
~̂ ^ r t o * q ui-accum ulftting-^pectey
u s ^ t o  .ev d u a te  this coethod for-charactenzing  

nnrt niintititiTing rnrhnhyt4rftfr frac liom  In forage"^plantsT 
t̂a indicated  th a t ro o ts  o f  this species have a  relatively high 

^free fructose, con ten t. T he  increasing fructose/glucose (C f/ 
Cg) ra tio  corresponding  w ith decre a a ^ j e t h ^ l  g^taciiQn& 

th e  92 .5% T ^dro lyzed  ex traction  indicated  the 
presence o f  fn ic tosans o f  varying chain  lengths and  the greatest 
quantity  o f  fructose w as ex tracted  w ith 60%  ethanol. These 
da ta  co rrobo ra te  th e  findings o f  Sm ith an d  G rotelueschen 
i  1966). F ruc to sans in  grasses are  reported  to  be sim ilar to  
the inulin  type found  in  Compositae, b u t are  thought to  occur 
in  ch ftia jeng ths sh o rte r th an  35 fructofuranose residues linked 
2 :6  and  term inated  by a  sucrose residue (B acon, 1960; 
E dlem an, 1960). In  th is experim ent, fructose/glucose ratios 
increased with decreasing e thano l concentration  indicating 
th e  presence o f  fructosans w ith average chain lengths o f  1.05 
(sucrose) a t  92 .5%  ethanol ex traction  to  20.6 (inulin).at. 
e thano l extraction , in  tall fescue roots.

C olorim etric determ ination  of. fructose in  the presence o f 
glucose can be used advantageously fo r differentiating these 
tw o sugars in  p lan t extracts w here they are present in greatest 
quantities. T his m ethod , in  com bination  w ith the ethanol 
d ilu tion  extractions an d  acid  hydrolyses, allow s for rou tine

quantitative description o f  c a r b o h ^ a t e s j n  p lan t, m ateria l,
^with th e  fexceptfoh o f  s ta rd i.__R ecfl»» o f  the simplicity o f
tTuslncthod, it  can be used for routine determ ination o f  sugar 
com ponents in  forage sam ples, in  particu lar the fructosan 
accum ulating species.

LITERATURE a T E D

Bacon, J. S. D., Bull. Soc. Chem. Biol. 42,1441 (1960).
Becker, H. C ,  Englis, D . T„ Ind. Eng. Chem. Anal. 13.15 (1941). 
DeCugnac, A., Ann. Sci. N aturellesn, 1 (1931).
Edleman, J., Bull. Soc, Chem. Biol. 42,1737 (1960).
Englis, D. T.. Becker. H. C ,  Ind. Eng. Chem. Anal. 11.145 (1939). 
Jackson, J. B., Matthews, ^.,J.A .O .A .C . 7th ed., 512 pp(1950). 
Oiima, K.. Isawa, Bot. 46,1507(1968).
Phillips, D. V., Smith, A. E , unpublished data, 1971.
Reid, P. E ,  Donaldson, B., Secret, D. W., Bradford, B. J., / .

Chromatogr.M, 199(1970).
Smith, D., C ro p ^ i.  7,62(1967).
Smith, D .,/ .  fl«f. Grtws/. 5oc. 23,306(1968).
Smith, D ., Univ. o f Wis. Res. Rep. 41. II pp(1969).
Smith, D ., Grotelueschen. R. D.. Crop Sci. 6.263 (1966). . 
Saadetw hth, 5 . O '.,'Olson. C. G .. Johnson, G., J. Chromatogr, 

16.176(1964).
Ting, S. V .^.A oR , F o o d  Chbm. 4,263 (1956).
Weinmann. H., ReinhoW. L .,/. S. Afr. Bot. 12,57 (1946).

Received fo r  rePtew M ay 24, 1971. Accepted October 20, 1971. 
Contribution from  the University o f  Georgia, College o f  Agriculture 
Experiment Stations, Georgia Station, as Journal Series Paper No.

Identification and Estimation of Tocopherols and Tocotrienols in 

Vegetable Oils Using Gas Chromatography-Mass Spectrometry
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M irm ira  K . G o v in d  R a o  a n d  E d w a rd  G . P e rk id s*

A  one-step m ethod  to  estim ate and  identify TM S 
derivatives o f  tocophero ls and  tocotrienols using gas 
chronw tography  and  mass spectrom etry is de­
scribed. T hin-layer chrom atography  is used as a  
p retreatm ent o f  unsaponifiable m aterial w hen th e  
critical isom ers Q- and  7 >tocopherols are  present 
together. Thtf contents o f  individual tocopherols 
and  trieno ls in  oats, w heat germ , barley, soybean, 
and  coconut oils a re  recorded. W heat germ  oil 
h as  a  to ta l  tocophero l conten t o f 212 mg/100 g of 
o il; oa ts , barley , and  coconut oils have less th a n

3 mg/100 g o f  o il. O ats and  barley oils a re  found 
to  contain  m ajor am ounts o f  a-tocotrienol. whereas 
coconut o il contains a - t o c o t r ^ o l .  T he b u lk  o f 
th e  tocophero ls are  d istributed  between a* and  0- 
tocopherols in  w heat germ oil and  y -  and  5-tocoph> 
erols in  soybean oil. Barley oil seems to  possess 
a lm ost a il th e  know n tocopherols and  trienols. 
However, th e  presence o r  absence o f d-tocotrienol 
has n o t been determ ined due to  nonavailability  o f 
th e  standard  com pound.

Separation  o f  individual tocopherols from  the nonsaponi- 
fiable m ateria l o f  oils and  fa ts  has been one o f th e  m ajor 
activities in  th is  field. O f th e  eight tocopherols and  

trienols (a - , jS-. 7 -, a n d  5-, an d  the ir unsaturated  counterparts, 
F igure 1), th e  positional isomers 0 -  and  7 -tocopherols are  the 
m o s t^ f f ic u lt to  separate. Earlier, Q uaife <1948) adop ted  a 
m ethod to  differentiate tocopherols under tw o m ain classes: 
a -tocophero l and  non-a-tocopherols. This classification was 
m ade on  th e  basis th a t  7 -. and  5-tocopherols -reached with 
nitrous a d d  to  give a  yellow n itroso  derivative which could be 
determ ined by  th e  colorim etric procedure o f  Em m erie and  
Engel (1939). Since th e  th ree  n itroso  derivatives have differ-

The Burnsides R esearch L aboratory , D epartm ent o f  Food  
Scienccr University o f  Illinois, U rbana. Illinois 61801.

en t extinction coefficients, the only disadvantage o f this 
m ethod  was th a t th e  m ost im portan t a-tocophero l was m ea­
sured  by d iff^ence.

T he  second m ethod m ost popular during th is period was 
th e  D ianisidine coupling reaction  (Weisler et a l ,  1947). T he 
7 - and  ^-tocopherols couple w ith diazotized o-dianisidine in 
a lkali so lu tion . T he dye can be extracted and  determ ined 
colorim etrically. However, th e  m ethod is valid only when 
i?-tocopherol is a b s ^ ,  b u f  when p rtte n t it is m easured w ith 
a-tocophero l. W ith th e  discoveries o f tocotrienols, th e  
m ethod becam e m ore com plicated since 5,8-dimethyl toco - 
tr ien o l («- o r (S-T-3) and  7,8-dim ethyl toco trieno l (ij- o r 7 -T-3) 
b o th  gave th e  n itroso  reaction, in  addition  7,8-dim ethyl toco­
tr ieno l (7 -T-3) coupled w ith dianisidine; therefore, its pres­
ence com plicates the validity o f  an  a -  and  7 -tocopheroI 
determ ination .



Techniques* s u c h 'a s  potcn tiom etry  (K arrer an d  K eller, -

ocophero ls; however, j8- 
1 w hen b o th  were pres- 

successfullv used re-

used to  separate  th e  fo u r m ^ o r
was always m easured w ith 7 -toco 
cnt- Russell Efffritt and  Wi 
versed phase paper chrom atography  to  separate tocopherols 
bu t th e  m ateria l h ad  first to  be r^ o ro u s ly  freed o f  glyceride, 
carotenoids, and  sterols by long  phrom atographic  runs w ith 
the inherent danger o f  tocophero l destruction . G reen  and  
M arcinkiew icz (1959) used z in c j^ b o n a te  im pregnated paper 
to  separate  tocopherols and  toco trieno ls w ithou t extensive 
pretreatm ent. T lie w ell standard ized  tw o-dim ensional q uan ­
tita tive paper chrom atographic m ethod o f  th e  British A nalyti­
cal M ethods C om m ittee (1959) has been widely employed.

C urren tly , gas and  th in-layer chrom atographic  m ethods are  
m ost com m only used. W ilson e t al. (1962), and  Slover and  
cow orkers (1967, 1968, 1969) have used S.E.-30, A piezon L, 
and  Q F l C olum ns to  separa te  a ll eigh t to c o p h d o ls  aiid tr i-  
enols, b u t still th e  m ost difficult ^  and  7  isom ers were m ea­
sured together. T o  ob ta in  a  good separation , very careful 
p repara tion  o f  th e  colum n w as necessary, and  th e  studies in­
dicated  th a t efficiencies o f  a t least 400 to  450 theoretical plates 
per foo t were needed. T he isom eric and  7 -tocopherols 
have been separated  by th in-layer chrom atography (Stowe, 
1963). T his m ethod  gave recoveries o f  97-98% , w ith a  syn­
th e tic  m ixture o f  a - , /3-, 7 -, and  5-tocopherols (G ovind R ao  
et al., 1965). Tw o-dim ensional thin-layer chrom atography 
w as attem pted  by Pennock et a(. (1964) to  separate completely 
seven o u t o f  th e  eight know n tocopherols and  trienols, b u t 
the ir solvent system  could  n o t separate  |3-tocotrienols from  
7 -tocopherol. N one o f  th e  above m ethods indicate th e  s truc­
tu re  o f  th e  com pound  under identification, w hich m ust be 
identified either by com parison o f  Rt values on  thin-layer 
chrom atography  o r by the ir re ten tion  tim es on  gas-liquid  
ch rom atography  using standards.

In  th e  present paper a  procedure is described w hereby th e  
trim ethylsilyl ether (TM S) derivatives o f  th e  unsaponifiable 
m aterials o f  oils and  fa ts  are  subjected to  com bined gas ch ro ­
m atography-m ass spectrom etry . This procedure allow s th e  
s truc tu ra l determ ination  and  quantification  o f  tocopherols and  
toco trieno ls in  one  step. H ow ever, if  b o th  $  and  7  isom ers 
w ere present sim ultaneously , a  prelim inary separation  by th in - 
layer ch rom atography  was necessary to  e lim inate th e  danger 
o f  estim ating /3- and  7 -tocopherols together.

O ne gram  each  o f  th e  above oils, 4  m l o f  5%  pyrogallol 
in  e lh an o l, and a T e w ^ l i n g “chips were“ placedTff a 

150-ml round -bo ttom ed  flask fitted w ith a  reflux condenser 
an d  heated  on  a  w ater b a th . Whfen th e  m ixture started  boil- 
ing. t he condenser  w as rem oved atnd 1 m l o f  aqueous potas-
sium  hydroxide (160 g dissolved irt 100 m l o f  distilled w ater ) 
was added  slowly an d  refluxed fo r  5 m in, cooled, and  about 
50 m l o f  d istilled  w ater w as added. T he nonsaponifiabU- 
m ateria l was ex tracted  w ith  peroxide-free diethyl ether. Th* 
e th er ex tract w as w ashed free o f  a lkali, evaporated  to  dryness 
in vacuo, and  th e  resu lting  unsaponifiables were weighed anii 
d ilu ted  in  benzene fo  give a  concentration  o f  1 m g/m l.

K now n am oun ts o f  these unsaponifiable m aterials wer> 
spo tted  on  a  20-cm X  20-cm glass p late coated w ith supelcosii 
12-B (Supelco, Inc., B ellefonte, Pa.) a b o u t 1 m m  th ick  for 
p reparative w ork a n d  250 n  th ick  fo r analytical w ork. A bout 
1 m l o f  0 .1 %  alcoholic  sod ium  fluorescein was added durinj; 

■preparation o f  p la tes to  show  up^ separated  tocophero ls und 
trieno ls as purple spo ts under u ltraviolet light. Thin-Iaycr 
ch rom atography  was* used to  detem rine th e  purity  -of authen 
tic  com pounds supplied  to  us and  also  to  isolate th e  most 
difficult pair, an d  7 -tocopherols, w hen present together in 
th e  unsaponifiable m ateria ls o f  th e  representative vegetable 
oils under study.

In  th e  present study , th e  tic  technique w as used as a  p re­
lim inary  p re trea tm en t to  ensure th a t /3- and  7 -tocopherol 
isom ers a re  n o t present toge ther and  w hen present, as in  the 
case o f  barley seed o il, tw o-dim ensional tic  was carried out, 
T ocophero ls an d  toco trieno ls w ere separated  on  tic , usin^ 
ch lo ro fo rm  in  th e  first d irection  and  a  five com ponen t solvent 
system  (petro leum  ether 127, isopropyl e ther 16, ethy l ether 
1.5, acetone 6, an d  acetic acid 1.5) in th e  second direction 
A fter developing th e  tic  plates, th e  purple tocophero l spot* 
viewed under u ltrav io le t light were scraped, extracted  with 
benzene, and  converted  in to  its corresponding T M S  derivative? 
before being subjected  to  com bined gas chrom atography  anc 
m ass spectra  I analysis.

Trim ethylsilyl Derivatives. Trim ethylsilyl e ther (TM S 
derivatives o f  b o th  unsaponifiable m aterial from  vegetabK 
oils and  au then tic  sam ples o f  tocophero ls and  trieno ls aftei 
the ir separation  o n  tic  w ere p repared  by adding 0.1 m l o

TOCOPHEROL

MATERIALS AND METHODS

A uthentic  sam ples o f  a - ,  j3-, 7 -, and  5-tocopherols were o b ­
ta ined  from  E astm an  K o d ak  C o ., R ochester, N . Y . a-T oco- 
tr ieno l (^-T-3) was ob ta ined  from  W. E. Scott, H offm ann- 
L a R o c ^ I h c . ,  N .J ., an d  ^ -toco trieno l 03-T-3) and  am m onia 
stabilized latex (m anufactured* by U ni-R oyal, Inc., “ L otor*). 
from  which' 7 -toco trieno l (7 -T-3) was isolated, was kindly 
supplied by  H a l T . Slover, N u tritio n  R esearch D ivision, 
U .S .p .A ,, Beltsville, M d. A n a u th ^ t i c  ^ m p le  o f  5-toco- 
tr ieno l (5-T-3) was n o t available for ou r present study. These 
sam ples w ere accurately  weighed and  dissolved in benzene so 
as to  give 1 m g/m l concentration . An artificial m ixture o f  
these com pounds w as m ade and  the ir purity  was calculated  
a fte r the ir separa tion  on th in-layer chrom atography (G ovind 
R a o  et al.^ 1965).

Barley an d  soybean  oils w ere solvent extracted  in  Soxhlet 
fo r 2 h r w ith shaking. C old-pressed w heat germ  oil was o b ­
tained  from  V iobin L aboratories, M onticello, 111. C oconut 
o il was purchased from  local m arket and  oats (green grouts)
o il was ob tained  from  Q uaker O ats C o ., C hicago, III.

-CH-(CHj),-CH-(CH2)3 -C
CH, 

CH 
CH,

TOCOTRIENOL

7 ^ ^ , ^ 0 ‘̂ (CH,)2-CH«C-(CH*)2-CH«C-(CH j )j -CH-C
fi CHi

Position 0* Methyl Group Tocopherol Tocotr^enol

5.7,8 Trimtthyl •C

5.8 Dimethyl / h
7.8 Dimethyl r

6 Monomefhyl f

Figure 1. Stnicttirw o f tocopherol and tocoCrioiob '  *
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Figure 3. Mass spectrum of ^-tocopberol-TMS derivative

Silyl A cetam ide (BSA, Pierce C hem ical C o ., 
R o ck fo rd  III.) to  sam ple containing abou t 50-75 /ig and  
shaken well f o r -15 m in before use. The T M S derivatives were 
prepared under n itrogen atm osphere Mndcr
refrigenition un til fu r th e r use.

Combiaed G as Chrom atography and M ass Spectrom etry. 
Approxim ately 3-5  o f  th e  T M S derivative w as injected 
in to  a  gas chrom atograph  (A erograph M odel 1200) w ith  a  
hydrogen flame detec to r coupled to  a  R M U -6 H itach i Perkin- 
E lm ef double focusing mass spectrom eter having a  split ra tio  
o f  1 :8. T he ch rom atograph  contained a  15-ft X  Vr-in* '-d . 
S tainless Steel C olum n packed w ith SE^30 on u ltraphase  
(Pierce C hem ical C o ., R ockford . III.). The n itrogen carrier 
gas flow was m aintained a t  15 m l/m in, the colum n tem perature 
a t  240‘XI, a a d  th e  injection p o rt a t 260*C. C arefu l .prepara­

tion  o f  th e  colum n gave reproducible retention  ratios, and  the 
peak areas o f  each com pound were also  reproducible within 
± 0.8 %  o f  e rro r fo r replicate injections using octacosane 
(CmHm) as  in ternal standard .“ T h e  separatioiT 'of a-tocoph- 
ero l from  7 -toco trieno l was difficult, especially in  th e  case of 
barley seed and  coconut oils. We overcam e th is difficulty by 
slow  tem pera tu re  (1S0®C to  3 0 0 ^  a t  6 ®C/min) p rogram m ing . 
o f  th e  gas chrom atograph . W hile passing th e  gc effluent,' 
in to  th e  mews spectrom eter, care was taken  n o t to  overload the 
co lum n since th e  separations o f  a-tocophero l and  and  t*  
toco trieno ls w ere critical. T he mass spectrum  o f  each com ­
pound was com puted to  ob ta in  th e  relative abundance o f  each 
peak. A uthentic  sam ples o f  tocopherols and  tocotrienols 
were ru n  to  o b ta in  s tandard  spectra follow ed by th e  non- 
saponifiable m ateria ls o f  vegetable oils.
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RESULTS
T ab le  I show s th e  da ta  ob tained  on  qu an tita tio n  o f  to - 

copherols an d  trieno ls o f  th e  oats, w heat germ , barley , soybean, 
and  coconu t oils. T he  to ta l  tocophero l con ten t is expressed 
in  m g/100 g o f  o il and  th e  individual tocophero ls and  trieno ls 
as percent p resen t. T he  choice o f  these oils is m ade so  a s  to  
represent th e  presence o f  m ost o f  th e  tocophero ls and  trieno ls 
know n. T h e  presence o r  absence o f  5-tocotrienol could  n o t 
b e  determ ined, as th e  au then tic  standard  was n o t available for 
o u r  study. T h e  q u an tita tio n  o f  these com pounds w as done 
by  gas ch rom atography , th e  areas o f  each peak were calcu­
la ted  by tr iangu la tion , an d  th e  am o u n t o f  individual to coph ­
e ro l was calcu lated  according to  th e  procedure described 
b y S Io v c r« a /.(1 9 6 8 ) .

O ats, barley, and  coconut oils con ta in  sm all quantities o f

tocophero ls. O ats con ta in  m ostly  a -to co trien o l (58.3%  o f 
th e  to ta l tocophero ls present). Barley contains a lm ost a ll th e  
know n to cophero ls an d  ;^ e n o ls , o f  '^ i c h ^ - 1 %  a -to c o ­
trieno l. C o co n u t o i f  has mostTy Y -tocotrfendl (53.&%); 
w heat germ  o il con ta ins a  h igh con ten t o f  to ta l tocophero ls 
w hich seems to  b e  d is tribu ted  be tw w n  a -  and  /3-tocophfrols. 
Soybean o il con ta ins 61 .9%  7 -, 26.6 6-, an d  11.5%  a -to -  
cophero l; n o  tr ien o ls  w ere found . T he resu lts  repo rted  a re  the* 
average o f  th ree  d e tea n in a tio n s  w hich varied w ith in  ±  1.0 %.

T he  m ass spectrum  o f  th e  T M S derivative o f  a-t<K ophcrol 
(F igure 2) is a  sim ple spectrum  w hich exhibits little  fragm en ta­
tio n . T he  in itia l few peaks a t  m fe  75 a re  d ue  to  th e  d im ethy l s 
silanol [{C H i)i-S iO H ] ion . T he  peak a t  m /e  277. (M  — 
255), ind icates th e  loss o f  a  side chain  (C u H u ), and  th e  p eak  A 

jat m /e  237, ( M  -  255 +  40) o rig inated  from  th e  c le a v a ^  •
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Table I. Individual Tocopherol Contents o f Vegetable O ils (Average o f  Three Determinations) 

Total

OU

Oats

Wheat germ 

Barley 

Soybean 

Coccmut

• Figures on top are mean of three determinations. Figures in parentheses are minimum and maximum values.

mg/100 g  oil «• 0- y- S~ o«- (Sr T«-
1.68 17. 6.0 58.3 17.3

(17.3-18.6) (5 .3 -6 .6) (57.6-59.1) (17.4-18.4)
212.00 51.9 38.1 4 .0 6 .0

(51.1-52.8) (37.9-38.6) ( 3 .3 ^ .6) (5 .4 -6 .8)
2.10 14.3 2.4 2.4 1.9 57.1 14.2 7.6

(12.9-15.3) (1 .9 -3 .0) (1.5-3.3) (1 .9 -2 .7) (55.4-58.5) (13.7-14.6) (6.9-8.5)
89.70 11.5 61.9 26.6 - - • • ■ ■

(10.4-12.3) (60.7-62.6) (25.8-27.3)
2.80 14.3 16.1 10.7 5.3 53.6

(13.2-15.1) (15.8-16.4) (9.9-11.4) (4 .8-5 .7) (53.0-54.2)

o f  th e  side chain accom plished by th e  breakdow n o f  chrom an 
structu re w ith  hydrogen rearrangem ent and  loss o f  a  methyl 
acetylene C H i= O sa C H  fragm ent in  a  fashion sim ilar to  tha t 
reported  by N air an d  L una (1968) fo r th e  trifluoracetyl de­
rivative o f  a-tocophero l.

T he mass spectra  o f  /3- a n d  ■̂^ocophero l derivatives (F ig­
ures 3 and  4) have sim ilar fragm entation  patterns, since these 
are  positional isom ers having th e  sam e m olecular weights. 
T he mass spectra  o f  these isom ers resem ble those o f  a -to - 
cophcrol fragm entations, excep t th a t  thgy ,differ by a  m ass- 
num bcF of 14. Sim ilarly, th e  6-tocopherol derivative4(Figure 
S) has a  mass 14 less th a n  0 -  and  7 -tocopherols and^28 less 
th an  oc-tocopherol.

In  F igure 6 th e  peak a t  m fe  496 represents a  m olecular ion 
o f  T M S derivative o f  a-toco trieno l. w hich represents its 
m olecular weights T he fragm entation  pattern  is sim ilar to  
th a t  o f  a-tocophero l, w ith only th e  difference in m olecular 
w eight ^ c h  has 6. p ro tons less th an  cc-tocopherol due  to  the 
presence o f  th ree  doub le  bonds. S im ilar diflferences are  
no ted  in  o ther toco trieno l derivatives (Figures 7 and  8) as in 
the ir  ̂ t u r a t ^  counterparts.

a

DISCUSSION
Since th e  tw o paren t structures (F igure 1) o f  tocopherols 

and  tr ie n o k  differ only in  th e  long side chain (CuHaa or CieHn), 
either sa tu ra ted  or unsaturated , th e  m ass spectra  o f  these 
closely related  com pounds show  sim ilar pa tterns o f  fragm en­
ta tio n  breakdow n b u t differ only in their m olecular weights. 
F o r th is reason, th e  m olecular ions a re  shifted by a  mass num* 
ber o f  6  betw een a-tocophero l and  a-toco trieno l derivatives 
and  sim ilar changes occur in  the subsequent com pounds. N o 

■. difference was^obsecved -between the -p o sitio n a l isom ers by 
m ass spectrom etry ; however, th e  /3 an d  7  isom ers m ay be 
distinguished by their infrared  spectra, since they have charac­
teristic  abso rp tions betw een 7.S an d  9.8 jx (M 6 rris an d  H aenni, 
1962). /3-Tocopherol has singlets a t  8.1 and  8.65 p , w ith 
shoulders a t  8.47 and  8.S5 ^  and  also  doub le ts a t  9.2 and  9.4 
M, w hereas 7 -tocophero l has tw o doub le ts a t  8,05 and  8.25 
M, an d  9,07 n  an d  9,25 ti. Sim ilar diflferences a re  also  noted 
betw een /S- an d  7 -tocotrienols, b u t th e  nm r spectra taken  in 
this lab o ra to ry  o f  /?- an d  7 -tocopherols a n d  the ir correspond­
ing trieno ls a re  identical. D ue to  these difficulties, it would 
be easier to  ru n  a  prelim inary tic  to  know  w hether they are
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present toge ther; if  so, it is advisable to  iso late  them  and  
confirm  th e  difference by infrared  spectrophotom etry .
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