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The results above indicate that  the method of Rob- 
inson et al. (7) is useful in estimating both the total 
and the diglyceride contents of part ial  glyeerides. 
The determination of diglyeerides, of course, requires 
an independent  analysis for monoglyceride. 
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Tempering Triglycerides by Mechanical Working I 
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Southern Regional Research Laboratory, 3 New Orleans, Louisiana 

Abstract 
The tempering of fat  products to convert their 

components to stable polymorphs is an important  
and a sometimes troublesome problem in the man- 
ufaeture  of these products, part icularly chocolate 
and chocolate-type confections. I t  has been found 
that a solid-to-solid t ransformation to the stable 
polymorphs can be effected by mechanical work- 
ing consisting of extrusion under  pressure. With 
a fa t  of relatively few components, such as cocoa 
butter,  evidence of the t ransformation can be 
obtained from X-ray diffraction patterns. For  
more complex fats, hardness and melting char- 
acteristics must be considered. There is evidence 
that  mechanical working is also effective in the 
t ransformation of a cocoa butter-like fat  made 
from hydrogenated cottonseed oil and olive oil, 
and in the t ransformation of highly hydrogen- 
ated cottonseed oil. Mechanical working to effect 
polymorphic t ransformation is also effective with 
products containing the fats mentioned. 

Intro/luction 

T HE POLYMORPHIS~ of tr iglyceride products used in 
the solid or semi-solid state f requent ly  poses prac- 

tical problems. Among these is the tempering of choco- 
late and chocolate-type confections. The major eornpo- 
nents of cocoa fat  in chocolate exhibit four distinct 
melting points (1). When chocolate is melted and reso- 
lidified, special precautions must be taken to ensure 
rapid t ransformation of the major  components of the 
fat  to their thermodynamical ly stable form. Fai lure  
to achieve this may result in the physical deterioration 
of the surface s tructure and may produce fat  bloom, 
which is the appearance of grey spots on chocolate 
when the fat  reerystallizes slowly into larger  crystals. 
Confections containing eoeoa butter-like fats also may 
bloom if proper  precautions are not taken. Shorten- 
ings also are tempered and are said to perform best 
when their solid components are in the beta-printe 
state (2), the thermodynamical ly stable form of some 
of the components. 

Customarily the t ransformation of a fa t  product  to 
a more desirable polymorphic state is accomplished by 
one or more of three techniques: seeding of the solid- 
i fying melt, tempering of the solid or semisolid fat  
by holding it at a tempera ture  just  below its melting 
point, and aging of the solidified fat. In the manu- 
facture of chocolate the first two techniques are em- 
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ployed. The melted chocolate is cooled to the point 
of part ial  solidification. Finely divided chocolate 
whose fa t ty  components are largely in the most stable 
form is introduced. The nuxture  then is kneaded 
and mixed at a constant temperature  until  more seed 
crystals of the stable form appear. When such a 
mixture is solidified by passage through a cooling 
tunnel and subsequently warmed to room tempera- 
ture, the greater portion of the fa t ty  phase is con- 
verted into the stable polymorphie form within about 
30 minutes (3).  

The customary practice in the manufacture  of 
shortenings is to temper  the quickly solidified and 
plasticized products prior to shipment to the ultimate 
consumer (2). Tempering here consists of aging for 
a short time at a given temperature.  

The present report  is concerned with a rapid pro- 
cedure for converting solid tr iglyeerides to their 
thermodynamical ly stable polymorphic form;  i.e., it 
is concerned with effectiug a rapid solid-to-solid 
transformation. The procedure, which is more ap- 
plicable to certain types of triglyeerides than to 
others, consists simply of mechanical working by 
extrusion under pressure to extensively deform the 
triglyceride crystals. 

Experimental 
General Procedure. To demonstrate the effective- 

ness of mechanical working as a means of forcing 
polymorphie transformations,  various fat products 
were heated to well above their melting points to 
destroy all traces of seed crystals, then the products  
were quickly solidified, and portions were worked at 
temperatures  well below their melting points. 

Mechanical working was accomplished by repeated 
extrusion through a sodium press, which consisted 
essentially of a plunger and a cylinder, the latter 
measuring 0.66 in. in diameter by 1.75 in. in len~.h. 
The bottom of the cylinder was fitted with an orifice- 
containing plate through which the solid fat  or fa t  
product  was extruded. F o r  the cocoa but ter  and 
cocoa butter-containing products a plate having a 
cluster of three orifices, each measuring 0.0135 in. in 
diameter, was used. For  the other fats and fat  prod- 
ucts a plate having an orifice measuring 0.25 in. by 
0.02 in. was used. Both plates had a thickness of 
0.074 in. Pressures up to about 1,000 psi were re- 
quired for the extrusions. The first extrusions for  
each sample ahvays required less force than did later 
extrusions. 

X-ray  diffraction pat terns were obtained for the 
unworked and worked portions of the quickly solidi- 
fied samples of the fats and for the same fats af ter  
thorough tempering by aging and holding them at 
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temperatures  a few degrees below their  melt ing points. 
In  the case of the worked and unworked portions of 

the quickly solidified samples, the sample holders for 
the X- ray  machine were filled by forcing in the solid 
fa t  with a spatula.  The deformation and working 
required to fill the holder and form a film measuring 
2 x 0.5625 x 0.0469 in. was not sufficient to cause any  
phase t ransformat ion  and did not affect the X- ray  
pat terns  which were obtained. 

The General Electric XRD-5  X - r a y  appara tus  4 
which was used in the investigation was equipped 
with an argon-filled proport ional  counter tube. I t  
had a copper target  in the X- ray  tube and a nickel 
filter. A one-degree slit was used in collinlating the 
2 0 angle between 10 and 40 degrees. The machine 
was operated at 45 K V  and 15 MA. Approx imate ly  
20 rain was required to obtain an X- ray  diffraction 
pat tern.  To keep the fa t  samples well below their  
melt ing points and to help dissipate the heat created 
by the passage of the X-rays  through the samples, a 
special cold stage was employed which maintained 
the t empera ture  at approximate ly  0C for  cocoa but ter  
and cocoa butter-like fat .  

X- ray  diffraction pa t te rns  could not, of course, be 
obtained for  chocolate and chocolate-type products. 
Instead,  hardness values were determined by a nmdi- 
fication of the Brinell  hardness test for  metals (4). In  
an earlier repor t  it was shown that  the hardness of a 
fa t  increases as the fa t  t ransforms into more stable 
polymorphs (5).  

Cocoa Butter and Cocoa Butter-Like Fat. A sam- 
ple of commercial cocoa but ter  was melted and heated 
to 70C to destroy all crystal  nuclei. A thin layer  of 
the melt  was poured into a beaker, and the contents 
were cooled rap id ly  with d ry  ice. The beaker was 
then taken into a walk-in cooler kept  at 4C. A por- 
tion of the cocoa bu t te r  was removed and extruded 
ten times through the sodium press. Sufficient t ime 
was allowed between extrusions so tha t  the tempera-  
ture of the extruded cocoa but ter  always remained 
below about 10C and no visible melt ing occurred. On 
about the fifth or sixth extrusion the fa t  became 
much harder.  A total of ten extrusions was made. 
Then the samples were forced into separate  molds 
and X- ray  diffraction pat terns  were obtained. Dur ing  
the entire operation the t empera ture  of the samples 
was always kept  below about 10C. 

A sample of the cocoa but ter  in the most stable 
polymorphic fo rm was p repared  by filling the sample 
holder with shavings f rom the cocoa but ter  as it had 
been received f rom the manufac tu re r  and af ter  it had 
been stored for several months at room temperature ,  
or about 25C. 

The three X - r a y  diffraction pa t te rns  for the cocoa 
but te r  are represented in F igure  1. 

The cocoa butter-l ike fat,  which was a f ract ion of 
the reaction product  obtained by  the random inter- 
esterification of three pa r t s  of almost completely hy- 
drogenated cottonseed oil and one pa r t  olive oil (6), 
consisted essentially of oleo disaturated and linoleo 
disa tura ted  glyeerides in which the sa tura ted  f a t t y  
acids were essentially palmitie and stearic. The dilato- 
metr ical ly  determined melt ing characteristics, which 
are recorded in Table I together with those of a 
typical  cocoa butter ,  resembled the characteristics of 
cocoa but ter  reasonably well. 

The three samples of cocoa butter-l ike fa t  used in 

4 I t  is no t  the  pol icy  of the  D e p a r t m e n t  to r e c o m m e n d  or  endorse  the  
p r o d u c t s  of one c o m p a n y  over  s im i l a r  p roduc t s  m a n u f a c t u r e d  by others .  
The  m a n u f a c t u r e r  is n a m e d  mere ly  as  p a r t  of the  exac t  s t a t e m e n t  of 
the expe r imen ta l  condi t ions .  
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Fm. 1. X-ray diffraction patterns of eoeo~ butter: A, sta- 

bilized; B, quickly solidified and mechanically worked; and 
C, quickly solidified. 

the X- r ay  analysis were p repared  in the manner  de- 
scribed for  cocoa butter ,  except tha t  the worked sam- 
ple was ext ruded 25 times through the orifice measur- 
ing 0.25 x 0.02 in. The X - r a y  diffraction pa t t e rns  
obtained are represented in F igure  2. 

Cottonseed Stearine. The almost completely hydro- 
genated cottonseed oil, iodine value 2, was a commer- 
cial product  manufac tu red  by  the E. F. Drew Corn- 

T A B L E  I 
L i q u i d  C(~utent of Cocoa B u t t e r - L i k e  F a t  a~d  

Cocoa B u t t e r  a f t e r  T e m p e r i n g  

T e m p e r a t u r e ,  
C 

0 
5 

10 
15 
20 
25  
30 
35 
4 0  
45 
50 

Cocoa but te r  

L iqu id  c o n t e n t , %  a 

0 .6  
1.9 
4.1 
6.8 

10.8 
16.7 
36.1 

100.0 

Cocoa but ter -  
l ike f a t  

0.7 
8.1 

21.7 
4 6 . 7  
96.3 
96.9 
98.5 

100.0 

a D e t e r m i n e d  d i la tometr lca l ly  ( 1 ) .  
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FIG. 2. X - ray  d i f f r a c t i o n  p ~ t t e r n s  o f  c o c o a  b u t t e r - l i k e  f~lt 

N o .  5 :  A ,  s t a b i l i z e d ;  B ,  q u i c k l y  so l i d i f i ed  a n d  m e c h a n i c a l l y  
w o r k e d :  a n d  C, q u i c k l y  so l id i f i ed .  

pany and was received in the form of flakes. A small 
quant i ty  of the flakes was placed in a beaker, melted 
and heated to 80C to destroy all crystals, and then 
quickly solidified by placing the beaker in ice water. 
The sample and beaker were warmed to room tem- 
perature,  about 25C, and a portion of the sample was 
removed and extruded ten times through the plate 
with the three orifices, each measuring 0.0135 in. in 
diameter. To prepare a sample of the flakes in which 
the components were stabilized insofar as conveniently 
possible, the flakes, which had been stored at room 
temperature  for  about a year, were held for an addi- 
tional 12 days at 55C, which was just  below the 
dilatometrieally determined melting range of 56-63C. 
X-ray diffraction patterns for the worked and un- 
worked portions of the quickly solidified sample and 
for the aged and tempered flakes are reproduced in 
Figure  3. 

Chocolate Liquor, Chocolate, and Chocolate-Type 
Products. Chocolate liquor or cooking chocolate, which 
consists of roasted and ground cocoa beans, was melted 
and heated to 67C and then quickly solidified with the 
aid of ice water. The beaker and contents were trans- 
ferred to the walk-in cooler kept at 4C, and a portion 
of the solidified chocolate liquor was removed from the 
beaker and extruded ten times through the small 
orifices. The worked and unworked portions were 
warmed to room temperature.  Subsequently, both 
were heated to 34C, kept  at this temperature  for 30 
min, and then poured into molds and solidified by 
storage in a refr igerator  at 5C for 30 rain. The 
temperature  of the samples was allowed to increase 
stepwise and hardness determinations were made at 
each step. The data obtained are recorded in Table II .  

Tests similar to those carried out with chocolate 
liquor were carried out with milk chocolate and a 

chocolate-type coating composition made with the 
cocoa butter-like fat. 

Results and Discussion 
Cocoa Butter and Cocoa Butter-Like Fat. About 

80% of the triglyeerides of cocoa but ter  consist of 2- 
oleopahnitostearin and 2-oleodistearin. Each of these 
triglycerides exhibits four distinct melting points (1).  
The lowest and highest melting polymorphs are gener- 
ally recognized as the alpha and beta forms, respec- 
lively (7). When in the pure state, the solid-to-solid 
t ransformation of each triglyceride from the lowest 
melting fornl into the highest melting form requires 
several days of storage at a temperature  just  below 
tile melting point (1). When the two glyeerides are 
mixed, either with each other or with other triglyc- 
erides, the rate of t ransformation is decreased. 

The X-ray diffraction pat tern  of the quickly solidi- 
fied but unworked portion of cocoa butter,  C, Fig- 
ure 1, exhibits a single strong diffraction line at a 
2 0 angle of about 21 degrees, which corresponds to a 
crystal spacing of 4.16~, the characteristic short spac- 
ing of the alpha fornl (8).  The diffraction pat tern  
of the quickly solidified and worked cocoa butter,  
B, F igure  1, exhibits strong diffraction lines at 2 0 
angles of about 19.4, 22.6, and 24 degrees which cor- 
respond to crystal spacings of 4.6, 3.85, and 3.7A, 
respectively, which are the characteristic short spac- 
ings of the thermodynamical ly stable beta form (8). 
The diffraction pat tern  of the cocoa but ter  in the 
well-stabilized form, A, Figure  1, exhibits of course 
the same diffraction lines characteristic of the beta 
form. These diffraction pat terns are evidence that  
the mechanical working of unstable cocoa but ter  can 
convert it into the thermodynamical ly stable poly- 
morphic form. 

The X-ray diffraction pat terns  of the worked and 
unworked portions of the quickly solidified sample 
of cocoa butter-like fat and the pat tern  of the fat  
af ter  tempering by aging are practically identical 
between 2 0 angles of 18 and 30 degrees. Instead of 
sharp diffraction lines, the three pat terns exhibit a 
diffused band centered at 20.5 degrees which corre- 
sponds to a crystal spacing of 4.3A. One of the three 
patterns has a small band centered at 22.4 degrees, 
while the other two patterns show a hump at this 
angle. At angles below 18 degrees the pat tern  of the 
quickly solidified and worked sample resembles that  
of the aged and well-tempered sample, rather  than 
that of the quickly solidified sample. Dilatometric 
data on this fa t  and others prepared in a similar 
manner  (9) indicate that  fats of this type do temper. 
On holding them at a temperature  just  below their 

T A B L E  I I  
Ha rdnes s  of Confectionery Produc t s  M:ade with Worked and Unworked  

Por t ions  of Quickly Solidified Samples of the Products  

Temp, 
C 

1 6 . 4  
20.3 
24.2 
28.1 
17.6 
20.0 
24.0 
28.0 
17.0 

20.0 

24.0 

28.0 

Type of product  

Chocolate l iquor 
Chocolate l iquor 
Chocolate l iquor 
Chocolate l iquor 
Milk chocolate 
Milk chocolate 
Milk chocolate 
Milk chocolate 
Chocolate-type produc t  

(made with cocoa butter-like fat)  
Chocolate-type product 

(made with cocoa butter-like fat)  
Chocolate-type product  

(made with cocoa butter-like fat)  
Chocolate-type produc t  

(made with cocoa butter-like fat)  

Ha rdnes s  index 
X 10 l~a 

Worked Unworked 

64.0 26.9 
35.0 10.1 
20.5 6.3 

4.3 2.1 
22.0 12.0 
21.8 11.8 
11.1 7.5 

2.9 2.1 

18.1 15.2 

20.5 15.7 

15.7 13.0 

8.0 6.5 

a Measured by Brinell  type test  (4 ) .  
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melt ing point  for  a short time, the melt ing point and 
melt ing dilation are increased. As will be shown be- 
low, differences were found in worked and mlworked 
coating compositions made with the cocoa butter-like 
fat.  

The cocoa butter-like fa t  was composed mostly of 
the seven oleodisaturated glyeerides of palmitic and 
stearic acids, but  also contained several times this 
number  of minor components. The characteristic short 
spacings are not identical for  different tr iglycerides 
in the same polymorphic form. To fu r the r  compli- 
cate the X- ray  diffraction patterns,  some of the tri- 
glyeerides are thermodynamical ly  stable in the beta 
pr ime form, while the others are unstable in this 
fo rm and stable in the beta form. The format ion of 
some solid solutions or mixed crystals  undoubtedly 
produced new crystal  spacings. Final ly,  the 1-oleo- 
disa turated triglyeerides, which comprise about two- 
thirds of this fa t  undergo relat ively rapid  polymor- 
phie t ransformat ion  (10) and probably  t r ans form to 
some extent even dur ing rapid  solidification. Hence, 
the lat ter  t r iglyeerides would tend to impar t  a same- 
ness to the diffraction patterns.  

Cottonseed Stearine. Most of the comments witL 
reference to the diffraetiou pa t te rns  of the cocoa 
butter-like fa t  also app ly  to the diffraction pa t te rns  
of the highly hydrogenated cottonseed oil, F igure  3. 
Between 2 0 angles of 18 and 30 degrees no significant 
differences are found. However,  at  the lower-angles, 
1 to 18 degrees, the pat terns  of the unworked and 
worked portions of the quickly solidified sample of 
highly hydrogenated cottonseed oil differ. That  of the 
worked port ion resembles that  of the sample which 
was tempered by aging and holding at  a t empera ture  
slightly below the melt ing point. The diffraction lines 
at the low angles are a measure of the long spacings 
of the crystals. Presumably  the s imilar i ty  of the two 
diffraction pat terns  in this region indicates a simi- 
la r i ty  in the lengths of the repeat ing units of the 
crystals. 

Chocolate Liquor, Chocolate, and Chocolate-Type 
Products. The melt ing and solidification of the con- 
fectionery products  was carried out in a manner  
analogous to that  employed in the manufac tu re  of 
confections of this type. With  such products  it is 
customary to melt  the f a t ty  phase, which amounts 
to about 30% by weight, cool the mixture  to solidify 
a port ion of the fat, seed the fa t  with stable crystals, 
mold the product  or use it to enrobe confections, and 
finally solidify the fa t  in the product  by passage 
through a cooling tunnel held at about 15C. When 
the finished confections leave the cooling tunnel and 
are warmed to room tempera ture  they will remain 
br ight  and glossy if the seeding and solidification 
process have been carried out properly.  

When the worked and unworked portions of the 
quickly solidified chocolate liquor were warmed to 
room temperature ,  or 25C, par t ia l  melt ing of the un- 
worked port ion occurred;  but the worked port ion did 
not melt. Because stabilized cocoa but ter  melts at 
34-35C and cocoa bu t te r  in unstable forms melts as 
low as 16-18C, the fai lure of the worked port ion of 
the chocolate liquor to melt  is good evidence that  
extensive stabilization occurred dur ing the mechani- 
cal working. 

Both the worked and unworked portions of the 
chocolate liquor were subsequently heated to 34C, 
molded, and resolidified as described above. Exami-  
nation of the resolidified bars  at room tempera ture  
revealed that  those made f rom the worked chocolate 
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FI~. 3. X-ray diffraction patterns of cottonseed oil stearine: 
A, stabilized; B, quickly solidified and mechanically worked; 
and C, quickly solidified. 

liquor possessed a good gloss and good contraction 
and could be demolded easily. In  contrast, those 
made with the unworked chocolate liquor possessed 
poor gloss and poor contraction and could not be 
demolded. The bars made f rom the worked chocolate 
liquor behaved in every respect like bars  made f rom 
chocolate liquor which had been seeded adequately 
with crystals of cocoa but ter  in the stable polymor- 
phic form. 

When tests similar to those carried out with the 
chocolate liquor were carried out with the sweet milk 
chocolate and a chocolate type enrobing composition 
made with the cocoa butter-like fat,  the behavior in 
each instance was similar to that  observed with the 
chocolate liquor. 

Independent  evidence that  the nleehauieal working 
of confectionery products  containing cocoa but ter  and 
cocoa butter-like fa ts  can be t ransformed into stable 
polymorphic forms is provided by  the hardness data  
recorded in Table I I .  In  each instance the bar  made 
f rom the worked port ion of the quickly solidified sam- 
ple was harder  than that  made f rom the unworked 
portion. The hardness of the bars made f rom the 
worked portions was about equal to that  of bars made 
with well seeded melts and described in other reports.  
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