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Effects of Refining on Chemical and Physical Properties of Palm Oil 
Products 
W . L  Slew" a n d  Yassln M o h a m m a d  
Palm 011 Research Institute of Malaysia, P.O. Box 10620, Kuala Lupur, Malaysia 

S o m e  c h e m i c a l  c h a n g e s  in t h e  c o m p o s i t i o n  and physi-  
cal  p r o p e r t i e s  o f  pa lm oi l  produc t s  are d i s c u s s e d .  The  
e f f e c t s  o f  b l e a c h i n g  and d e o d o r i z a t i o n  on  ox idat ive  
p r o p e r t i e s  and p o s s i b l e  i s o m e r i z a t i o n  and in teres ter -  
i f i ca t ion  o f  t h e  fat ty  ac ids  w e r e  ind ica ted  from labora-  
tory  re f in ing  e x p e r i m e n t s .  Inves t i ga t ion  o f  c o m m e r -  
cial  s a m p l e s  o f  r e f i n e d  pa lm oil  product s  s h o w e d  that  
t h e  c o n j u g a t e d  d i e n e s  and t r i e n e s  f o r m e d  are min- 
imal ,  ind ica t ing  the  u s e  o f  good  qual i ty  raw m a t e r i a l s  
and mild p r o c e s s i n g  cond i t i ons .  Very l i t t le  i s o m e r i z a -  
l i o n  occurred  in c o m m e r c i a l  r e f i n e d  product s  as  indi- 
ca ted  from the  leve l  o f  t r a n s  acids ,  and c h a n g e s  in the  
POP to PPO tr ig lycer ides  d u e  to  p o s s i b l e  in teres ter i f l -  
ca t ion  w e r e  ins ign i f i cant .  C h a n g e s  in phys ica l  proper-  
t i e s  w e r e  inev i tab le  d u e  to  the  remova l  o f  free  fat ty  
ac ids  and d ig lycer ides  and to  m i n o r  impur i t i e s .  

Oils are refined to remove undes i rable  mater ia l s  such as 
color bodies, oxidat ive  components ,  gums, metal  contam-  
inants  and  volatiles. Palm oil is refined by physical  pro- 
cesses and involves degumming and bleaching followed 
by deodorizat ion.  During degumming and bleaching, 
phosphor ic  acid and ac t iva ted  clay are  dosed at  t emper-  
a tures  of90-105~ Deodorizat ion occurs  at  240-2800(:; for 
per iods  ranging from .5 to 2 hr. In physical  refining, it is 
i m p o r t a n t  to ensure  t ha t  mild condi t ions  are  used in 
o rde r  to avoid dele ter ious  effects on oil composi t ion and 
proper t ies .  

The presen t  p a p e r  aims a t  providing some informat ion 
on the possible changes t ha t  may  occur  to the chemical  
and  physical  p roper t i e s  of pa lm oil under  different  refin- 
ing conditions.  

MATERIALS AND METHODS 

Crude  pa lm olein, pa lm  mid- f rac t ion ,  c r u d e  pa lm oils of 
vary ing  quali ty,  and  sets  of c r u d e  and  ref ined pa lm oil 
p r o d u c t s  were  used for the  expe r imen t s .  

Laboratory refining. A b o u t  500 g of c r u d e  pa lm olein 
and  pa lm mid - f r ac t i on  s amp le s  were  d e g u m m e d  with  
0.1% of p h o s p h o r i c  acid  at  90 ~ for 10 min. Tonsil 
Op t imum FF b leach ing  e a r t h  (0.5 g) was added ,  and  the  
oil was s t i r r e d  v igorous ly  for  15 min at  95~ The oil was 
f i l te red twice t h rough  W h a t m a n  No. 1 f i l ter  p a p e r  on a 
Buchne r  f i l ter  funnel.  Deodor i za t ion  was c a r r i e d  out  a t  
d i f fe ren t  t e m p e r a t u r e s  rang ing  f rom 220-280~ for 
pe r i ods  rang ing  f rom 1 to  4 hr. 

Ana lyses  of  trans f a t t y  acids,  f a t ty  acid  compos i t ion ,  
t r ig lycer ide  compos i t i on  and  fa t ty  acid at  the  2- 
pos i t ion  of the  g lycer ide  were  p e r f o r m e d  on the  ref ined 
samples .  These  s amp le s  were  ref ined u n d e r  severe  
cond i t ions  to d e t e r m i n e  the  poss ible  changes  t h a t  m a y  
occur .  

*To whom correspondence should be addressed. 

Oxidative changes tha t  occur  dur ing bleaching and 
degumming were eva lua ted  on 21 samples  of c rude  and 
refined palm oil products .  Labora to ry  refining was per-  
formed on crude pa lm oil using different  ear ths  at  varying 
dosages. The conjugated  dienes and  t r ienes were meas- 
ured. These were also carr ied  out  on var ious  quality c rude  
otis. 

Analysis of fatty acid methyl esters (FAME). The fa t ty  
acid composi t ions  of the oils were  analyzed as methyl  
es ters  which were p r e p a r e d  by a r ap id  method; 0.05 g of 
sample  was dissolved in one ml of n -hexane  in a screw- 
capped  vial. Then, 0.05 ml of 1 M sodium methoxide  was 
added.  The mix tu re  was shaken vigorously for five 
seconds  and then allowed to set t le  before the hexane  
layer was p ipe t ted  for gas liquid chromatograph ic  (GLC) 
analysis. 

t r ans  Ac/ds. FAMEs p r e p a r e d  were  analyzed on a 6-m • 
3-mm i.d. glass column of 15% OV 275 on a 100-120 mesh 
Chromosorb  P AW-DMCS (Supelco Inc., Bellefonte, Penn- 
sylvania).  The column t e m p e r a t u r e  was set isothermally 
at  220~ and the injector  t e m p e r a t u r e  was at  270~ The 
ca r r i e r  gas flow ra te  (ni t rogen)  was set  a t  10 cm3/min. 
Analyses were car r ied  out  on a Perkin Elmer Sigma 2 Gas 
chromatograph .  

A s t a n d a r d  palm oil which had  been cal ibra ted against  
a Nu Chek 20 A reference mix ture  was used for the deter-  
minat ion of response  factors for the  var ious  FAME. trans 
18:1 FAME was assigned a response  fac tor  similar to tha t  
for cis 18:1 FAME, and  trans, trans 18:2 and cis trans 18:2 
were assigned the response  factors  for c/s, c/s 18:2 methyl  
esters.  

Triglyceride analysis by carbon number. A Perkin 
Elmer Sigma 1 Gas c h r om a t og r a ph  was used. Five per- 
cent  solut ions of the  samples  in chloroform were pre- 
p a r e d  for analyses. The glass column used was 46 cm x 3 
mm i.d. containing 3% OV-I on 100-120 Gas Chrom Q. The 
ca r r i e r  gas was ni trogen at  a flow ra te  of 60-80 ml/min.  
Detec tor  and  injector  t e m p e r a t u r e s  of 370~ were used. 
The column was p r og r a m m e d  from 280 to 345~ 
with initial and  holding t imes at  the  s ta r t ing  and final 
t e m pe r a t u r e s  set a t  three  min each. Response factors  
were de te rmined  using a s t a n d a r d  pa lm oil reference pre- 
viously ca l ibra ted  against  a mix tu re  of pure  s a tu ra t ed  
triglycerides. 

Fatty acid at the 2-position. A semi microlipolysis 
me thod  was used. Triglycerides were obtained from a 
column ch roma tog raphy  method  (2). The triglycerides 
(40-60 mg) were melted,  dissolved in a few drops  of 
butanol  in a tes t  tube (19 x 2 cm) and placed in a wate r  
ba th  main ta ined  at  40~ Buffer (1.2 M NH4CL/NHaOH. 
pH 8.5, 2 ml), calc ium chloride solut ion (22%, 0.2 ml) 
and bile salts  (25%, 0.10 ml) were  added.  The mix ture  
was s t i r red  slowly by a magnet ic  s t i r re r  until an 
emulsion was obtained.  Pancrea t ic  l ipase (50 mg, pre-  
viously washed with e ther)  was then added  and the 
react ion mix ture  was s t i r red  vigorously for 10 rain. The 
enzymes were inac t iva ted  by adding  hydrochloric  acid 
(5 M): wate r  (1:1, v/v, 1 ml). The hydrolysate  was 
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TABLE 1 

Ef fec t s  of  Proces s ing  on Fatty  Acid Compos i t ion  of  Palm Mid Fract ions  and Palm Olein 

Sample Deodorization Fatty Acid Composition (%) 
Temp Time 
(~ (hr)  14:0 16:0 18:0 18:1t 18:1c 18:2ct 18:2cc 18:3 20:0 Other  

Crude olcin 0.9 40.2 4.2 41.7 11.1 0.3 0.3 1.0 
Refined olein 220 1 0.9 40.5 4.2 41.2 11.0 0.3 0.4 1.0 
Refned  olein 260 2 1.0 40.5 4.3 41.5 0.3 10.7 0.1 0.3 1.2 
Refined olein 280 4 1.0 41.1 4.4 0.4 41.0 1.7 8.4 0.2 0.4 0.8 

Crude PMF a 1.0 46.8 4.4 38.2 8.3 0.2 0.3 0.8 
Refined PMF 220 1 0.9 47.0 4.3 38.0 0.1 8.0 0.2 ().'] 0.9 
Refined PMF 260 2 1.0 46.6 4.5 38.5 8.3 0.1 0.3 0.7 
Refined PMF 280 4 1.0 47.7 4.4 0.2 37.0 1.3 6.6 0.1 0.4 0.8 

~Palm mid fraction. 

TABLE 2 

Effects  of  Proces s ing  on Triglyceride  Composi t ion of  Palm Mid Fraction and Palm 
Oleins  

Sample Deodorization 
Temp Time 
(~ (h!') C46 

Crude olein 0.2 
Refned olein 220 1 0.2 
Refined olein 260 2 0.2 
Refined olein 280 4 0.5 

()rude PMF ~ 0.3 
Refined PMF 220 1 0.4 
Refined PMF 260 2 0.4 
Refined PMF 28(1 4 0.5 

Triglyceride Composition (%) 

C48 ( ! 5 0  ( J , 5 ' 2  (.',54 C56 

2,2 41.8 45.2 10.2 0.2 
2.3 41.5 45.3 10.2 0.'3 
2.7 41.2 44.9 10.6 0.'3 
5.5 36.,1 43.9 13.2 0.2 

3.0 54.9 35.1 6.2 0.2 
3.1 54.2 35.1 6.7 0.2 
3.4 53.2 35.5 7.1 0.2 
4.9 50.0 36.4 7.3 0.3 

�9 ~Palm mid fraction. 

e x t r a c t e d  w i t h  e t h e r  ( 2 • 10 ml ) ,  w a s h e d  w i t h  w a t e r  
(2 • 10 ml) ,  d r i e d  o v e r  a n h y d r o u s  s o d i u m  s u l p h a t e  a n d  
c o n c e n t r a t e d  u n d e r  a s t r e a m  of  n i t r o g e n .  

T h e  m o n o g l y c e r i d e  f r a c t i o n  w a s  s e p a r a t e d  b y  p r e p a r -  
a t i v e  TLC ( 2 0  • 20  c m  2 p l a t e s  c o a t e d  w i t h  0 .75  m m  
s i l i ca  gel) .  T h e  c h r o m a t o g r a m s  w e r e  d e v e l o p e d  in h e x -  
a n t : e t h e r : f o r m i c  a c i d  ( V / V  50:50:1) .  T h e  2 - m o n o g l y c e r -  
i d e s  w e r e  r e c o v e r e d  w i t h  e t h e r  a n d  t r a n s e s t e r i f i e d .  

Conjugated dienes and  tri~.mes. T h e s e  w e r e  m e a s u r e d  
a c c o r d i n g  t o  PORIM t e s t  m e t h o d s  ( 3 )  a t  233  a n d  269  
n m  in a HP 8 4 5 0 A  LW-Vis s p e c t o p h o t o m e t e r .  A b o u t  0 .12 
g o f  oil in  i s o - o c t a n e  in a 2 5 - m l  v o l u m e t r i c  f l a s k  w a s  
p r e p a r e d .  T h e  a b s o r b a n c e s  a t  233 ,  2 6 9  a n d  4 4 6  n m  
w e r e  m e a s u r e d  a g a i n s t  a r e f e r e n c e  ( p u r e  i s o - o c t a n e )  
a n d  c o r r e c t e d  fo r  c u v e t t e  e r r o r  a t  t h e s e  w a v e l e n g t h s .  A 
c o r r e c t i o n  f a c t o r  w a s  m a d e  to  a c c o u n t  fo r  t h e  c a r o t e n e  
a b s o r b a n c e .  

Solid f a t  c(mtent (SFC) measureme~t  by nuclear  
magnet ic  res(mance (NMR). A N e w p o r t  M a r k  I I IA  NMR 
w i t h  t e m p e r a t u r e  c o n t r o l l e r  w a s  u s e d .  T h e  i n s t r u m e n t  
w a s  s e t  a t  g a t e w i d t h  = 1% G: R.F. = 4 5  A, A.F. g a i n  = 3 7 5  
u n i t  a n d  i n t e g r a t i o n  t i m e  = 32  sec .  S a m p l e  w e i g h t  w a s  
ca .  1.5 g, a n d  t r i o l e i n  w a s  u s e d  ms r e f e r e n c e .  P a r a l l e l  
t e m p e r i n g  p r o c e d u r e  w a s  u s e d .  A n u m b e r  o f  t u b e s  o f  
e a c h  s a m p l e  w e r e  r e q u i r e d  b u t  o n l y  o n e  t u b e  w a s  h e l d  
a t  e a c h  o f  t h e  m e a s u r i n g  t e m p e r a t u r e s .  T h e  s a m p l e  w a s  
m e l t e d  a t  70~ fo r  30  m i n ,  c h i l l e d  a t  0~ fo r  90  m i n  a n d  

h e l d  a t  t h e  m e a s u r i n g  t e m p e r a t u r e s  f o r  3 0  m i n  p r i o r  t o  
t h e  r e a d i n g  o f  s i gna l s .  

Cl(md point.  C l o u d  p o i n t  is t h e  t e m p e r a t u r e  a t  w h i c h  
a c l o u d  o f  c r y s t a l s  is i n d u c e d  in t h e  s a m p l e  c a u s e d  b y  
t h e  f i r s t  s t a g e  o f  c r y s t a l l i z a t i o n .  I t  is d e f i n e d  as  t h e  
t e m p e r a t u r e  a t  w h i c h  t h e  t h e r m o m e t e r  in  t h e  s a m p l e  
n o  l o n g e r  a p p e a r s  v is ib le ,  u n d e r  t h e  c o n d i t i o n s  o f  t h e  
t e s t .  C l o u d  p o i n t s  o f  p a l m  o l e i n s  w e r e  p e r f o r m e d  
a c c o r d i n g  t h e  A O C S  Off ic ia l  M e t h o d  C.c 6 -25  (4 ) .  

RESULTS AND DISCUSSION 

Fatty ac id  and  t r ig lycer ide  composi t ion.  T a b l e  1 s h o w s  
t i l e  f a t t y  a c i d  c o m p o s i t i o n  o f  p a l m  o l e i n s  a n d  p a l m  m i d -  
f r a c t i o n s .  S i g n i f i c a n t  c h a n g e s  w e r e  o b s e r v e d  o n l y  w h e n  
t h e  s a m p l e s  w e r e  s u b j e c t e d  t o  280~  f o r  a f o u r - h o u r  
d e o d o r i z a t i o n  p e r i o d ,  t rans  F a t t y  a c i d s  w e r e  a b s e n t  in  
t h e  c r u d e  a n d  r e f i n e d  s a m p l e s  d e o d o r i z e d  a t  2 2 0  a n d  
2 6 0  C f o r  o n e  a n d  t w o  h r  r e s p e c t i v e l y .  S m a l l  a m o u n t s  o f  
18 : l  t rans  a n d  18:2 cis t rans  w e r e  d e t e c t a b l e  u n d e r  
c o n d i t i o n s  o f  280~  f o r  f o u r  h r .  O n e  a n d  o n e - h a l f  a n d  
2.1% o f  t o t a l  t rans  a c i d s  w e r e  o b s e r v e d  in  t h e  p a l m  o l e i n  
a n d  p a l m  m i d - f r a c t i o n s .  T h e  c o n d i t i o n s  w e r e  m o r e  
e x t r e m e  t h a n  t h o s e  u s e d  in a c t u a l  c o m m e r c i a l  
p r o c e s s e s .  N o t  m o r e  t h a n  0.6% o f  t o t a l  t rans  a c i d s  w e r e  
r e p o r t e d  in c o m m e r c i a l  r e f i n e d  p a l m  oil  p r o d u c t s  ( 5 ) .  
T h e s e  o i l s  w e r e  s u b j e c t e d  to  d e o d o r i z a t i o n  c o n d i t i o n s  
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TABLE 3 

E f f e c t s  o f  R e f i n i n g  o n  t h e  F a t t y  A c i d  C o m p o s i t i o n  (%) a t  t h e  
2 - P o s i t i o n  o f  t h e  G l y c e r i d e  

Samples C14 CI6 C18 C 1 8 : 1  C18:2 
Crude palm oil 0.5 14.5 1.9 63.4 19.8 
Degummed 0.5 15.3 1.7 62.8 19.6 

bleached oil 
Refined oil 0.5 16.7 1.9 62.4 18.5 
Crude palm olein 0.5 8.3 1.3 68.6 21.4 
Degummed 0.4 8.2 1.3 68.8 21.0 

bleached olein 
Refined olein 0.4 9.5 1.3 67.4 21.5 

of 260-2750C for 0.75-1.5 hr. Rossell et al. (6) repor ted  up  
to 10% trans acids in soybean  oil when  ref ined at  280~ for 
one hr, while those  ref ined a t  2400C for two hr  showed a 
trans acid c o n t e n t  of 2.3%. Similar  f indings  were  repor ted  
by A c k m a n  et  al. (7) on the  de tec t ion  of artefacts ,  
ident if ied as c/s-9, trans-12, c/s-15 and  trans-9, c/s-12, 
c/s-15 i somers  of l inolenic acid. Some 0.7 to 2.6% of these 
acids were  f ound  in rapeseed  vegetable oils f rom the  retail  
market .  

The t r iglycer ide compos i t ion  in Table 2 shows tha t  
i n t e r m o l e c u l a r  r e a r r a n g e m e n t  of fa t ty  acid can  be 
observed only in samples  sub jec ted  to dras t ic  ref ining 
condi t ions .  Typically, little or  no change  is observed in 
commerc ia l ly  ref ined oils (8). 

TABLE 4 

E f f e c t s  o f  P r o c e s s i n g  o n  P h y s i c a l  P r o p e r t i e s  o f  P a l m  O i l s  a n d  O l e i n s  

Sample 

Crude palm oil 

Solid fat content 
5~ 10~ 15~ 20~ 25~ 30~ 35~ 400C 

60.8 49.6 34.7 22.5 13.5 9.2 6.6 4.0 

Cloud point (~ 
(mean) 

Neutralized palm 64.9 54.2 38.2 26.1 15.2 9.8 6.7 4.3 
oil 

Refined palm oil 62.2 50.3 35.2 23.2 13.7 8.5 5.8 3.5 
Crude palm olein 49.6 33.6 12.6 3.2 
Neutralized palm 55.4 40.3 20.4 5.3 

olein 
Refined palm 51.1 37.0 19.2 5.9 

nlein 
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FIG.  1. E f f e c t  o f  p r o c e s s i n g  o n  s o l i d  fa t  c o n t e n t  o f  p a l m  o l e i n s ,  
, c r u d e  p a l m  o l e i n ,  .......... , r e f i n e d  o l e i n ,  d e o d o r i z a t i o n  

250~ 2 hr; .......... , r e f i n e d  o l e i n ,  d e o d o r i z a t i o n  280~ 4 hr. 

In te res te r i f i ca t ion  may  occur  du r ing  deodor~a t ion ,  
resu l t ing  in an  increase  in the  s a t u r a t e d  fa t ty  acids at  the 
2-posi t ion of the glycerid.e (Table 3). Al though  there  
a ppe a r s  to be a slight increase  in the  palmit ic  acid 
c o n t e n t  of 1-2%, the inc rease  ma y  no t  be cons idered  
s ignif icant  as c r ude  pa lm oil has  a pa lmi t ic  acid c o n t e n t  
at  the 2-posi t ion of 14.4 to 18.1% ( range  of 7 samples  
s tudied) .  

The effect of  t ime a nd  t e m p e r a t u r e  on  the  POP:PPO 
rat io of p a l m  oil was d iscussed  by Williams (9). The 
change  in the  ra t io  was s ignif icant  if the  oil was subjected  
to t e m p e r a t u r e s  of above 270~ for long res idence  times. 
Special  ca re  t aken  du r ing  the  ref ining process  can mini-  
mize the  c h a n g e  in the  symme t r i c a l  t r iglyceride c o n t e n t  
(POP) to the  u n s y m m e t r i c a l  t r iglyceride (PPO). 

Physical properties of palm oil. In removing  impuri -  
ties, i.e., free fa t ty  acids a nd  diglycerides, ref ining resul ts  
in changes  in the  physical  p roper t i e s  of the  oil. These 
differences are  observed in the  oils (Table 4). Tan et al. (8) 
r epo r t ed  i nc rea sed  va lues  in solid fat  c o n t e n t  in ref ined 
pa lm  oils c o m p a r e d  to c rude  oils a t  the  lower t empera -  
t u r e  range  (5-20~ 

The overal l  increase  in solid fat  c o n t e n t  in ref ined oils is 
d e p e n d e n t  on deodor iza t ion  condi t ions .  Figure  1 shows 
the  effect of ref ining cond i t i ons  on solid fat  c on t en t  of 
pa lm olein. The tai l ing observed in pa lm  olein subjec ted  to 
2800C for four  hr  is highly s igni f icant  a nd  would  affect the 
oil's c rys ta l l iza t ion  behavior.  Al though c loud poin ts  of 
pa lm oleins  are genera l ly  r educed  d u r i n g  refining, the 
tai l ing effect p r o d u c e d  by in te res te r i f i ca t ion  of the fat ty 
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TABLE 5 

Conjugated Dienes  and Trienes of  Bleached Oils (150"C for .5 hr) 

Dosage of bleaching earths (%) 
0 0.5 1.0 1.5 2.0 

E 21~ 1.76 1.52 1.67 1.,90 2.42 

E ~9 0.22 0.77 0.7:3 0.70 0.60 

TABLE 6 

Effect  of  Refining on Conjugated Dienes  and Trienes of  Various 
Quality Crude Oils 

Z ~ii;, Z ~;ii, 
Samples Crude Bleached Refined Crude Bleached Refined 

Good 1.05 0.90 1.46 0.19 0.29 0.19 
Average 1.76 1.30 1.60 (1.21 9.90 0.81 
Oxidized 4.88 2.41 2.79 0.70 2.85 2.51 

TABLE 7 

Conjugated Dienes  in Commercial  Refined Palm Oil Products 

Sample Mean ~ Min Max 

Crude palm oil 1.8 1.2 2.7 
Degummcd bleached pahn oil 1.4 1.1 1.7 
Refined l)alm oil 1.9 1.5 2.2 

Crude l)ahn olein 2.1 1.5 2.9 
Degummed I)leached olein 1.5 1.2 1.9 
Refined pahn olein 2.0 1.2 2.6 

Crude palm stearin 1.7 1.4 2.4 
Degummed bleached stearin 1.5 1.2 1.7 
Refined palm stearin 1.6 1.9 2.0 

~'t~a.sed on a total of 21 samples. 

TABLE 8 

Conjugated Trienes in Commercial  Refined Palm Oil Products 

Sample Mean" Min Max 

Crud 9 palm oil 0.3 0.2 0.6 
Degummed bleached palm oil 0.7 0.3 1.0 
Refined palm oil 0.5 0.'3 0.8 

Crude palm olein 1).3 9.2 0.4 
Degummed bleached olein 0.9 0.5 1.5 
Refined palm olein 9.7 0.4 1.0 

Crude palm stearin 0.4 0.2 0.7 
I)egummed bleached stearin 0.7 0.5 1.0 
Refined palm stearin 0.5 0.3 0.7 

~Based on a total of 21 samples. 

a c i d s  a t  h igh  t e m p e r a t u r e s  w o u l d  r e s u l t  in e a r l y  c r y s t a l -  
l i z a t i on  o f  p a l m  ole in  on  s t o r a g e .  

O x i d a t i v e  changes .  D u r i n g  b l e a c h i n g  o f  v e g e t a b l e  oils,  
c o l o r  p i g m e n t s  a n d  o t h e r  i m p u r i t i e s  a r e  a d s o r b e d .  In  oils  
c o n t a i n i n g  PUFAs,  c o n j u g a t e d  d i enes ,  t r i e n e s  a n d  
t e t r a e n e s  a r e  f o r m e d .  

T h e  f o r m a t i o n  o f  t h e  c o n j u g a t e d  d i e n e s  a n d  t r i e n e s  in 
p a l m  oil  is s h o w n  in Tab les  5 a n d  6. T h e  a m o u n t  o f  
c o n j u g a t e d  d i e n e s  m e a s u r a b l e  a t  233 n m  d e p e n d e d  on  
t h e  d o s a g e  o f  [ ) l each ing  e a r t h s  u sed ,  m o r e  b e i n g  f o r m e d  
w i t h  h i g h e r  e a r t h  dosage .  A r e d u c t i o n  w a s  o b s e r v e d  w h e n  
low e a r t h  d o s a g e  o f  1% a n d  b e l o w  w a s  used .  Th i s  w a s  d u e  
to  c o n j u g a t e d  h y d r o p e r o x i d e s  b e i n g  b r o k e n  d o w n  d u r i n g  
b l e a c h i n g .  D e h y d r a t i o n  o f  h y d r o x y  c o m p o u n d s  m a y  
o c c u r  (1 l )  e s p e c i a l l y  w i t h  h i g h  e a r t h  d o s a g e s  a n d  l o n g e r  
b l e a c h i n g  t i m e  r e s u l t i n g  in h i g h e r  a m o u n t s  o f  d i e n e s  
f o r m e d .  

An  i n c r e a s e  in c o n j u g a t e d  t r i e n e s  w a s  o b s e r v e d  d u r i n g  
b l e a c h i n g ,  w h i c h  d e p e n d e d  on  t h e  q u a l i t y  o f  t h e  c r u d e  oil. 
T h e  e f f e c t  o f  e a r t h  d o s a g e  w a s  m i n i m a l .  T h e  a m o u n t  o f  
t r i e n e s  in oils  r e f i n e d  f r o m  o x i d i z e d  c r u d e  m a t e r i a l  w a s  
13 t i m e s  t h a t  f o r m e d  in oi ls  r e f i n e d  f r o m  g o o d  q u a l i t y  
c r u d e  oils. S o m e  of  t h e  c o n j u g a t e d  t r i e n e s  a r e  r e m o v e d  
la te r ,  d u r i n g  d e o d o r i z a t i o n .  

T h e  f o r m a t i o n  o f  c o n j u g a t e d  d i e n e s  a n d  t r i e n e s  in 
c o m m e r c i a l  r e f i n e d  p a l m  oil p r o d u c t s  is m i n i m a l  (Tab les  
7 a n d  8),  i n d i c a t i n g  t h e  u se  o f  g o o d  q u a l i t y  c r u d e  oils  a s  
r a w  f e e d s t o c k  a n d  mi ld  p r o c e s s i n g  c o n d i t i o n s .  
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