n d  oils m a y  re lease  a lkadie-  
na l s  a n d  a lkena l s  by  h e a t  in t h e  mi ld ly  ac idic  wa te r ,  a n d  
t h e  r e l e a s e d  a l k a d i e n a l s  a n d  a lkena l s  m a y  be r e a c t e d  
wi th  TBA to fo rm t h e  r ed  1:2 m a l o n a l d e h y d e - T B A  pig- 
m e n t  by  h e a t  in t h e  mi ldly  ac idic  w a t e r  w i th  d isso lved  
oxygen,  m o r e  efficiently,  t-BuOOH, a n d  wi th  fer r ic  ion. 

We have  r e p o r t e d  r e c e n t l y  t h a t  t h e  TBA-reac t ive  sub-  
s t a n c e s  f rom l iver  h o m o g e n a t e  m a y  be a l k a d i e n a l s  (12). 
The  p r e s e n t  r e su l t s  i n d i c a t e d  t h a t  t he  TBA-reac t ive  
s u b s t a n c e s  f rom t h e  ox id ized  fa t s  a n d  oils m a y  be 
a l k a d i e n a l s  a n d / o r  a lkenals .  In  con t r a s t ,  we  cou ld  no t  
iden t i fy  t he  TBA-reac t ive  s u b s t a n c e s  f rom b lood  p l a sma ,  
wh ich  m a y  be c o m p o u n d s  o t h e r  t h a n  m a l o n a l d e h y d e ,  
a l k a d i e n a l s  a n d  a lkena l s  (24). Hence,  t h e  TBA-reac t ive  
s u b s t a n c e s  m a y  be d i f ferent  w i th  t he  s a m p l e s  f rom 
di f fe ren t  origin. Before  e s t ima t ion  of  t he  TBA-reac t iv i ty  of  
s amples ,  it  is i m p o r t a n t  to  c h a r a c t e r i z e  t h e  TBA- 
r eac t iv i ty  a n d  rea l ize  w h a t  s u b s t a n c e s  a r e  m e a s u r e d  in 
t he  TBA test .  
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