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ABSTRACT: Incompatibilities between fats limit the use of 
modified milk fat in confectionery applications. To further en- 
hance the use of milk-fat fractions in chocolates and compound 
coatings, a better understanding of mixed crystallization effects 
between lipids is required. Recent work documents that high- 
melting fractions incorporated into chocolates drastically re- 
duce bloom formation and cause less softening than anhydrous 
milk fat. Isosolids diagrams for mixtures of cocoa butter and 
milk-fat fractions show that softening occurs due to both dilu- 
tion effects and a slight eutectic formation. Incorporation of 
milk-fat fractions into palm kernel oil-based coatings shows 
some differences with results in chocolates. Milk fat and its frac- 
tions cause significant bloom formation in these coatings, as 
compared to the control, and cause significant softening. How- 
ever, both milk fat and milk-fat fractions are fully compatible 
with palm kernel oil, based on isosolids diagrams. Softening oc- 
curs only because of dilution effects, rather than eutectic forma- 
tion. Further work is necessary to understand the effects of milk- 
fat fractions on bloom formation in compound coatings. 
JAOCS 73, 945-953 (1996). 
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Butter or butter oil (anhydrous milk fat) is used in a wide va- 
riety of confectionery products. Butter is used to advantage 
in high-quality caramel, toffee, and cream fillings, while milk 
fat and butter oil provide advantages in chocolate. Another 
potential application of butter oil in confections is in com- 
pound coatings and imitation chocolates. 

Butter is used in confections primarily for the buttery fla- 
vor, although some chocolate manufacturers add 2-3% anhy- 
drous milk fat (AMF) to control hardness of dark chocolate 
(I). Milk fat is also widely known to inhibit fat bloom forma- 
tion in chocolates (2). Offsetting these advantages is the rela- 
tively high cost of milk fat compared to other fats and oils. In 
addition, the range of melting point and plasticity of milk fat 
inhibit its use in some confectionery applications. For this 
reason, fractionation or modification of milk fat has gained 
increasing popularity in past years. 
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In particular, fractionation of milk fat can produce a range 
of products with different physical and chemical characteris- 
tics (3-13). Deffense (14) suggested that three main fractions 
(high, medium, and low melting) exist in milk fat, although 
fractionation can produce fractions with melting points rang- 
ing from <10 to >50~ (15). These fractions provide an inter- 
esting range of products for use as ingredients in the confec- 
tionery industry. 

In this article, an overview of the information needed to 
optimize and control the use of milk-fat fractions in the con- 
fectionery industry is provided. Specific examples of recent 
research from the author's laboratory will be used to empha- 
size these points. 

FRACTIONATION/MODIF ICATION TECHNOLOGY 

Milk fat has been modified through a variety of techniques, 
as summarized by Kaylegian and Lindsay (15). The most 
common technique, however, is dry or melt fractionation, 
where molten milk fat is cooled under agitation until a uni- 
form slurry is obtained. Filtration of this slurry, either by vac- 
uum or pressure filtration, results in two fractions. The solids, 
remaining on the filter, comprise a hard (higher melting point) 
fraction while the liquid passing through the filter is a softer 
(lower melting point) fraction. 

Chemical and physical properties of the range of fractions 
produced by this method have been well-documented (15). 
Softer fractions with lower melting points typically contain 
lower levels of long-chain saturated fats, while higher-melt- 
ing hard fractions contain less of the shorter chain and unsat- 
urated fatty acids. These chemical differences result in the 
d i f f e r e n t  physical properties (melting point, hardness, etc.) 
between fractions. 

An understanding of the complex lipid interactions be- 
tween milk-fat fractions and other confectionery fats is nec- 
essary for optimizing the application of modified milk fats in 
confectionery products. This starts with a better understand- 
ing of the chemical composition of these components. Be- 
cause the molecular configuration determines crystallization 
a n d  polymorphic behavior of fats, we need to develop tech- 
niques that allow us to easily, quickly, and accurately deter- 
mine positional arrangement of fatty acids in triglycerides and 
to relate this chemical structure to physical properties, such 
as hardness, bloom formation, and polymorphic effects. 
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A P P L I C A T I O N S  

Milk-fat fractions may be used to enhance butter flavor and 
modify physical properties of confections, as well as to pro- 
vide bloom resistance in chocolates. Primary application is in 
chocolate, but there is potential for using milk-fat fractions in 
caramels and compound coatings, where true butter flavor may 
be highly desirable. To date, significant research has only been 
done to evaluate milk-fat fractions and modified milk fats in 
chocolates. Here, the possibility for using milk-fat fractions in 
caramels and compound coatings also will be discussed. 

Caramel. Little quantitative work has been done to evalu- 
ate use of milk-fat fractions in caramels. In the author's lab, 
preliminary trials have shown that milk-fat fractions can be 
used to modify physical characteristics of caramels. Differ- 
ences in physical properties (i.e., cold flow) and caramel color 
were observed when different fractions were incorporated into 
a caramel formulation. Softer (low melting point) fractions 
gave higher degrees of cold flow in stored caramels. Although 
we need further work to verify and document these effects, the 
possibility of altering the physical properties of caramels while 
still maintaining true butter flavor is intriguing. 

C H O C O L A T E  

A substantial amount of work has been done to evaluate mod- 
ified milk fat and milk-fat fractions in chocolates (16-25). 
Again, milk-fat fractions can be used to advantage in choco- 
lates for flavor (milk chocolate) and texture (control of hard- 
ness) modification. In addition, AMF and milk-fat fractions 
can be used to prevent or delay fat bloom formation 
(2,16,21,24,25). In some cases, however, unwanted or ex- 
treme softening of the chocolate may occur. Another concern, 
when adding milk-fat fractions to chocolate, is alteration of 
crystallization kinetics of cocoa butter during processing 
(tempering). Typically, lower temperatures are required for 
tempering chocolates with added milk fat, although the ef- 
fects of milk-fat fractions on cocoa butter crystallization have 
not been documented. 

For optimal use of milk-fat fractions in chocolates, we 
need to understand (i) mechanisms and kinetics of bloom for- 
mation, (ii) phase behavior for predicting softening effects, 
and (iii) crystallization kinetics for proper tempering and 
cooling tunnel operations. 

Bloom inhibition. Over the years, the inhibition effect of 
milk fat (or modified milk fats) on chocolate bloom has been 
demonstrated (2,16,21,24). Some recent work clearly shows 
how AMF and milk-fat fractions inhibit bloom formation in 
dark chocolate made with Ivory Coast cocoa butter (25). In 
this study, AMF or milk-fat fractions were added at 2% (w/w) 
of the formulated chocolate, and bloom was evaluated by mea- 
suring change in whiteness index with a colorimeter. Temper- 
ature of storage was varied between 19 and 29~ on a six-hour 
basis for a three-week period, with whiteness index measured 
periodically. Characteristics of the different milk-fat fractions 
incorporated into chocolates are shown in Table 1. 

TABLE 1 
Capillary Melting Points 

Sample a Clear point (~ 

CB 31.3 -+ 0.2 
AMF 36.9 + 0.1 
27/32S 49.2 _+ 0.1 
32S 48.5 + 0.2 
30S 46.7 + 0.3 
28S 44.6 _+ 0.2 
23S 42.2 + 0.2 
17S 26.2 + 0.1 
17L 15.3 + 0.2 

aCocoa butter (CB), anhydrous milk fat (AMF), and milk-fat fractions; solid 
(S) fractions obtained at 27~ then 32~ (27/32S), 32~ (32S), 30~ (30S), 
28~ (28S), 23~ (23S), 17~ (17S), and liquid (L) fraction obtained at 17~ 
(17L). 
bAverage of four trials with standard deviation. 

Figure 1 shows that AMF and the harder (higher melting 
point) milk-fat fractions clearly inhibited bloom formation in 
this chocolate, made with Ivory Coast cocoa butter. Both time 
for onset of visual bloom and rate of bloom development 
were inhibited by these fractions. Middle-melting milk-fat 
fractions inhibited bloom to a lesser extent, compared to hard 
fractions, but still slowed the rate of bloom compared to the 
control chocolate (Fig. 2). In contrast, the softest fractions 
studied showed virtually no inhibition of bloom (Fig. 3). 
Table 2 shows the effects of these milk-fat fractions on induc- 
tion time (onset) for nucleation and bloom rate. 

Similar, but slightly different, results have been found pre- 
viously for chocolates made with a different cocoa butter 
when mixed with milk-fat fractions made by solvent fraction- 
ation (24). Evaluation of bloom formation in chocolates made 
with an equal weight blend of Malaysian and Brazilian cocoa 
butters showed some interesting differences from the previ- 
ous study (25). First, chocolates made with this cocoa butter 
blend bloomed significantly faster than the chocolate made 
with Ivory Coast cocoa butter. In fact, the temperatures of cy- 
cling for accelerated bloom studies were 16.7 to 26.7~ com- 
pared to 19 to 29~ as described above. When the chocolate 

TABLE 2 
Bloom Formation Parameters in Dark Chocolate a 

Added fat Induction time b SD Bloom rate c SD 

Cocoa butter control 3.6 0.6 12.2 1.2 

2% AMF 5.7 0.2 4.8 0.4 
2% 27/32S 4.9 0.8 1.9 0.9 
2% 32S 5.2 0.3 2.6 0.2 
2% 30S 4.8 0.6 3.4 0.1 
2% 28S 6.2 0.1 3.1 0.3 
2% 23S 5.1 0.4 2.0 0.0 
2% 17S 3.4 0.5 6.1 0.4 
2% 17L 2.9 0.3 6.7 0.1 

aAfter 2% replacement of cocoa butter with AMF or milk-fat fractions. Milk- 
fat fractions described based on temperature of sequential fractionation and 
solid (S) or liquid (L) fraction (Ref. 25). See Table 1 for abbreviations. 
bAverage of three trials, in days. 
CAverage of three trials, in change in whiteness index/day. 
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FIG. 1. Accelerated bloom development (change of whiteness index, AWl) of dark chocolate 
[made with Ivory Coast cocoa butter (CB)] containing 2% CB replacement with CB (control), 
anhydrous milk fat (AME), and solid (S) milk-fat fractions obtained by melt fractionation at 
27~ then 32~ (27/32S), and 32~ (32S). Bloom development accelerated by cycling be- 
tween 29 and 19~ at 6-h intervals. ResuLts are averages of three triais, with standard devia- 
tions (Ref. 25). 

made with Ivory Coast cocoa butter was cycled between 16.7 
and 26.7~ no bloom was observed for at least four weeks, 
whereas the chocolate made with the Malaysian/Brazilian 
cocoa butter blend had completely bloomed in three weeks. 
Hogenbirk (26) also suggested that some cocoa butters are 
more resistant to bloom than others. 

A second difference between the two studies was the shape 
of the bloom development curve. As seen in Figures 1 to 3, 
the chocolate made with Ivory Coast cocoa butter exhibited 
an S-shaped curve for change of whiteness index with time. 
That is, there was an induction time with no bloom formation 
followed by a period of more rapid bloom development. 
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FIG. 2. Accelerated bloom development (AWl) of dark chocolate (made with Ivory Coast CB) 
containing 2% CB replacement with CB (control), AMF, and solid (S) milk-fat fractions obtained 
by melt fractionation at 30~ (30S) and 28~ (28S). BLoom development accelerated by cycling 
between 29 and 19~ at 6-h intervals. Results are averages of three trials, with standard devia- 
tions (Ref. 25). See Figure t for abbreviations. 
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FIG. 3. Accelerated bloom development (AWl) of dark chocolate (made with Ivory Coast CB) 
containing 2% CB replacement with CB (control), AMF, and solid (S) milk-fat fractions obtained 
by melt fractionation at 23~ (23S) and 17~ (17S), and liquid (L) fraction obtained at 17~ (17L). 
Bloom development accelerated by cycling between 29 and 19~ at 6-h intervals. Results are 
averages of three trials, with standard deviations (Ref. 25). See Figure 1 for abbreviations. 

Chocolates made with the Malaysian/Brazilian cocoa butter 
blend resulted in essentially a linear increase in change in 
whiteness index with time, as seen in Figure 4 (24). The ef- 
fects of milk-fat fractions on bloom rate in these chocolates 

(24) are shown in Table 3. As before, the milk-fat fractions 
with highest melting points inhibited bloom. However, in this 
case, the milk-fat fractions with low melting point actually 
promoted bloom, as compared to the control. 
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FIG. 4. Accelerated bloom development (AWl) of dark chocolate (made with Malaysian/Brazil- 
ian CB) containing 2% CB replacement with CB (control), anhydrous milk fat (MF), and solid 
milk-fat fractions obtained by acetone fractionation at 25~ (25S), 20~ (20S), 15~ (15S), and 
10~ (10S). Bloom development accelerated by cycling between 26.7 and 15.7~ at 6-h inter- 
vals. Results are averages of three trials, with standard deviations (Ref. 24). See Figure 1 for ab- 
breviations. 
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TABLE 3 
Rate of Bloom Formation (change in whiteness index) 
in Dark Chocolate a 

Added fat Bloom rate b SD 

Cocoa butter control 0.53 0.06 

2% AMF 0.44 0.06 
2% 25S 0.08 0.06 
2% 20S 0.03 0.06 
2% 15S 0.06 0.06 
2% 10S 0.06 0.06 
2% 5S 0.79 0.06 
2% OS 1.18 0.06 
2% 0L 1.20 0.06 

aDuring temperature cycling (26.7 to 15.7~ at 6-h intervals), with 2% re- 
placement of cocoa butter by AMF or milk-fat fractions produced by ace- 
tone fractionation. Milk-fat fractions described by temperature of sequential 
fractionation (Ref. 32). See Table 1 for abbreviations. 
bAverage of two trials, in change in whiteness index/days of cycling. 

These differences in bloom inhibition between different 
milk-fat fractions and cocoa butters must be related to the ef- 
fects on phase behavior and crystallization kinetics. Differ- 
ences in chemical composition between fats give rise to dif- 
ferences in compatibility betweens fats in these chocolates. 
To understand and control these effects, we must understand 
the complex phase behavior and mixed crystallization of 
these lipid blends. 

Phase behavior and softening effects. Softening of choco- 
lates due to addition of milk fat is widely recognized (1,27) 
and is attributed to mixed crystallization effects. Typically, 
milk fat can be added to cocoa butter at up to 30% addition 
before softening becomes too extreme (1), and product qual- 
ity is unacceptable. In dark chocolates, however, manufactur- 
ers often use a small amount of butter oil to soften the prod- 
uct and control texture (I). 

Table 4 shows the softening effect of different milk-fat 
fractions on dark and milk chocolates. In dark chocolates, 
penetration depth of a needle probe with 150 g weight in- 
creased as chocolates became softer with higher addition lev- 
els of AMF or milk-fat fractions. Only at the highest addition 
level (10% replacement of cocoa butter by milk-fat fraction) 
was there a significant difference in hardness between choco- 
lates made with AMF or the hardest milk-fat fraction. In milk 
chocolates, these same general trends applied. However, the 
mixture of cocoa butter, the original milk fat in the formula- 
tion (added in whole milk powder) and added milk-fat frac- 
tion resulted in greater softening in these milk chocolates, as 
compared to the dark chocolates. Again, higher levels of 
AMF resulted in the greatest softening. Further details of 
these results can be found elsewhere (25). 

To better understand these results, information on phase 
behavior is required. Phase diagrams for some cocoa but- 
ter -AMF or modified AMF mixtures are available (19). 
These phase diagrams document that addition of milk fat or 
milk-fat fractions to cocoa butter results in reduced equilib- 
rium temperatures. Additional data are needed for specific 
mixtures of  different cocoa butters and milk-fat fractions. 

TABLE 4 
Penetration Depth (ram) of Chocolates Made with Milk Fat (AMF) 
or Milk-Fat Fractions a 

Added fat 

Dark chocolate Milk chocolate 

Penetration depth b SD Penetration depth SD 

Cocoa butter 
control 1.98 0.03 2.09 0.03 

2% AMF 2.03 0.03 2.69 0.05 
2% 27/32S 2.04 0.06 2.61 0.03 
2% 32S 2.10 0.05 2.56 0.05 
2% 30S 2.15 0.04 2.51 0.05 
2% 28S 2.10 0.04 2.69 0.05 
2% 23S 2.16 0.04 - -  - -  
2% 17S 2.08 0.03 - -  - -  
2% 17L 2.11 0.01 - -  - -  

5% AMF 2.36 0.04 3.11 0.05 
5% 27/32S 2.35 0.02 2.86 0.05 
5% 32S 2.34 0.02 2.75 0.06 
5% 30S 2.39 0.04 2.70 0.04 
5% 28S 2.44 0.06 3.05 0.06 

10% AMF 2.98 0.05 3.50 0.07 
10% 27/32S 2.64 0.06 3.00 0.04 
10% 32S 2.63 0.05 3.19 0.05 
10% 30S 2.63 0.03 3.18 0.07 
10% 28S 2.73 0.07 3.56 0.05 

aAt different replacement levels (2, 5, 10%) for cocoa butter. Milk-fat frac- 
tions described based on temperature of sequential fractionation and solid 
(S) or liquid (L) fraction (Ref. 25). See Table 1 for abbreviations. 
bAverage of four trials. 

However, phase diagrams for lipid mixtures are difficult to 
obtain. Another means of demonstrating compatibility of fats 
is the isosolids diagram, or the related solids content figure. 
Bigalli (28) has used this method to demonstrate compatibil- 
ity of various confectionery fats. In the isosolids diagram, 
lines of constant solid fat content (SFC) are drawn on a plot 
of temperature vs. composition. Eutectic and dilution effects 
can be seen from these plots. Eutectic effects, where triglyc- 
erides of one fat co-crystallize with the triglycerides of the 
other fat, are seen as a reduction in the SFC of the mixture 
below the level of either fat. Dilution effects, on the other 
hand, result in lines of constant SFC varying linearly with 
composition. 

In Figure 5 (23), the mixture of AMF and the Malay- 
sian/Brazilian cocoa butter blend shows a significant eutectic 
when the AMF level reaches about 30%. At addition levels 
above 30%, significant softening occurs. This demonstrates 
why milk fat is compatible with cocoa butter up to about 30% 
addition (1,27). Addition of a high-melting fraction (melting 
point of 49~ to the same cocoa butter blend resulted in dif- 
ferent behavior, as shown in Figure 6. For this high-melting 
fraction, a significant eutectic occurred at slightly lower levels 
of addition (20%). Further examples of isosolids diagrams of 
modified AMF and cocoa butter can be found elsewhere (23). 

The advantage of isosolids diagrams is that they are fairly 
simple to construct, based on SFC measurement for different 
levels of addition of the two lipids. However, phase diagrams 
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FIG. 5. Isosolid diagram of CB (Malaysian/Brazilian blend) with AMF 
(Ref. 23). See Figure 1 for abbreviations. 

provide a more detailed understanding of the effects of mixed 
fats on chocolate quality because polymorphic effects are also 
included. The softening effects shown above (Figs. 5 and 6) 
are related to modifications of the polymorphic structure of 
cocoa butter. The addition of higher levels of AMF or milk- 
fat fractions results in stabilization of 6' crystals, rather than 
the more stable I~ polymorph found in pure cocoa butter. 
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FIG. 6. Isosolid diagram of CB (Malaysian/Brazilian blend) with high- 
melting milk fat (HMF) fraction (Ref. 23). See Figure 1 for abbreviations. 

Thus, phase diagrams can be used to help understand com- 
plex interactions between lipids. 

However, the thermodynamic equilibria demonstrated in 
phase diagrams are not sufficient for optimizing use of milk 
fat or milk-fat fractions in confections. Kinetic effects, con- 
trolling the rate of crystal structure formation, are also impor- 
tant, and sometimes may limit the characteristics of food 
products. 

Crystallization kinetics. Rates of crystal formation, 
growth, and polymorphic transformation of cocoa butter are 
important for determining processing (tempering) and stor- 
age conditions. When milk fat is added to cocoa butter, crys- 
tallization rates are reduced (1), and chocolate processing 
temperatures must be lowered to counteract this decrease in 
kinetic rate. However, little quantitative data is available that 
show the rates of cocoa butter crystallization in the presence 
of milk fat, and virtually no data are available for the effects 
of milk-fat fractions in the literature. Recent work, with an 
isothermal differential scanning calorimetry technique, has 
shown the effects of added milk-fat fractions on cocoa butter 
crystallization. These results are discussed in a separate 
article (29). 

C O M P O U N D  COATINGS 

The imitation chocolate, or compound coating, industry has 
grown to large proportions as food manufacturers look to 
make a high-quality, reduced-cost chocolate-type product (1). 
The best coatings are typically made with palm kernel oil 
(PKO) because it can be modified (fractionated, interesteri- 
fled, hydrogenated, etc.) to give melting characteristics simi- 
lar to cocoa butter-based chocolates. However, PKO is seri- 
ously incompatible with other fats, such as cocoa butter and 
milk fat (1,26). The chocolate or milk flavor of coatings must 
therefore come from low-fat cocoa powders or milk powders, 
which generally results in inferior quality. To incorporate 
milk fat or milk-fat fractions into PKO-based coatings, we 
must understand the phase behavior and crystallization kinet- 
ics of these lipid mixtures as well as the mechanisms of fat- 
bloom formation. 

Bloom formation. Milk fat is known to enhance bloom for- 
mation in PKO-based coatings (1) when added even at low 
levels. However, few quantitative data are available that show 
rate of bloom formation. A recent study (30) investigated 
bloom formation in several PKO-based coatings with addi- 
tion of AMF and milk-fat fractions at different levels. Differ- 
ent milk fats and milk-fat fractions (summer vs. winter AMF, 
and a range of milk-fat fractions produced by dry fractiona- 
tion) were added to a sample coating made with a commer- 
cial fractionated, hydrogenated PKO. Some typical results for 
development of bloom during storage at room temperature, 
as measured by visual rating on a 5 (excellent) to 1 (severely 
bloomed) scale, are shown in Table 5. The coating made with 
summer AMF bloomed quite rapidly as compared to the con- 
trol, while the coating made with winter AMF (a harder fat) 
was not different from the control. Milk-fat fractions made 
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TABLE 5 
Bloom Development at Ambient Conditions for Coatings Made with Fractionated, Hydrogenated Palm Kernel Oil a 

951 

Weeks 

Coating b 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

FHPKO-HPOcontrol 4 c 4 4 4 4 4 4 4 4 4 4 4 

5%SAMF 4 4 4 4 4 4 4 3 3 3 2 2 
5%17S 4 4 4 4 4 4 4 3 3 3 2 2 
5%21S 4 4 4 4 4 4 3 3 3 3 3 3 
5%28S 4 4 4 4 4 3 3 3 3 2 2 2 
5%30S 4 4 4 4 4 3 3 3 3 3 2 2 
5%25.5/38S 4 4 4 4 4 3 3 3 3 3 3 2 

10%SAMF 4 4 4 4 4 4 4 3 3 2 2 1 
10%WAMF 4 4 4 4 4 4 4 4 4 4 4 3 
10%17S 4 3 3 3 3 2 2 2 2 1 
I0%21S 4 4 4 4 4 3 3 3 2 2 2 1 
10%28S 4 4 4 4 3 3 3 3 3 2 2 1 
10%30S 4 4 4 4 3 3 2 2 2 1 
10%25.5/38S 4 4 4 4 3 3 3 3 2 2 1 

15%SAMF 4 4 4 4 4 3 3 2 2 1 
15%17S 4 4 4 4 4 3 3 3 2 2 2 1 
15%21S 4 4 4 4 4 3 3 3 2 2 1 
15%28S 4 4 4 3 s 3 s 2 1 
15%30S 4 4 4 3 3 3 2 2 1 
15%25.5/38S 4 4 4 3 3 3 3 3 2 2 2 1 

4 4 3 3 3 3 2 2 2 2 1 

1 
1 
2 
1 
1 
2 1 

3 3 3 3 2 2 2 1 

2 1 

"~Nith 2.5% fully hydrogenated palm oil and replacements of anhydrous milk fat and milk-fat fractions. 
bControl, fully fractionated, hydrogenated palm kernel oil (FHPKO), summer anhydrous milk fat (SAMF), winter anhydrous milk fat 
(WAMF), and solid (S) milk-fat fractions obtained at 17~ (17S), 21~ (21S), 28~ (28S), 30~ (30S), and 25.5~ and then at 38~ 
(25.5/38S). HPO is a fully hydrogenated palm oil. 
CSubjective scores given for bloom: 4 = slightly dull; 3 = dull, traces of bloom; 2 = partly bloomed, appearance not acceptable; 1 = com- 
plete light bloom. 

by dry fractionation of the summer AMF gave about the same 
(or even faster) bloom rates as the parent AMF. Similar re- 
sults were found for other PKO types as well. A general trend 
was that coatings made with the softer milk-fat fractions 
(lower melting points) gave slowest bloom formation, while 
harder fractions typically resulted in the most rapid bloom 
formation. However, even the softer milk-fat fractions gave 
bloom rates significantly faster than the control. These results 
indicate the incompatibility between milk fat and PKO, which 
results in rapid bloom formation. 

The difference in bloom rate between coatings made with 
summer and winter AMF is interesting, particularly in light 
of the milk-fat fraction results. Apparently, a fraction of sum- 
mer AMF was not identified that would give comparable 
bloom formation as the winter AMF. A study to focus on de- 
termining the differences between summer and winter AMF 
responsible for this effect and to evaluate the potential of 
milk-fat fractions produced from winter AMF might provide 
a milk-fat component with the ability to delay bloom forma- 
tion in coatings. 

Phase behavior and softening effects. Addition of AMF to 
PKO-based coatings also caused significant softening due to 
the incompatibility of these fats (30). Table 6 shows penetra- 
tion depth of a needle penetrometer into coatings made with a 
commercial fractionated, hydrogenated PKO for different 
levels of summer and winter AMF and for milk-fat fractions 
produced by dry fractionation of the summer AMF (30). Both 

TABLE 6 
Penetration Depth (mm) of Compound Coatings a 

Added fat Penetration depth b SD 

FHPKO control 2.47 0.06 

5% AMF 2.70 0.08 
5% 25.5/38S 2.49 0.07 
5% 30S 2.42 0.08 
5% 28S 2.63 0.05 
5% 21S 2.53 0.05 
5% 17S 2.72 0.04 

10% AMF 2.98 0.06 
10% 25.5/38S 2.50 0.07 
10% 30S 2.57 0.06 
10% 28S 2.66 0.07 
10% 21S 2.77 0.05 
10% 17S 3.12 0.03 

15% AMF 3.36 0.07 
15% 25.5/38S 2.70 0.04 
15% 30S 2.75 0.05 
15% 28S 2.77 0.07 
15% 21S 2.99 0.06 
15% 17S 3.51 0.07 

aMade with fractionated hydrogenated palm kernel oil (FHPKO) and 2.5% 
hardened palm oil containing either 5, 10, or 15% PKO replacement with 
milk fat (AMF) or milk-fat fractions. Milk-fat fractions described based on 
temperature of sequential fractionation and solid (S) fraction (Ref. 30). See 
Table 1 for other abbreviations. 
bAverage of five trials. 
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FIG. 7. Isosolid diagram of fractionated, hydrogenated palm kernel oil 
(FHPKO), hardened with fully hydrogenated palm oil, with AMF (Ref. 
29); SFC, solid fat content; M, medium melting (Ref. 31). See Figure 1 
for other abbreviations. 

summer and winter AMF caused significant softening 
compared to the control coating. The softest milk-fat fractions 
(melting points of 28.7 and 39.2~ also caused significant 
softening, while the harder fractions softened the coatings to 
a lesser extent. In general, harder fractions caused less 
softening, and the higher the level of addition, the softer the 
coatings. 

Isosolid diagrams also have been generated for these lipid 
mixtures (31), which show this softening effect. Mixtures of 
AMF or milk-fat fractions with this PKO did not result in for- 
marion of eutectics, but softening due to dilution effects (Figs: 
7 and 8) were apparent. This explains why hardness of coat- 
ings made with milk-fat fractions increased with increasing 
melting point of the milk-fat fraction. 

Increased bloom rate correlated directly with increased 
hardness of milk-fat fractions, as measured by penetration 
depth and as seen in the isosolids diagram (30). This behav- 
ior is the reverse of the typical behavior found in mixtures of 
cocoa butter and milk-fat fractions, where enhanced bloom 
was correlated with softer coatings. Undoubtedly, this effect 
is due to the different mechanisms of bloom formation for 
cocoa butter and PKO. Further advances in optimizing incor- 
poration of modified milk fat and milk-fat fractions into PKO 
coatings require a deeper understanding of the effects on both 
phase behavior and crystallization kinetics. 
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FIG. 8. Isosolid diagram of fractionated, hydrogenated palm kernel oil 
(FHPKO), hardened with fully hydrogenated palm oil, with hard milk- 
fat fraction (HMF) (Ref. 31); VH, very high melting. 

Crystallization kinetics. Rates of  PKO crystal formation 
and growth must be significantly affected by AMF and milk- 
fat fractions to produce the results discussed in the preceding 
section. However, no quantitative data describing these ef- 
fects are available. 

ACKNOWLEDGMENTS 

The research support of the Wisconsin Milk Marketing Board and 
the National Dairy Promotion and Research Board, through the Wis- 
consin Center for Dairy Research, is gratefully acknowledged. The 
support of the National Confectioner's Association is also gratefully 
acknowledged. Contributions of Loders-Croklaan, Co. and Karl- 
shamms, Inc. (now Abitec, Inc.) are also acknowledged. 

R E F E R E N C E S  

1. Minifie, B.W., Chocolate, Cocoa and Confectionery, 3rd edn., 
Van Nostrand Reinhold, New York, 1989, p. 109. 

2. Kleinert, J., Studies on the Formation of Fat Bloom and Meth- 
ods of Delaying It, Rev. Internat. Choco. 16:201-219 (1961). 

3. Chen, P.C., and J.M. deMan, Composition of Milk Fat Fractions 
Obtained by Fractional Crystallization from Acetone, J. Dairy 
Sci. 49:612-4516 (1966). 

4. Dolby, R.M., Chemical Compositions of Fractions of Milk Fat 
Separated by Commercial Process, in Proceedings of XVlll In- 
ternational Dairy Congress, Sydney, International Dairy Feder- 
ation, 1970, pp. 242-244. 

JAOCS, Vol. 73, no. 8 (1996) 



REVIEW 953 

5. Jebson, R.S., Fractionation of Milk Fat into High and Low Melt- 
ing Point Components, in Ibid., pp. 239-241. 

6. Norris, R., I.K. Gray, A.K.R. McDowell, and R.M. Dolby, The 
Chemical Composition and Physical Properties of Fractions of 
Milk Fat Obtained by a Commercial Fractionation Process, J. 
DairyRes. 38:179-191 (1971). 

7. Schaap, J.E., H.T. Badings, D.G. Schmidt, and E. Frede, Differ- 
ences in Butterfat Crystals, Crystallized from Acetone and from 
the Melt, Neth. Milk Dairy J. 29:242-252 (1975). 

8. deMan, J.M., and M. Finoro, Characteristics of Milk Fat Frac- 
tionated from the Melt, Can. Inst. Food Technol. J. 13:167-173 
(1980). 

9. Badings, H.T., J.E. Schaap, C. DeJong, and H.G. Hagedoorn, 
An Analytical Study of Fractions Obtained by Stepwise Cool- 
ing of Melted Milk Fat. 2. Results, Milchwissenschaft 
38:150-156 (1983). 

10. Amer, M.A., D.B. Kuprancyz, and B.E. Baker, Physical and 
Chemical Characteristics of Butterfat Fractions Obtained by 
Crystallization from Molten Fat, J. Am. Oil Chem. Soc. 
62:1551-1557 (1985). 

11. Arnl, J., A. Boudreau, R. Makhlouf, R. Tardif, and T. Bellavia, 
Fractionation of Anhydrous Milk Fat by Short-Path Distillation, 
Ibid. 65:1642-164(. r 1988). 

12. Arul, J., A. Boudreau, R. Makhlouf, R. Tardif, and M.R. Sa- 
hasrabudhe, Fractionation of Anhydrous Milk Fat by Supercriti- 
cal Carbon Dioxide, J. FoodSci. 52:1231-1236 (1987). 

13. Kankare, V., and V. Antila, Physical and Chemical Characteris- 
tics of Milk Fat Fractions, Fat Sci. Technol. 90:171-174 (1988). 

14. Deffense, E., Milk-Fat Fractionation Today, INFORM 
3:536-539 (1992). 

15. Kaylegian, K., and R.C. Lindsay, Handbook of Milk Fat Frac- 
tionation Technology, AOCS Press, Champaign, 1995, pp. 
39-508. 

16. Campbell, L.B., D.A. Anderson, and P.G. Keeney, Hydro- 
genated Milk Fat as an Inhibitor of the Fat Bloom Defect in Dark 
Chocolate, J. Dairy Sci. 52:976-979 (1969). 

17. Hendrickx, H., H. De Moor, A. Huyghebaert, and G. Janssen, 
Manufacture of Chocolate Containing Hydrogenated Butterfat, 
Rev. Int. Choc. 26:190-193 (1971). 

18. Jebson, R.S., The Use of Fractions of Milkfat in Chocolate, Pro- 
ceedings of the XIX International Dairy Congress, New Delhi, 
1974, p. 761. 

19. Timms, R.E., The Phase Behaviour of Mixtures of Cocoa Butter 
and Milk Fat, Lebensm. Wiss. Technol. 13:61-65 (1980). 

20. Timms, R.E., and J.V. Parekh, The Possibilities for Using Hy- 
drogenated, Fractionated or Interesterified Milk Fat in Choco- 
late, lbid.:177-181 (1980). 

21. Jordan, M.A., Studies on Butteroil, British Food Manufacturer 
Industry Research Association Research Report No. 568, 1986. 

22. Barna, C.M., R.W. Hartel, and S. Metin, Incorporation of Milk- 
Fat Fractions into Milk Chocolates, Manufacturing Confec- 
tioner 72:107-116 (1992). 

23. Bystrom, C.E., and Hartel, R.W., Evaluation of Milk-Fat Frac- 
tionation and Modification Techniques for Creating Cocoa But- 
ter Replacers, Lebensm. Wiss. Technol. 27:142-150 (1994). 

24. Lohman, M.H., and R.W. Hartel, Effect of Milk-Fat Fractions 
on Fat Bloom in Dark Chocolate, J. Am. Oil Chem. Soc. 
71:267-276 (1994). 

25. Wood, J.S., Milk-Fat Fraction Incorporation in Dark and Milk 
Chocolate, M.S. Thesis, University of Wisconsin, Madison, 
1994. 

26. Hogenbirk, G., The Influence of Milk Fat on the Crystallization 
Properties of Cocoa Butter and Cocoa Butter Alternatives, 
Milchwissenschajq 70:133-140 ( t 990). 

27. Beckett, S.T. (ed.), Industrial Chocolate Manufacture and Use, 
Van Nostrand Reinhold, New York, 1988, pp. 47-57. 

28. Bigalli, G.L., Practical Aspects of the Eutectic Effect of Con- 
fectionery Fats and Their Mixtures, Manufacturing Confec- 
tioner 68:65-80 (1988). 

29. Metin, S., and R.W. Hartel, Crystallization Behavior of Blends 
of Cocoa Butter and Milk Fat or Milk-Fat Fractions, J. Thermal 
Analysis, 1996 (in press). 

30. Ransom-Painter, K.L., Incorporation of Milk Fat, Milk Fat Frac- 
tions, and Cocoa Butter into Palm Kernel Oil-Based Compound 
Coatings, M.S. Thesis, University of Wisconsin, Madison, 1995. 

3 I. Williams, S.D., Phase Behavior of Mixtures of Palm Kernel Oil 
with Cocoa Butter, Milk Fat and Milk Fat Fractions, M.S. The- 
sis, University of Wisconsin, Madison, 1996. 

32. Yi-Lohman, M., Effect of Milk Fat Fractions on Fat Bloom in 
Dark Chocolate, M.S. Thesis, University of Wisconsin, Madi- 
son, 1993. 

[Received June 5, 1995; accepted January 16, 1996] 

JAOCS, Vol. 73, no. 8 (1996) 


