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Short  spac ings  refer to the  cross  sec t ional  packing  of  
the  hydrocarbon chains.  They are i n d e p e n d e n t  o f  
chain length.  Short  spac ings  are wide ly  used  for 
characteriz ing the  various polymorphic  forms. Fats  
can crystal l ize  into four polymorphic  forms, i.e., sub-a, 
a, fl" and 8. These  polymorphic  forms differ in their  
chain packing  and thermal  stability.  The fl' form is also 
known to exhib i t  several  intermediate  polymorphic  
forms. The nomenclature  for the  polymorphic  forms 
has  generated  a great deal  o f  confus ion  over the  years .  
Several  researchers  have reported on the  polymorphic  
forms o f  pure triglycerides.  Similar po lymorphs  have 
somet imes  been  descr ibed by di f ferent  names.  Cur- 
rently, the  nomenclature  proposed  by Larsson [Lars- 
son, K., A c t a  Chem. S c a n d .  20:2256 (1966) ]  is be ing  
wide ly  used.  Much of  the  earlier work on polymor- 
phism has  been  obta ined by s tudying  s imple  puri f ied  
substances .  The l i s t ing  o f  short  spac ings  for natural  
and commercial  fats  presented  in th is  paper wil l  be 
benef ic ia l  to  researchers  working in this  f ie ld.  

KEY WORDS: Crystal  structure,  crystal l izat ion,  poly- 
morphism,  sol id fat, short  spacings .  

Long chain compounds,  such as fa t ty  acids and their  
esters, may  occur  in different crystal  forms, a phenome-  
non known as polymorphism. The polymorphic forms 
differ in a number  of properties,  including melting points 
and stability. It  is widely acknowledged tha t  the habit  
(size and shape)  of crystals in a fat  is related to the 
polymorphic s tate  of the fat  (1). 

Most of the basic information on the polymorphism of 
long chain compounds  has been obtained by studying 
simple purified substances.  Natura l  fats  often contain a 
wide var iety of glycerides, differing in chain length and 
unsa tura t ion  of  their  componen t  fa t ty  acids. Commercial  
fats often obtained by part ial  hydrogenat ion of vegetable 
oils or animal  fats or mixtures  of these m a y b e  even more  
complex in composition. The polymorphic behavior  of 
such complex mixtures  is often not  easily explained in 
t e rms  of one or more  of their  major  components .  

The most  widely used method  for studying lipid polym- 
orphism is X-ray diffraction. Other methods  which have 
been useful in the s tudy  of polymorphism are low temper -  
a ture  infrared spect roscopy (2), differential scanning 
calor imetry (3), microscopy (4) and thermal  analysis 
microscopy (5). Typical X-ray diffraction pa t t e rns  of fats  
exhibit two groups of diffraction lines corresponding to 
the long and shor t  spacings. The long spacings are 
observed around 1-15 ~ 20, whereas  the short  spacings are 
observed around the 20 region of 16-25 ~ (6). The long 
spacings correspond to the planes formed by the methyl 
end groups and  are dependent  on the chain length and 
angle of tilt of the componen t  fa t ty  acids of the glyceride 
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molecules. The short  spacings refer to the cross sectional 
packing of the hydrocarbon chain and are independent  of 
the chain length (7,8). The short  spacings are used widely 
to character ize the various polymorphic forms. The chain 
packing of the a form is hexagonal,  the fl' form orthor-  
hombic, and the fl form triclinic. The fl' form is usually 
associated with asymmetr ica l  triglycerides, i.e., when the 
1,2- or 2,3-positions are occupied by two sa tu ra ted  or two 
unsa tu ra ted  fa t ty  acids moieties (9). fi Crystals are 
observed with symmetr ical  triglycerides, i.e., when the 
three  positions are occupied by similar fa t ty  acids or 1,3- 
position are occupied by similar fa t ty  acids (9). 

The nomencla ture  of different polymorphic forms has 
suffered f rom a great  deal of confusion over the years. 
Differences in in terpre ta t ion between the Malkin (10) 
and Lut ton (11) groups were finally settled by the work  of 
Chapman  (12). A s u m m a r y  of the various designations 
found in the l i terature is presented in Table 1. 

Lut ton (11) in t roduced the t e rm sub-(~ with shor t  
spacings at  4.14, 3.92 and 3.65 A for 1-monoglycerides. 
The t rans format ion  between sub-a and (~ was reversible 
and occurred  at  low tempera tures .  Larsson (13) based 
his nomencla ture  on the a r rangement  of the zig-zag 
planes of the parallel hydrocarbon chains in the solid 
state. For instance, all the chains are parallel in the fl 
form, whereas  the fl' exhibits perpendicular  orientation. 

Hoerr  (14) investigated the polymorphic behavior  of 
commercia l  fats  using X-ray diffraction. He tried to 
correlate  the X-ray diffraction results with the informa- 
tion obtained f rom the heating and cooling curves and 
visual observations by means  of polarized light micros- 
copy. He int roduced the t e rm  "intermediate," which has  a 
melting point between fl' and ft. Hoerr  failed to mention 
the chain packing for the in termedia te  form. This sug- 
gests tha t  the intermediate  form might be actually a sub 
form of ft. 

Riiner (15) investigated the  phase  behavior of crucife- 
rae seed oils by t empe ra tu r e  p rog rammed  X-ray diffrac- 
tion. He proposed  the te rms  f12 and ill. Hernqvist and 
Larsson (16) were able to distinguish between fl'2 and fl'l 
form of t r iundecanoin on the basis of shor t  spacings. The 
difference between fl'2 and fl'l is the orientat ion of the 
subcell chain packing in relation to the unit  cell. 

Among the different triglycerides, POP and SOS have 
been investigated by several  researchers  (6,17-20). POP 
and SOS are the prinicipal triglycerides in pa lm oil and 
cocoa butter ,  which are widely used in confect ionary fats. 
The polymorphic forms and short  spacings are given in 
Table 1. For the same triglyceride there is d isagreement  
between researchers  with respect  to the number  of 
polymorphs  present.  Much of this confusion is related to 
the pur i ty  of the mater ia l  and the exper imenta l  condi- 
tions employed. 

Malkin and  Wilson (17) in t roduced the t e rm  fl" to their  
nomenclature .  The new fl" form had  a lower  melting point  
than  the fl' form. Lut ton and Jackson (18) added the t e rm 
sub-8 with shor t  spacings similar to the 8' form repor ted  
by Malkin and Wilson (17). Gibon et al. (6) in t roduced the 
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TABLE 1 

Polymorphic Forms of  Triglycerides as Reported in the Literature 

Compound Polymorphic form and short spacing (A) Reference 

SSS 

SSS 
1-Mono-glyceride 

Triglycerides 

Commercial fats 

Cruciferae seed oils 

Triundecanon 

POP 

POP 

POP 

POP 

SOS 

SOS 

SOS 

Erucic acid 

Vitreous (7) (4.15 d), a (4.15) 10 
fl' (3.8, 4.2), fl (4.6) 
(~ (4.16),/3' (3.8, 4.2),/3 (4.6) 11 
Sub a (4.14, 3.92, 3.75, 3.56) 11 
(~ (4.64, 4.18, 3.99, 3.81) 
/3' (4.15, 3.87, 3.65, 3.30) 
fl (4.55, 4.37, 3.86, 3.74) 

(4.15) 13 
/3' (4.2, 3.88 OR 4.27, 3.97, 3.71) 
/3 A form which does not satisfy the above criteria. 

(4.15) 14 
/3' (4.35, 4.2, 4.03, 3.80) 
Intermediate (4.62, 4.15, 3.75, 3.60) 
fl (4.57, 4.22, 4.00, 3.85, 3.65, 3.50) 

(4.15) 15 
/3' (4.38, 3.90) 
/31 (5.20, 4.80, 4.48, 4.10. 3.80, 3.62) 
/32(4.60, 4.1-3.7) 

(4.18) 16 
/3 '2 (4.36, 4.22, 3.91) 
/3 'L (4.52, 4.32, 4.08, 3.96) 

(4.22) 6 
Sub-/3' (4.39, 4.23, 3.93) 
Mixture of L-2 & L-3 (5.30, 4.78, 4.50, 3.94, 3.63) 
Pseudo-B' (4.98, 4.56, 4.35, 4.20, 4.03) 
/3 (4.62, 4.10, 4.00, 3.86, 3.74) 
Vitreous (4.15) 17 
a (4.17) 
fl' (5.22, 4.74, 4.47, 3.88, 3.58 
/3' (4.32, 4.11, 3.88) 
fl (5.44, 4.58, 4.02, 3.84, 3.66) 
a-2 (4.14) 18 
Sub-~'-2 (4.34, 4.13, 3.84) 
fl'-2 (4.27, 3.97) 
fl-3 (5.42, 4.56, 4.04, 3.65) 
a-2 (4.19) 19 
fl" (5.22, 4.73, 4.50, 3.88, 3.59) 
/3'-2 (4.13, 4.29, 3.95) 
/3-3 (5.40, 4.56, 4.05, 3.73) 
a-3 (4.19) 18 
fl'-3 (4.59, 4.40, 4.21, 4.07, 3.76) 
Sub-~-3 (5.22, 4.74, 4.55, 4.23, 3.88, 3.60) 
/3-3 (5.44, 4.62, 4.01, 3.86, 3.78, 3.64) 
a-3 (4.22) 19 
Sub-/3-3 (4.70, 3.88, 3.60) 
fl-3 (4.56, 4.01, 3.78, 3.66) 

(4.21) 20 
7 (4.72, 3.88) 
Pseudo-/3' (4.02, 3.70) 
f12 (4.58, 3.67) 
/3l (4.50, 3.65) 
a (4.46, 4.37, 4.30, 4.11,3.92, 3.74) 21 
T (4.71, 4.26, 3.73, 4.04, 3.91, 3.68) 
a ~ (4.6, 4.4, 4.21, 4.04, 3.93, 3.73, 3.56, 3.40) 
71 (4.55, 4.32, 4.18, 3.98, 3.77, 3.66, 3.48, 3.30) 

t e r m  p s e u d o - f l '  b e c a u s e  i ts  s h o r t  s p a c i n g s  w e r e  s i m i l a r  to  
fl'. Recen t ly ,  S a t o  (20 )  a n d  S u z u k i  et al. (21 )  p r o p o s e d  t h e  
t e r m  % A c c o r d i n g  to  t h e s e  a u t h o r s ,  t h e  a a n d  7 f o r m s  
u n d e r g o  r e v e r s i b l e  t r a n s f o r m a t i o n  in t h e  so l id  s t a t e  a t  

l ow  t e m p e r a t u r e s .  L u t t o n  ( 1 1 )  d e s i g n a t e d  t h i s  f o r m  as  
sub -a .  R i ine r  (22 )  d i s a g r e e d  w i t h  t h e  t e r m  s u b - ~  b e c a u s e  
it w o u l d  give a w r o n g  i m p r e s s i o n  t h a t  t h e  l o w  m e l t i n g  
p h a s e s  a r e  s t r u c t u r a l l y  r e l a t e d  to  a.  I n s t e a d  he  r e f e r r e d  
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to it as fl'2. The X-ray d a t a  for sub -a  (4.14, 3.92, 3.75 a n d  
3.56) a n d  7 (4.72 a n d  3.88) are  different  because  different  
c o m p o u n d s  were  inves t iga ted  u n d e r  different  experi-  
m e n t a l  condi t ions .  The very  fact t h a t  the  t r a n s f o r m a t i o n  
is reversible a n d  occurs  a t  low t e m p e r a t u r e s  suggests 
t h a t  the  t e rm  ~/is ac tua l ly  sub-~ or  fl'2. 

Cur r en t ly  the  n o m e n c l a t u r e  p roposed  by Larsson (13) 
is being widely  used (Table 2). Accord ing  to this  n o m e n -  
clature,  a shows a single l ine n e a r  4.15 ~ .  fl' Exhibi ts  two 

TABLE 2 

Nomenclature  and A s s i g n m e n t  of  Polymorphs  

Polymorph X-ray short spacing characteristics Reference 

A single short spacing at ca. 4.15 A. 9 
B' Usually two stron~ short spacings at 

ca. 3.80 and 4.20 A or three short 
spacings at ca. 4.27, 3.97, and 3.71 A. 
A form which does not satisfy the 
criteria for a or if, but also usually 
shows a very strong short spacing at 
ca. 4.60/~ 

Sub-forms 

~'(sub-.) A fl' form usually melting below an a 
form and with long spacings 
indicating an unusually large d 
spacing. 

sub ~ A form which does not satisfy the 
criteria for a or fl', but shows a strong 
short spacing at 4.74 A and several 
medium strength spacings at ca. 4.50, 
3.90 and 3.60 A. 

7 A form which melts below an a form 20 
and shows two strong short spacings 
at 4.72 and 3.88 A 

Pseudo-fl' A form which shows certain deviation 6 
from the ordinary fl' form with a 
strong short spacing at 3.96, along 
with medium strength spacings at ca. 
4.15, 4.27 and weak spacing at 4.40/~ 

s t rong  l ines n e a r  4.2 a n d  3.8 A or th ree  s t rong  lines n e a r  
4.27, 3.97 a n d  3.71/~. A form which  does no t  satisfy the  
above cr i ter ia  is called ft. When two or more  po lymorphic  
forms have the  same  cha in  packings  they  are  des igna ted  
as fl ' l ,  fl'2 a n d  fl'3, etc., in o rder  of decreas ing  mel t ing  
points .  

Among  n a t u r a l  fats, cocoa b u t t e r  has  been  s tud ied  
extensively  due  to its economic  impor tance .  Cocoa b u t t e r  
is m a d e  up  of t h ree  ma jo r  fa t ty  ac ids--ole ic ,  s tear ic  a n d  
palmit ic ,  wi th  m i n o r  a m o u n t s  of linoleic a n d  a rach idon ic  
acid. Different  t e rmino logy  has  been  used  for descr ib ing 
the  same  po lymorph ic  forms by di f ferent  r e sea rchers  
(22-32)  (Table 3). Some resea rche r s  (27,29-32)  used  
R o m a n  numera l s ,  whereas  o thers  used (22-26,28)  Greek 
le t ters  to descr ibe the  different  po lymorph ic  forms in 
cocoa but te r .  

The shor t  spac ings  for cocoa b u t t e r  are  shown  in Table 
4. F o r m  I is ob t a ined  at  low t e m p e r a t u r e s  u p o n  r ap id  
cooling. It  is the  least  s table  form, wi th  sho r t  spac ings  a t  
3.7 a n d  4.19/~ charac te r i s t ic  of the  fl'2 or sub-a  s t ruc ture .  
Po lymorph  II was  ob ta ined  by cooling a t  2~ u p o n  
solidif ication of the  mel t  (27). It  exhib i ted  a s t rong  line a t  
4.25 which, accord ing  to Lu t ton ' s  n o m e n c l a t u r e ,  is the  
form. 

Po lymorph  III was  ob ta ined  by t r a n s f o r m a t i o n  of form 
II at  5~ u p o n  solidif icat ion of the  mel t  (27). Ri iner  (22) 
failed to observe po lymorph  III. Accord ing  to him, poly- 
m o r p h  III was  a m i x t u r e  of po lymorph  II a n d  IV. Witzel 
a n d  Becker (28) refer red  to it as if1. The X-ray diffract ion 
s tudies  on form V reveal  a very  s t rong  line at  4.6 A 
charac te r i s t i c  of the  fl s t ruc tu re .  However, form VI had  
s imi lar  shor t  spac ings  as form V wi th  l ines of lesser 
in tensi ty .  Ri iner  (22) failed to observe form V because  it 
fo rmed  very  slowly f rom form IV, the  t r a n s i t i o n  tak ing  
more  t h a n  18 weeks at  21~ p r e s u m a b l y  wi thou t  change  
in cha in  packing.  

The shor t  spacings  for u n h y d r o g e n a t e d  fats a n d  oils 
t h a t  are solid or semisol id at  room t e m p e r a t u r e  are 
p r e sen t ed  in Table 5. Among  the  a n i m a l  fats, the  polymor-  
phic  behavior  of beef  ta l low a n d  la rd  are widely s tud ied  
because  of the i r  use in shor tenings .  Even though  both  of 

TABLE 3 

Class i f icat ion  of  Cocoa Butter  Crystal l ine  Forms  and Their  Melt ing Points  (~ 

Giddey Willie Witzel 
Vaeck Vaeck & Clerc Duck & Lutton & Becker Rfiner 
(1951) (1960) (1961) (1964) (1966) (1969) (1970) 
(23) (24) (25) (26) (27) (28) (15) 

Chapman Lovengren H~klin Davis 
et al. et  al. e t  al. & Dimmk 

(1971) (1976) (1985) (1986) 
(29) (30) (31) (32) 

Form 7 ~/ ~/ I a fl'2 
MP 18.0 17.0 18.0 17.3 --  

Form a a a a II fl'l --  
MP 23.5  21-24.0 -- 23.5 23.3 --  

Form fl" •' fl' fl~ III fl'2 mix of 
a&/~' 

MP 28.0 28.0 -- 28.0 25.5 -- 

Form fl /~ fl fl' IV pre fl fl' 
MP 34.5 34-35.0 --  33.0 27.3 34.5 

Form fl V /~ fl 
MP 34.0 33.8 36.2 
Form VI 
MP 36.3 

I vI I I 
-- 13.0 17.9 17.60 

II V II II 
- -  20.0 24.4 19.9 

III IV III III 

-- 23.0 27.7 24.5 
IV tI[ IV Iv 

25.6 25.0 28.4 27.90 
v II v V 

30.8 30.0 33.0 34.4 
VI I VI VI 

32.2 33.5 34.6 34.1 
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TABLE 4 

X-Ray Diffraction Data for Cocoa Butter  

Willie & Lutton Witzel & Becker 
(1966) (27) (1969) (28) 

Riiner Chapman et al. Hicklin et al. 
(1970) (15) (1971) (29) (1985) (31) 

Short Poly- Short Poly- Short Poly- 
spacing morph spacing morph spacing morph 

Short Poly- Short Poly- 
spacing morph spacing morph 

4.19 VS, 3.70 S I - -  - -  

4.24 VS II 4.21 

4.92 VW, 4.62 W III 4.66, 4.33, 4.22 fl'l 
4.25 VS, 3.86 S 3.86 

4.35 VS, 4.15 W IV 4.58, 4.33 fl'2 
3.97 M, 3.81 M 4.16 

5.40 M, 5.15 W V 5.42, 4.59, pre fl 
4.58 VS, 4.23 VW 3.98, 3.85 
3.87 M, 3.75 W 3.76, 3.67 
3.67 W, 3.39 VW 

5.43 M, 5.15 W VI 5.44, 4.59, fl 
4.59 VS, 4.27 VW 4.00, 3.86 
4.04 W, 3.86 M 3.70 
3.70 S, 3.36 VW 

4.19 VS, 3.72 M fl'2 

4.25 (d) S 

4.61 S, 3.90 W fl'l 
3.77 W 

4.61 S, 3.90 W fl 
3.77 W 

4.17 S, 3.87 M I 4.19 VS, 3.70 S I 

4.24 VS II 4.25 S II 

4.20 VS, 3.87 W III 4.63 M, 4.25 S III 
3.87 M 

4.32 S, 4.13 S IV 4.35 VS, 4.17 W IV 
3.88 W, 3.75 M 

4.58 VS, 4.22 W V 5.43 M, 4.60 VS V 
3.98 S, 3.87 M 3.99 M, 3.88 W 
3.73 M, 3.65 S 3.76 M, 3.68 W 

4.53 VS, 4.21 W VI 5.47 M, 5.16 W 
4.01 W, 3.84 M 4.60 VS, 4.28 W 
3.67 S 4.04 M, 3.88 S 

3.71 S 

VI 

TABLE 5 

X-Ray Diffraction Pattern of Natural  Fats  and Oils 

Temper- Short spacings (R) P01y- 
ature m0rphic Refer- 

Product (~ 5.3 5.2 4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9 3.8 3.7 3.6 form ence 

Beef tallow 22 
Beef tallow 5 
Lard 22 
Lard 24 5.32 W 
Milk fat 5 
M~k fat 5 
Coconut oil 22 
Corn -15 to -7 
Cottonseed -19 to +6 
Palm kernel 22 
Palm oil 22 
Palm 0il -5 to -10 

Palm oil 23 
Palm oil a 5 
Palm oil b 5 to 20 
Peanut oil -8 
Safflower seed -10 
8heanut oil 22 
Soybean -7 
Sunflower -9 5.25 

4.58 W 4.30 (d)S 3.84 S ~' > fl 22 
4.60 VW 4.25 S 3.84 S fl' > fl 33 
4.62 S 4.55 S 4.45 M 4.20 (d)M 3.89 M 3.79 S 3.70 W fl' > fl 22 
4.60 VS 4.20 W 3.90 M 3.87 M 3.69 M ff > fl 36 
4.60W 4.19S 3.81M fl'>fl 33 
4.60 4.17 3.78 fl' >/~ 37 

4.51 W 4.33 M 4.23 M 4.12 M 3.84 S fl'> fl 22 
4.60 4.42 4.18 3.91 3.71 fl' > ~ 22 

4.45 4.17 3.91 3.71 ~' 22 
4.44 M 4.25 S 4.04 M 3.84 S fl' 22 

4.35 (d)M 4.20 S 3.87 S fl' 22 
4.18 S 3.73 M fl'2 39 

4.35 M 4.20 S 3.90 M /3'1 
4.35 S 4.19 S 3.88 M fl' 40 

4..56 VW 4.34 S 4.20 S 3.89 S fl'> fi 40 
4.56W 4.35M 4.19M 4.00 VW fl'>fi 40 

4.40 4.15 3.90 3.70 fl' 22 
4.60 4.13 3.70 fl' +/3 22 
4.55 S 4.03 M 3.97 M 3.73 M 3.68 M fl 22 
4.61 4.44 4.15 3.90 3.68 fl'+ B 22 
4.60 4.40 4.13 3.84 3.63 fl' + fl 22 

aStored for 36 days at 5~ 
bTemperature cycled between 5 and 20~ 

t h e s e  fa t s  a r e  o f  a n i m a l  or ig in ,  b e e f  t a l l o w  c rys t a l l i z e s  in 
t h e  8 '  f o r m  a n d  l a r d  in t h e  8 fo rm.  T h e  8 '  f o r m  o f  b e e f  
t a l l o w  is d u e  t o  t h e  p r e s e n c e  o f  PSP a n d  PSS, w h e r e a s  t h e  
8 f o r m  is a t t r i b u t e d  to  t h e  P O P / P P O  c o m p o u n d  (33) .  
L a r d  c rys t a l l i zes  in t h e  8 fo rm.  This  is b e c a u s e  l a r d  
c o n t a i n s  a b o u t  25% p a l m i t i c  a c i d  w h i c h  is on  t h e  s e c o n d  
c a r b o n  of  t h e  g lyce ro l  m o l e c u l e  (34) .  A c c o r d i n g  t o  
Q u i m b y  e t  a l .  (35) ,  2 - p a l m i t y l  g lyce r i de s  n o r m a l l y  c ry s t a l -  
l ize in t h e  8 fo rm.  L a r d  e x h i b i t s  s p a c i n g s  a t  3.7, 3.9, 4.6 
a n d  5.3 A,  w h i c h  a r e  c h a r a c t e r i s t i c s  o f  t h e  8 f o r m  (36) .  

D i f f r a c t i o n  d a t a  i n d i c a t e  t h a t  m i l k f a t  o c c u r s  m a i n l y  in 

t h e  fl' f o r m  w i t h  t r a c e s  o f  t h e / 3  p o l y m o r p h .  T h e  p r e s e n c e  
o f  8 c h a r a c t e r i s t i c s  is a t t r i b u t e d  to  t h e  p r e s e n c e  o f  a s m a l l  
a m o u n t  o f  h igh  m e l t i n g  t r i s a t u r a t e d  t r i g l y c e r i d e s  (33) .  
W o o d r o w  a n d  d e M a n  (37 )  i n v e s t i g a t e d  t h e  p o l y m o r p h i c  
b e h a v i o r  o f  m i l k f a t  a f t e r  s l o w  a n d  r a p i d  cool ing .  S l o w  
c o o l i n g  r e s u l t e d  in a m i x t u r e  o f  8 '  a n d  8 c rys ta l s .  R a p i d  
c o o l i n g  o f  m i l k f a t  r e s u l t e d  in t h e  f o r m a t i o n  o f  a f o rm ,  
w h i c h  e v e n t u a l l y  t r a n s f o r m e d  to  8 '  a n d  8 u p o n  h o l d i n g  
t h e  s a m p l e  a t  5~ 

A m o n g  t h e  v e g e t a b l e  oils, p a l m  oil is g a i n i n g  a lo t  o f  
i m p o r t a n c e  b e c a u s e  o f  i ts  u s e  in p r o d u c t s  s u c h  as  c o o k i n g  
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oil, m a rga r ine ,  s h o r t e n i n g s  a n d  c o n f e c t i o n a r y  fats.  P a l m  
oil is p r i m a r i l y  m a d e  up  of  pa lmi t i c  (44%) a n d  oleic (37%) 
acids.  I t  h a s  been  r e p o r t e d  t h a t  a d d i t i o n  of  p a l m  oil ha s  a 
benef ic ia l  effect  on  t h e  p o l y m o r p h i c  s tab i l i ty  on p r o d u c t s  
such  as  m a r g a r i n e  a n d  shor t en ing ,  i.e., it  de lays  o r  
p r e v e n t s  t h e  c rys ta l l i za t ion  into  t h e  fl fo rm (38).  This 
s tabi l iz ing effect  m a y b e  due  to  t he  i n c r e a s e d  cha in  l eng th  
d ivers i ty  of  t h e  f a t t y  ac ids  in t hese  b lends .  P e r s m a r k  et al. 
(39)  i nves t i ga t ed  t h e  so l id i f i ca t ion  a n d  p o l y m o r p h i c  
p r o p e r t i e s  of  p a l m  oil by  X- ray  d i f f rac t ion ,  d i l a t o m e t r i c  
a n d  cool ing curves .  Th ree  p o l y m o r p h s - - f l ' 2 ,  f l ' l  a n d  (~-- 
were  o b s e r v e d  for  p a l m  oil. These  r e s e a r c h e r s  also s t u d -  
ied t h e  p o l y m o r p h i c  b e h a v i o r  of  a p a l m  oil f r ac t ion  
o b t a i n e d  f rom ace tone .  They  c o n c l u d e d  t h a t  t h e  f r ac t ion -  
a t e d  s a m p l e s  e x h i b i t e d  a ve ry  c o m p l e x  p o l y m o r p h i c  
behav io r  as  c o m p a r e d  to  t he  or ig ina l  p a h n  oil. This is 
p a r t l y  due  to  t h e  f r a c t i o n a t i o n  p r o c e s s  which  r e su l t s  in 
sol id  p h a s e s  t h a t  s imply  do  n o t  ex i s t  in t h e  or ig ina l  oil. 
Recent ly ,  Yap et al. (40)  i nves t i ga t ed  t h e  p o l y m o r p h i c  
behav io r  of  p a l m  oil in a c o n s t a n t  t e m p e r a t u r e - t i m e  
s t u d y  a n d  by  t e m p e r a t u r e  cycling. Pa lm  oil e x h i b i t e d  a 
w e a k  l ine a t  4.56 A a f t e r  36 days  of  s t o r a g e  a t  5 C, it  was  
obse rved  t h a t  a f te r  t he  f o u r t h  cycle  a w e a k  b a n d  
a p p e a r e d  a t  4.6 A ind i ca t i ng  a p a r t i a l  t r a n s f o r m a t i o n  of  
t he  fi form. 

A m o n g  the  laur ic  fats ,  c o c o n u t  a n d  p a l m  ke rne l  oil a r e  
t h e  m o s t  i m p o r t a n t .  These  fa ts  c o n t a i n  a b o u t  50% lau r i c  
acid.  Their  c h a r a c t e r i s t i c  s h o r t  spac ings  a r e  s h o w n  in 
Table 5. Ri iner  (22)  o b t a i n e d  an  a p o l y m o r p h  on r a p i d  
cooling, which  s u b s e q u e n t l y  t r a n s f o r m e d  to  t he  s t ab le  fl' 
form.  

In m a r g a r i n e s  a n d  s h o r t e n i n g s  t h e  so l ids  shou ld  con- 
s is t  of  fl' c rys ta ls ,  wh ich  a r e  r e spons ib l e  for  a s m o o t h  
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t e x t u r e .  On the  o t h e r  hand ,  B c rys t a l s  a r e  la rge  in size a n d  
t h e r e f o r e  cause  g ra in ines s  in m a r g a r i n e s  a n d  sho r t en -  
ings, a l t h o u g h  t h e y  a r e  usefu l  in p a s t r y  fats .  F a t s  can  be 
su i t ab ly  mod i f i ed  by  h y d r o g e n a t i o n  or  in te res te r i f i ca t ion .  
U n f o r t u n a t e l y  n o t  all h y d r o g e n a t e d  fa t s  t e n d  to  c rys ta l -  
lize in the /~ '  fo rm b e c a u s e  t h e y  differ  in t h e i r  t r ig lycer ide  
compos i t ion ,  cha in  length,  deg ree  of  u n s a t u r a t i o n ,  t r a n s  
c o n t e n t  a n d  t r i s a t u r a t e s  such  as  SSS a n d  PSS. 

The  iod ine  va lues  (IV) a n d  s h o r t  spac ings  for  hyd rogen -  
a t e d  fa t s  a n d  oils a r e  s h o w n  in Table 6. F a t s  such  as  bee f  
t a l low c on t a in  a b o u t  25% p a l m i t i c  acid,  12% of  wh ich  is 
l o c a t e d  in t he  2-posi t ion.  Upon  h y d r o g e n a t i o n  PPS a n d  
PSP a re  p r e s e n t  in equa l  a m o u n t s  (41).  Oils such  as  pa lm,  
c o t t o n  a n d  soybe a n  cons i s t s  m a i n l y  of  16 a n d  18 c a r b o n  
f a t t y  ac ids ,  a n d  i t  c a n  be c o n c l u d e d  t h a t  t r ig lyce r ides  of  
48 a n d  54 c a r b o n s  cons is t  m a i n l y  of  t r i p a l m i t i n  a n d  
t r i s t ea r in .  Pa lm  oil c o n t a i n s  high p e r c e n t a g e  of  POP (9)  
which,  u p o n  h y d r o g e n a t i o n ,  is c o n v e r t e d  to  PSP. Cot ton-  
s eed  cons i s t s  m a i n l y  of  SPP (42).  L u t t o n  (1 1) i nves t i ga t ed  
the  p o l y m o r p h i s m  of  s a t u r a t e d  C16-C18 m i x e d  t r iglyce-  
r ides .  A c c o r d i n g  to  t he  a u t h o r ,  PSP ex is t s  on ly  in t h e  fl' 
form,  w h e r e a s  SPP a n d  PSS exh ib i t s  b o t h  fl' a n d  fl 
cha rac t e r i s t i c s ,  deMan  et  al. (43)  have  shown  t h a t  
h y d r o g e n a t e d  c o t t o n s e e d  oil exh ib i t s  a m i x t u r e  of  (~, fi' 
a n d  fi forms.  The  diffuse b a n d  b e t w e e n  4.13-4.25 m a k e s  it 
diff icul t  to  d i s t ingu i sh  be tw e e n  ~ a n d  fl'. I f f l '  c rys ta l s  a r e  
p r e s e n t  it  will s h o w  a s h o r t  spac ing  a t  a p p r o x i m a t e l y  
3.8 s 

H y d r o g e n a t e d  s o y b e a n  oil exh ib i t s  t he  m a j o r  po lymor -  
ph ic  fo rms  as  well  as  seve ra l  i n t e r m e d i a t e  fo rms  (43).  The 
s igni f icance  of  t he se  a d d i t i o n a l  s h o r t  spac ings  is h a r d  to  
exp la in .  A c c o r d i n g  to  Moran  (44),  t h e s e  i n t e r m e d i a t e  
s h o r t  spac ings  m a y  be due  to  t h e  s u p e r i m p o s i t i o n  of  t h e  

TABLE 6 

X-Ray Diffract ion Data For Hydrogenated Fats  and Oils  

Short spacings (R) Poly- 
Iodine morphie Refer- 

Product value 5.30 5.10 5.00 4.60 4.50 4.40 4.30 4.20 4.10 4.00 3.90 3.80 3.70 form ence 

Beef tallow 4.2 4.20 (d) S 3.80 S fl' 22 
Beef tallow - 3.80 VW a + ~' 43 
Canola 66.61 5.05~ 4.55~r 4.40M 4.258 3.848 B'>~ 46 
(selective) 

Can01a 72,01 4.37 M 4.20 S 4.07 W 3.84 S fi' 46 
(nonselective) 

Coconut oil 2.2 4.34 M 4.23 S 3.82 S ~' 22 
Cottonseed 67,80 4.37 M 4.23 S 3.86 S fl' 22 
Cottonseed 3.5 4.20 (d) S 3.80 S fl' 22 
Cottonseed - 4.57 W 4.25-4.16 (d) S 3.81 S fl 43 
Herring oil 74.80 4.25 (d) S 3.84 S fl' 22 
Herring oil 58.30 4.23 (d) S 3.82 S fl' 22 
Palm oil 27.50 4,36 M 4.22 S 4.06 W 3.86 S ~' 39 
Palm kernel 5.1 4.43 W 4.21 S 3.81 S fl' 22 
Palm olein 28.0 4.34 S 4.19 VS 4.04 M 3.85 M fl' 46 
Palm stearin 31.3 4.56 W 4.35 8 4.20 W 4.05 W 3.87 S B' r ~ 46 
Peanut oil 67.7 4.25 (d) S 3.84 S fl' 22 
Peanut 0il 62.70 4.57 W 4.25 (d) S 3.84 S fl + fl' 22 
Rapeseed oil 70.20 4.36 8 4.23 S 4.07 W 3.86 S fl' 22 
Rapeseed oil 64.2 4.57 W 4.34 S 4.21 S 4.07 W 3.87 S /~ + fl' 22 
Soybean 70.0 4.58 W 4.37 M 4.24 8 4.08 W 3.86 S fl + fl' 22 
80ybean - 5.30W 5.15W 4.79VW 4.53V8 4.33VW 4.20VW 3.97M /3 43 
Soybean 74.0 5.30 W 4.49 VS 4.18 W 3.76 M fl 45 
Sunflower 89.00 4.65 S 3.95 M 3.84 M 3.73 W fl 22 

4.60 W 3.90 M 

4.I3~4.11 VS 
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double chain length on an existing tr iple  chain length 
s t ructure .  Riiner (22) and  Merker (45) failed to observe 
these  in te rmedia te  spacings because  they  used par t i a l ly  
hydrogena ted  soybean oil. 

Recent s tudies  car r ied  out  by Yap (46) showed tha t  
selectively hydrogena ted  canola  oil conta ined  a mix tu re  
of fl' and  /3 forms upon t e m p e r a t u r e  cycling, whereas  
nonselective hydrogenat ion  resul ted in /3 form crystals  
using the same t e m p e r a t u r e  cycling conditions.  Riiner 
(22) hydrogena ted  rapeseed  oil to iodine values of 70.2 
and 64.2, and  investigated their  polymorphic  behavior. 
Both samples  showed similar  shor t  spacings. An addi-  
t ional  weak shor t  spacing at  4.58 A was observed for the  
sample  hydrogena ted  to an iodine value of 64.2. This 
could be a t t r i bu ted  to the  small  amoun t  of high melt ing 
t r i s a tu ra t ed  triglycerides formed during hydrogenat ion.  

In teres ter i f ica t ion  involves r ea r r angemen t  of fa t ty  
acids within and between triglycerides. This results  in the 
format ion  of new tr iglycerides which do not  exist  in the  
original fat. Interester i f ied fats sometimes exhibit  s impler  
melting curves. 

X-ray diffraction d a t a  for interester i f ied fats are shown 
in Table 7. Both milk fat  and  beef tal low demons t r a t e  fl' 
character is t ics .  Wiedermann et al. (36) compared  the 
polymorphic  behavior  of la rd  modified to different 
degrees of interesterif icat ion.  He was able to obtain a 
crystal  modified la rd  tha t  was stable in the fl' form. 
Directed interesterif ied la rd  was in the fl form, which he 
a t t r ibu ted  to the format ion of t r i sa tura tes .  

When two or  more fats are mixed the system becomes 
more complex. Prior  to interester i f icat ion a mix ture  of fl' 
and  ~ crystals  was observed for blends of milkfat and  beef  
tal low (Table 7). AS the beef tal low percentage  increased,  
the/3 crystal l ini ty increased,  except  for 100% beef tallow. 
Upon interester i f icat ion of these blends the  /3 crystals  
d i sappeared ,  except  for 100% beef tallow. The presence of 

fl form in beef tal low could be a t t r ibu ted  to the presence  
of POP and PPO (33). 

One of the undesirable  a t t r ibutes  of chocolate  is the  
format ion of fat  bloom. Several theories  have been pro- 
posed for the cause of fat  bloom. According to Willie and  
Lut ton (27), form VI may  be responsible for fat  bloom. 
This problem can be delayed by the addi t ion of bloom 
inhibitors such as cocoa bu t t e r  substi tutes,  cocoa bu t t e r  
equivalents, milk fat  and  hydrogena ted  vegetable fats. 
Chapman et al. (29) invest igated the effect of milk fat  on 
the  polymorphic  behavior  of cocoa bu t t e r  (Table 8). They 
concluded tha t  addi t ion of milk fat  lowered the melting 
points  of all phases  as compared  to pure  cocoa butter .  
The t rans format ion  from form V to VI was very slow. This 
suggests tha t  milk fat  may  be responsible for the slow 
t ransformat ion.  

Hicldin et al. (31) s tudied the effect of hydrogenated  
vegetable fat on the polymorphic  and morphological  
behavior  of cocoa butter .  According to these researchers ,  
addi t ion of 10 and 20% of hydrogena ted  vegetable fat  had  
very little effect on the  morphology of form V. X-ray 
s tudies  revealed shor t  spacings charac ter i s t ic  of the fl 
form. As the percentage  of vegetable fat  increased the 
crystal  size decreased.  X-ray d a t a  showed the suppres-  
sion of fl s t ruc tu re  and dominat ion of the  fl' form. 
However, upon t e m p e r a t u r e  cycling a s t rong line was 
not iced at  4.6/~ with the loss of lines at  4.08 and  4.39 A. 

Merker and co-workers (45) incorpora ted  different 
levels of hydrogena ted  co t tonseed  oil in soybean oil and  
s tudied  the re la t ionship  of po lymorphism to the  t ex tu re  
of margarines.  Hydrogenated  soybean oil exhibi ted fl 
crystals. Mixed/3 and/3 '  po lymorphs  were observed for 
samples  containing 10% hydrogena ted  co t tonseed  oil. As 
the percentage  of hydrogena ted  cot tonseed oil increased,  
only fl' crystals  were observed (Table 8). Recently deMan 
et al. (43) r epor ted  the polymorphic  behavior  of a var ie ty  

TABLE 7 

X-Ray Diffraction Pattern of  Interesterif ied Fats  

Polymorphic 
Product Short spacing ~ form Reference 

Beef tallow 3.86 M 4.21 S 4.60 S fl' + fl 33 
Lard 3.86 M 4.21 S 4.67 VS fl > fl' 35 
Milk fat 3.79M 4.16S fl' 33 

Before interesterification 

Milk fat Beef tallow 
(%) (%) 

100 0 3.80 M 4.18 S 4.60 VW 
80 20 3.80 M 4.16 S 4.56 VW 
60 40 3.81 M 4.17 S 4.58 W 
40 60 3.80 W 4.16 S 4.56 M 
20 80 3.80 W 4.20 S 4.56 M 
0 100 3.86 M 4.25 S 4.60 VW 

After interestification 

100 0 3.79 M 4.16 S 
80 20 3.82 M 4.19 S 
60 40 3.82 M 4.19 S 
40 60 3.83 M 4.15 S 
20 80 3.82 M 4.18 S 
0 100 3.86 M 4.21 S 4.60 VW 

/~'>B 
/~'>/3 
/~'>/~ 
/~'+B 
/~' +/~ 
/~'>/3 

/3' 
/~' 

f l ' >~  

33 
33 
33 
33 
33 
33 

33 
33 
33 
33 
33 
33 
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TABLE 8 

X-Raya D i f f rac t ion  P a t t e r n  o f  V a r i o u s  B l e n d s  o f  F a t s  
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Short spacings (A) Poly 
orphic Refer- 

Product 5.3 5.2 5.1 5.0 4.9 4.6 4.5 4.4 4.3 4.2 4.1 4,0 3.9 3.8 3.7 3~6 form ence 

Cocoa butter + 4.18 VS 3.80 M l 29 
milk fat 

Cocoa butter + 421 VS II 29 
milk fat 

Cocoa butter + 4.61 VW 4.23 VS lII 29 
milk fat 

Cocoa butter + 4.34 S 4.12 S IV 29 
milk fat 

Cocoa butter + 4.61 VS 4.23 VW V 29 
milk fat 

Cocoa butter + 4.88 VW 4.60 VS 4.25 VW 4.02 W Vl 29 
milk fat 

Vegetable fat 10% + 5.45 M 4.24 S 4.00 M fl' 31 
cocoa butter 90% 

Vegetable fat 50% + 4.39 M 424 S 4.08 M fl' 31 
cocoa butter 50% 
(uncycled) 

Vegetable fat 50% + 4.60 S 4.25 S 3.89 M /3 >/3' 31 
cocoa butter 50% 
(cycled) 

Soybean oil 100% + 5.3 W 4.49 VS 4.18 W 3.76 M fl 45 
cottonseed oil 0% 

Soybean 90% + 4.49 M 4.18 VS 3.80 M fl 45 
hydrogenated 
cottonseed oil 10% 

Soybean oil 80% + 4.16 S 3.80 M fl' 45 
hydrogenated 
cottonseed oil 20% 

Soybean oil 70% + 4.15 VS 3.76 M ~' 45 
hydrogenated 
cottonseed 

Hydrogenated soybean 3.97 W 3.83 M 3.67 M /~ 43 
canola oil 20% (23~ 

Hydrogenated palm + 4.55 M 4.30 W 4.17 S 3.78 S ff >/3 43 
canola oil 20% (23'C) 

Hydrogenated soybean 5.36 M 5.26 W 4.57 VS 4.47 W 3.98 M 3.85 S 3.70 S fl 43 
canola oil 50% (23~ 

Hydrogenated palm + 4.57M 4.33M 4.18S 4.02W 3.79S fl'>fl 43 
canola oil 50% (23'C) 

Hydrogenated soybean 5.36 VW 4.55 VS 3.98 VW 3.84 M 3.67 M /~ 43 
cmlola oil 80% (4~ 

Hydrogenated palm + 4.29 W 4.18 S 4.03 W 3.75 S ff 43 
canola 0il 80% (4~ 

3.86 w 

3.83 w 

3.99 M 3.86 M 3.75 M 3.68 M 

3.87 M 3.68 S 

3.89 W 3.75 M 3.68 W 

3,87 S 

of  h a r d  fa t s  d i s so lved  in  c a n o l a  oil a t  levels  o f  20, 50 a n d  
80%. All  o f  t h e  h a r d  fa t  m i x t u r e s  w e r e  p r e s e n t  in  t h e / 3  
f o r m  e x c e p t  pa lm ,  w h i c h  s h o w e d  fl' c rys ta l l in i ty .  T h e  fl' 
c h a r a c t e r i s t i c s  o f  p a l m  oil m a y  b e  d u e  to  i ts  u n i q u e  
t r ig lyce r ide  c o m p o s i t i o n ,  w h i c h  is v e r y  diverse.  P a l m  oil 
c o n t a i n s  a b o u t  44% of  p a l m i t i c  ac id  w h i c h  is d i s t r i b u t e d  
m a i n l y  b e t w e e n  t h e  1 ,3 -pos i t ions  of  t h e  t r ig lyce r ide  
molecu le .  

A rev iew of  l i t e r a t u r e  revea l s  n o  s h o r t  s p a c i n g s  for  
c o m m e r c i a l  m a r g a r i n e s ,  s h o r t e n i n g s  a n d  f ry ing  fats .  
However ,  for  t h e  p a s t  few y e a r s  d e M a n  a n d  c o - w o r k e r s  
( d e M a n ,  L., a n d  J.M. d e M a n ,  u n p u b l i s h e d  d a t a )  have  d o n e  
e x t e n s i v e  s t u d y  o n  t h e  p o l y m o r p b i c  f o r m s  of  t h e s e  
p r o d u c t s  u s i n g  X- r ay  d i f f r ac t i o n  a n d  d i f f e r en t i a l  s c a n -  
n i n g  c a l o r i m e t r y  (DSC).  

C a n o l a  m a r g a r i n e s  c a n  be  d i s t i n g u i s h e d  f r o m  s o y b e a n  
a n d  c o r n  m a r g a r i n e s  by  t h e i r  p a l m i t i c  ac id  c o n t e n t .  
C a n o l a  c o n t a i n s  5% of  16:0 (47) ,  w h e r e a s  s o y b e a n  con -  

t a i n s  a b o u t  11% (34).  S h o r t  s p a c i n g s  for  c o m m e r c i a l  
m a r g a r i n e s  a r e  t a b u l a t e d  in  Table  9. C a n o l a  m a r g a r i n e s  
t e n d  to  c rys ta l l i ze  in t h e  fl f o r m  b e c a u s e  o f  t h e i r  low 
d ive r s i t y  in  f a t ty  ac id  c o n t e n t .  P a l m  oil is i n c o r p o r a t e d  
i n to  c a n o l a  m a r g a r i n e s  to  i n c r e a s e  t h e  d ive r s i t y  of  f a t t y  
ac id  c h a i n  l e n g t h  a n d  t h e r e b y  d e l a y  o r  p r e v e n t  t h e  
f o r m a t i o n  of  fl c ry s t a l s  (48) .  A c c o r d i n g  to  H e r n q v i s t  (49) ,  
d ig lyce r ides  s t ab i l i ze /3 '  c ry s t a l s  in  m a r g a r i n e s  a n d  fats .  
A d d i t i o n  of  p a l m  oil to  p r o d u c t s  H a n d  I (Table  9)  d id  n o t  
p r e v e n t  t h e  p o l y m o r p h i c  t r a n s i t i o n  of/3 '  to/3.  P r o c e s s i n g  
a n d / o r  s t o r a g e  c o n d i t i o n s  m a y  h a v e  c a u s e d  t h e / 3  c ry s t a l  
f o r m a t i o n .  Yap  (46 )  h a s  d e m o n s t r a t e d  t h a t  p a l m  oil in  
t h e  u n h y d r o g e n a t e d  f o r m  is less effect ive in  d e l a y i n g  t h e  
/3 t r a n s i t i o n  t h a n  h y d r o g e n a t e d  p a l m  oil. M a r g a r i n e s  
m a d e  f r o m  s o y b e a n  s h o w e d / 3 '  c rys taUin i ty .  P r o d u c t s  T 
a n d  U s h o w e d  a m i x t u r e  o f / 3 '  a n d  /3 c rys ta l s .  T h e  fl' 
c ry s t a l s  in  f r a c t i o n a t e d  t a l l ow  m a y  be  a t t r i b u t e d  to  t h e  
p r e s e n c e  of  PSP a n d  PSS (9).  
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V. D ' S O U Z A  E T A L .  

TABLE 9 

X-Ray Diffract ion Pattern for Commercial  Margarines  

Short spacings (A) Poly- 
morphic Refer- 

Product ingredients 5.3 5.2 5.1 4.6 4.5 4.4 4.3 4.2 4.0 3.9 3.8 3.7 form ence 

A Canola 5.38W 5.28W 5.09VW 4.60S 4.53M 4.45M 3.92S 3.82M 3,70M fl 48 
B Canola 5.33 VW 5,20 VW 4.60 S 4.51 W 4.42 W 3.89 S 3.80 M 3.68 M /~ 48 
C Canola 4.57S 4.54W 4.44W 3.88S 3.77W fl 48 
D Canola 4.57 S 3.90 M 3.78 W fl 48 
E Canola-palm 4.23 S 3.83 S ~' 48 
F Canola-palm 4.24 S 3.83 S fl' 48 
G Canola-palm 4.33 W 4.21 8 4.06 W 3.84 S fl' 48 
H Canola-palm 4.58 W 4.37 M 4.24 8 4.07 W 3.86 S fl' ~ fl 48 
I Canola-palm 4.56 W 4.36 M 4.23 S 4.07 W 3.85 S fl' ~ fl 48 
J Canola-palm 4.36 W 4.22 S 4.06 W 3.84 S fl' 48 
K Canola-palm 4.35 W 4.21 M 3.83 S fl' 48 
L Canola-palm 4.36 W 4.22 M 3.84 S ~' 48 
M Canola-palm 4.23 S 3.84 S fl' 48 
N Canola-palm 4.22 S 3.85 S ~' 48 
0 Corn 4.29 S 3.82 S /~' 48 
e Soybean 4.35 W 4.20 S 4.06 W 3.83 S fl' 48 
Q Soybean 4.36 W 4.24 S 4.06 W 3.85 S /~' 48 
R Soybean 4.37 W 4.21 S 3.83 S fl' 48 
S Soybean 4.33 W 4.20 S 3.83 S fl' 48 
T Tallow fractionated 4.54 S 4.39 W 4.19 M 3.82 S fl' +/3 48 
U Tallow fractionated 4.58 W 4.35 W 4.21 M 3.86 S f l '~  fi 48 

TABLE 10 

X-Ray Diffract ion Pattern for Commercial  Shortenings  

Shor t  spac ings  (A)  Poly- 
m o r p h i c  Refer- 

P r o d u c t  ingred ien t s  5.3 5.2 4.6 4.4 4.3 4.2 4.0 3.8 3.7 fo rm ence  

A Cano la  5.34 M 5.03 W 4.56 S 4.44 M 4.19 W 3.85 S 3.77 M ]~ 48 
5,30 M 3.7I M 

B Soybean-pa lm 4.50 W 4.32 M 4.18 S 3.78 S fl' 48 
C Soybean-pa lm 4.33 W 4.21 M 3.79 S 8 '  48 
D Soybean-pa lm 4.32 W 4,17 M 3.76 M 8'  48 
E Soybean-pa lm 4.36 W 4.21 S 3.80 S 8 '  48 
F Soybean-pa lm 4.35 W 4.20 S 4.04 W 3.90 S 8 '  48 
G Soybean-cano la -pa lm 4.32 W 4.20 M 3.80 M 8'  48 
H Vegetable 4.30 M 4.19 S 4.03 M 3.82 S 8 '  48 
I Vegetable in teres ter i f ied  4.55 M 4.34 M 4.18 S 4.00 M 3.85 S fl' ~ ~ 48 
J Tallow + vegetable  4.57 S 3.84 W 3.69 W fl 48 
K An ima l  4.20 S 3.80 S f f  48 
L Lard  4.58 S 4.46 W 3.88 W 3.76 W fl 48 

4.56 S 

TABLE 11 

X-Ray Diffract ion Pattern for Commercial  Sol id Frying Shortenings  

Shor t  spac ings  (A)  Poly- 
m o r p h i c  Refer- 

P roduc t  i ng red ien t s  5.3 5.2 4.6 4.4 4.3 4.2 4.0 3.8 3.7 3.6 fo rm ence  

A Corn 
B Canola  5.34 W 5.21 W 4.57 S 

4.51 W 
C Soybean (pourab le )  4.57 S 
D Vegetable 
E Vegetable con ta in ing  c oconu t  
F An ima l  + vegetable  
G Tallow + vegetable  
H Tallow 

4.36 W 4.21 S 4.05 W 3.85 S 3.79 W fl' 48 
4.44 M 3.87 S 3.76 M 3.64 W ~ 48 

3.84 M 3.68 M ~ 48 
4.33 W 4.19 S 4.01 M 3.83 S B' 48 
4.33 W 4.20 S 3.81 S fl' 48 

4.21 S 3,82 S fi' 48 
4,19 S 3.80 S fi' 48 
4,24 S 3.80 S fl' 48 
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X-ray  d i f f r ac t ion  d a t a  for  c o m m e r c i a l  s h o r t e n i n g s  a r e  
l i s ted  in Table 10. S h o r t e n i n g s  m a d e  exc lus ive ly  f rom 
c a n o l a  ( p r o d u c t  A )  s h o w e d  fl c rys ta l s ,  w h e r e a s  b l e n d s  of  
c a n o l a  wi th  soy  a n d  p a l m  ( p r o d u c t  G) r e s u l t e d  in fl' This 
is due  to  t h e  g r e a t e r  d ive r s i ty  of  f a t t y  ac ids  in t he  b lends .  
P r o d u c t  H was  m a d e  f rom vege tab le  fa t  a n d  e x h i b i t e d  fl' 
c rys t a l s  as  c o m p a r e d  to  p r o d u c t  I, w h i c h  was  m a d e  f rom 
in t e r e s t e r i f i ed  vege tab le  fa t  a n d  s h o w e d  t h e  p r e s e n c e  of  
b o t h  fl' a n d / 3  crys ta ls .  The fl c rys t a l s  m a y  be due  to  t he  
r e a r r a n g e m e n t  of  t h e  f a t t y  ac id  on  t h e  g lycerol  molecule .  
Most  of  t he  c o m m e r c i a l  f ry ing fa ts  e x h i b i t e d  8 '  c rys ta l l in -  
i ty  (Table 11) e x c e p t  p r o d u c t s  B a n d  C, which  h a d  fl 
c rys ta ls .  B c o n t a i n e d  c a n o l a  a n d  C a l ight ly  h y d r o g e n a t e d  
soybean  oil wi th  a d d e d  soybean  h a r d  fat .  

The  i n f o r m a t i o n  p r e s e n t e d  in th is  rev iew d e m o n s t r a t e s  
t h a t  o u r  i n f o r m a t i o n  on the  p o l y m o r p h i c  b e h a v i o r  of  
c o m p l e x  fa t  is fa r  f rom comple te .  I t  is h o p e d  t h a t  t h e  
c o m p i l a t i o n  of  s h o r t  spac ings  of  t h e s e  fa ts  will  be he lp fu l  
to  sc ien t i s t s  work ing  in th is  a rea .  
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