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This s tudy e x a m i n e d  how tocopherol  retent ion is 
a f fected  by the  presence  or absence  o f  food coatings,  
and also t e s ted  the  m e a s u r e m e n t  o f  f luorescent  sub- 
s tance levels  in cooking  oil to evaluate  oil  deteriora- 
tion. Potato s l ices  were  tempura-fried (with  a coat ing)  
or french-fried (wi thout  a coat ing) .  The three  toco- 
pherol  i somers  decreased  with heat ing  time, and 
better  retent ion was  found in the  tempura  process .  
The decompos i t ion  rates  o f  tocopherol  were  in the  
order 7 ~  8 ~ a for the  three  i so me r s  for both p r o c e s s e s  
over  repeated fryings.  The f luorescence  o f  frying oil  
increased 15- and 17-fold after tempura- and french- 
frying, respectively,  for 32 consecut ive  t imes.  Changes  
in the  amounts  o f  tocopherol  and the  f luorescence  
correlated wel l  with the  changes  found by the  chemi- 
luminescent  intens i ty  and f ive convent ional  m e t h o d s  
o f  oil  quality measurement .  These  results  indicated 
that tocopherol  retent ion is a f fec ted  by the  food 
coating, and that  me a sur e me nt s  o f  v i tamin E loss  and 
f luorescence  increase  in oil should be useful  for 
a s se s s ing  the  progress ive  deteriorat ion of  frying oil  
with its  repeated  usage.  

KEY WORDS: A s s e s s m e n t  o f  frying oil, f luorescence  
level, tocopherol .  

Vitamin E (tocopherol) which is labile to oxygen, heat and 
light is a natural  antioxidant for preventing oxidation of 
unsaturated fat ty acid (1,2). The major source of human 
tocopherol intake is oils and fats with the highest 
amounts  being found in vegetable oils (3), although the 
amounts  vary considerably (4). Vegetable oils also con- 
tain large amounts  of unsatura ted  fat ty acids such as 
linoleic acid (5). When such oil is used for frying, the 
vitamin E is lost with oxidation of unsatura ted  fat ty acids 
during heating (6,7). This frying oil is absorbed bythe  food 
during cooking (8). Thus, the quality of the cooking oil 
affects the net intake of tocopherol. Polyunsaturated 
fat ty acids are readily oxidized (9,10) and the conjugated 
dienes which form show increased absorption at 233 nm 
(11,12). The degradation products  of lipids give off a 
fluorescence (13,14), and interestingly, the fluorescent 
components  of the human tissues are known to increase 
with aging (15). However, the changes in fluorescence of 
frying oil during heating have not been studied well. In 
considering the effects of oxidized lipids on vitamin E 
nutrition and toxicity to animals (16,17), it is important  
to s tudy the loss of vitamin E from cooking oil and its 
relationship to oil deterioration during the frying process. 

The present s tudy was undertaken to determine 
whether  or not having a coating can affect the loss of 
tocopherol in fried food during prolonged heating. Two 
deep-frying processes, tempura-  and french-frying, were 
examined, the former used a coating on the food and the 
latter did not. The tocopherol losses were studied in 
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relation to the oxidation occurring in the frying oil: the 
changes in fluorescence, chemiluminescence, absorption 
at 233 nm and values from other common oil assessment 
methods (the color, refractive index, acid value and 
iodine value). 

EXPERIMENTAL PROCEDURES 
Preparation of f ry ing  oil. Peeled potatoes, sliced 0.5 cm 
thick and 5 cm in diameter, were deep-fried by two frying 
processes often used in Japanese household kitchens: 
tempura-frying with a coating of wheat  flour, egg and 
water  (88, 44 and 106 g per 400 g potatoes, respectively), 
and french-frying without a coating. Potatoes of the same 
variety were purchased from a local store, and 400 g each 
was deep-fried at 180 + 10~ over a total  of 17 min in 
every frying test. After cooling, the frying process was 
repeated 32 times using new potatoes in the same oil 
(total time of heating: 17 min • 32 times = 9 hr  4 min). The 
deep fryer was filled with 1.7 kg of commercial  oil 
composed of a mixture of soybean and rapeseed oils, and 
the oil level was adjusted after each frying to compensate  
for the loss due to absorption by the potatoes. The oil was 
sampled before and during heating at every fourth frying 
and stored in sealed bottles at 6~ until analysis. 

Determination of tocopherol amounts and fluorescence 
of the f ry ing oil. Tocopherol isomers (a, ~/ and 8) and 
fluorescent substance (FS) were separated by high- 
performance liquid chromatography  (HPLC) and were 
measured fluoremetrically using a Hitachi FL203 fluores- 
cence detector with a xenon discharge lamp (Ex 298 nm, 
Em 325 nm) and a Hitachi 234 pump (18). A LiChrosorb 
SI60 (5 #m) column (4 mm i.d. • 250 mm) was used with 
isopropanol in n-hexane (0.2/100, v/v) as the mobile 
phase moving at the rate of 1.8 mL/min. An adequate 
volume of oil sample dissolved in n-hexane was injected 
with an internal s tandard  of 2,2,5,7,8-pentamethyl 6- 
hydroxy chroman (19). The HPLC of the fresh oil and 
deep-fried oil are shown in Figure 1 with FS appearing as 
the first peak. The amount  of FS was measured in relation 
to the value for fresh oil. 

Determination of chemiluminescence of f ry ing oil. The 
chemiluminescence (CL) was measured by the method of 
K a n e d a  et al. (20) using Chemiluminescence Analyzer QX 
7C with a synchronous single photon counting appara tus  
(Tohoku Electronic Industries Co., Ltd., Sendai, Japan) .  
An oil sample was placed on a stainless-steel plate and 
analyzed at 37~ for 10 min. The chemiluminescent 
intensitywas expressed in terms of average counts for 10 
sec of the 10-min measurement  and corrected for back- 
ground current. 

Chemical and physical analysis of f ry ing  oil. The color 
of oil (L, La and Lb) was measured using a Model 101D 
Digital Color and Color Difference Meter (Nippon Den- 
shoku Co. Ltd., Osaka, Japan).  AE can be obtained from 

the following formula: AE = x / (AL)  2 + (ALa) 2 + (ALb) 2. 

The refractive index (RI) of each oil was determined with 
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an  Abbe  r e f r a c t o m e t e r  a t  20~ The  c o n j u g a t e d  d ienes  to  
assess  d e t e r i o r a t i o n  of  f ry ing oil (11,12)  we re  s e p a r a t e d  
by  s i l ica  gel t h in - l aye r  c h r o m a t o g r a p h y  wi th  h e x a n e -  
d ie thy l  e t h e r  (93:7) a n d  d e t e r m i n e d  a t  233 n m  us ing  a 
Sh imazu  d u a l  wave l eng th  t h in - l aye r  c h r o m a t o g r a p h y  
s c a n n e r  CS900 (21).  The  ac id  va lue  (AV) a n d  iod ine  va lue  
(IV) we re  e s t i m a t e d  a c c o r d i n g  to  t h e  J a p a n  Oil Chemis t s '  
Society 's  S t a n d a r d  M e t h o d  for  Ana lys i s  of  F a t s  a n d  Oils 
(22).  

RESULTS AND DISCUSSION 

Tocopherol retention in  f r y i n g  oil. Deep-f ry ing  r e d u c e d  
t h e  t o c o p h e r o l  c o n t e n t  in t h e  f ry ing oil w i th  h e a t i n g  t ime  
a n d  t h e  t h r e e  t o c o p h e r o l  i somers  d e c r e a s e d  a t  d i f fe ren t  
r a t e s  wi th  o x i d a t i o n  in t h e  two  cooking  m e t h o d s  s t u d i e d  
(Table 1). The  in i t ia l  c o n t e n t s  of  a-, 7- a n d  ( t - tocophero l  in 
t h e  oil we re  10.7, 70.7 a n d  13.6 mg  p e r  100 g oil, r e spe c -  
tively. Af t e r  t h e  32nd  frying, 16.8% a - t o c o p h e r o l  h a d  been  
los t  f r om t e m p u r a  oil b u t  52.5% f rom f rench- f ry ing  oil. The  
d i f fe rence  s e e m e d  to be due  to  t h e  use  of  t h e  c oa t i ng  
m a t e r i a l  in t h e  t e m p u r a  p rocess .  The  r e t e n t i o n  level also 
d i f fered  a m o n g  t h e  i somers  in t e m p u r a  off w i th  t h e  
h ighes t  r e t e n t i o n  r e c o r d e d  for  a - t o c o p h e r o l .  The  levels a t  
t h e  32nd  frying w e r e  83.2%, 49.7% a n d  66.3%, respect ive ly ,  
for  a-, ~/- a n d  8- tocophero l .  In  f rench- f ry ing  oil, t h e  
r e t e n t i o n  levels for  t h e s e  i somer s  we re  47.5%, 24.9% a n d  
50.3%, respect ive ly ,  a t  t h e  32nd  frying. 

The  d e c o m p o s i t i o n  r a t e s  of  t o c o p h e r o l s  were  ~ />  tt _~ 
for  t h e  t h r e e  i somers  for  bo th  p r o c e s s e s  over  r e p e a t e d  
f ry ings  in o u r  p r e s e n t  s tudy .  I t  h a s  been  r e p o r t e d  in t h e  
l i t e r a t u r e s  t h a t  t h e  d e c o m p o s i t i o n  of  t o c o p h e r o l s  is due  
to  o x i d a t i o n  a n d  t h a t  t h e  o r d e r  of  a n t i o x i d a n t  ac t iv i ty  is 

> ~ />  8 t ocophe ro l .  On t h e  o t h e r  h a n d ,  Lea  (23)  s h o w e d  
t h a t  t h e  o r d e r  of  a n t i o x i d a n t  ac t iv i ty  c h a n g e d  wi th  t h e  oil 
for  t he  e x p e r i m e n t  a n d  P a r k h u r s t  et al. (24)  r e p o r t e d  t h e  
o r d e r  of  ~ />  8 > a for  la rd .  The  o r d e r  of  t h e  d e c o m p o s i t i o n  
r a t e s  of  t o c o p h e r o l s  di f fers  w i th  t h e  hea t i ng  t ime  a n d  oil  

u s e d ( - / >  a w i th  26-hr  h e a t i n g  a n d  a > 7 wi th  103-hr  
he a t i ng  in p e a n u t  oil a n d  7 > a wi th  26-hr  a n d  103-hr  
he a t i ng  in c o t t o n s e e d  oil (6),  a n d  a > 7 w i th  2-hr  hea t ing  
a n d  7 > a w i th  23-hr  h e a t i n g  in a p a r t i a l l y  h y d r o g e n a t e d  
soybe a n  oil (7)) .  

Car l son  a n d  T a b a c c h  (7)  sugges t ed  t h a t  t h e  p r a c t i c e  of  
a d d i n g  f ry ing oil over  t he  f ry ing  p e r i o d  c a n  r e d u c e  the  
v i t a min  E loss of  t h e  oil in a c t u a l  food serv ice  ope ra t ions .  
We also f o u n d  t h a t  w h e n  a d d i t i o n a l  oil w a s  no t  u sed  to  
c o m p e n s a t e  for  t h e  loss  d u e  to  a b s o r p t i o n  by  food being 
fried,  t h e  d e c o m p o s i t i o n  r a t e s  of  a - t o c o p h e r o l  i n c r e a s e d  
in t he  o r d e r  of  7 = a > 8 i n s t e a d  of  t he  7 > a = 8 f o u n d  wi th  
3 -hr  he a t i ng  (25).  The  o r d e r  of  t h e  a n t i o x i d a n t  effect  for  
p e r o x i d e  va lue s  (POV) in l a r d  d e p e n d s  on  t h e  c o n c e n t r a -  
t ion  of  t o c o p h e r o l  ( 7  > a > 8 be low 0.03% of  tocophero l ,  
> 7 > a above  0.045%) b u t  t h e  d e c o m p o s i t i o n  r a t e s  were  
a > 7 > ~ for  b o t h  c o n c e n t r a t i o n s  o f t o c o p h e r o l  (26). The  
c ha nge s  in t h e  d e c o m p o s i t i o n  r a t e s  of  t o c o p h e r o l  in 
d i f fe ren t  oils m a y  be  d u e  to  d i f fe ren t  levels of  the  
t o c o p h e r o l  i somers  in each  oil ( 7  > ~ > a in soybe an  oil (7)  

= 7 in c o t t o n s e e d  oil a n d  ~ > 7 in p e a n u t  oil (6)) .  
C o m p l e x  r e a c t i o n s  can  o c c u r  such  as  ox ida t i o n ,  poly-  

mer iza t ion ,  a n d  hydro lys i s  be tw e e n  oil a n d  the  food 
du r ing  cook ing  (27).  Thus,  t h e  d e c o m p o s i t i o n  r a t e  of  
t o c o p h e r o l  is no t  t h e  s a m e  as  t he  a n t i o x i d a n t  ac t iv i ty  in 
every  case.  The  d i f fe rences  in t h e  a m o u n t  of  v i t a min  E loss 
f rom e x p e r i m e n t  to  e x p e r i m e n t  we re  p r o b a b l y  due  to  
differ ing e x p e r i m e n t a l  c o n d i t i o n s  such  as  oil  a n d  food 
used  for  frying, h e a t i n g  c ond i t i ons  a n d  so on. As vege tab le  
oils s ign i f ican t ly  c o n t r i b u t e  to  t he  daffy i n t ake  of  toco-  
pherol ,  th is  v a r i a t i o n  in t o c o p h e r o l  c o n t e n t  no t  only  wi th  
t he  or ig ina l  c o n t e n t  of  t h e  off bu t  also w i th  t he  cooking 
p roces s  s h o u l d  be no ted .  

Fluorescence of  f r y i n g  oil. The f luo rescence  level of  the  
off was  m e a s u r e d  for  c o m p a r i s o n  wi th  t he  t o c o p h e r o l  
c o n t e n t  a n d  the  r e su l t s  o f  o t h e r  c o m m o n  m e t h o d s  of  
d e t e r m i n i n g  oil d e t e r i o r a t i o n .  The f luo rescence  i nc r ea sed  
wi th  f rying t ime  in bo th  t e m p u r a -  a n d  f rench-f ry ing  

TABLE 1 

Retent ion  Level  of  Tocopherol  and the  Increase  of F luorescent  Intens i ty  of  Tempura- 
and French-Frying Oils  over a Period of  32 Success ive  Frying 

Number Tocopherol retention (%) Fluorescent 
of intensity 

Frying method fryings a-toc 7-toc &toc (- fold) 

Tempura-frying 0 100.0 100.0 100.0 1.0 
4 90.1 80.7 87.4 3.1 
8 89.6 70.6 83.5 7.7 

12 93.8 61.2 76.4 11.1 
16 92.0 55.7 75.8 14.8 
20 87.3 53.7 70.7 12.2 
24 85.5 50.8 73.1 14.2 
28 87.8 50.4 69.0 13.2 
32 83.2 49.7 66.3 14.7 

French-frying 0 100.0 100.0 100.0 1.0 
4 86.2 82.1 91.0 2.4 
8 85.9 74.0 87.1 4.1 

12 83.1 67.6 80.3 4.9 
16 75.9 59.3 74.3 7.0 
20 71.9 49.6 67.8 9.0 
24 64.5 41.6 63.7 11.9 
28 60.9 33.5 51.5 13.6 
32 47.5 24.9 50.3 16.7 

JAOCS, Vol. 68, no. 3 (March 1991) 



165 

VE LEVEL AND FLUORESCENCE IN HEATED OIL 

i 0  2o  3o 0 t o  20  3o 

R e t e n t i o n  t i m e  ( r a i n )  

8 r 

3 

i 0  2o  3o 

FIG. 1. High-performance l iquid chromatogram o f  fresh  oi l  (A )  
and deep-fr ied oil; tempura-frying oi l  ( B )  and french-frying oil  
(C),  wi th  internal  standard.  1: f luorescent  substance ,  2: a- 
tocopherol ,  3: 2 ,2,5,7,8-pentamethyl  6-hydroxychroman ( internal  
s tandard) ,  4: fl-tocopherol, 5: 5,-tocopherol, 6: 6-tocopherol.  

p r o c e s s e s  as  shown  in Table 1 a n d  F igure  1. This sugges t -  
ed  t h a t  t h e  f luo rescence  r e p r e s e n t s  t h e  d e g r a d a t i o n  
p r o d u c t s  of  u n s a t u r a t e d  f a t t y  ac id  f o r m e d  by  t h e  r eac -  
t ion  to  m o l e c u l a r  oxygen  du r ing  l ip id  ox ida t i on .  The  
f luo rescence  i n c r e a s e d  15- to  m o r e  t h a n  17-fold a f t e r  32 
fryings for  t e m p u r a -  a n d  f rench-f ry ing,  showing  t h a t  i t  
can  be  a sens i t ive  i n d i c a t o r  of  f rying oil. 

Chemiluminescence in frying oil. As s h o w n  in Table 2, 
t he  level of  CL in oil i n c r e a s e d  wi th  f ry ing t ime  du r ing  
bo th  t e m p u r a -  a n d  f rench- f ry ing  p rocesses .  The CL level 
i n c r e a s e d  15- a n d  6-fold a f t e r  t h e  oil h a d  been  used  32 
t imes,  respect ive ly .  These  r e su l t s  c o n f i r m e d  t h a t  CL 
r e p r e s e n t s  t h e  ox id i zed  p r o d u c t s  f o r m e d  d u r i n g  f ry ing 
a n d  t h a t  it  c an  be e m p l o y e d  to assess  t h e  qua l i t y  of  u sed  
frying oil (20),  a n d  s h o w e d  t h a t  i t  c a n  be  a sens i t ive  
i n d i c a t o r  o f  oil d e t e r i o r a t i o n .  

Physical and chemical evaluation of f~j ing oil. Five 
c o n v e n t i o n a l  phys i ca l  a n d  c h e m i c a l  ana lys i s  m e t h o d s  
used  to  assess  t he  qua l i t y  o f  f ry ing  oil w e r e  c o m p a r e d .  As 

can  be seen  f rom Table 2, all  m e t h o d s  c o r r e c t l y  r a n k e d  the  
oils a c c o r d i n g  to  t h e  length  o f  f rying t ime.  The  va lue s  f rom 
AE, RI, A233 a n d  AV i n c r e a s e d  a n d  L a n d  IV d e c r e a s e d  
wi th  f ry ing t ime.  Dur ing  hea t ing ,  d a r k e n i n g  of  t h e  oil f rom 
l ight  ye l low to  d a r k  b r o w n  (AE va lue) ,  an  i n c r e a s e  in AV, 
a n d  a d e c r e a s e  in IV ag reed  w i th  t h e  r e su l t s  f o u n d  for  r ice  
b r a n  oil a n d  p a l m  olein in e x p e r i m e n t s  c o n d u c t e d  wi th-  
ou t  us ing foods tu f f  (28). The r e l a t i o n s h i p s  b e t w e e n  oil 
he a t i ng  a n d  m e a s u r e m e n t s ,  u l t r av io le t  (UV) a b s o r b a n c e  
a t  233 nm, AV a n d  IV, ag ree  wi th  t he  r e p o r t s  of  o t h e r  
w o r k e r s  (6,7,12,28,29). C o m p a r i n g  t h e  effects  of  t h e  
f ry ing p r o c e s s e s  on the  c h a n g e s  in t h e  specif ic  cons t i t u -  
en t s  m e a s u r e d  by  each  m e t h o d  s h o w e d  t h r e e  p a t t e r n s  of  
changes .  F i rs t ,  t h e  c ha nge s  in RI a n d  A233 in t e m p u r a -  
f ry ing we re  lower  t h a n  t h o s e  in f rench-f ry ing ,  wh ich  
a g r e e d  wi th  t h e  c ha nge s  f o u n d  wi th  t he  t h r e e  t o c o p h e r o l  
i somers  s h o w n  in Table 1. On t h e  o t h e r  hand ,  t h e  r a t e s  of  
c h a n g e  in AE, L a n d  AV s h o w e d  d i f fe ren t  t r ends ,  a n d  the  
va lues  for  t e m p u r a - f r y i n g  w e r e  h ighe r  t h a n  t h o s e  for  
f rench-f ry ing ,  wh ich  a g r e e d  w i th  t h e  c ha nge s  f o u n d  wi th  
t h e  level of  CL. Bo th  frying p r o c e s s e s  gave a lmos t  t he  
s a m e  IV values .  These  r e su l t s  s u p p o r t e d  t h e  sugges t ion  
t h a t  no single oil a s s e s s m e n t  cou ld  give an  a c c u r a t e  
e va lua t i on  of  oil d e t e r i o r a t i o n  (30).  Be c a use  o f  t he  
c o m p l e x  r e a c t i o n s  b e t w e e n  t h e  oil a n d  the  food du r ing  
h e a t i n g  (27),  t h e  use fu lness  o f  e ach  a s s e s s m e n t  m e t h o d  is 
l imi ted  to  t h e  m o n i t o r i n g  of  a s imple  o p e r a t i o n ,  such  as  
w h e r e  f ry ing t ime  is t h e  on ly  var iab le .  A c c u r a t e  assess-  
m e n t  of  u sed  f ry ing oil w o u l d  r e qu i r e  t he  d e v e l o p m e n t  of  
a su i t ab l e  c o r r e l a t i o n  fo rmula .  

Evaluation of tocopherol loss and fluorescent sub- 
stance level for  assessing oil deterioration with repeated 
heat treatments. Reten t ion  o f t o c o p h e r o l  a n d  t h e  i n c r e a s e  
of  FS in oil u sed  for  deep- f ry ing  w e r e  c o m p a r e d  wi th  o t h e r  
c o m m o n  a na ly t i c a l  va lues  for  a s sess ing  t h e  qua l i t y  of  
f ry ing oil. Table 3 s u m m a r i z e s  t h e  c o r r e l a t i o n  coeff ic ients  
( r )  o b t a i n e d  f rom the  va lues  s h o w n  in Tables 1 a n d  2. 
Good  c o r r e l a t i o n  a m o n g  t h e  m e t h o d s  w a s  f o u n d  a m o n g  
t h e  va lue s  for  e ach  frying p rocess .  As the  c hanges  in 
t o c o p h e r o l  a n d  FS c o r r e l a t e d  wel l  w i th  t h e  r e su l t s  of  

TABLE 2 

Changes  in Phys ica l  and Chemical  Values  o f  Tempura- and French-Frying Oils  over a Period o f  32 Success ive  Fryings  

Number Color 
Frying of 
method fryings CL AE L RI A233 AV IV 

Tempura-frying 0 2700 0.0 103.0 1.4721 28.8 0.10 123.2 
4 8900 14.7 97.6 1.4722 65.1 0.18 122.1 
8 13530 25.5 89.7 1.4724 88.4 0.38 121.8 

12 22670 36.4 79.8 1.4725 102.8 0.62 120.0 
16 29910 40.7 78.2 1.4725 121.3 0.78 118.0 
20 37630 44.1 73.9 1.4726 116.7 0.93 117.0 
24 34118 44.7 73.4 1.4727 122.5 1.06 117.0 
28 33020 48.2 68.5 1.4727 122.1 1.22 110.0 
32 40580 50.8 64.8 1.4728 98.0 1.33 102.3 

French-frying 0 2700 0.0 103.0 1.4721 28.8 0.10 123.2 
4 2870 5.1 102.6 1.4723 70.3 0.08 121.2 
8 3580 7.4 102.0 1.4726 112.4 0.14 119.0 

12 4280 10.6 101.0 1.4728 138.2 0.16 117.3 
16 6220 13.7 101.1 1.4728 167.6 0.21 115.5 
20 9550 17.1 100.1 1.4730 200.0 0.20 115.4 
24 12800 20.3 99.5 1.4732 194.2 0.27 108.5 
28 15280 23.5 99.0 1.4733 212.2 0.42 107.3 
32 16420 26.2 98.3 1.4734 242.2 0.58 105.5 
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TABLE 3 

Correlation Coeff icients  (r  values)  Between  Toeopherol Level and the  Results  of  Other Methods of Analyzing Frying Oil 
Deterioration in Tempura- and French-Frying 

Tocopherol retention (%) Color 

Frying method Analysis a-toc ~/-toc ~-toc FS CL AE L RI A233 AV IV 

Tempura-frying a-toc 1.000 0.800 0.815 -0.682 -0.777 -0.789 0.767 -0.820 -0.669 -0.776 0.708 
7-toc 0.800 1.000 0.973 -0.967 -0.948 -0.994 0.960 -0.954 -0.955 -0.914 0.679 
ti-toc 0.815 0.973 1.000 -0.933 -0.919 -0.979 0.968 -0.962 -0.878 -0.932 0.793 

FS -0.682 -0.967 -0.933 1.000 0.940 0.970 -0.947 0.933 0.929 0.905 -0.667 
CL -0.777 -0.948 -0.919 0.940 1.000 0.966 -0.973 0.955 0.855 0.959 -0.772 
AE -0.789 -0.994 -0.979 0.970 0.966 1.000 -0.984 0.972 0.927 0.945 -0.740 
L 0.767 0.960 0.968 -0.947 -0.973 -0.984 1.000 -0.987 -0.857 -0.983 0.826 
RI -0.820 -0.954 -0.962 0.933 0.955 0.972 -0.987 1.000 0.843 0.977 -0.815 

A233 -0.669 -0.955 -0.878 0.929 0.855 0.927 -0.857 0.843 1.000 0.792 -0.455 
AV -0.776 -0.914 -0.932 0.905 0.959 0.945 -0.983 0.977 0.792 1.000 -0.873 
IV 0.708 0.679 0.793 -0.667 -0.772 -0.740 0.826 -0.815 -0.455 -0.873 1.000 

French-frying a-toc 1.000 0.983 0.972 -0.985 -0.949 -0.982 0.968 -0.952 -0.945 -0.925 0.967 
7-toc 0.983 1.000 0.992 -0.979 -0.945 -0.998 0.985 -0.989 -0.982 -0.882 0.970 
d-toc 0.972 0.992 1.000 -0.982 -0.963 -0.996 0.986 -0.979 -0.967 -0.902 0.972 

FS -0.985 -0.979 -0.982 1.000 0.984 0.986 -0.985 0.962 0.940 0.943 -0.986 
CL -0.949 -0.945 -0.963 0.984 1.000 0.959 -0.963 0.926 0.890 0.925 -0.971 
AE -0.982 -0.998 -0.996 0.986 0.959 1.000 -0.990 0.987 0.977 0.893 -0.977 
L 0.968 0.985 0.986 -0.985 -0.963 -0.990 1.000 -0.986 -0.964 -0.905 0.975 
RI -0.952 -0.989 -0.979 0.962 0.926 0.987 -0.986 1.000 0.981 0.855 -0.964 

A233 -0.945 -0.982 -0.967 0.940 0.890 0.977 -0.964 0.981 1.000 0.824 -0.921 
AV -0.925 -0.882 -0.902 0.943 0.925 0.893 -0.905 0.855 0.824 1.000 -0.918 
IV 0.967 0.970 0.972 -0.986 -0.971 -0.977 0.975 -0.964 -0.921 -0.918 1.000 

c o m m o n  m e t h o d s  o f  j u d g i n g  oil  qua l i ty ,  t h e s e  m e a s u r e -  
m e n t s  c a n  a l so  be  c o n s i d e r e d  t o  be  i n d i c a t o r s  o f  t h e  
d e g r e e  o f  d e t e r i o r a t i o n  o f  f ry ing  oil. 

I f  t h e  n u t r i t i o n a l  q u a l i t y  o f  a n  oil  is to  be  m e a s u r e d  
t o g e t h e r  w i t h  i ts  d e t e r i o r a t i o n  level,  m e a s u r i n g  t h e  
a m o u n t  o f  t o c o p h e r o l  c a n  be  useful .  As  s h o w n  in F i g u r e  1, 
t h e  o x i d i z e d  c o m p o u n d s  h a v e  s h o r t  r e t e n t i o n  t i m e  in 
c o m p a r i s i o n  w i t h  t o c o p h e r o l  i somer s .  D u r i n g  d e e p - f a t  
frying,  t h e  f i r s t  p e a k  (FS)  i n c r e a s e d  m a r k e d l y  a n d  w a s  
f o l l o w e d  by  m a n y  o t h e r  p e a k s  t h a t  i n c r e a s e d  w i t h  h e a t i n g  
t ime .  T h e s e  o x i d i z e d  c o m p o u n d s  m a y  a f f ec t  q u a n t i t a t i o n  
o f  t h e  a - t o c o p h e r o l  in m o r e  h i g h l y  o x i d i z e d  oils. Of  t h e  
t h r e e  t o c o p h e r o l  i somer s ,  7 - t o c o p h e r o l  is t h e  m o s t  a b u n -  
d a n t  a n d  t h e r e f o r e  t h e  e a s i e s t  to  m e a s u r e .  Also,  a s  s h o w n  
in Table  1, t h e  c h a n g e s  in 7 - t o c o p h e r o l  d u r i n g  t h e  h e a t i n g  
w e r e  t h e  g r e a t e s t .  T h e r e f o r e ,  fo r  a s s e s s i n g  u s e d  f ry ing  oil, 
7 - t o c o p h e r o l  s h o u l d  be  b e t t e r  t h a n  a-  a n d  ~ - t o c o p h e r o l .  
Of  c o u r s e ,  t h i s  m e t h o d  is l i m i t e d  to  t h e  m o n i t o r i n g  o f  oils  
w h i c h  c o n t a i n  t o c o p h e r o l .  T h e s e  r e s u l t s  s h o w  t h a t  m e a -  
s u r e m e n t s  o f  t o c o p h e r o l  a n d  FS  levels  o f fe r  a c o m b i n a -  
t i o n  o f  g o o d  sens i t iv i ty ,  s i m p l i c i t y  a n d  r a p i d i t y  a n d  t h u s  
s h o u l d  be  u s e f u l  fo r  a s s e s s i n g  u s e d  f ry ing  oil. 

REFERENCES 

1. Harris, P.L., and N.D. Embree, Am.  J. Clin. Nutr. 13:385 (1963). 
2. Kikugawa, K., T. Nakahara and M. Tanaka, J. Am. Oil Chem. Soc. 

64:862 (1987). 
3. Bieri, J.G., and P.M. Farrell, Vitam. Holm. 34:31 (1976). 
4. Carpenter, A.P., J. Am. Oil Chem. Soc. 56:668 (1979). 
5. Dobarganes, M.C., and M.C. Perez-Camino, Ibid. 65:101 (1988). 
6. Du Plessis, L.M., and P.J. Van Niekerk, Ibid. 58:575 (1981). 
7. Carlson, B.L., and M.H. Tabacch, J. Food Sr 51:218 (1986). 
8. Weiss, T.J., Food Oil and  Their Uses, AVI Publishing, Westport, 

CT, 1983, p. 84. 

9. Yamamoto, Y., N. Saeki, S. Haga, E. Niki and Y. Kamiya, Bull. 
Chem. Soc. Jpn. 57:3177 (1984). 

10. Cho, S.-Y., K. Miyashita, T. Miyazawa, K. Fujimoto and T. 
Kaneda, J. Am. Oil Chem. Soc. 64:876 (1987). 

11. Chan, H.W.S., Ibid. 54:100 (1977). 
12. DuPlessis, L.M., P. Van Twisk, P.J. Van Niekerk and M. Steyn, 

Ibid. 58:575 (1981). 
13. Chio, K.S., R. Reiss, B. Fletcher and A.L. Tappel, Science 166:1535 

(1969). 
14. Dillard, C.J., and A.L. Tappel, Lipids  6:715 (1971). 
15. Fletcher, B.L., C.J. Dillard and A.L Tappel, Anal. Biochem. 52:1 

(1973). 
16. Kaneda, T., H. Sakurai and S. Ishii, J. B/ochem. 42:561 (1955). 
17. Andrews, J.S., W.H. Griffith, J.F. Mead and R.A. Stein, J. Nutr. 

70:199 (1960). 
18. Hirai, K., M. Matsushita, M. Namiki and H. Hotta-Hara, J. Clin. 

Biochem. Nutr. 4:111 (1988). 
19. Smith, L.I., H.E. Ungnade, H.H. Hoehn and S. Wawzonek, J. Org. 

Chem. 4:315 (1979). 
20. Usuki, R., T. Kaneda, A. Yamagishi, C. Takyu and H. lnaba, J. 

Food Sci. 44:1573 (1980). 
21. Urakami, C., H. Doi, S. Toriyama, Y. Asano and S. Oka, Yukagaku 

25:764 (1976). 
22. Jpn. Oil Chem. Soc., "Standard Methods for the Analysis of Oils 

and Fats, and Derivatives", 2.4.1-83, 2.4.12-71, 2.4.5.1-71. 
23. Lea, C.H., J. Sci .FoodAgric.  11:212 (1960). 
24. Parkhurst, R.M., W.A. Shinner and P.A. Sturm, J. Am. Oil Chem. 

Soc. 45:641 (1968). 
25. Hirai, K., S. Matsumoto and K. Miyagawa, J. Home Economics 

Japan  34:317 (1983). 
26. Ozawa, Y., S. Ikenoya, S. Nakamura and Y. Hidaka, Food and  

Nutr. 33:393 (1980). 
27. Fritsch, C.W., J. Am. Oil Chem. Soc. 58:272 (1981). 
28. Yoon, S.H., S.K. Kim, K.H. Kim, T.W. Kwon and Y.K. Teah, Ibid. 

64:870 (1987). 
29. Augustin, M.A., T. Asap and L.K. Heng, Ibid. 64:1670 (1987). 
30. Fritsch, C.W., Ibid. 58:272 (1981). 

[Received December 10, 1989; accepted October 24, 1990] 

JAOCS, Vol. 68, no. 3 (March 1991) 


