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ABSTRACT: Anhydrous milk fat (AMF) was fractionated by a 
two-stage dry fractionation process to produce three fractions: 
high melting (HMF), middle melting (MMF), and low melting 
(LMF). The HMF (m.p. 42~ exhibited a broad melting range 
similar to a plastic fat. The MMF (m.p. 33~ resembled the orig- 
inal AMF (m.p. 31~ but with slightly higher solid fat content. 
The LMF (m.p. 16~ was liquid at ambient temperature. Differ- 
ences in the thermal properties of these fractions were attrib- 
uted to the triacylglycerols (TAG) and their fatty acid composi- 
tion. Saturated TAG with carbon numbers of 36-54 were con- 
centrated in the HMF; whereas unsaturated TAG of carbon 
number 36-54 predominated in the LMF. Likewise, the long- 
chain saturated fatty acids were significantly higher and the 
long-chain unsaturated fatty acids were significantly lower in 
the HMF fraction. Binary blends of milk-fat fractions with a 
range of melting profiles were produced by mixing HMF with 
AMF, MMF, or LMF. Laboratory-prepared fractions were similar 
to commercially available fractions. 
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Anhydrous milk fat (AMF) is a complex mixture of triacyl- 
glycerols (TAG), comprised of at least 60 different fatty 
acids, with unique chemical and thermal properties. In its 
original form, milk fat lacks certain physical and functional 
properties, which limits its utilization (1-5). For example, 
milk fat lacks the appropriate plasticity and hardness for use 
in pastries, and its melt profile results in poor spreadability 
and promotes softening in chocolate (5). The functionality 
of milk fat may be enhanced by separating AMF into vari- 
ous fractions that have unique functional properties. Pro- 
posed food applications for AMF fractions include spreads 
and cold-spreadable butters, puff pastries, biscuits, short- 
breads, cakes, pourable frying oils, cocoa butter replace- 
ment in chocolate and confectionery products, and in ice 
cream and whipped creams (1-5). The high-melting frac- 
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tions have been shown clearly to inhibit fat bloom in dark 
and milk chocolate more effectively than original AMF 
(6,7). 

The AMF can be fractionated by a wide variety of tech- 
niques, resulting in a range of melting points and different 
product characteristics. Fractionation of AMF at various tem- 
peratures with and without solvents, and with detergents and 
supercritica] carbon dioxide has been reported earlier 
(3,8-11). Use of solvents or surfactants is more efficient in 
the separation of TAG, but solvent and detergent removal be- 
comes costly for use in food products (12). Melt or dry frac- 
tionation is more common and safe for products used for food 
applications. Rate of cooling and crystallization temperatures 
greatly influence the physical characteristics and ease of fil- 
tration; large crystals, obtained by slow cooling rates and 
slow agitation, yield more efficient separation of stearin from 
olein (13,14). 

Milk fat exists primarily in three polymorphic forms: tx, 
~', and 1~ (15). Rapid cooling of milk fat leads to crystals of 
the unstable t~ form. Upon holding, transition to more stable 
crystal forms occurs but, even after long storage periods, ct 
and [3' crystals may be present together. The formation of 
mixed polymorphic crystals in milk fat has been reported. If 
cooling occurs rapidly, a large number of low-melting TAG 
are trapped in the crystal lattice formed by the high-melting 
TAG. Therefore, milk fat that has been cooled rapidly con- 
tains more liquid fat at a given temperature than milk fat that 
has been cooled slowly or stepwise with suitable holding 
times to promote partitioning of the liquid and solid fractions. 
Differential thermal analysis has demonstrated that, during 
rapid cooling of milk fat, uniform crystal formation takes 
place, but slow or stepwise cooling promotes fractionation of 
the fat (16). Belousov and Vergelesov (16) found that, during 
slow cooling of milk fat, crystallization by aggregate carbons 
takes place due to the complexity and melting range of the 
TAG and thus, milk fat crystallizes as mixed crystals that dis- 
play multiple endotherms. This paper describes the chemical 
and thermal properties of three fractions obtained by a two- 
stage dry fractionation of AMF. Fractions from a laboratory- 
scale process also are compared with those produced on a 
commercial scale. The relationship between the fatty acid and 
TAG composition and thermal properties of the fractions has 
been investigated. 

Copyright �9 1996 by AOCS Press 1647 JAOCS, Vol. 73, no. 12 (1996) 



1648 P.S. DIMICK ETAL. 

EXPERIMENTAL PROCEDURES 

Fractionation of AMF. Commercial AMF (Tedford/Tellico, 
Concord, TN) was heated to 60~ anhydrous sodium sulfate 
(Fisher Scientific, Pittsburgh, PA) was added, and the fat was 
filtered through filter paper (Whatman No. 1; Whatman, 
Clifton, NJ) to produce a clear fat that was free of moisture. 
This AMF was used for the laboratory dry fractionation. 
Three commercial milk-fat fractions with melting points of 
41, 32, and 22~ (MP 41, MP 32, MP 22, respectively), were 
isolated on the Tirtiaux dry fractionation system with a flo- 
rentine filter (Tirtiaux, s.a. Fractionnement, Fleurus, Belgium) 
and were supplied by E. Deffense (Deffense, E., 1993, per- 
sonal communication, s.a. Fractionnement Tirtiaux) for com- 
parison with AMF fractions prepared in the laboratory. 

The AMF was fractionated in the laboratory by a two- 
stage dry fractionation process (Fig. 1). The fat was heated at 
60~ to destroy crystal memory, cooled to 29~ at 1 ~ 
and held at this temperature for 6 h with constant stirring (60 
to 80 rpm). The solid (first stearin), high-melting fraction 
(HMF), was then removed from the liquid (first olein frac- 
tion) by filtration through Whatman No. 1 filter paper in a 
Buchner funnel under mild suction. The first olein fraction 
was reheated to 50~ cooled to 18~ at l~ and held 
for 6 h to produce a second stearin fraction, designated as the 
middle-melting fraction (MMF) of AMF, and a second olein 
fraction, designated as the low-melting fraction (LMF) of 
AMF, which were separated by filtration under mild suction. 

Thermal analysis. Differential scanning calorimetry (DSC) 
(model 7; Perkin-Elmer Corp., Norwalk, CT) was used to 
study the thermal behavior of the AMF and its fractions and 
to determine the solid fat content (SFC) at various tempera- 
tures. DSC also yielded information of the polymorphic 
forms, based on the number of endothermic peaks generated 
under different tempering conditions (15). The DSC was cali- 
brated with an Indium standard (m.p. 156.6~ AHz 28.45 
J/g). About 5-mg portions of the fat samples were accurately 
weighed into aluminum pans and heated at 60~ for 30 min 

Anhydrous milk fat, AMF (m.p. 31~ 

29"C ---6h 

[ 1 
1st Stearin, HMF 1st Olein 

20% yield (m.p. 42~ 

18"C ---6 h 

I I 
2nd Stearin, MMF 2nd Olein, LMF 

20% yield (m.p. 33~ 60% yield (m.p. 16~ 

FIG. 1. Dry fractionation process of anhydrous milk fat (AMF). HMF = 
high-melting fraction, MMF = middle-melting fraction, LMF = low-melt- 
ing fraction. 

to destroy crystal memory. Samples were tempered before 
thermal analysis by holding them at 0~ for 90 min and then 
raising the temperature to 26~ for 40 h, followed by lower- 
ing the temperature to 0~ for 60 min. Thermograms were 
generated from -20  ~ to 45~ at 10~ and at 20~ to 
determine the effect of heating rate on the endothermic peak 
melting temperatures and on AHf. SFC at various tempera- 
tures was calculated from the melting thermograms with the 
Perkin-Elmer (Norwalk, CT) partial area program. To obtain 
crystallization curves by DSC, samples were heated to 60~ 
for 10 min, cooled rapidly at 20~ to -20~ heated from 
-20  to 60~ for 10 min, and cooled slowly at 5~ to 
-20~ to produce thermograms. 

TAG composition. Analyses of the TAG were carried out on 
a 15 m x 0.25 mm capillary fused-silica column, coated with 
0. l-ram bonded methyl 65% phenyl silicone (Quadrex Corpo- 
ration, New Haven, CT). The column was installed in a model 
5890 Hewlett-Packard GC (Hewlett-Packard Co., Avondale, 
PA), equipped with a flame ionization detector (FID) and a split 
injector. Flow rate of carrier gas (He) was 1.5 mL/min for the 
column and 65 mL/min for the split vent. Temperatures of the 
detector and injector were 380 and 320~ respectively. Col- 
umn temperature was programmed from 260 to 360~ at 
3~ and held for 10 min isothermally at 360~ Identifica- 
tion of individual TAG according to carbon number and dou- 
ble bonds (CN-NUFA) (17) was made by comparison of reten- 
tion times with those of standard mixtures and also by cochro- 
matography of selected standards with the sample. 

Fatty acid composition. Samples were saponified with 1N 
alcoholic KOH at 75~ for 3 h. The contents were cooled, 
water was added, and the unsaponifiable matter was removed 
by extraction with diethyl ether. The aqueous portion was 
acidified with 5N HC1, and the fatty acids were extracted with 
diethyl ether. The organic layer was washed with water and 
dried over anhydrous sodium sulfate. Solvent was removed 
under nitrogen, and the residue was dissolved in CHC13. A 
Perkin-Elmer model 8410 GC, equipped with an FID, was 
used. Fatty acids were analyzed under the following condi- 
tions: 10% SP-216-PS coated on 100/120 Supelcoport (Su- 
pelco, Bellefonte, PA) glass column (0.61 m x 2 mm); col- 
umn temperature 130 to 205~ at 15~ carrier gas (N2) 
at 20 mL/min; injector temperature 205~ and detector tem- 
perature 250~ The fatty acids were identified by comparing 
retention times with those of standards. 

RESULTS AND DISCUSSION 

Solidification profiles for the laboratory and commercial AMF 
fractions are illustrated in Figure 2. SFC obtained by DSC is a 
relative measure, and we assume 100% crystallinity at -20~ 
SFC curves of the high-melting fractions (HMF and MP 41) and 
the lower-melting fractions (LMF and MP 22) were similar, in- 
dependent of the method of fractionation. The HMF contained 
solid fat >40~ indicating their potential to have a waxy mouth- 
feel. LMF and MP 22 were liquid at ambient temperature. The 
MMF and the commercial MP 32 demonstrated different SFC 
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FIG. 2. Solid fat content of anhydrous milk fat (AMF), its fractions (HMF, 
MMF, LMF), and commercial milk-fat fractions (MP 41, MP 32, MP 22), 
obtained after tempering at 26~ 

profiles. The melting profile of MMF lies between those of 
HMF and AMF, possibly because of the differences in the AMF 
source. At 25~ HMF contained 66% solids, MMF 43% solids, 
and LMF 0% solids. Unlike HMF, MMF possessed a consider- 
able proportion of liquid fat <25~ and no solids >37~ 

Figure 3 illustrates the DSC endotherms of AMF and its 
fractions tempered at 26~ The melting behaviors of the lab- 
oratory and commercial fractions were similar. AMF differed 
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FIG. 3. Differential scanning calorimetric thermograms (10~ of 
anhydrous milk fat (AMF), its laboratory fractions (HMF, MMF, LMF), 
and commercial fractions (MP 41, MP 32, MP 22), after tempering at 
26~ 

markedly from those of HMF and LMF and only slightly 
from that of MMF. HMF and MP 41 had a major endotherm 
at 42~ and a broad melting range with considerably higher 
SFC at higher (>30~ temperatures, similar to that of a plas- 
tic fat, which is in accord with reports that milk fat crystal- 
lizes rapidly to the stable [3' form, and the high-melting acyl- 
glycerols crystallize independently of the bulk of the milk fat 
(18). The rate of heating after tempering at 26~ did not sig- 
nificantly influence endothermic peak temperatures or AHf. 
HMF contained some entrapped low-melting fat, as evi- 
denced by the endotherms between 7 and 14~ LMF, labora- 
tory and commercial, had a major endotherm at 12~ and 
were void of endotherms at temperatures greater than 22~ 
Fractions isolated by the laboratory process were similar in 
thermal (Fig. 3) and TAG composition (Table 1) to those frac- 
tionated by the commercial process. Thus, discussion of the 
results centers on the analyses of the laboratory-prepared 
fractions. 

AHf of HMF is considerably higher (77.1 J/g) than that of 
the original AMF (47.2 J/g), and AHf of LMF (36.5 J/g) was, 
as expected, lower than that of AMF (Table 2). AHfand SFC 
of the MMF (59.5 J/g) were slightly higher than those of the 
original AMF, but the shape of the thermograms was similar. 
Thus, by two-stage fractionation, three fractions were pro- 
duced that had entirely different melting behaviors. 

Figure 4 illustrates the crystallization exotherms for AMF 
and its fractions, obtained by cooling from 60 to -20~ The 
HMF crystallized at a much higher temperature (23~ than 
the original AMF and other fractions. HMF showed two dis- 
tinct exotherms: a sharp peak at higher temperature (23~ 
and broad peaks at 5-10~ similar to that of AMF and MMF. 
AMF, MMF, and LMF did not have an exotherm at the higher 
temperature. The exotherm at the higher temperature (23~ 
is due to the high-melting TAG present in HMF. AMF and 
MMF showed two partly resolved exotherms during rapid 
cooling (20~ that were resolved during slow cooling 
(5~ The onset of crystallization of all samples shifted 
to higher temperatures during slow cooling, as illustrated by 
comparison of the HMF sample at the two cooling rates. 

Blending of AMF, MMF, and LMF with HMF lowered the 
SFC of the latter (Fig. 5). LMF reduced the SFC of HMF as 
the concentration of LMF increased. The SFC of mixtures of 
HMF and LMF were lower than the corresponding blends of 
HMF with MMF or AMF. The SFC of binary mixtures of 
HMF and AMF or MMF increases in proportion to the con- 
tent of HMF, illustrated in the isothermal solids diagram (Fig. 
6). Addition or subtraction of small amounts of HMF has 
been shown by deMan (13) to result in substantial changes in 
the SFC of milk fat. Timms (19) observed that the addition of 
HMF increased the SFC, but the increase was not signifi- 
cantly different because the amount of HMF added was small. 

The distinction between the physical characteristics of 
milk-fat fractions is due mainly to differences in distribution 
of TAG (Fig. 7). Trisaturated TAG of medium or high molec- 
ular mass (CN 36 to 54) were more concentrated in HMF, and 
unsaturated TAG in LMF. TAG with low (CN 24 to 34) and 
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TABLE 1 
Triacylglycerol Composition of Laboratory and Commercial Milk-Fat Fractions a 

Laboratory Commercial 
Triacylglycerol type 8 HMF MMF LMF MP 41 MP 32 MP 22 

C24-34 7.6 10.2 12.2 6.0 11.7 19.7 
C36-40 27.4 31.8 42.3 39.1 34.2 43.2 
C42-54 65.0 57.9 45.5 54.5 53.6 36.8 
C42-54 saturated 26.3 16.2 3.6 21.0 11.7 3.9 
C42-54 unsaturated 32.8 35.8 37.0 25.3 32.7 29.2 
C36-54 saturated 27.8 18.2 5.5 24.7 13.3 6.4 
C36-54 unsaturated 51.2 58.2 71.7 53.5 62.8 62.9 

aHMF = high-melting, MMF = middle-melting, and LMF = low-melting fraction; MP 41, MP 32, MP 
22 = melting points of commercial fractions. 
bAggregate carbon number of triacylglycerols. 

TABLE 2 
Thermal Properties of Anhydrous Milk Fat and Its Fractions 1 

Peak melting temperature 
Milk fat Enthalpy (J/g) (~ 

Anhydrous milk fat 42.2 • 2.0 33.1 + 0.3 
High-melting fraction 77.1 + 0.09 41.6 + 0.1 
Middle-melting fraction 59.5 + 1.3 34.1 + 0.2 
Low-melting fraction 36.5 + 1.1 10.9 • 0.1 

1Mean and SD values of 4 replicate samples fractionated by the laboratory 
method. 

medium (CN 36 to 40) carbon numbers were greater in AMF, 
MMF, and LMF than in HME The distribution of total satu- 
rated and unsaturated TAG with CN 36 to 54 were significantly 
different among the three fractions (P < 0.05). The proportion 
of saturated TAG decreased in order from HMF to MMF to 
AMF and to LME The fatty acid composition revealed that the 
long-chain saturated fatty acids (palmitic and stearic) were 

more concentrated in HMF, and the other fractions had higher 
content of unsaturated fatty acids (Fig. 8). Because of the pres- 
ence of TAG that contained long-chain saturated fatty acids, 
HMF crystallized at higher temperatures and had high SFC. 

HMF has the potential to be used in puff pastries because 
of its wide plastic melting point range. Because the higher- 
melting fractions of milk fat inhibit bloom formation in 
chocolate more effectively than original AMF (6,7), HMF 
could be used in chocolate for this purpose. LMF may find 
application in confectionery products to yield better eating 
qualities of soft centers and in frozen confectionery chocolate 
coatings. LMF has applications in carrying butter flavor into 
fluid cooking oils, and by blending LMF with HMF, a prod- 
uct with better spreadability at refrigeration temperatures than 
butter could be obtained. MMF, being similar to original milk 
fat, could be used in place of milk fat. 
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FIG. 4. Differential scanning calorimetric thermograms (10~ of 
anhydrous milk fat (AMF) and its fractions (HMF, MMF, LMF), after slow 
(5~ and rapid (20~ cooling from 60 to -20~ 
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FIG. 5. Melt ing profiles of blends of high-melting fraction (HMF) with 
anhydrous mi lk fat (AMF), middle-melt ing fraction (MMF), and low- 
melting fraction (LMF). 
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FIG. 6. Isothermal solid diagrams for binary mixtures of high-melting 
fraction (HMF) and anhydrous milk fat (AMF). FIG. 8. Fatty acid composition of anhydrous milk fat (AMF) and its frac- 

tions (HMF, MMF, LMF). Comparisons are between means of triplicate 
samples of each fraction. Bars with different letters are different (ct = 
0.05). satd. = saturated fatty acids, unsatd. = unsaturated fatty acids. 

FIG. 7. Triacylglycerols composition of anhydrous milk fat (AMF) and 
its fractions (HMF, MMF, LMF) determined by capillary gas chromatog- 
raphy. Comparisons are between means of quadruplicate samples of 
each fraction. Bars with different letters are different (~. = 0.05). satd = 
saturated triacylglycerols, unsatd. = unsaturated triacylglycerols. 
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