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RINGKASAN

Peng i r s i ngan  dan  pen jun t l ahan ' t ocophe ro l ' dan ' t ( ) c ( ) t r i eno l ' vang  be rada  da la rn  n t i n rak  ke lupa
sawit  te lah di javakan dengan kaedah'High Performance Liquic l  Chronratographv.  (HPLC')  .  Kaedah in i
ntenler lukan saponi f ikasi  contoh.  d i ikut i  dengan sunt ikan bahan t idak tersaponi f ikasi  ke dalanr s istem
HPLC 1,ang mempunvai  'adsorpt ion column' ,7f? et i l  as i tat  dalam n-heptane sebagai  fasa bergerak dan
penqesan 'u l t r a  v i o l e t '

INTRODUCTION

Tocopherols  and thei r  re lated compounds.  tocotr ienols are natura l lv  occ l l r r ins substances
which show ant iox idat ive and v i tamin E propert ies in  most  veeetable o i ls .  At  present  e ight
forms of tocopherols (T) and tocotrienols (T,)are known to exist in nature (Appendit l l  and it is
found that  palm oi l  conta ins a var ietv  of  ihe homologues.  The ro le of  ant iox ic lant  such as
tocopherol  in  inh ib i t ing the process of  auto-oxidat ion has been d iscussed by a number of  authors
(LuNosenc.1962:  WITTTNG. 1975;  JncoesBERG et  at . ,  1978\ .  In  v iew of  the fact  that  each
individual form of tocopherols has its own degree of anti-oxidative and vitamin E activit ies, it is
of  in terest  to  be able to quant i ta te the amount  of  var ious forms indiv idual ly .

BuNNel. (1971) reviewed the various methods of tocopherols determination in oils ancl
fats .  In  the case of  palm oi l ,  DPPH method u 'as the most  widelv used.  This mcrhod is  unspeci f ic
and measures the tota l  amount  of  reducing mater ia l  in  the o i l .  and thereforc i t  is  unsui tablc  f r t r
ref ined palm oi l  (JecoessnnC et  u l . ,  1973).  Determinat ion of  inc i iv idual  tocophemls and
tocotr ienols normal ly  requi rc 's  pret reatment  of  sample such as renror ,a l  o f  t r ig lvcer ides and
inter fer ing substances and therefbre the method becomes tedious and t ime-consuming.

Triglycerides are normalll '  removed by saponificaticln, a simple and fast method compare<J
to other  possib le methods such as crysta l l izat ion or  molecular  d is t i l la t ion.  Quant i ta t rve
determinat ion of  ind iv idual  tocopherols  and tocotr ienols is  then achieved e i ther  through TLC
separation followed by spectrophotometric Emmerie-Engel reaction or by GLC u'ith or without
der ivat izat ion.  Most  c l f  the GLC methods however.  inc luding the methocl  dev 'e loped bv
MEt:sooNt (1979) (TLC+ GLC technique).  fa i l  to  separate the [ i l l '  tocopherols  except  the
method developed bv MonnRe'r .  1978 (Capi l lar ,v-  GLC).  A fast  technique,  Di f ferenr ia l  Pulse
Vol tammetrv (  Del t lRtr t  E ct  u l . ,  1977 :  HnNoRI rsr-  et  ut . .  l9 l8;  PoDL AHA cr  a/ .  ,  1978 ) ,  req u i rcs
no pretreatment  of  sample but  s t i l l  fa i ls  to  separate /3/ l ' tocopherols .
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By a more recent  technique,  High Performance L iquid Chromatography (HPLC),  the
separat ionof  t t -  , l \ - . l ' -  andS -  tocopherols  were ef fected (NIerenx.  1973t  Enl rsox.  1977:
TRNcNev.  1979 and CRRpENTER. 1979).  An at tempt to separate tocotr ienols f rom i ts
tocopherols  was f i rs t  recorded by Enlrsr tN et  a l . .  (1977 1.  Using a Corasi l  I I  co lumn (1. -50 m x
0.64 cm), with 0.7 ml/min flow rate of 0.-5ci tetrahydrofuran in n-hexane and spectrotluorimeter
detector  they managed to get  fa i r l l 'eood separat ion c l f  r r - tocopherol  f roma-tocotr ienol  but
both l '  tocotr ienol  andS-tocotr ienol  n 'ere shown as broad peaks.

Our prev ious studv (Aeo.  GRpon et  u l . .  1979) on the appl icat ion of  HPLC for  the
separat ion and quant i ta t ive determinat ion of  tocopherols  and tocc l t r ienols in  palm oi l  involved
isocrat ic  e lut ion us ing herane -  isopropl , la lcohol ,  hexanc -  ethy l  acetate.  heptane -  isopropyl
a lcohol  and n-hcptane -  ethv l  acetate svstems at  var i t ' rus solvent  proport ion on adsorpt ion
mode column wi th u l t rav io let  detect ion and the resul ts  ind icated that  7(r  ethv l  acetate in
n-heptanc was the best  mobi le  phase.  The object i r . 'e  of  th ispaper is  to  repor t  the progresswe
have made using the best  mclb i le  phase we hal 'e  found.

I\IATERIALS AND METHODS

Chemicals:

(1)  DL -  a lpha -  Tocopherol  for  b iochemist rv :  Content  99/  I  :  C. . . ,H. , ,O. ;  Nlo lecular  r . r 'e ight
130.72:  NIerck.

(2) d-Beta-Tocopherol: CrrH*rOr; Molecular weight 416.69; Eastman Kodak Co.

(3)  d-Gamma-Tocopherol :  CrrH*uO.:  Molecular  weight .116.69l  Eastman Kodak Co.

( .1)  Tocomir  D L iquid :  Mixture of  natura l  tocopherols .  mainh 'o-T and l ' -T in  natura l
g lvcer idcs.  Jandekkerbr ' .  Naarden Internat ional  Chcmical  Div is ion.

( -5)  Ethv l  acetate :  Not  less than 99rr  cstcrs as C-rH.O.:  l \ Ia1 ancl  tsakcr .

(6 )  n -  Hep tane  :  Con ten t  (G .C .  )  99 r  i  :  N Ie rck .

Equipment :

HPLC: Hewlet t -PackardLiquidChromatograph 108,1B
- Doublc hcad (gradient) :  rec iprocat in_e d iaphragm pump.

Temperature contro l led column compartmcnt .
-  Var iable volume in jector .
-  Microprocessor  contro l .
-  User  terminal  n, i th  therrnal  pr in ter /p lot ter .

Ccrlumn: HP 79920 A for adsorption:

2 ,50  mm long ; .1 .6  mm in t .  d i ame te r ;  l um f r i t  po re :

Stat ionarv phase :  L ichrosorb Si  1(X)  par t ic les;  s ize -5rr  m.

Detector :  Var iable UV -  detector .  I

Samples:

RBD palm ole in A;  samples on 19.9.78 (30 50 ppm BHT addecl ) .

Ref ined palm oi l  B:  samples on 8.6.79.

Crude palm oi l  C;samples on21.6.19.
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Sample treatment and HPLC iniection

Sample ( .59)  uas saporr i f icc l  accorc l ing to the nrethocl  br '  \ l t , t . lnor) \ t  (197())  ancl  the
unsaponi f iab le mat tcr ,uvas then scparated out  ancl  d issol rec l  in  - i  n t l  o f  thc nrr r t r i le  phasc
s< l l vcn t .  Thc  tocophe ro l s i t oco t r i cno l s  ana l l ses  \ \ c re  do r r c  h r  i r r j c c t i ng  l 0 r r l o f  sa rnp l c
so lu t i on  i n to  t he  H iqh  Pc r f r t rmancc  t_ iqu id  Ch ron ra tog raphv  svs t cn t  u i t h  t he  f o l l r tw i r t r t
\ \ 'ork inq condi t ions:

Working conditions:

Mob i l e  phase :  7 r r  c thv l  ace ta te  i n  n -hep t . , ne
Flor .v :  2.98 ml imrn

Colurnn Pressure:  l (X)  bar  (Nlax imunr prcssurc of  the s\ ,s tem:1(X) bar  and nt in inrur l
pressure 0 bar) .

Sol r . 'ent  Tentp.  Reserr t t i r  A and B:  30"C
Oven Temperature:  30"C
Var iable Wavelength:  detect ion wavelength 300 nm and reference wavelength 430 nm.
Chart  Speed:  l . (X)  cm/min.

A t t e n u a t i o n l  n : 6 ( l ( ' )

Area Rcject ion:  3(X)

S lope  Sens i t i v i t r ' :  l . (X )
( - I 'hree nt inutes af ter  in ject ion.  the s lope sensi t iv i ty  n,as chanseci  to  9. .50) .

Calibration and quantitation

- 5 .  1 0 .  l - 5 . 1 0 . 2 . r l l g i n l 0 r r l  s o l u t i o n o f  r t  T . i i  T a r r c l l  - T s t a n c l u r d s r , " e r e  i n j c c r e c l a n d t h c
arc l rs  produced r rere p lot tec l  ugalnst  the conccntrut ion.

Tocopherols  and t t lcot r ienols in  palnr  o i l  santp lcs lvcre c luant i ta tcc l  br  thc c\ tcrnal
st a n cl a rd m e t h od. basc cl o n r r - tctcttrr h e ro I st a n cl a rcl.

Influence of added antioridants

In order  to prevcnt  or ic lat ion.  some oi ls  arc addcd rv i th  svnthet ic  ant iox ic lants such as
Bu t l ' l a ted  Hvd ro r l ' an i so le  (BHA:  l .  ( 3 )  -  Te rbu tv l  - . 1  -  Hvd ro rvan i so le ) .  Bu tv la ted
Hvdroxvto luene ( l lHT).  Ter t iarvbr- r r 'u lhvdroquir rone (TBHe).  propvhal la te (pG).  ancl
Octv lgal la tc  (OG ) .  In  v ieu '  of  th  is .  u  e decidc to chcck i f  thcse cornpounds n i l l  sho, , r  up unclcr  thc
work ing cc lndi t ions tbr  tocopherols .  l0r r l  o f  a l ' l  so lut ion of  the ubove svnthe t ic  l r r . r t ior ic tants
uere in  jected in to the HPLC svstem.

RESULTS AND DISCUSSION

Detector  responses d isplay 'ed in  terms of  area of  o- .  / i -  and l t  tocopherol  s tanclards
w' i th in the l ike l l , '  rarnge of  tocopherols / tocotr ienols concentrat ion in  palm oi l  samples w,erc founcl
to be l inear  as shown in F igurc |  .

A typical chromatogram obtained from the oil samples in examplif ied bv the
chrornatogram of  Ref ined Palm Oi l .  as shou'n in  F igure l .  For  ident i f icat ion ancl  quant i ta t ion
purposes.  chromatograms of  laboratorv-prcpared mixture of  s tandards ( , r - .  t j -  .
I  tocopherols) ,  commercia l ly ' -preperrec l  mixturc of  s tandards ( r -  .  l t  -  .  l :  -  and 6 -
Tocopherols) and Refined Palm Oil with added $- tocopherol are shown in l lgrrrg -1, J and -5
respect ivc ly .
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Identification of Tocopherols and Tocotrienols in Palm Oil

Wglr r le  et  u l . ,  ( l  967)  cstabl ished the ex is tence of  o-T.  a-" f . .  / l  T. , .  f  T and
6-T:  bv two-dimensic lnal  th in- laver  chromatoeraphv and subseqi lent  co lor imetnc
determinat ion.  JAC'oBSBERci  ( , /  ( /1 . ,  ( l97 lJ)  conf i rmed the presence of  15 T.  bv mass-
spectrometer  and found no 5-T.  The presence of  /1-1, ,  was a lso repor tet l  bv SrsrR (  197- l ) .

Our work invohed spik ing palm oi l  wi tha-T,  / ]  T.  and l ' -T.  the resul ts  conf i rn. red that
there arerr .  l ' -  krcopherols  and no /J  -  tocopherol .  Howeler .  by compar ing the resul ts  w' i th
establ ished repor ts  the increase of  ) '  tocopherol  peak could a lso be assigncd top T ' . .  which
could possib l r , 'be having about  the samc retent ion t ime as the l ' -  t t ' rcophs-ro l .  

.Duc 
to

unavai labi l i tv  of  tocotr ienol  s tandarc ls ,  we propose the other  peaks be assigned too -T. .  l '  T .
and 5--T- ,components.  Fur thermore,  the addi t ion of  Tocomix D to RBD palm oi l  showed an
in t r -1 and other  peaks remained the sanre.

Tocopherols and Tocotrienols contents

The contentsof  tocopherols  ancl  tocotr ienolsof  the samples arc prescnted in  
' l ih te 

l .The
concentrat ion was calculated wi th respect  to(r  T standard.

I t  is  of  in terest  to  note that  thc commercia lh 'prepared tocopherols  concentrate.  Toct tmix
D was found to have a concentr i r t ion of  abclut  10 ' t  o f  tocopherols  consist ing of  -16.0 '? cr  T.
29 .7 '  (  l i  -T .  20.2. ;  ) ' -  T and 1.2c ;  6  T.

TABLE I.  TOCOPHEROLS/TOCOTRIENOLS CONTENT
(EXPRESSED AS P.P.M.  -TOCOPHEROL)

Components ( l  T  , t - T ,  l J - T # - T _  l ' T l ' - T  r !  -T  d  -T  To ta l  No te

r  t l
+ .++

3.90 5 .  1 4

69 1081

(6.1.,1)

44 802

( 5 . 5 . ;  )

16 791

(  5 . 8 . ;  )

Rt (from standards) 2.54

Rt (from samples)

Crude Palm Oi l

Refined Palm Oil

RBD Palm Olein

2 . 5 3  2 . 8 3

279 274

(2s .8 f :  )  (25 .3c t  )
236 191

(29 .4..tc ) (23 .8ci )
237 190

(30.0r2 )  (21.) ' t  )

3 .40

3.39

61 398

(5 .6c , / ( )  (36 .Sc /c )

41 290

( -5 . 1 '; ) (36.2(',. )
19 269

(6.2cI )  (34.0c/.)

-r.01 a

a

b

a Averaqe of  s ix readings
b Averaqe of  two determinat ions

Possible interference by added synthetic antioxidants in tocopherols/tocotrienols determination

Figure 6 shows the chromatograms of BHA. BHT. TBHQ, PG and OG obtained by
injecting 10prl of 10,000 ppm of the respective antioxidant solution. By comparing the retention
times of the synthetic antioxidants (Tahle 2i with those of tocopherols and tocotrienols from
Table I , i t seemed that BHA, PG and TBHQ could interfere in the tocopherols and tocotrienols
determination.
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TABLE 2. RETENTION TIMES (Rt) OF SYNTHETIC ANTIOXIDANTS

Synthetic antioxidants BHA BHT TBHQ PG

3.67 (96c/c)

5.32 (  4c1c)

However, should there be any antioxidant added, the level normally is less than 100 ppm.
Further work on this aspect is to be carried out.
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SUMMARY

Separat ion and quant i tat ion of  tocopherols and tocotr ienols present in palm oi l  were ef fected by
High Performance Liquid Chromatography (HPLC) technique.  The method requires saponi f icat ion of
sample fo l lowed by isolat ion and in ject ion of  the unsaponi f iable matter  into the HPLC systcm having
adsorpt ion column, 7 ' ,1 ethyl  acetate in n heptane as the mobi le phase and ul t ravio let  detector .
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APPENDIX 1 : TOCOPHEROLS FOUND IN VEGETABLE MATTER
(JACOBSBERG et al., 1978)

Tocol

a 5,7,8 trimethyltocol
p 5,8 dimethyltocol

T 7,8 dimethyltocol

/ 8 methyltocol

These homologues exist as tocopherols and tocotrienols.
NOTE: The e, 4 and f tocopherols of older l i terature have been

more recently identif ied respectively as p, 7 and
o tocotrienols.

l:"""t'ta".t,"' '
Irn^\

\ / s
Tocotrienol side chain

Ir . \
\  / s
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