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Differential scanning calorimetry measurements  of crystal- 
lization and melting characteristics of commercial samples 
of anhydrous milk fat (AMF), cocoa  but ter  (CB) and 
hydrogenated palm kernel stearin (PKS) in ternary blends 
were studied.  Resul t s  showed  that  s tabi l izat ion at 26~ 
(either for 40 h or 7 d) did not  great ly  af fect  the  m e l t i n g  
thermogram trace of PKS. However, the effect  of  stabiliza- 
tion b e c a m e  prominent  as CB was  added into the  s y s t e m .  
Dev ia t ion  of  measured  enthalpy  from the  corresponding 
values, calculated for t h e r m o d y n a m i c a l l y  ideal  blends, 
showed  clear interact ion be tween  all three fats .  A t  20~ 
t h e  s t r o n g e s t  d e v i a t i o n  o c c u r r e d  a t  a b o u t  t h e  
A M F / C B / P K S  (1:1:1} blend, whereas  at  30~ the  deviat ion 
m o v e d  toward the CB/MF (1:1} blend. The presence of 25% 
AMF in P K S  had l i t t le  e f fect  on i t s  sol idi f icat ion 
capabil ity,  but  sol idif icat ion w a s  adverse ly  a f fec ted  with 
inclusion of  CB. 

KEY WORDS: Anhydrous milk fat. binary and ternary blends of cocoa 
butter, compatibility of confectionery fats, differential scanning 
calorimetry, hydrogenated palm kernel stearin. 

From a practical point of view, cost has probably been the 
main incentive behind the use of lauric hard butters as cocoa 
butter substitutes {CBS) in confectionery coating formula- 
tions. The CBS fats are expected to have textural proper- 
ties similar to cocoa butter (CB), i.e, they must be brittle 
at room temperature but must have a short melting range 
just below body temperature which ensures a pleasant 
mouthfeel and may offer some technological advantages 
over CB. The tempering process for CBS confections may 
either be simplified or can be omitted for normal coating 
purposes. However, these fats have a low tolerance for CB 
addition (1). Nevertheless, lauric CBS has an acceptable 
hardness and rapid crystallization characteristics, even at 
high millr fat concentrations {2). The aim of the present 
research was to study the interaction between commercial 
lauric hard butter [palm kernel stearin (PKS)], CB and 
anhydrous milk fat (AMF) in ternary blends by measuring 
the deviation of the melting enthalpy by differential scan- 
ning calorimetry (DSC) as described previously by Md. All 
and Dimick (3). 

tion and melting characteristics were studied by using a 
Perkin-Elmer {Norwalk, CT) DSC Model-4, equipped with 
a Perkin-Elmer 3600 Data Station (3). About 3 mg of 
precisely weighted {+_0.0005} fat sample in the DSC pan 
was melted at 60~ for 30 rain before cooling to 0~ and 
held for 90 rain. The pan was then transferred to a 26~ 
incubator and held for 40 +_ 0.5 h or 7 d for stabilization. 
The stabilized samples were again cooled to 0~ and held 
for 90 min before being held at -25~  for 5 rain on the 
DSC head prior to measurement. The nonstabilized sam- 
ples were prepared by holding the melted sample at 0~ 
for 90 min and at -25~ for 5 min on the DSC head before 
measurement. DSC melting curves were recorded at a 
heating rate of 20~ from -25~  to a maximum 
temperature of 50 ~ The crystallization patterns of the 
melted samples were scanned from 35 to - 25  ~ at a cool- 
ing rate of 5~ Partial melting enthalpies (AH i) were 
calculated by the method reported earlier this year (3). 
Data obtained from the measurements were analyzed by 
using the SAS Package on an IBM mainframe (4). R 2 
values, which indicate model fit of each of the constructed 
ternary diagrams {presented later in Figs. 3-5}, were also 
determined and were found to be greater than 0.95. 

RESULTS AND DISCUSSION 

Data presented in Table 1 show the fatty acid composi- 
tion of the CB, PKS and AMF. The CB was characterized 
by high concentrations of palmitic {27%}, stearic {36%} and 
oleic {33%} acid content. Lauric (C12:0) and myristic 
(C14:0) concentrations in PKS were 56 and 21%, respec- 
tively, and the AMF contained appreciable amounts of 
short-chain fat ty acids {C4:0-C12:0}. Melting thermo- 
grams of the fats are presented in Figure 1. PKS showed 
the highest melting enthalpy (30.1 cal/g} for the nonstabi- 
lized samples, followed by CB{24.1 cal/g) and AMF {17.3 
cal/g). Stabilization at 26~ for 40 h had little effect on 
the melting enthalpy of PKS {33.1 cal/g) and AMF {17.4 

TABLE 1 

EXPERIMENTAL PROCEDURES 
Fatty Acid Composition (wt%) a of Commercial Samples of Cocoa 
Butter, Hydrogenated Palm Kernel Stearin and Anhydrous Milk Fat 

Commercial AMF and Nigerian prime-pressed CB were 
used in this study. A completely hydrogenated PKS was 
obtained from Van Den Bergh Foods {Baltimore, MD). C6:0 
Fat ty  acid composition of each fat was determined as C8:0 
fatty acid methyl esters by gas-liquid chromatography ClO:O 
with a Hewlett-Packard {Palo Alto, CA) 5880, as previ- C12:0 
ously described (3). C14:0 

A matrix of 16 samples was produced by blending the C16:0 C18:0 
commercial fats in various ratios {presented later in Table C18:1 
2). Each blend was prepared in duplicate. The solidifica- C18:2 

C18:3 
C20:0 *To whom correspondence should be addressed at Department of Food 

Science, 116 Borland Laboratory, Pennsylvania State University, 
University Park, PA 16802. 

Cocoa Palm k e r n e l  Anhydrous 
FAME butter stearin milk fat 

-- -- 2.2 
-- 2.4 1.4 
-- 3.2 3.2 
-- 56.1 3.7 
0.1 20.6 11.5 

27.1 8.3 29.8 
36.1 8.7 12.0 
32.8 0.5 24.9 
2.6 -- 3.1 
-- -- 1.0 
0.9 -- -- 

aAverage values determined in duplicate. FAME, fatty acid methyl 
esters. 
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N o n s t a b i l i z e d  
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FIG. 1. Melting thermogram of nonstabilized and stabilized (for 40 
h at 26~ cocoa butter (CB), palm kernel s t e ~ n  IPKS) and ~mlay~ns  
milidat (AMF). 

100% AMF 

100% CB 100% PKS 
FIG. 2. Isoline diagram of partial melting enthalpies for AMF, CB 
and PKS blends required to bring the mixtures from 30~ to a com- 
plete melt (AH30oc) after 40 h stabilization at 26~ Abbreviations 
as in Figure 1. 

cal/g). However, a m a r k e d  increase  in t he  me l t i ng  e n t h a l p y  
of CB (from 24.1 cal /g to  35.4 cal/g) was  ev iden t .  These  
r e s u l t s  i nd i ca t e  t h e  ease  of P K S  c rys t a l l i z a t i on ,  which  
g ives  an  a d v a n t a g e  and  f l ex ib i l i t y  in t he  con fec t i one ry  
c o a t i n g  or  e n r o b i n g  process  as  c o m p a r e d  to  CB, which  re- 
qui res  t emper ing .  D a t a  p r e s e n t e d  in Table 2 ind ica t e  t h a t  
c r y s t a l  t r a n s f o r m a t i o n  was  r e l a t i ve ly  complex  in b l ends  
w i t h  h igh  c o n c e n t r a t i o n s  of CB. Th i s  was  ev iden t ,  for  ex- 
ample,  in b l e n d  codes  C, G a n d  N, in which  t h e  t o t a l  
m e l t i n g  en tha lp i e s  a t  15 oC w i t h o u t  s t ab i l i z a t i on  a t  26 o C 
(16.8, 22.1 a n d  22.8 cal/g, r e spec t ive ly )  were m u c h  lower 
t h a n  t h e  c o r r e s p o n d i n g  va lues  a f t e r  s t ab i l i za t ion ,  e i the r  
for 40 h (23.2, 32.0 and  30.4 cal]g, respect ively)  or  7 d (25.2, 
34.2 a n d  31.5 cal/g, respect ive ly) .  

The  effect  of b l e n d i n g  r a t i o s  on  t h e  p a r t i a l  m e l t i n g  en- 

tha lpy ,  r equ i red  to  b r i n g  the  A M F / C B / P K S  b lends  f rom 
30~ to  a c o m p l e t e  m e l t  (AH3ooc) a f t e r  40 h s t ab i l i z a t i on  
a t  26 ~ is dep i c t ed  in  F i g u r e  2. Th is  f igure  d e m o n s t r a t e s  
a m i n i m u m  p o i n t  of AH30oc a t  p o i n t  G, and  be tween  
p o i n t  A to  G (at  p o i n t  Q), where  t he re  is  a 50:50 r a t i o  be- 
tween  CB a n d  PKS .  I t  does  n o t  d e m o n s t r a t e  any  mini-  
m u m  p o i n t  of AH30oc a long  the  b i n a r y  l ines  of A M F / C B  
a n d  A M F / P K S ,  bu t ,  in general ,  t h e  e n t h a l p y  va lue  de- 
c reases  w i t h  an  inc rease  in c o n c e n t r a t i o n  of A M F  in t he  
sys tem.  S imi la r  in te rac t ions  were found  a t  o ther  measured  
t e m p e r a t u r e s  (AHt, AH10o c and  hH20oc; d a t a  no t  given). 
Pro longed  s t ab i l i za t ion  up  to  seven days  increased the  par- 
t i a l  m e l t i n g  e n t h a l p y  s l i g h t l y  (Table 2). This,  however, d id  
no t  c h a n g e  the  i n t e r a c t i o n  p a t t e r n s  f rom those  shown in 
F i g u r e  2. These  r e su l t s  are  in a c c o rda nc e  w i th  p rev ious  

TABLE 2 

Melting Enthalpy (AH; cal/g) a of AMF, CB and PKS Blends Measured by DSC, with and without stabilization at 26~ 

Melting enthalpy (AH), partial value at (~ 

Blend Without stabilization Stabilized for 40 h Stabilized for 7 d 

AMF/CB/PKS 
Code ratio - 1 5  10 20 30 - 1 5  10 20 30 - 1 5  10 20 30 

A 1:0:0 17.3 11.8 3.3 1.5 17.4 12.1 3.8 2.4 17.3 13.3 3.9 3.0 
B 3:1:0 . . . .  21.0 17.0 3.4 2.4 20.2 14.9 3.5 2.6 
C 1:1:0 16.8 13.6 5.8 1.7 23.2 20.1 6.6 5.0 25.2 21.4 9.2 6.8 
D 1:3:0 -- -- --  -- 30.1 28.1 21.1 13.5 30.4 27.6 21.9 14.4 
E 0:1:0 24.1 23.4 14.2 0.2 35.4 34.3 31.9 22.9 35.5 34.6 32.7 27.8 
F 0:3:1 . . . .  34.0 32.8 27.8 13.4 35.0 33.5 28.5 13.8 
G 0:1:1 22.1 21.5 15.4 1.7 32.0 30.8 21.4 8.4 34.2 32.4 24.6 12.1 
H 0:1:3 . . . .  32.2 31.0 22.2 9.9 33.1 31.8 22.6 12.0 
I 0:0:1 30.1 29.5 28.8 21.0 33.1 32.8 31.9 23.4 33.1 33.1 32.2 23.7 
J 1:0:3 . . . .  30.4 27.5 23.2 10.9 31.1 28.0 23.4 12.7 
K 1:0:1 23.6 20.6 16.4 4.2 25.8 20.9 13.4 5.9 25.3 21.8 15.1 8.6 
L 3:0:1 . . . .  21.3 16.3 7.8 3.4 21.5 16.6 7.8 3.8 
M 4:1:1 16.8 11.5 4.3 1.8 18.7 11.2 4.2 1.6 18.7 11.5 4.8 2.5 
N 1:4:1 22.8 21.2 7.0 0.8 30.4 27.7 18.6 9.8 31.5 29.4 21.4 11.0 
P 1:1:4 26.7 24.8 21.1 5.2 29.5 25.9 18.0 7.4 30.1 26.2 19.5 10.2 
Q 1:1:1 24.4 20.0 9.8 1.6 24.9 20.2 8.0 3.1 26.9 22.9 8.9 4.9 

=Means of duplicate samples. AMF, anhydrous milk fat; CB, cocoa butter; PKS, palm kernel stearin. 
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100% AMF 

100% CB 100% PKS 

FIG. 3. Isoline diagram of the measured enthalpy deviation at 20~ 
after seven days stabilization at 26~ Abbreviations as in Figure 1. 

100% AMF 

100% CB 100% PKS 

FIG. 4. Isoline diagram of the measured enthalpy deviation at 30~  
after seven days stabilization at 26~ Abbreviations as in Figure 1. 

reports that  demonstrated the incompatibility of CB with 
PKS (5) and the softening effect of AMF on CB and on 
PKS (6). 

Figures 3 and 4 were constructed from the deviation 
values of calculated partial melting enthalpies to the cor- 
responding values for a thermodynamically "ideal blend" 
(3) shown in Table 3. Data  demonstrate the interaction be- 
tween all the fats, either in binary or in ternary blends. 
At 20~ {Fig. 3), the strongest deviation occurred at about 
blend code Q {-14.0 cal/g), where the three fats are at equal 
ratio, whereas at  30~ {Fig. 4) it occurred at about blend 
code Q {-13.8 cal/g) to G {-13.7 cal/g). The deviation was 
generally highest in the CB/PKS system on the binary 
lines. The deviations also occurred in the AMF/PKS 
binary system, but  they were less than tha t  found in the 

TABLE 3 

AMF/CB system. For example, the deviation value of 
hH20oc (Table 3 and Fig. 3) for blend code K (AMF/PKS, 
1:1), was -2.9 cal/g, compared to -9.1 cal/g for blend code 
C (AMF/CB, 1:1). These data show that AMF is more com- 
patible with PKS than with CB, as well as confirming 
previous research (6). 

In Figure 5, the crystallization thermograms are shown 
for the individual fats and some of their blends: PKS/AMF 
(3:1), CB/AMF (3:1), CB/PKS (1:3) and PKS/CB/AMF 
{4:1:1). PKS had a short crystallization range with an 
onset transition temperature of 11.9~ AMF and CB, 
which showed wider crystsnlzation ranges, had onset tran- 
sition temperatures of 15.5 o C and 16.9 o C, respectively. 
The higher tolerance of AMF with PKS can be seen in 
the PKS/AMF {3:1) thermogram, which indicates that the 

Deviation Values of  the Measured Partial Melting Enthalpy (AH) of Matrix Samples 
from the Calculated Values for the Thermodynamically Ideal Blends After Seven Days  
Stabilization at 26~ a 

Blend 

Calculated partial 
enthalpy (cal/g) 

for ideal blends at: 

Deviation value of 
the measured partial 
enthalpy (callg) at: 

AMF/CB/PKS 
Code ratio 20 oC 30 ~ C 20 o C 30 o C 

A 1:0:0 3.9 3.0 0.0 0.0 
B 3:1:0 11.1 9.2 --7.6 --6.6 
C 1:1:0 18.3 15.4 -9.1 -8.6 
D 1:3:0 25.5 21.6 --3.6 -7.2 
E 0:1:0 32.7 27.8 0.0 0.0 
F 0:3:1 32.6 26.8 -4.1 -13.0 
G 0:1:1 32.5 25.8 -7.9 -13.7 
H 0:1:3 32.4 24.7 -9.8 -12.7 
I 0:0:1 32.2 23.7 0.0 0.0 
J 1:0:3 25.1 18.4 -1.7 -5.7 
K 1:0:1 18.0 13.5 --2.9 -4.9 
L 3:0:1 10.9 7.7 --3.1 -3.9 
M 4:1:1 13.4 10.6 --8.6 -8.1 
N 1:4:1 27.8 23.0 --6.4 -12.0 
P 1:1:4 27.6 20.9 --8.1 -10.7 
Q 1:1:1 22.9 18.7 -14.0 -13.8 

aAbbreviations as in Table 2. 
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FIG. 5. Cooling exothermograms showing the effect of AMF on the 
solidification of PKS, CB and their blends. Abbreviations as in Figure 
1. 

presence of 25% A M F  did not  greatly widen the 
crystallization range when compared with PKS alon~ 
Nevertheless, the presence of CB in blends containing 
PKS had adverse effects on the solidification performanc~ 
as noted by the broad solidification curves shown in the 
CB/PKS (1:3) and PKS/CB/AMF (4:1:1) thermogram. 

Data  obtained have shown that,  to ensure a good pro- 
cessing and eating quality of lauric hard butter-based 
products, it is critically important  to limit the amount of 
cocoa butter, and this applies whether milk fat is present 
or not in the formulation. 
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