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The second order derivative UV spectra of a-,/~-, y- and 
6 - t o c o p h e r o l s  showed small differences tha t  allowed 
d e v e l o p m e n t  of a derivat ive  s p e c t r o p h o t o m e t r i c  method 
for de termin ing  indiv idual  tocophero l s  in a mixture.  The 
procedure  c o n s i s t s  of measuring the  second  der iva t ive  
spectrum of the sample at four specified wavelengths and 
calculating each concentration by means of a method for 
mult icomponent  analysis tha t  uses mixtures  as stan- 
dards. Vegetable oils and other fa t ty  products usually re- 
quire a previous clean-up process (under study) in order 
to  r e m o v e  interfer ing  substances. 

Tocopherols are substances widely distr ibuted in nature. 
Four forms, a-, f~-, y-, and ~-tocopherols (a-T, fbT, y-T, and 
6-T) (Fig. 1) are found in vegetable matter .  

Methods for the determinat ion of tocopherols can be 
classified as spectrometric, electrochemical, or chromato- 
graphic. Among spectrometric methods, which determine 
only total  tocopherols, the procedure of Emmerie  and 
Engel (1) is the most  widely used, al though f luorometry 
also has been applied (2). Individual tocopherols can be 
determined by  polarography (3,4), TLC (5-7), GLC (8,9), 
column liquid chromatography (10,11) and HPLC (12-15). 
No direct spectrophotometr ic  method for individual 
tocopherols in their mixtures is found in the literature. 

In the course of work on fractionation of deodorization 
condensates (scum oils), the need arose for a simpler and 
more rapid method to determine tocopherols. A derivative 
spectrophotometr ic  procedure with those features, also 
applicable to vegetable oils and other fa t ty  products,  is 
being developed. With the method reported herein, the 
determination of individual tocopherols in a mixture with 
no interfering compounds can be achieved. 

Tocopherols absorb in the UV giving wide bands 
centered at approximately the same wavelength, so the 
determination of each one in a mixture  is not  feasible by 
conventional spectrometry.  Characteristics of derivative 
spectra have been discussed elsewhere (16). I t  is impor- 
tan t  to remember tha t  the second order derivative of ab- 
sorbance with respect to wavelength (d~A/d~ ~) gives nega- 
tive peaks at about  the same wavelengths as absorbance 
maxima occur, and that  an enhancement  of resolution 
results in the process of differentiation. Another  general 
effect is a discrimination in favor of sharper features 
against the background or broader bands. Discrimination 
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FIG.  1. S t ruc tu re  of tocopherols :  5,7,8-trimethyl (a-T); 5,8-dimethyl 
{/3-T); 7,8-dimethyl b'-T}; 8-methyl  (6-T). 

*To whom correspondence  should be addressed.  

T A B L E  1 

Calibration Mixtures  of Tocopherols  

S t an d a r d  mix tures  a (Concentra t ions  ~g/ml) 

Tocopherol  1 2 3 4 5 

a 39.38 8.31 2.64 72.19 0 
0 0.76 2.25 20.81 11.62 

)" 57.29 82.10 11.90 0 30.38 
6 0.68 26.07 32.80 0 17.06 

aStandard mixtures I to 4 have relative compositions similar to those 
found in cottonseed, soybean, castor and wheat germ oils, respec- 
tively (9,13}. 
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FIG.  2. Spec t ra  of a-tocopherol  in absorbance  ( - - - - - - )  and second 
derivative ( ), in hexane.  
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FIG.  3. Second derivative spec t ra  of ~ ( ), p (-- - -  --), y ( . . . .  ) and 
6 ( . . . )  tocopherols  in hexane  normal ized to  equal  concentrations. 
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i n c r e a s e s  w i t h  t h e  d e r i v a t i v e  order ,  a n d  a p o i n t  is r e a c h e d  
w h e r e  t h e  b a c k g r o u n d  b e c o m e s  n e g l i g i b l e ,  a l l o w i n g  t h e  
d e t e r m i n a t i o n  o f  an  o t h e r w i s e  d i f f i c u l t  s u b s t a n c e  u s i n g  
d i r e c t  a b s o r b a n c e  d a t a .  

EXPERIMENTAL 

Solvents. S p e c t r o s c o p i c  g r a d e  h e x a n e  o r  i s o o c t a n e  w e r e  
u sed .  O t h e r  s o l v e n t s  w e r e  a n a l y t i c a l  g r a d e .  

Apparatus. A H e w l e t t - P a c k a r d  8 4 5 0 A  U V - v i s i b l e  spec- 
t r o p h o t o m e t e r ,  w h i c h  o u t p u t s  d i r e c t l y  f i r s t  a n d  s e c o n d  
d e r i v a t i v e  v a l u e s  of  a b s o r b a n c e  w i t h  r e s p e c t  t o  w a v e -  
l e n g t h ,  w a s  u s e d  fo r  m e a s u r e m e n t s  of  d2A/d~ 2 v a l u e s  in  
1 c m  p a t h  q u a r t z  cells.  

Standards. T o c o p h e r o l  s t a n d a r d s  w e r e  a s s a y e d  b y  U V  
or  H P L C .  a -T  (100%) w a s  p u r c h a s e d  f r o m  S e r v a  Fe inb io -  
c h e m i c a  ( H e i d e l b e r g ,  W e s t  G e r m a n y ) .  y-T a n d  d-T (bo th  
99%) w e r e  a g i f t  f r o m  F. H o f f m a n n - L a  R o c h e  & Co. 

TABLE 2 

Determination of Individual Tocopherols 

Concentration (~g/ml) 

Known Found 
Tocopherol 

Sample a analyte Individual Total Individual 
Total b 

(% error) 

1 a 50.8 94.1 51 
0 0 

y 41.5 44 
6 1.8 0 

2 a 26.9 77.0 28 
/~ o - 1  
y 50.1 51 
6 0 0 

3 a 90.1 96.5 90 
p 1.4 3 
y 4.7 7 
d 0.3 --2 

4 a 76.7 82.0 77 
0 1 

y 0 4 
6 5.3 0 

5 a 69.0 70.1 68 
0 1 

y 1.1 6 
6 0 - 6  

6 a 21.6 97.8 19 
f3 2.2 4 
y 67.0 66 
6 7.0 6 

7 a 47.5 54.5 46 
/3 0 2 
y 7.0 8 
d 0 - 5  

8 a 31.7 68.7 34 
0 --1 

y 19.9 22 
6 17.1 17 

9 a 24.1 92.8 27 
15.2 13 

y 26.6 28 
6 26.9 30 

95 (1) 

78 (1) 

98 (2) 

82 (0) 

69 (2) 

95 (3) 

51 (6) 

72 (5) 

98 (6) 

aSamples 1 to 7 have relative compositions similar to those found 
olive, safflower, sunflower, corn and olive oils, respectively (9,13). 
bCalculated as the sum of individual values. 

in peanut, sesame, 
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DETERMINATION OF INDIVIDUAL TOCOPHEROLS 

{Basel, Switzerland}. ~-T (83%} was isolated f rom wheat  
germ oil by the following sequence of operations: saponifi- 
cation, acetylat ion of the unsaponifiable fract ion in 
pyridine with acetic anhydride, selective deacylat ion ac- 
cording to the procedure of Foster  and Cross 117}, ion ex- 
change in absolute ethanol-isopropanol (3:2, v/v} with 
Merck Ion Exchanger  I I I  resin (strong-base anion ex- 
changer}, elution with absolute ethanol-isopropanol-acetic 
acid (54:36:10, v/v/v} and, finally, p repara t ive  silicagel 
TLC with cyclohexane-ethyl acetate (98:2, v/v) as elution 
solvent (two runs}. 

Stock s tandard  solutions of each tocopherol in hexane 
or isooctane containing a known amount  of about 1 mg/ml 
were prepared. S tandard  solutions for measurements ,  
with the composit ion shown in Table 1, were obtained by  
proper  dilution and mixing of s tock solutions. 

S a m p l e s .  Sample s o l u t i o n s  were prepared by  mixing 
adequate  quanti t ies  of stock s tandard  solutions of each 
tocopherol, in such a way tha t  absorbance reading did not 
exceed 1.5. 

Procedure .  The second der ivat ive values at  298, 302, 
304 and 306 nm were measured  on s tandards  and 
samples,  and concentrat ions of individual tocopherols 
were calculated by  the procedure of Brown et al. (18}. 
Measurements  were done during several  seconds to ob- 
tain values represent ing averages of more than  20 
readings; in this way s tandard  deviat ions of d2A/d~ 2 
values s tayed in the order of +__ 1.5 - 2 × 10 -4 for readings 
f rom about  - 0 . 0 3  to 0.03. 

RESULTS AND DISCUSSION 

The spectra  of ~-tocopherol in absorbance and i ts  second 
derivative are shown in Figure 2. In the second derivative 
spec t rum the absorbance band in the range 280-320 nm 
is resolved into four negat ive  peaks,  a common charac- 
terist ic to m a n y  phenolic substances.  The second deriva- 
t ive spectra  of the other tocopherols {Fig. 3) are very  
similar, differing slightly in the wavelengths  of m a x i m a  
and minima, with shifts  of a t  mos t  3-4  nm. I t  is worth- 
while to mention tha t  even y-tocopherol and 6-tocopherol, 
which have zero order /absorbance) spectra  with very  
close wavelength  m ax i m a  and absorptivi t ies ,  give dif- 
ferent second derivat ive spectra.  

A d v a n t a g e  of the small differences in the second 
derivat ive spect ra  was taken  in developing a method to 
obtain quant i ta t ive  results on concentrations from a mix- 
ture  spectrum. Due to the s t rong  peak overlapping, 
analytical conditions to solve the sys t em are critical, and 
several  procedures-- including use of zero crossing points 
{19) and different mult icomponent  analysis--were tested. 
The best  results were obtained with the method of Brown 
et al. (18), which uses a matr ix  representation for perform- 
ing a least-squares regression analysis of calibration da ta  
for s tandard  mixtures,  instead of single components ,  in 
an over-determined mul t icomponent  analysis.  A square 
mat r ix  {from the derivat ive data} was generated by  using 
five mixtures  with two to four tocopherols each, which 
allowed some mathemat ica l  simplifications, minimizing 
round-off errors. 

Four mixtures  of tocopherols resembling, according to 
l i terature da ta  (9,13), the relative composi t ion of na tura l  
oils {cottonseed, soybean, castor and wheat  germ oils}, and 

a fifth one with in termediate  composition, were used as 
s tandards .  

With  such s tandards ,  the method was capable of han- 
dling samples  with relat ive composit ions vary ing  within 
a wide range. However,  if a series of samples with similar 
relative compositions were to be analyzed, the use of stan- 
dard mixtures  with composi t ions close to those of the 
samples  would be preferred in order to obtain bet ter  
results.  

The most  useful wavelengths for measurements,  chosen 
by checking results, were 298, 302, 304 and 306 nm. Some 
of them are close to, bu t  do not  correspond with, the 
minima in the der ivat ive spectra.  The relat ionship be- 
tween total  concentration of s tandards and second deriva- 
tive values was linear up to about  200 ~g/ml. A computer  
program was developed to perform matr ix  operations and 
solve the equations for mul t icomponent  analysis; other- 
wise, calculations are tedious. 

The resul ts  obtained in the analysis of several  samples  
prepared as described in the exper imental  section are 
summar ized  in Table 2, which includes only those cases 
with a relative composi t ion different f rom tha t  of the 
s tandard mixtures. When the relative compositions of the 
samples  were similar to tha t  of a s tandard  mixture  the 
resul ts  were, as expected, much closer to the known 
values. When the analyte  concentrat ions are higher, 
errors are lower. Accuracy for to ta l  tocopherols was ac- 
ceptable, with percentage  errors less than  6%. 

Deviat ions  of found concentrat ions in relation to the 
known ones for a-T, g-T, y-T, 6-T and tota l  tocopherols 
were respectively +- {1.6, 1.6, 2.7, 3.4 and 2.4 t~g/ml}. They 
were calculated by X/-[E if, - kl)2/n] where fl, k, and n 

represent  the concentrat ion values found and known and 
the number  of samples  respectively.  

The method described has the advan tage  of determin- 
ing not  only to ta l  bu t  also individual tocopherols. All of 
them are ant ioxidants  and present  v i tamin  E activity,  
al though at  different rates, a-T being the mos t  impor tant  
f rom the nutr i t ional  point  of view. For this reason, 
methods  determining only to ta l  tocopherols, like tha t  of 
Emmer ie  and Engel, should be considered outdated.  

ACKNOWLEDGMENTS 

J. F. Sproviero provided help and encouragement. A. Santone and 
L. M. Miraz6n gave permission to publish this paper. F. Hoffmann- 
La Roche & Co. provided samples of y- and 6-tocopherols. 

REFERENCES 
1. Emmerie, A., and C. Engel, Rec. Trav. Chim. 57:1351 ~1938). 
2. Taylor, S.L., M.P. Lamden and A.L. Tappel, Lipids 11:530 {1976}. 
3. Waltking, A.E., M. Kiernau and G.W. Bleffort, J. Assoc. Off. 

Anal. Chemists 60:890 (1977}. 
4. Podlaha, O., A. Eriksson and B. Toregard, J. Am. Oil Chem. Soc. 

55.'530 {1978}. 
5. Bollinger, H.R., in Thin Layer Chromatography, edited by E. 

Stahl, Academic Press, Inc., New York, 1957, pp. 229-232. 
6. Seher, A., Nahrung 4:466 {1960). 
7. Miiller-Mulot, W., J. Am. Oil Chem. Soc. 53:732 (1976). 
8. Hartman, K.T., Ibid. 54:421 {1977}. 
9. Slover, H.T., R.H. Thompson and G.V. Merola, Ibid. 60:1524 

(1983}. 
10. Van Niekerk, P.J., Anal. Biochem. 52:533 {1973}. 
11. Matsuo, M., and Y. Tahara, Chem. Pharm. Bull. 25:3381 {1977}. 

JAOCS, Vol, 64, no. 4 (April 1987) 



520 

G.J. BUKOVITS AND A. LEZEROVICH 

12. Carpenter, A.P., J. Am. Oil Chem. Soc. 56:668 (1979}. 
13. Taylor, P., and P. Barnes, Chem. Ind. 722, 1981. 
14. Cort, W.M., T.S. Vicente, E.H. Waysek and B.D. Williams, J. 

Agric. Food Chem. 31:1330 (1983}. 
15. Speek, A.J., J. Schrijver and W.H.P. Schreurs, J. Food Sci. 

50:121 (1985}. 
16. Cahill, J.E., Am. Lab. 11:79 {1979). 

17. Foster, C.H., and E.B. Cross, J. Am. Oil Chem. Soc. 61:1461 
(1984). 

18. Brown, C.W., P.F. Lynch, R.J. Obremski and D.S. Lavery, Anal. 
Chem. 54:1472 (1982}. 

19. O'Haver, T.C., and G.L. Green, Ibid. 48:312 (1976). 

[Received J u l y  23, 1986] 

JAOCS, Vol. 64, no. 4 (April 1987) 


