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Palm oil was  added to canola oil before and after 
hydrogenat ion and the  e f fect  o f  this  addit ion on the  
polymorphic stabil ity o f  the hydrogenated oils was  
invest igated.  Palm oil was  added to canola oil at two 
levels  to produce hydrogenated canola and palm oil 
b lends  containing 5 and 10% palm oil. The levels  o f  
palm oil added to hydrogenated canola oil were  5, 10 
and 15%. Samples  were  subjected to temperature  
cycling be tween  5 and 20~ as wel l  as storage at 5~ up 
to 56 days. X-ray diffraction and polarized light 
microscopy were  used to fol low the changes  o f  poly- 
morphic form and crystal  growth, respectively,  during 
cycling and storage.  The fl-crystal contents  o f  the oils 
were quanti f ied based on the  relative densi ty  o f  the  
characteristic short spacings  using a Soft Laser Scan- 
ning Densi tometer .  The delaying e f fect  o f  palm oil on 
phase  transit ion was observed  using Differential  
Scanning Calorimetry. Palm oil showed  no e f fect  on 
the  polymorphic  stabil ity o f  the temperature  cycled 
se lect ive ly  hydrogenated oil, however,  it delayed the 
transit ion rate at a constant  temperature  o f  5~ Addi- 
t ion of  palm oil at the 10% level  before  hydrogenat ion 
and the level  after hydrogenat ion proved to be effec-  
tive in delaying polymorphic  instabil i ty o f  nonselec-  
t ively hydrogenated canola oil. The fl' s tabi l izat ion 
e f fect  o f  palm oil on the polymorphic stabil ity o f  hydro- 
genated canola oil  is most  l ikely  due to a decrease  o f  
fatty acid chain length uniformity. 

Cano la  oil has  been  wide ly  used  in va r i ous  food p r o d u c t s  
such  as marga r ine s ,  shor ten ings ,  s a l a d  oils a n d  cooking  
oils. The oil is p r o c e s s e d  f rom the  seed  of  t he  r e c e n t l y  
deve loped  r a p e s e e d  cu l t iva rs  (Canola ) ,  wh ich  a r e  genet -  
ical ly  low in bo th  e ruc ic  ac id  a n d  g lucos inola tes .  I t  is well  
d o c u m e n t e d  t h a t  h y d r o g e n a t e d  c a n o l a  oil ha s  a t e n d e n c y  
to recrys ta l l i ze  in t he  f i -modi f ica t ion  owing to its t r iglyce-  
r ide  h o m o g e n e i t y  ( a b o u t  95% of  C 18 f a t t y  ac ids )  (1,2). fl- 
fa t  c rys ta l s  a re  large,  wi th  sizes r ang ing  f rom 5-25 
m i c r o m e t e r s .  The f o r m a t i o n  of  these  large  c rys ta l s  r esu l t s  
in a no t i ceab le  inc rease  in gra in iness ,  wh ich  causes  t he  
p r o d u c t s  to  be g r i t ty  a n d  c rumbly .  

One w a y  in wh ich  the  f i -crys ta l  f o r m a t i o n  can  be lim- 
i ted  is by the  a d d i t i o n  of  p a l m  oil. Pa lm oil has  t he  un ique  
c h a r a c t e r i s t i c  of  having  a high s a t u r a t e d  ac id  con ten t .  
The f a t t y  ac ids  l o c a t e d  a t  t he  2 -pos i t ion  of  the  t r iglyce-  
r ides  con t a in  14% pa lmi t i c  a n d  1% s tea r i c  acid.  I t  also 
c o n t a i n s  a p p r e c i a b l e  a m o u n t s  of  d ig lycer ides  (5-8%), 
which  can  have  s u b s t a n t i a l  effects  on the  phys i ca l  p r o p -  
e r t i es  of  the  oil (3,4). One of  t he  i m p o r t a n t  c rys ta l l i za t ion  
p r o p e r t i e s  of  p a l m  oil is t h a t  i ts a - l i fe t ime is e x t r a o r d i n a r  
ily long, wh ich  has  been  s h o w n  to be due  to  the  high level 
of  d ig lycer ides  (4). Blending  of  p a l m  oil w i th  hydrogen-  
a t e d  c a n o l a  oil t h u s  m a y  re su l t  in l imit ing or  de lay ing  the  
f o r m a t i o n  of  f i-form crys ta ls .  Since changes  in phys i ca l  
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p r o p e r t i e s  t ake  p l ace  du r ing  the  h y d r o g e n a t i o n  process ,  
t he  p o i n t  a t  wh ich  p a h n  oil is a d d e d  to t he  oil c an  also 
affect  t he  t r a n s i t i o n  to t he  f l -po lymorph .  The  p r e s e n t  
s t u d y  was  u n d e r t a k e n  to inves t iga te  t he  effects  of  t he  
a d d i t i o n  of  d i f fe ren t  levels of  p a l m  oil to c a n o l a  oil before  
a n d  a f te r  t he  h y d r o g e n a t i o n  p roc e s s  on the  p o l y m o r p h i c  
s tab i l i ty  of  the  oil. 

MATERIALS AND METHODS 

Comme rc i a l l y  re f ined  a n d  b l e a c h e d  c a n o l a  oil was  sup-  
p l ied  by  CSP F o o d s  L imi ted  a n d  ref ined,  b l e a c h e d  a n d  
d e o d o r i z e d  p a l m  oil was  o b t a i n e d  f rom Pa lmco  Inc. (Por t -  
land,  OR). Cano la  oil and  c a n o l a - p a h n  oil m i x t u r e s  of  
95:5 ra t io  a n d  90:10 ra t io  were  h y d r o g e n a t e d  in a P a r r  
p r e s s u r e  r e a c t o r  wi th  a 2L bomb  a n d  a cha rge  of  1Kg oil. 
H y d r o g e n a t i o n  cond i t i ons  were  200~ and  48 kPa  hydro-  
gen p r e s s u r e  (select ive) ,  a n d  160~ a n d  303 kPa  hyd rogen  
p r e s s u r e  (nonse lec t ive) .  The nickel  c a t a l y s t  Ca ls ica t  
E472F was  used  a t  a level of  0.2% by weight  of  the  oil. 
H y d r o g e n a t i o n s  were  c a r r i e d  ou t  to y ie ld  p r o d u c t s  wi th  
I.V. of  68 • 4. Pa lm o i l w a s  a d d e d  a t  a level of  5, 10 a n d  15% 
by weight  to the  h y d r o g e n a t e d  c a n o l a  oils. The fol lowing 
de s igna t i ons  were  used  for t he  se lec t ive ly  h y d r o g e n a t e d  
(SC) oils: SC - -  Select ively h y d r o g e n a t e d  c a n o l a  oil (con-  
t rol) ;  SC + 5% P - -  Con t ro l  + 5% p a l m  oil; SC + 10% P - -  
Con t ro l  + 10% p a l m  oil; SC + 15% P - -  Con t ro l  + 15% p a h n  
oil; SCP5% - -  Select ively h y d r o g e n a t e d  c a n o l a  oil con ta in -  
ing 5% p a l m  oil; SCP10% - -  Select ively h y d r o g e n a t e d  can-  
ola  oil con t a in ing  10% p a l m  oil. Fo r  nonse lec t ive ly  hydro-  
g e n a t e d  NSC oils: NSC - -  Nonse lec t ive ly  h y d r o g e n a t e d  
c a n o l a  oil (con t ro l ) ;  NSC + 5% P - -  Cont ro l  + 5% p a l m  oil; 
NSC + 10% P - -  Cont ro l  + 10% p a h n  oil; NSC + 15% P - -  
Cont ro l  + 15% p a l m  oil; NSCP5% - -  Nonse lec t ive ly  hydro -  
g e n a t e d  c a n o l a  oil con t a in ing  5% p a l m  oil; NSCP10% - -  
Nonse lec t ive ly  h y d r o g e n a t e d  c a n o l a  oil c on t a in ing  10% 
p a l m  oil. 

F a t t y  ac id  c o m p o s i t i o n  of  t he  oils was  d e t e r m i n e d  by  
t r a n s e s t e r i f i c a t i o n  a n d  ana lys i s  of  t he  me thy l  e s te r s  by  
gas l iquid c h r o m a t o g r a p h y  (GLC) using a Var ian  1400 gas 
c h r o m a t o g r a p h  wi th  a 2 m co lumn  p a c k e d  wi th  20% 
DEGS on C h r o m o s o r b  60-80 mesh  o p e r a t e d  a t  170~ 

Iod ine  va lue  was  d e t e r m i n e d  by  the  Wijs m e t h o d  
(AOCS official  m e t h o d  Cd 1-25).  D r o p p i n g  po in t  was  
d e t e r m i n e d  by the  Met t l e r  FP 3 a u t o m a t i c  d r o p p i n g  po in t  
a p p a r a t u s .  

Trans  i somer  (T.I.) c o n t e n t  was  d e t e r m i n e d  by  AOCS 
m e t h o d  Cd14-61 using a B e c k m a n  m o d e l  4230 in f r a r ed  
s p e c t r o p h o t o m e t e r .  

Solid fa t  c o n t e n t s  (SFC) of  all fa t  s a m p l e s  were  meas -  
u r ed  by  wide- l ine  n u c l e a r  m a g n e t i c  r e sonance .  A New- 
p o r t  Ana lyze r  Mark  III  a n d  a s a m p l e  t e m p e r a t u r e  con- 
t ro l l e r  WR 2 MK II we re  used.  T e m p e r i n g  a n d  hea t i ng  of  
the  s a m p l e s  were  done  a t  five t e m p e r a t u r e s  us ing a 
P rax i s  Model  TU-900 t e m p e r i n g  unit .  

Diglycer ides  were  d e t e r m i n e d  by  analys is  of  t he  TMS 
der iva t ives  by GLC a c c o r d i n g  to  t he  m e t h o d  of  Goh a n d  
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Timms (5), us ing a Var ian  3700 C h r o m a t o g r a p h  wi th  a 0.5 
m x 4 m m  d i a m e t e r  glass co lumn p a c k e d  wi th  3% OV-1 on 
80 /100  S u p e l c o p o r t  (Supe lco  Inc., Toronto,  C a n a d a )  (5). 
I n t e r n a l  s t a n d a r d  was  n - t r i a con t an .  

To s t u d y  the  p o l y m o r p h i c  s tab i l i ty  of  t he  oil samples ,  all 
the  oil s a m p l e s  in 6 cm long a n d  1 cm d i a m e t e r  t ubes  were  
h e a t e d  a t  70~ for  two hours ,  to d e s t r o y  a n y " m e m o r y "  of 
ea r l i e r  crys ta ls ,  fo l lowed by  c rys ta l l i za t ion  a t  0~ for  one 
hour .  The s a m p l e s  were  t h e n  sub j ec t ed  to t e m p e r a t u r e  
cycling, in i t ia l ly  a t  5~ for  one  d a y  fol lowed by  two days  a t  
20~ 5~ for  one  day; 20~ for  two days;  5~ for  one  day; 
20~ for  two days;  and,  finally, 5~ for  one  day.  Fo r  con- 
s t a n t  t e m p e r a t u r e - t i m e  s tudies ,  t he  t ubes  were  s t o r e d  a t  
5~ for  up  to  56 days.  Crys ta l  s t r u c t u r e s  of  the  fa t  s a m p l e s  
were  v isua l ized  by  po l a r i zed  l ight  m i c r o s c o p y  using an  
Olympus  m o d e l  BH po la r i z ing  m i c r o s c o p e  wi th  PM-6 
c a m e r a  a t t a c h m e n t .  A smal l  a m o u n t  of  fa t  was  s p r e a d  on 
a mic roscop i c  s l ide wh ich  was  m i x e d  wi th  m i n e r a l  oil by  
m e a n s  of  a spa tu l a ,  a cover  glass was  l ight ly  p r e s s e d  on 
t o p  of  th is  m i x t u r e  be fore  viewing. P h o t o m i c r o g r a p h s  
were  t a k e n  a t  400 x magn i f i ca t ion  on K o d a k  P a n a t o m i c -  
X film. 

The X- ray  d i f f rac t ion  p a t t e r n s  of  t he  s a m p l e s  were  
o b t a i n e d  wi th  a 601 Diffract is  X- ray  g e n e r a t o r  a n d  Guin- 
ier  X- ray  d i f f rac t ion  c a m e r a  m o d e l  FR552 (Enraf -Nonius ,  
Delft, The N e t h e r l a n d s )  wi th  t e m p e r a t u r e  con t ro l l e d  
s a m p l e  h o l d e r  o p e r a t e d  a t  10~ Shor t  spac ings  on the  X- 
r a y  film were  m e a s u r e d  wi th  a Guin ie r  viewer.  The s h o r t  
spac ings  were  v i sua l ly  j u d g e d  to be of  ve ry  s t rong  (vs), 
s t r ong  (s),  m e d i u m  (m)  o r  w e a k  (w) in tensi ty .  

The f i -crys ta l  c o n t e n t  of  the  fa ts  was  m e a s u r e d  us ing a 
Zeineh so f t - l a se r  s c a n n i n g  d e n s i t o m e t e r  m o d e l  SLR-504- 
XL (Biomed  I n s t r u m e n t s  Inc., Fu l le r ton ,  CA). The quan t i -  
f ica t ion  was  b a s e d  on the  re la t ive  dens i t i es  of  t he  c h a r a c -  
t e r i s t i c  s h o r t  spac ings  offl-  a n d  f l ' c rys ta ls  a t  4.6 a n d  4.2 A, 
respect ively .  The fol lowing equa t ion  was  used  to  de te r -  
mine  the  p e r c e n t / %  crys ta ls :  

/3- c rys ta l s  = Peak  a r e a  a t  4.6 A X 100 

Total  p e a k  a r e a  a t  4.6 a n d  4.2 

At  t he  end  of  each  cycle a n d  specif ic  s t o r age  t ime,  
a p p r o x i m a t e l y  30 mg of  s a m p l e s  were  t a k e n  f rom the  

t ubes  for  d i f fe ren t ia l  s c a n n i n g  c a l o r i m e t r y  (DSC) anal -  
ysis. The DSC was  c a r r i e d  ou t  wi th  a m o d e l  900 DuPon t  
T h e r m a l  Analyzer .  Samples  were  h e a t e d  f rom 10 to 60~ 
a t  a hea t ing  r a t e  of  5~ p e r  min. 

RESULTS AND DISCUSSION 

Tile 12 se lec t ive ly  a n d  nonse lec t ive ly  h y d r o g e n a t e d  can-  
o la  oil s a m p l e s  were  ana lyzed  for  f a t t y  ac id  compos i t ion ,  
d r o p p i n g  p o i n t  a n d  t r a n s - i s o m e r  c o n t e n t  (Tables 1 a n d  
2). A d d i t i o n  of  15% of  p a l m  oil i n c r e a s e d  the  pa lmi t i c  ac id  
level to over  10%. The 18:2 c o n t e n t  in t he  SC a n d  NSC oils 
was  v i r tua l ly  nil. The 18:2 f a t t y  ac ids  t h a t  some  oils con- 
t a i n e d  we re  de r ived  f rom p a l m  oil. Pa lm oil c o n t a i n e d  11% 
of  18:2. The 18:1 c o n t e n t  in t he  SC ser ies  was  lower  t h a n  
t h a t  in t he  NSC series,  a n d  the  18:0 c o n t e n t  was  t he  
reverse.  T r a n s  c o n t e n t  was  h igher  in t he  SC ser ies  t h a n  in 
t he  NSC series.  These  d i f fe rences  in f a t t y  ac id  a n d  t r a n s  
c o n t e n t  a re  r e f l ec ted  in t he  SFC curves  (Figs. 1 and  2). 
The SC oils h a d  m u c h  s t e e p e r  curves  (Fig. 1) t h a n  the  NSC 
oils (Fig. 2). The SFC curve  of  SCP 10% was  r a t h e r  low (Fig. 
1), t he  IV of  th is  oil was  h ighes t  in the  SC series.  The 
d r o p p i n g  po in t s  of  all of  the  h y d r o g e n a t e d  oils wi th  p a l m  
oil a d d e d  a f t e r  t he  h y d r o g e n a t i o n  ( e x c e p t  for SC + 15% P) 
were  no t  affected.  D r o p p i n g  p o i n t  of  p a l m  oil was  36~ 
wh ich  is s l ight ly  lower  t h a n  SC (Table 1). Fo r  t he  hydro -  
g e n a t e d  oils wi th  p a l m  oil a d d e d  before  hyd rogena t i on ,  
d r o p p i n g  po in t s  d e c r e a s e d  as  the  level of  a d d e d  p a l m  oil 
i nc reased .  I t  was  also found  t h a t  a d d i t i o n  of  p a l m  oil 
before  h y d r o g e n a t i o n  r e su l t ed  in an i n c r e a s e  of  t r a n s i s o -  
m e r  c o n t e n t  of  t he  resu l t ing  h y d r o g e n a t e d  oil. 

F igures  3 a n d  4 show the  d ig lycer ide  c o n t e n t s  of  t he  SC 
a n d  NSC oils. The i nc rea se  in the  d ig lyeer ide  c o n t e n t  of  SC 
a n d  NSC oils was  s imilar .  At  t he  s a m e  level of  a d d e d  p a l m  
oil, t he  d ig lyeer ide  c o n t e n t  of  the  s a m p l e s  wi th  p a l m  oil 
a d d e d  before  h y d r o g e n a t i o n  (SCP a n d  NSCP ser ies )  we re  
h igher  t h a n  t h a t  of  t he  s a m p l e s  wi th  p a l m  oil a d d e d  a f t e r  
t he  hyd rogena t i on .  This effect  was  p a r t i c u l a r l y  obvious in 
t he  SC oils. I t  was  i m p o r t a n t  to e s tab l i sh  t he  d ig lycer ide  
levels s ince  r e c e n t  s tud ies  (6)  have  i n d i c a t e d  t h a t  diglyce- 
r ides  have  a s tabi l iz ing effect  on the  f i ' -po lymorph ic  form. 
The d i f fe rence  in d ig lycer ide  c o n t e n t  be tw e e n  the  hydro -  
g e n a t e d  oils con t a in ing  no p a l m  oil a n d  those  c on t a in ing  

TABLE 1 

Fatty Acid Composit ion,  Iodine Value, Dropping Point  and t r a n s  Isomer  Content  of  Se lect ive ly  
Hydrogenated Canola Oil Samples  

Fatty acid SC SC + 5% P SC + 10% P SC + 15% P S C P 5 %  SCP10% 

14:0 --  0.1 0.l 0.1 0.1 0.1 
16:0 4.5 6.6 8.7 10.7 6.6 8.3 
18:0 19.1 18.7 17.6 16.3 14.4 9.0 
18:1 74.0 72.3 70.9 70.1 76.6 80.4 
18:2 --  0.2 0.5 0.7 --  --  
18:3, 20:0 0.9 0.8 0.8 0.8 0.8 0.6 
20:1 1.5 1.3 1.3 1.3 1.5 1.6 

I.V. 66.5 65.4 65.3 64.8 67.9 70.5 
D.P. ~ 40.4 40.1 40.2 39.0 38.6 34.9 
T.I. % 43.4 43.2 43.0 42.2 51.3 45.0 

I.V. = Iodine value. 
D.P. = Dropping point. 
T.I. = trans isomers. 
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TABLE 2 

Fatty Acid Composit ion,  Iodine Value, Dropping Point  and t r a n s  Isomer  Content  of  Nonse lec t ive ly  
Hydrogenated Canola Oil Samples  

Fatty acid NSC NSC + 5% P NSC + 10% P NSC + 15% P NSCP5% NSCP1O% 

14:0 -- 0.i 0.I 0.2 0.i 0.i 
16:0 4.1 6.4 8.6 10.4 6.3 8.5 
18:0 14.2 13.4 13.3 12.2 14.5 12.1 
18:l 79.3 77.4 75.1 74.3 76.7 77.1 
18:2 0.2 0.5 0.9 l.O -- -- 
18:3, 20:0 0.6 0.7 0.7 0.7 0.8 0.7 
20:1 1.5 1.5 1.4 1.3 1.6 1.5 

I.V. 72.0 70.9 69.0 67.4 68.8 69.2 
D.P. ~ 35.3 35.6 35.3 35.2 38.2 36.4 
T.I. % 30.1 29.8 28.4 27.9 30.7 33.3 
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FIG. 1. Solid fat  content  o f  se lec t ive ly  hydrogenated canola oil  and canola-palm oil  
blends.  

the  highest  a m o u n t  of  pa lm oil was  only 0.8%. It  was  
doubtful  t h a t  this slight increase  had  any  influence on the  
po lymorphic  behavior  of  the  fat  crystals. 

Microscopic study. When the  fats were  viewed u n d e r  
the  polarizing mic roscope  at cycle 1, all fats showed  crys- 
tal agglomerates.  Upon  t e m p e r a t u r e  cycling, the  agglom- 
era tes  in the  SC series did not  change  much.  The agglom- 
era tes  in the  NSC series became  very  small, and  at the  end 
of  the  four th  cycle the  mix tures  conta in ing  fi-crystals 
developed small needles. The differences in solid fat 
be tween the cycling t e m p e r a t u r e s  of  5 and  20~ in the  SC 
series was  40% as ca lcula ted  on the  a m o u n t  of  solid fat 
p resen t  at  5~ excep t  for SCP 10%, which  was  45% (Fig. 1). 
These differences in the  NSC series were  be tween 58 and  
65% (Fig. 2), which  are  m u c h  higher  t h a n  in the SC series. 
This would  explain the  d i sappea rance  of  the agglomer- 
ates in the  NSC series. When the  fat  is originally cooled to 
0~ the  crystals  are mixed  crystals  c o m p o s e d  of  high and  
low melt ing triglycerides. Upon temper ing  at 20~ pa r t  of  
the  mixed  crystals  melt  into the  liquid phase,  and  cooling 

will result  in recrystal l izat ion of  only the  lower melt ing 
triglycerides. Recrystall ization will take place in a more  
stable fo rm (7,8). Percen tage  of  solid fat p resen t  at  5~ 
was  es t imated  to be more  t h a n  55% in the  selective series, 
while in the  nonselect ive series pe rcen tage  of  solid fat was  
20% lower (35%). 

X-ray diffraction analysis. Quant i t a t ion  of  the  relative 
intensities of  the  shor t  spacings  at  4.6 A (]~) and  4.2 A (fl') 
as m e a s u r e d  by the  dens i tomete r  for the  SC t e m p e r a t u r e  
cycled series is displayed in Figure 5. In the  SC and  NSC 
series the  shor t  spacings at  the  s ta r t  of  the  expe r imen t  
were  4.4 (m), 4.2 (s) and  3.8 A (s). At  the  end of  the  SC 
t e m p e r a t u r e  cycling study,  shor t  spac ings - - in  addi t ion to 
4.6 A for the f i - f o r m - - a p p e a r e d  as follows: 5.1 (vw) and  
4.0 (vw). In this series the fl' form, which  is evidenced by 
the  shor t  spacing of  4.2 A, was  the  p r e d o m i n a n t  polymor-  
phic crystal  form. 

Figure 6 shows the  deve lopment  of  fl-crystals in the  
NSC series as m e a s u r e d  by the  dens i tometer .  After  stor-  
age for one day  at 5~ all samples  existed in the  fl' form. 
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After the second cycle, fl' to fi-transition was observed in 
the control and the sample with 5% added palm oil. 
Repeated cycling resulted in the formation of fl-crystals in 
all of the blends but the transition was greatly delayed by 
the addition of palm oil. Among the oil, NSC + 15% P and 
NSCP 10% contained the lowest amount  of fi-crystals. At 
the end of the experiment, additional short spacings 
appeared at 5.4 (w), 5.2 (w), 5.1 (vw), 4.9 (vw), 4.5 (s), 4.4 
(m), 4.1 (w) and 3.9 A (s). Figure 6 shows the develop- 
ment of fl-crystals in the NSC temperature  cycling series. 
The significance of the additional short spacings cannot  
be explained at present. They may suggest a more com- 
plex fi-crystal structure. 

In the constant  temperature-t ime experiment no dis- 
tinctive polymorphic transition was observed in the SC 

series. The crystal s tructure of the oils remained mostly in 
the fl' form (Fig. 7) for up to 56 days of storage. 

In the NSC constant  temperature-t ime experiment, fi- 
crystals developed by the third day of storage of the con- 
trol, NSC + 5% P, NSC + 10% P and NSCP 5%. After 14 days 
of storage, all samples except NSCP10% contained fl- 
crystals. At 28 days the fl-crystals appeared in NSCP10%. 
The fl-crystal content increased with time. At the end of 
56 days of storage NSC + 15% P and NSCP10% had the 
lowest fl content. The development of fi-crystals is pre- 
sented in Figure 8. Additional short spacings other than 
those specific for the fi- and fl' forms were less numerous 
in the constant  temperature-t ime studies than in the 
temperature-cycling studies. 

DSC analysis. Differential scanning calorimetry has 
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been found to be a useful technique for investigating the 
transition of crystal forms during melting of fats (8-10). It 
is recognized that  when fat is being heated, it can exhibit 
multiple melting. Each recrystallization step represents a 
transition of a polymorph from its less stable form to a 
more stable form (11,12). Since the more stable crystal 
form has a higher melting point than the less stable crys- 
tal form, the transition peak temperature  can serve as an 
important  indicator of the polymorphic form of the crys- 
tals. 

The DSC heating curves of the temperature  cycled 
hydrogenated fats are presented in Figures 9 and 10. In 
the SC oils, a shoulder peak and two fusion peaks at 
29.5~ 39.8~ and 43.1~ were observed in the control 

after the first cycle (Fig. 9a). This indicated that  transi- 
tion had taken place. After the second cycle, the shoulder 
peak at 29.5~ and the peak at 43.1~ disappeared, and a 
major peak at 42.2~ and a small peak at 18.6~ became 
evident. Repeated cycling caused no change in the melt- 
ing profile of the control. All of the selectively hydrogen- 
ated oils exhibited identical melting behavior as the con- 
trol throughout  the four cycles. 

After one tempering cycle in the NSC oils (Fig. 10), the 
control showed a shoulder peak at 21.7~ and three 
fusion peaks at 34.0~ 36.6~ and 37.5~ Both NSC + 15% 
P and NSCP10% had a major peak at a slightly lower 
temperature  (33-36~ indicating that  the transitions of 
lower melting crystals to higher melting crystals were 
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greatly delayed in the two samples (Fig. 10a). After two 
cycles, the delaying effect was no longer in evidence. Con- 
tinued cycling caused no change in the melting behavior 
of the samples. 

Generally, the SC oils crystallized at higher tempera- 
tures. Shifting of the major transition peak temperature  
during temperature  cycling was observed in all of the 
hydrogenated fats, except in the SC oil with palm oil 
added after hydrogenation. The increase in peak temper- 
ature was mainly due to the formation of a higher amount  

of high melting crystals as a result of polymorphic transi- 
tion. 

The DSC heating curves in the constant  temperature-  
time studies in both SC and NSC studies exhibited mainly 
one melting peak, which corresponded in temperature  to 
the last melting peaks of those of the temperature  cycled 
studies. Although no partial melting of the crystals was 
possible during constant  temperature  storage, polymor- 
phic transition to the fl-form still took place, especially in 
the NSC oils. 
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The NSC oils were  more  susceptible to phase  t rans i t ion  
than  the  SC oils u n d e r  the  exper imenta l  condi t ions  used. 
The higher  a m o u n t  of  solid fat  at  20~ average of  35% for 
SC against  16% for NSC oils, could be the  reason t h a t  the 
SC oils were  more  stable. 

Addi t ion  of  pa lm oil at  the  15% level af ter  hydrogena-  
t ion or  the  10% level before hydrogena t ion  was  effective in 
delaying the  phase  t rans i t ion  in NSC oils upon  t empera -  
tu re  cycling. The phase  t rans i t ion  in the  NSC oils s to red  at 
5~ could also be delayed by the  addi t ion  of  pa lm oil. The 
fl' stabilization effect increased  as the  level of  a d d e d  pa lm 
oil increased.  

The fl 'stabilization effect of  pa lm oil is mos t  likely due to 
a decrease  in fa t ty  acid uniformity.  Addi t ion  of  pa lm oil 
increased the range of  fa t ty  acid chain lengths in hydro-  
gena ted  canola  oil, which,  in turn,  increased  the  irregular-  
ity in the  crystal  lattice, thus  increasing the  po lymorphic  
stabili ty of  the  oil. 

Recent  s tudies  (13) have shown t h a t  a new type of  can- 
ola oil conta in ing  high levels of  palmitic acid possesses 
be t te r  fl' po lymorph ic  stability in the  hyd rogena t e d  form. 
It appea r s  f rom the  results  p resen ted  in this s t u d y  t h a t  
the  stabilizing effect of palmitic acid is re la ted to its level 
in the  solid f ract ion of  the  fat, which is increased  by addi- 
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t ions  of  p a l m  oil, o r  when  the  p a l m  oil is p a r t i a l l y  hydro -  
g e n a t e d  and,  there fore ,  no t  neces sa r i l y  to  i ts overa l l  level. 

Ana lys i s  of  a n u m b e r  of  N o r t h  A m e r i c a n  m a r g a r i n e s  in 
th is  l a b o r a t o r y  f o u n d  s t i ck  m a r g a r i n e s  to c on t a in  
be tween  14 a n d  17% sol ids  a t  22~ a n d  be tween  25 a n d  
35% sol ids  a t  10~ as d e t e r m i n e d  on the  s e p a r a t e d  fat. 
Sol ids c o n t e n t  in t h e s e  m a r g a r i n e s  a n d  d r o p p i n g  p o i n t s  
c o r r e s p o n d  to those  in the  NSC series.  Therefore ,  in t he  
m a n u f a c t u r e  of  m a r g a r i n e  f rom c a n o l a  oil it is a d v a n t a -  
geous  to  i n c o r p o r a t e  p a h n  oil a t  a level of  a t  l eas t  15% 
a f t e r  h y d r o g e n a t i o n  of  c a n o l a  oil or  a t  a level of  10% 
before  h y d r o g e n a t i o n  of  c a n o l a  oil. Higher  levels of  p a l m  
oil will u n d o u b t e d l y  i nc rea se  t he  s t ab i l i ty  of  t he  hydro -  
g e n a t e d  c a n o l a  oil. 

A d d i t i o n  of p a l m  oil to  c a n o l a  oil r e s u l t e d  in only  a 
s l ight  i nc rea se  in t o t a l  s a t u r a t e d  fa t ty  ac id  c o n t e n t  a n d  in 
some  cases  a r e d u c e d  level o f t r a n s - i s o m e r s  (Tables 1 a n d  
2). The pa lmi t i c  ac id  c o n t e n t  of  t he  c a n o l a - p a l m  oil mix-  
t u r e s  never  e x c e e d e d  the  pa lmi t i c  ac id  level of  soybean  oil 
( a b o u t  10.5%). 

The c rys ta l l i za t ion  c h a r a c t e r i s t i c s  o f  t he  h y d r o g e n a t e d  
oils de sc r ibed  in th is  p a p e r  will be dea l t  w i th  in a subse-  
q u e n t  pub l ica t ion .  
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