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Abstract 
The reaction between the stable free radical 

a,,F-diphenyl-fl-pierylhydrazyl ( D P P H )  and an- 
tioxidants can be used for the visualization of 
antioxidants in thin-layer chromatography. 
Amounts of tocopherols down to 0.5 ~g can be 
detected. The identification of tocopherols in oils 
and other natural  products and of synthetic an- 
tioxidants, added to lard, arc described. Saponi- 
fication is not required. Quanti tat ive analyses 
of y-tocopherol give satisfactory resul• 

Introduction 

T 
HE USE OF THE STABLE FREE RADICAL a,a'-dipheny]- 
fi-picrylhydrazyl ( D P P H )  for the chemical de- 

termination of antioxidants was proposed by Blois 
(1). He found that  D P P H  reacts quanti tat ively with 
cysteine, glutathione, ascorbie acid, toeopherol, aro- 
matic po]yhydroxy-compounds, and certain amines. 

Because of its odd electron, solutions of D P P H  ex- 
hibit a deep violet color. As the odd electron is paired 
off through the reaction with antioxidants, the violet 
color vanishes and the pure yellow color caused by 
the pieric acid group appears. The violet color cor- 
responds to an absorption band at 517 m/J, and the 
decrease in optical density at this wavelength is stoi- 
chiometrically related to the amount of antioxidant: 

Several investigators have fraetionated antioxi- 
dants by thin-layer chromatography (T[~C). Seher 
(2,3) used silica gel as the stat ionary phase and ben- 
zenc and ehloroform as developing" solvents. He also 
described color reagents for the detection of the an- 
tioxida~ts. 5Iethods for the determination of anti- 
oxidants by means of D P P I t  were worked out in this 
laboratory (4) and were used in nutr i t ional  and ra- 
diobiological studies on the level of biological anti- 
oxidants (5,6). Now it has been found that  the novel 
reagent D P P H  can be used for  the detection of fat- 
soluble antioxidants on adsorbent layers. 

Materials and Methods 
ChemicaTs. Silica gel G, according to Stahl (E. 

Merck A. G., Darmstadt,  Germany),  was used as 
adsorbent; a,~'-diphenyl-fl-pierylhydrazyl was pur- 
chased from Fluka  A. G., Buchs, S. G., Switzerland. 
Methanol, benzene, eyclobcxane, and ethyl ether were 
analytical-grade reagents. Before use these solvents 
were tested for the presence of peroxides (7). Only 
peroxide-free solvents were used. The ~-, fl-, ,/-, and 
&toeopherols were prepared by saponification of the 
respective acetates (F. Hoffmann-La Roche and Com- 
pany, Basel, Switzerland).  Butylhydroxyanisol  
(BHA)  and butylhydroxytoluene (BHT)  as well as 
samples of lard stabilized with B H A  + B H T  were 
furnished by A / S  C. E. Basts Eftf . ,  Copenhagen, 
Demnark. 

Lipid Extracts. These were prepared from liver by 
grinding with three parts of anhydrous sodium sul- 
phate and six parts of chloroform, followed by fi l tra- 
tion and evaporation in vacuo. Whole oats were ex- 

tracted by simple mixing with chloroform, followed by 
filtration and evaporation. Complete extraction was 
not attempted. 

Preparatio~ of Plates. The procedures recommended 
by Stahl (8) for the preparat ion of layers of uniform 
thickness (0.25 ram) were followed. Before use, the 
plates were reactivated by heating at 110 C for 10 rain. 

Qualitative Thin-Layer Chromatography. The sam- 
ples in chloroform solution were applied to the plates 
with micropipettes. The plates were developed by 
ascending technique in a plain chamber at room tem- 
perature. Benzene-methanol (99:1) was used for de- 
velopment. Two-step development was used in some 
experiments. The first solvent system was cyclohexane- 
diethyl ether (80:20), which was allowed to run to a 
height of about 15 am. This system separates triglyc- 
erides from more polar substances, including the 
toeopherols. The lat ter  were separated by the solvent 
system, benzene-methanol (99:1).  The second de- 
velopment was stopped before the front  reach the 
tr iglyceride fraction. The tr iglyeerides were easily 
visible as a t ransparent  zone. 

Visualization of A,ntioxidants. The color reagent 
used for visualization was a solution of D P P H  in 
methanol, about 0.1 mg/m].  This reagent will keep 
for several weeks if stored in a refrigerator.  

The tocopherols and several other antioxidants re- 
act instantaneously with D P P H ,  but some antioxidants 
and certain other substances react rather  sluggishly. 
The antioxidants show up as yellow spots on a violet 
background. An  observation of the lapses of time 

FIc~. 1. Separation of toeopherols ou silica gel G. Solvent 
system--benzene:methanol ,  99:1 (v/v .  Indicator :  D P P I t  in 
methanol, a)  a-toeopherol, 5 #g;  b) a-tocophero], 5 ~g, and 
fl-tocopherol, 4 ~g;  e) a-tocopherol, 5 /~g; ~-tocopherol, 4 ~g; 
e) a-toeopherol, 5 ~g;  ~-%ocopherol, 4 ~g;  %toeopherol, 4 ~g; 
and 8-tocopherol, 3 ~g; d) fl-tocopherol, 4 ~g, and ~,-tocophero], 
4 ~g;  e) y-tocopherol, 4 ~g, and &tocopherol, 3 ~g. The a- 
tocophcrol contained a small amount  of a faster  migra t ing  
compound, formed in the course of some weeks during the 
storage of the soluHon in the Frigidaire.  
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Fro. 2. A :  Determinat ion of detection l imit  of tocopoherols 
with D P P H  reagent .  TLC-eonditions as in F igure  1. a -e )  
a-tocopherol,  10 ~g, 5 /xg, 2 tzg, 1 ~g, and 0.5 ~g respectively; 
f )  fl-toeopherol, 4 ~g;  g)  ~-tocophero], 4 ~g;  h) ~i-tocopherol, 
3 ~g;  i) a-tocophero], 5 Izg; fi-tocopherol, 4 ~g;  "y-tocopherol, 
4 ~g;  and 8-tncopherol, 3 tzg. B :  Comparison with bipyridyl-  
fe r r ic  chloride reagen t ;  amomlts  of tocopoherols as in i) .  

until the spots appear may be helpful in identifying 
the substances. Spraying with 50% sulfuric acid can 
be used after visualization with DPPH. The violet 
color of DPPH disappears on spraying the plates 
with this reagent. By subsequent heating, spots of 
a-toeopherol turn blue; B- and ~,-tocopherols, yellow- 
brown; and vitamin A, black-green. Red colors are 
given by sterols. Later on, charring is produced by 
most organic substances. 

Quantitative Thin-Layer Chromatography. Quanti- 
tative TLC may be carried out either by measuring 
the spot areas and comparing with standards, or by 
cluting the antioxidant spots with DPPH-reagent. 
The latter method of determination was carried out 
in the following way. 

The DPPH-reagent was a solution in n-butanoh 
For quantitative determination, this solvent was pre- 
ferred to methanol in order to minimize solvent losses 

FIC~. 4. Separa t ion  of tocopherols in soybean oil. Two con- 
secutive systems 1. cyclohexanc diethyl ether, 80'.20 (v /v)  
( f ron t  1 ) ;  2. benzene-methanol, 99:1 (v /v)  ( f ron t  2) .  Indi- 
ca tor :  DPI~  in methanol, a)  a-tocopherol, 5 #g;  and ~- 
tocopherol, 5 ~g;  b)  7-toeopherol, 4 /zg; and &tocopherol, 3 #g;  
c) Fi l t ro l - t rea ted  soybean oil; d) soybean oil. The experiment 
was conducted to control the efficiency of the fi l tration of soy- 
bean oiI which wr, s dissolved in petrol  e ther  through act ivated 
Super  Fi l t rol  as a method for  the removal of tocopherols. Spots 
of 7- and  $-tocopherols are clearly vSsiblc on the chronmtogram 
of the native soybean off; none are visible on tha t  of the 
Fi l t rol- t reated oil. 

b e c a u s e  o f  e v a p o r a t i o n  d u r i n g  t i le  f o l l o w i n g  
o p e r a t i o n s ,  

T h e  p l a t e s  w e r e  d e v e l o p e d  a s  d e s c r i b e d  a b o v e .  A 
s t a n d a r d  s a m p l e ,  r u n  a l o n g  t h e  e d g e  o f  t h e  p l a t e ,  
w a s  s p r a y e d  w i t h  D P P H  t o  l o c a l i z e  t h e  a n t i o x i d a n t s .  
T h e  b a n d s  w c r c  m a r k e d ,  s c r a p e d  off  t h e  g l a s s  p l a t e ,  
a n d  p l a c e d  in  c e n t r i f u g e  t u b e s  w h i c h  c o n t a i n e d  1 . 2 0 0  
ml  o f  t h e  D P P H - r e a g e n t ,  A r e a s  o f  t h e  s a m e  size as  
t h e  b a n d s  w e r e  a l so  s c r a p e d  off  a n d  u s e d  f o r  b l a n k  
d e t e r m i n a t i o n s .  T h e  r e m a i n i n g  a r e a s  o f  t h e  p l a t e  w e r e  

~FIG. 3. Frae t iona t lon  of toeopherols f rom oats. Solvent 
sys tem--benzene :methanol ,  99:1  (v /v ) .  I nd i ca to r :  D P P H  in 
methanol,  a and  e) Ex t rac t s  of oats, applied as a s t reak and  
as a single spot respect ively;  b)  a-tocopherol, 5 ~g ;  and fi- 
toeopherol,  4 ptg; d) -)'-toeopherol, 4 tzg, and $-tecopherol, 3 ~g. 

Fie,. 5. TLC of r a t  liver extract .  Development and visualiza- 
tion as in F igu re  6. a)  a, tocopherol,  5 ~g;  and  p-tocopherol, 

#g ;  b) "/-tocopherol, 4 g g ;  and  $-toeopherol, 3 tzg; c) ra t  
liver extruet ;  d)  a-toeopherol, 5 ~g;  fl-tocopherol, 5 ug ;  3'- 
tocopherol, ~ g g ;  and ~-toeopherol, 3 ~g. 
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sprayed  wi th  D P P H  to ensure tha t  no f u r t h e r  ant i -  
oxidant  spots were present.  The centr i fuge tubes 
conta in ing the D P P t t - r e a g e n t  and  the scrapings f rom 
the plate  were closed with a luminum foil and  shaken 
for 20 min on a mechanical  flask shaker. The tubes 
were then centr ifuged.  About  900 ~l of the clear 
s n p e r n a t a n t  were removed wi th  a mieropipet tc  and 
placed in a 10-ram Beckman semimicro cell for  the 
speetrophotometr ie  determinat ion,  

Results and Discussion 

Separagion of Tocopherots. The separa t ion  os 
tocopherols and  visual izat ion with D P P H  is i l lus t ra ted  
in F igu re  1. The cont ras t  between the b r i l l an t  yellow 
spots of the an t ioxidants  and  the violet background  
is dis t inct  on the plates bu t  less sa t is faetor i ly  re- 
produced on the photographs.  Best  reproduct ions  
were obtained when the  plates were exposed t h ro u g h  
a yellow-green filter (F i l t e r  Number  060, Johannes  
Weber  K. G., Wiesbaden,  Germany) .  

The method gives an  easy separat ion of a-tocopherol 
(highest  Rr-value) f rom a double-spot of fi- an d  7- 
tocophcrols and  f rom 8-tocopherol (lowest R~). Thus  
the separat ion takes place according to the n u m b e r  
of methy l  groups on the ehronmn nucleus. In  the  
case of the position-isomeric d- and  wtocopherols  only 
a tendency to a separat ion is observed. The results  
are in  accordance wi th  the exper iments  of Sober, who 
used chloroform as an eluent  (2). Amoun t s  of 1 to 5 
/*g of toeopherols give clearly visible spots, and  0.5 
/,g can still be discerned (F igure  2A) .  

F igu re  2B shows a comparison with the most com- 
monly used reagent  for  tocopherols, fer r ic  chloride- 
bipyr idyl .  The same mix ture  of the four  toeopherols 
in  the same amounts,  as was visualized wi th  D P P H ,  
was applied to another  pa r t  of the plate and, a f t e r  
development,  sprayed wi th  a solution of 0.2% Fe(J13 
and  0.5% a,a ' -bipyridyl  in ethanol. Spots occurred in  
the same places bu t  were less conspicuous t han  when 
visualizat ion was made wi th  D P P t I .  

Ident i f icat ion of Toeopherols i~ Natural  Products.  
The use of the method for the separa t ion  and  identi-  

F~G. 6. TLC of synthetic antioxidants in lard. Solvent 
systom--be~lzene-meth.~nol, 99:1 (v/v). Indicator: DPPtt in 
methanol, a) lard+10 ~*g BHA; b) unstabillzed lard; c) 
]31IT, 5 ~g; and BtIs 5 ~g; d) stabilized lard, commercial 
sample; e) lard + 10 gg BItT. The standard BttA shows two 
spots, probably 2-+3-tert.-butyl-4-hydroxyanisol and 4-tert.- 
butoxyanisol (Seller, 1959). 

o 

/~g 

HI u sotut/o~ 

Fro, 7. Quantitative TLC of ~ toeopherol. Coml~s,risons be- 
tween results obtahaed by direct esthnation of toeepherel with 
DPPIt (o) and recoveries from chromatographic spots by ela- 
tion with DPPH in butanol (+). Abscissa: graded amounts of 
standard "~'-tocopherol-soiution. Ordinate: estimate of tocoph- 
erol. 

fi eation of toeopherols in  n a t u r a l  products  is i l lus t ra ted 
in F igu re  3. 

I t  is seen in F i g u r e  3 t ha t  the method allows an  
easy separa t ion  of the tocopherols in a p roduc t  like 
a chloroform ex t rac t  of whole oats, which has a rela- 
t ively h igh  content  of toeopherols in  p ropor t ion  to 
total  lipids. A n  adequate  amount  of toeopherols for  
TDC was present  in less t han  one mg of total  liplds, 
and  the separa t ion  could be accomplished in one 
solvent system. 

I t  is well known tha t ,  besides ~-, 7-, and  8 -  
tocophero]s, also e- an d  ~-toeopherols occur in oats 
(9).  The tocophcrols are probably  found  in the five 
bands  in the area between the bonds indieated by  the 
a- and  ~-tocophcrol reference spots. A slowly mi- 
gra t ing  spot is p robab ly  not  caused by  a toeopherol 
but  by some other, unknown  substances. These sub- 
stances may  be ident ical  with  the ferr ic  chloride- 
b ipyr idy l  reduc ing  compounds separa ted  f rom the 
tocopherols by  ch roma tog raphy  on ZnCOa-treated 
paper  by earl ier  au thors  (9).  

Soybean oil was taken  as a typ ica l  vegetable oil 
conta in ing  a mix tu re  of toeopherols in moderate  
amounts  (F igu re  4).  F ive  to 10 mg  of the oil 
were appl ied  to the pla te  in  order to obtain spots 
of a suitable size. Two-step development  was the most 
appropr ia t e  method in this  ease. The spots of ~,- an d  
8-tocopherols are clearly visible on the plate. The 
method allows the  de te rmina t ion  of tocopherols 
direct ly in  oils, wi thout  saponification. Obviously the 
separa t ion  can also be made on the unsaponif iable 
f rac t ion of oils. The isolation of this  f rac t ion  wi thout  
losses of toeopherols is however quite a cumbersome 
procedure.  

De te rmina t ion  of toeopherols in  r a t  l iver  was also 
carr ied out  wi th  the two-step method. Only one spot, 
p robably  of ~-toeopherol, appea red  immediately.  The 
spot corresponded to about  5 ~g of a-tocopherol in  a 
total  amount  of l ipid appl ied to the plate  of 10 nag. 
In  the course of some minutes  a large yellow spot 
appeared  (F igu re  5). The spot was a t t r ibu tab le  to 
v i tamin  A ester, which migrates  fas te r  t han  a- 
toeopherol. 

The content  of toeopherols in  cod l iver oil is still  
smaller  t h a n  in soybean oil, and the appl iea t ion of 
about  50 iug of oil would be requi red  to obta in  the 
opt imal  amount  of tocopherols (about  5 ~g) for  
separa t ion  a n d  visual izat ion of the toeopherols. The 
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toeopherols appear  only as a yellow zone at  the lower 
border  of the t r ig lycer ide zone a f te r  development wi th  
the same solvent as was used for soybean oil. W h e n  
only 10 mg of cod liver oil are used, separat ion f rom 
tr iglycerides is sat isfactory,  and  a clearly visible spot 
of a-tocopherol ~s seen. D P P t t  reacts not  only wi th  
an t ioxidants  bu t  also wi th  cer ta in  substances hav ing  
easily dissoeiable ~r-elcctrons, e.g., v i tamin A, which 
occurs in large amounts  in cod l iver oil. This react ion 
however is slower t h a n  t ha t  of the toeopherols, which 
makes the identif icat ion of v i t amin  A in cod Ever oil 
r a the r  easy. 

The Identification of Synthet~;e Antioxidants Added 
to Lard. The D P P H - r e a g e u t  reacts with  synthet ic  
ant ioxidants ,  such as B H A  (a mixture  of 2- and  3- 
ter t . -butyl-4-hydroxyanisol)  and  B H T  (3,5-di-tert.- 
bu ty l -4 -bydrox~o luene ) .  A n  example of the use of 
the method for  the identif icat ion of the small amounts  
of B H A  and B H T  (0.01% of each) which are used 
for  the stabil izat ion of l a rd  is shown in F igure  6. 

Al though the identif ication of small  amounts  of 
toeophcrols in great  amounts  of t r iglycerides reqllires 
the consecutive use of two solvent systems, the identi-  
fication of B H A  and B H T  in la rd  is feasible wi th  
only one solvent system (benzene-methanol,  99:1, 
v / v ) .  B H T  moves faster ,  B H A  more slowly t h a n  
t r iglyecr ides;  a l though the chromatogram is over- 
loaded with tr iglyeerides,  the  zones of the two ant i -  
oxidants  are clearly visible in f ron t  of and  jus t  be- 
h ind  the broad b a n d  of tr iglycerides.  The overloading 
of the chromatogram somewhat distorts  the posit ion 
of the an t iox idan t  spots, bu t  sti l l  they are easily 
identifiable. ~Vhen sprayed wi th  D P P H ,  the yellow 
color appears  more rap id ly  on the B H A  spot t han  
on t ha t  of BHT.  

Quantitative Determination of 7-Tocopherol. The 
quant i ta t ive  de te rmina t ion  of ant ioxidants  is exem- 
plified in F igu re  7. Two series of graded amounts  of 
(2-50 ~1) of a solution of 7-toeopherol in hexane 
(0.32 mg/ml ,  calculated f rom the ul t raviolet  absorp- 
t ion about  295 m~) were careful ly  pipetted,  one series 

in  test  tubes, the other  on a chromatographic  plate. 
The first series was used for the de terminat ion  of the 
tocopherol content  before chromatography  by direct 
addi t ion of the D P P t t - r e a g e n t ;  the second was used 
for quant i ta t ive  TLC as described earlier. 

I t  can be seen t h a t  the recovery a f te r  chroma- 
t og raphy  is about  90% of the amount  of tocopherol 
which was added. The control  chromatogram revealed 
tha t  the 7-tocopherol used was not  homogenous but  
contained a more polar  substance. W h e n  this f ract ion 
was scraped off and  Muted separate ly  with the D P P t I -  
reagent ,  i t  was found  to account for about  8% of the 
added 7-tocopherol. This meant  t ha t  the recoveries 
were almost complete when the results  of the direct 
de terminat ions  were corrected for  the presence of 
the c o n t a m i n a n t  

I t  is therefore concluded tha t  quant i ta t ive  TLC, 
as described above, can be carr ied out wi th  satisfactory 
recovery. I t  may appear  a useful  method, not  only 
for  control  of toeopherol concentrates bu t  also, espe- 
cially since the presence of tr iglycerides does not  
in ter fere  and  since saponification is not  required, for 
the analysis of fa ts  and  oils. The method may also 
be used for  synthet ic  ant ioxidants ,  bu t  the reactions 
between the individual  ant ioxidants  and  D P P H  in 
solution must  be s tudied beforehand.  Both B H A  
and  B t t T  react more slowly wi th  D P P H  than  does 
a-tocopherol, and  a quant i t a t ion  by  measuring the 
spot areas may be preferable.  
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