
ABSTRACT: Several oils and fats often used for the industrial
preparation of European shortenings were blended in binary sys-
tems. The equilibrium (after 48 h at 15°C) solid fat contents (SFC;
determined by pulsed NMR spectroscopy) were measured and
plotted against blend composition. SFC of the blends resulted
from the SFC of each fat for the considered temperature as well
as the type of interaction existing between those fats (namely,
ideal behavior, monotectic interaction, eutectic interaction, and
so on). The type of relationship fitted was dependent on the kind
of interaction: Linear relationships were found for total compati-
bility between fats, and polynomial-type (order 2) relationships
were found for fats exhibiting incompatibility. Some correspond-
ing ternary oils and fats blends were also prepared and analyzed.
Selected relationships (regression equations of the fitted curves)
obtained for binary blends were combined in order to calculate
the SFC of the corresponding ternary blends. Experimental values
were generally close to predicted ones. The representation of SFC
as a function of composition is interesting as it allows one to de-
termine rapidly and easily the type of molecular interaction be-
tween two fats and also to determine equations that can be com-
bined to calculate easily the SFC of corresponding ternary blends
crystallized in the same way with a good accuracy. The texture
(hardness) of several binary and ternary blends was also mea-
sured. The combination of the results obtained for SFC with the
results obtained for the hardness of binary blends allows the pre-
diction of the hardness of a corresponding ternary blend under
the same conditions.
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Lipid shortenings are mixtures of oils and fats hydrogenated to
various degrees, and they sometimes contain emulsifiers and
other additives. The mechanical properties of edible fats are in-
fluenced by a series of factors, including the solid fat content
(SFC), the polymorphism of the solid state, and the microstruc-
ture of the network of crystalline particles (1). SFC strongly in-
fluences the mechanical behavior of fats, although relying on
SFC alone to predict hardness is unreliable (2,3). However in

product development work involving oils and fats, the SFC
profile of the oils and fats or their blends by pulsed NMR
(pNMR) spectroscopy remains of considerable interest. Those
profiles are used as a guideline to settle whether fat blends are
suitable for specific applications. In margarine or shortening
formulations, the SFC should be defined at a number of tem-
peratures, typically from 15 to 40°C, to cover the range of use
(4).

SFC of an oil and fat mixture results from the SFC for the
considered temperature of each fat present in the blend and
from the type of interaction existing between those oils and
fats. Indeed, when oils and fats of different compositions are
mixed, several behaviors can be observed: solid solution be-
havior (compatibility between fats), monotectic behavior, or
eutectic behavior (5). Eutectic crystallization effects occur for
(extreme) incompatibility between fats, leading to a m.p. of the
solids present in the blend lower than the ones of the individual
components. Eutectic systems shift to monotectic systems
when the difference in the m.p. of the two components is 20°C
or more (5).

The main objectives of this work were to study some physi-
cal characteristics, especially SFC, by pNMR of single fats and
of several binary blends in order to determine the kind of mo-
lecular interactions involved, and also to predict physical prop-
erties of corresponding ternary blends using those results. As
the hardness of a fat (shortening) is an important property that
strongly influences the perceived texture of a food product, this
physical macroscopic property was also estimated for selected
blends.

Oils and fats involved in this study are commonly used in
industrial European shortenings: anhydrous milk fat (AMF),
palm oil (PO) and its fractions, partially hydrogenated palm oil
(HPO), soybean oil (SO), low-erucic rapeseed oil (LERO), and
partially hydrogenated low-erucic rapeseed oil (HLERO).
HLERO and HPO, although containing trans FA (TFA), are
still used in the formulation of some kinds of European short-
enings (namely, cake shortenings). The HLERO/HPO/LERO
mixture was first studied as a model because this system is
commonly used in Europe as bakery or puff pastry shortening.
The study was then extended to other fat systems containing
natural nonhydrogenated oils and fats (i.e., LERO, AMF, PO
and its fractions) hence with a lower TFA content.

Copyright © 2006 by AOCS Press 571 JAOCS, Vol. 83, no. 7 (2006)

*To whom correspondence should be addressed at Faculté Universitaire des
Sciences Agronomiques de Gembloux, Unité de Technologie des Industries
agro-alimentaires, Passage des Déportés, 2, B-5030 Gembloux, Belgium.
E-mail: danthine.s@fsagx.ac.be

Determination of Solid Fat Content (SFC) of Binary Fat
Blends and Use of These Data to Predict SFC of Selected
Ternary Fat Blends Containing Low-Erucic Rapeseed Oil

Sabine Braipson-Danthine* and Claude Deroanne
Faculté Universitaire des Sciences Agronomiques de Gembloux,

Unité de Technologie des Industries agro-alimentaires, B-5030 Gembloux, Belgium

 



EXPERIMENTAL PROCEDURES

Materials. Commercial samples of LERO, HLERO, palm oil
(PO), and HPO were supplied by Cargill, N.V. (Izegem, Bel-
gium). AMF was kindly provided by Corman S.A. (Goé, Bel-
gium). SO was obtained from Puratos (Groot-Bijgaarden, Bel-
gium).

Sample preparation. Binary mixtures (w/w) of fats were
prepared in 10% increments from 0 to 100%. Intermediate
compositions also were prepared when necessary.

For the ternary mixtures, fats were blended in various ratios
to cover the whole range of the ternary diagrams. All the mix-
tures were prepared according to the method of Danthine and
Deroanne (4,6,7). Appropriate weight compositions (250 g) of
the melted fats were mixed at 80°C (to erase crystal memory)
in a clean, dry, and agitated glass vessel; samples of 50 g were
put into a small plastic vessel and kept in liquid form at 50°C
with gentle stirring for 15 min. Then they were statically crys-
tallized in a freezer at −20°C for half an hour, in order to simu-
late on a laboratory scale an industrial scraped-surface heat ex-
changer. Samples were subsequently stored in a 15.0 ± 0.5°C
controlled room for 48 h.

SFC determination. A pulsed NMR spectrometer (Minis-
pec-mq20; Bruker, Karlsruhe, Germany) was used to measure
the SFC after tempering the samples at 15.0 ± 0.5°C, as just de-
scribed. Automatic calibration was made daily by using three
standards (supplied by Bruker) containing, respectively, 0.0,
31.3, and 74.0% of solid. 

Two separate procedures were used. (i) In determining SFC
profiles, the NMR tubes were carefully filled in the 15.0 ±
0.5°C temperature-controlled room by means of a sampling de-
vice consisting of a glass tube with a tight fitting plunger. SFC
was measured every 5°C from 15.0 to 55.0°C (4). (ii) In carry-
ing out textural analysis, the NMR tubes were filled at 15 ±
0.5°C with tempered fat mixtures [as in (i)] and subsequently
stored at 20°C for 1 h. The SFC was then determined isother-
mally at 20°C in order to compare the SFC values with data ob-
tained by the textural analyses (7). 

At least four replicates were performed for both procedures
giving CV close to 5%. 

Texture measurements. Texture measurements of the blends
were carried out after tempering the samples at 15 ± 0.5°C.
Samples were then held at 20 ± 0.1°C for 1 h before measuring
them in a temperature-controlled room (20 ± 0.1°C) using an
SMS TA.XT2i/5 texturometer (Stable Micro Systems, Surrey,
United Kingdom). 

Constant speed penetration. The texturometer with a cone
probe (P/45C) was used in the penetration tests according to
the method of Danthine and Deroanne (7). The probe pene-
trated the product at a constant speed of 0.5 mm/s to a distance
of 5 mm. The maximum and final penetration forces were
recorded. At least four penetration tests were run on each sam-
ple; two samples of each blend were analyzed. CV were all
lower than 10%. 

Construction of iso-line diagrams. Binary diagrams of iso-
solid lines (compositions at which the SFC of a mixture is

equivalent at a particular temperature) were constructed from
the pNMR data (8). Ternary diagrams of iso-temperature lines
(compositions of a mixture at which the requested temperature
for a particular SFC is equivalent) were constructed from the
pNMR data.

RESULTS AND DISCUSSION

SFC profiles. (i) Binary systems. One way to judge compatibil-
ity between two or more fats rapidly is to draw SFC iso-solid
lines (8). Iso-solid lines are compositions at which the SFC of
a mixture is equivalent at a particular temperature. In this study,
SFC data at different temperatures vs. blend compositions were
plotted. Corresponding SFC iso-solid lines in terms of temper-
ature vs. blend composition were constructed from the same
pNMR data in order to validate the new representation. 

The cases of HPO/HLERO and HPO/PO binary blends are
illustrated in Figures 1 and 2. Those binary mixtures can be
qualified as ideal. There is a linear evolution of SFC vs. com-
position whatever the temperature, corresponding to the
weighted average of the SFC of the original oils. The same is
true in the iso-solid representation, where the interpolation of
the data is also linear.

When two fats are mixed together, the SFC of the blend may
be lower than the weighted average of the component fats.
Sometimes the SFC can be lower than that of either fat. In those
cases of incompatibility between fats, both SFC at different
temperature vs. blend composition diagrams and iso-solids line
diagrams are not linear between the two pure fats. 

Figures 3A and 3B illustrate the behavior of the
HLERO/LERO binary blends. This binary mixture can be qual-
ified as nonideal. Indeed, the SFC vs. temperature and iso-lines
are not linear. SFC of the present blend is lower than the one
expected from linear regression, i.e., the weighted average one.
There is a curvature of the SFC data (Fig. 4). The difference
between the actual SFC lines and linearity may be attributed to
a dissolution of some solid fat from one ingredient by liquid fat
from the other ingredient. The further the actual observed SFC
is below the weighted average of the SFC of the ingredients
(linear interpolation), the greater the extent of dissolution of
solid from one ingredient in liquid from the other.

The binary interaction of the HLERO/LERO blend is mono-
tectic. This is consistent with previous results obtained by DSC
for this mixture (4,6). Mixtures of HPO/LERO, PO/LERO,
LERO/AMF, LERO/palm oil stearin, LERO/palm oil olein,
SO/HPO, SO/PO, and SO/HLERO (data not shown) also
demonstrated monotectic interactions.

This type of behavior is characteristic of eutectic systems
that shift to monotectic systems when the difference in the m.p.
of the two components increases (e.g., 20°C and above), and
the high-melting component dissolves a substantial amount of
the low-melting component (5).

The blends made of AMF and PO (Fig. 5), of HLERO and
AMF (not shown), and of HLERO and PO (not shown) are three
examples of eutectic interactions. The minimum in the SFC for
the AMF/PO mixture is obtained for the 50% composition. 
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The curvatures of the graphs obtained by plotting SFC data
vs. blend compositions of incompatible oils and fats allow fit-
ting of second-order polynomial-type relations. The regression
equations of the fitted relations are of the following type:

SFCX/Y t = a[x]2 + b[x] + c [1]

where t represents the temperature (°C); [x] is the concentra-
tion of the fat coded X in the system; a, b, and c are dependent
on the fats X and Y, on the temperature, on the thermal history
and also on the type of interaction existing between the fats; a
+ b + c corresponds to the SFC of the fat coded X at the tem-
perature t, and c corresponds to the SFC of the fat coded Y at

the temperature t. The ratio of a/b is characteristic of the inter-
action between the fats: A high value of the ratio is observed
for a strong incompatibility between the fats (strong curvature).
The a value for an ideal behavior is zero.

The curvature observed ranges from weak to strong depend-
ing on the fats, on the thermal history, and also on the tempera-
ture. For example, in the case of the HPO/LERO system, the
curvature is greater at 25°C than at 15°C (see Table 1 for actual
values). It may be that at low temperatures insufficient liquid
fat is available for substantial dissolution of solid fat, hence the
SFC data lie close to the weighted average line.This kind of
representation (SFC data vs. blends compositions) is a useful
tool to estimate rapidly and qualitatively the compatibility of
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FIG. 1. (A) Solid fat content (SFC) vs. blend compositions for the mixture of partially hydrogenated low-erucic rape-
seed oil and partially hydrogenated palm oil (HLERO/HPO); (B) iso-solid diagram for the HLERO/HPO mixture.



binary fats without any further transformation of measured
data.

(ii) Ternary systems. The aim of this work regarding SFC of
ternary oils and fats blends was to predict SFC of a ternary
blend from data obtained for binary blends. SFC data were
plotted vs. blend compositions of several binary blends. Re-
gression equations of the fitted curves were determined. 

As just explained, linear relationships were observed for

ideal blends, and second-order polynomial-type relationships
were observed in the case of fats exhibiting incompatibility.
Those equations were combined in a way to allow a “predic-
tion” of the SFC for the corresponding ternary blends at a par-
ticular temperature.

For three perfectly compatible fats, such as for binary blends,
SFC of the mixture corresponds to the weighted average of the
SFC of the three original oils. Blends involving “incompatible”
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FIG. 2. (A) SFC vs. blend compositions for the HPO/PO mixture; (B) iso-solid diagram for the HPO/PO mixture. PO,
palm oil; for other abbreviations see Figure 1.



material do not follow this ideal behavior, which is the case for
most of the ternary fat blends. 

A method is proposed here to calculate easily the SFC of a
ternary mixture using data obtained for binary blends, as ex-
emplified herein, with the case of HPO/HLERO/LERO
blends. This model system involves, on the one hand, a pair
of fats that are compatible when mixed together, i.e.,
HPO/HLERO, and on the other hand two pairs of incompati-
ble fats with monotectic interaction, i.e., HPO/LERO and

HLERO/LERO. Based on the hypothesis that the component
responsible for the nonideal behavior of the HPO/LERO/
HLERO system should be LERO (HPO when mixed with
HLERO has an ideal behavior (see first part of the Results and
Discussion section on binary systems), equations obtained for
binary blends involving the LERO component were used and
combined.

If we assume that (i) the SFC of the HPO/HLERO blends
corresponds to the weighted average of both components, and
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FIG. 3. (A) SFC vs. blend compositions for the HLERO/LERO mixture; (B) iso-solid diagram for the HLERO/LERO
mixture. LERO, low-erucic rapeseed oil; for other abbreviations see Figure 1.



(ii) the effect of LERO on the SFC of the binary HPO/LERO
blend is represented by Equation 2,

SFCt (HPO/LERO) = x [HPO]2 + y [HPO] [2]

then the effect of LERO on the SFC of the binary
HLERO/LERO blend is represented by Equation 3,

SFCt (HLERO/LERO) = w [HLERO]2 + z [HLERO] [3]

Equation 4, used for the determination of the SFC of the ternary
blend (TB), results from the addition of Equations 2 and 3.

SFCt (TB) = x [HPO]2 + y [HPO] + w [HLERO]2 + z [HLERO] [4]

where x + y = SFC of HPO and w + z = SFC of HLERO. Ac-
tual values of the coefficients x, y, w, and z at 15°C are shown
in Table 1 (six replicates).

Calculated data, obtained when using the proposed method,
were compared with experimental data obtained following after
the same crystallization and tempering procedure as for binary
blends from which equations are derived. A comparison was
also performed with theoretical weighted average values ob-
tained from linear interpolation as in the case of ideal interac-
tions. Table 2 illustrates both comparisons for a temperature of
15°C (six replicates). 

Experimental values are generally very close to the SFC
calculated according to the proposed method. However, for
some restricted cases, the “ideal” weighted average SFC is
more accurate than the values obtained according to the pro-

posed method. In these cases, the calculations give results that
are lower than the observed SFC values, and LERO is always
present in the blends at a maximum concentration of 25%.
This can be explained because the model is based on the fact
that LERO, the liquid oil, is responsible for the monotectic
behavior of the HLERO/LERO and HPO/LERO blends. A
double calculation could be applied: (i) the proposed method
for ternary compositions involving at least 25% of liquid oil
and (ii) the weighted average one for estimating SFC of com-
positions close to the binary HPO/HLERO line. 

Figure 6 illustrates the lines of iso-temperature for a SFC of
20% according to the three methodologies: calculated for an
ideal blend (Fig. 6A), calculated according to the model pro-
posed in this study (Fig. 6B), and experimental data (Fig. 6C).

Two full melting profiles of two compositions of the
HPO/HLERO/LERO system are presented in Figure 7. In
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FIG. 4. Comparison of the weighted average SFC values (straight line) and the experimental SFC data for the
HLERO/LERO mixture. For abbreviations see Figures 1 and 3.

TABLE 1 
Actual Values of coefficients x, y, w, and z at 15°C and x, y, m,
and n at 25°C in Equations 4 and 5

Coefficient Temperature (°C) Value

x 15 9.12 ± 0.70
y 15 63.6 ± 0.50
w 15 32.6 ± 1.50
z 15 24.5 ± 2.00
m 25 19.73 ± 1.64
n 25 2.11 ± 0.32
x 25 12.73 ± 1.32
y 25 55.07 ± 2.03



those figures, SFC is plotted against temperature for the three
methodologies. Figure 7A depicts a blend of 50% HLERO,
5% HPO, and 45% LERO. The profile drawn according to the
proposed model closely resembles the experimental profile.
Figure 7B concerns a specific blend made of equal parts of
HLERO, HPO, and LERO. In this case, a greater difference
is observed at low temperature (high SFC).

The proposed method was then applied to another
HPO/PO/LERO system. Like the first model, this system in-
volves a pair of compatible fats, HPO/PO, and two pairs of in-
compatible fats with monotectic interaction, PO/LERO and
HPO/LERO:

SFCt (TB) = x [HPO]2 + y [HPO] + m [PO]2 + n [PO] [5]

The actual values of coefficients x, y, m, and n at 25°C are
shown Table 1 (six replicates).

Comparison of calculated data obtained when using the pro-
posed method was performed as just explained for the
HPO/LERO/HLERO system. Table 3 illustrates both compar-
isons for a temperature of 25°C. The proposed method leads to
the accurate prediction of results.

Relationship between texture and SFC. (i) Binary systems.
The logarithms of hardness (expressed as maximum penetra-
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FIG. 5. SFC vs. blend compositions for the PO/AMF mixture; (B) iso-solid diagram for the PO/AMF mixture. AMF,
anhydrous milk fat; for other abbreviations see Figures 1 and 2.



tion force) of selected blends have been plotted against the log-
arithm of SFC, since our group has previously shown (7) that a
linear relationship could be determined between those parame-
ters. The slopes of these relationships are characteristic of the
type of binary blends and are related to the microstructure of
the samples (7). 

(ii) Ternary systems. Because the linear relationships be-
tween hardness and SFC for HPO diluted in LERO and
HLERO diluted in LERO had the same slope in binary blends,
it was expected that the relationship between hardness and SFC
of the ternary mixture should also be the same. The perfect
overlapping of the three relationships is illustrated in Figure 8.

The representation of SFC as a function of composition is in-
teresting, as it allows one to determine rapidly and easily the type
of molecular interaction between two fats and also to determine
equations that can be combined to easily calculate SFC of corre-
sponding ternary blends crystallized in the same way. The subse-
quent combination of those results with the results obtained for
the hardness of binary blends allows the prediction of the hard-
ness of a corresponding ternary blend under the same conditions.
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TABLE 2 
SFC Values (%) Obtained for Several Blends of HPO/HLERO/LERO at 15°C

Differences between SFC
Differences between calculated according to

Composition SFC (%) calculated ideal SFC and the proposed method and
HLERO/HPO/LERO SFC (%) of an according to the SFC (%) experimental mean experimental mean
(%/%/%) “ideal blend”a proposed methodb Experimental datac values values

54:5:41 34.4 ± 0.12 25.9 ± 0.53 26.1 ± 0.20 −8.3 0.2
50:5:45 32.2 ± 0.16 23.6 ± 0.51 24.7 ± 0.56 −7.5 1.1
58:1:41 33.8 ± 0.24 25.8 ± 0.54 25.2 ± 0.15 −8.6 −0.6
60:0:40 34.2 ± 0.21 26.4 ± 0.54 26.1 ± 0.21 −8.1 −0.3
0:40:60 29.2 ± 0.42 26.9 ± 0.07 26.6 ± 0.30 −2.6 −0.3
53.5:5:41.5 34.1 ± 0.12 25.6 ± 0.52 26.1 ± 0.22 −8.0 0.5
33.3:33.3:33.3 43.3 ± 0.42 34.0 ± 0.41 37.5 ± 0.11 −5.8 3.5
25:50:25 50.8 ± 0.46 42.2 ± 0.34 48.0 ± 0.45 −2.8 5.8
50:25:25 46.8 ± 0.23 36.9 ± 0.51 41.5 ± 0.58 −5.3 4.6
25:25:50 32.5 ± 0.22 24.6 ± 0.34 27.0 ± 0.50 −5.5 2.4
20:20:60 26.0 ± 0.21 19.3 ± 0.28 21.9 ± 0.52 −4.1 2.6
20:60:20 55.2 ± 0.32 47.6 ± 0.28 53.6 ± 0.13 −1.6 6.0
60:20:20 48.8 ± 0.26 39.5 ± 0.54 44.8 ± 0.20 −4.0 5.3
aTheoretical values obtained from linear interpolation as in the case of ideal interactions.
bSFC calculated according to the proposed method.
cExperimental data after the same crystallization and tempering procedure. HLERO, partially hydrogenated low-erucic rapeseed oil; HPO, partially hydro-
genated palm oil; LERO, low-erucic rapeseed oil; SFC, solid fat content.

TABLE 3 
SFC values (%) Obtained for Several Blends of HPO/PO/LERO at 25°C

Differences between SFC
Differences between calculated according to

Composition SFC (%) calculated ideal SFC and our method and
HPO/PO/LERO SFC (%) of an according to the SFC (%) experimental mean experimental mean
(%/%/%) “ideal blend”a proposed methodb Experimental datac values values

40:20:40 31.0 ± 0.21 25.3 ± 0.52 26.1 ± 0.78 −5.0 0.8
20:40:40 22.4 ± 0.13 15.5 ± 0.33 16.9 ± 0.45 −5.4 1.4
10:30:60 13.5 ± 0.12 8.0 ± 0.17 7.7 ± 0.24 −5.8 −0.3
30:10:60 22.1 ± 0.16 18.1 ± 0.42 15.0 ± 0.94 −7.2 −3.1
aTheoretical values obtained from linear interpolation as in the case of ideal interactions. 
bSFC calculated according to the proposed method.
cExperimental data after the same crystallization and tempering procedure. PO, palm oil; for other abbreviations see Table 2.



REFERENCES

1. Marangoni, A.G., and S.S. Narine, Identifying Key Structural In-
dicators of Mechanical Strength in Networks of Fat Crystals,
Food Res. Int. 35:957–969 (2002).

2. Narine, S.S., and A.G. Marangoni, Microscopic and Rheological
Studies of Fat Crystal Networks, J. Crystal Growth
198/199:1315–1319 (1999).

3. Narine, S.S., and A.G. Marangoni, Relating Structure of Fat Crys-

tal Networks to Mechanical Properties: A Review, Food Res. Int.
32:227–248 (1999).

4. Danthine, S., and C. Deroanne, Physical and Textural Character-
istics of Hydrogenated Low Erucic Rapeseed Oil and Low Erucic
Rapeseed Oil Blends, J. Am. Oil Chem. Soc. 80:109–114 (2003).

5. Timms, R.E., Phase Behaviour of Fats and Their Mixtures, Progr.
Lipid Res. 23:1–38 (1984).

6. Danthine, S., and C. Deroanne, Physical and Textural Character-
istics of Hydrogenated Low-Erucic Acid Rapeseed Oil and Low-

SFC AND TEXTURE OF FAT BLENDS 579

JAOCS, Vol. 83, no. 7 (2006)

FIG. 6. Ternary diagrams illustrating iso-temperature lines at which the SFC of the HPO/HLERO/LERO mixture is 20%. (A) Ideal system; (B) data
calculated according to the proposed method; (C) experimental data. For abbreviations see Figures 1 and 3.
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FIG. 7. SFC melting profiles according to the three methodologies: experimental, calculated for an ideal blend, and
calculated according to the method proposed in this study. (A) For a specific blend made of 50% HLERO, 5% HPO,
and 45% LERO; (B) for a specific blend made of equal parts of HLERO, HPO, and LERO. For abbreviations see Fig-
ures 1 and 3.
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FIG. 8. SFC–texture linear relationships for the HLERO/LERO blend, for the HPO/LERO blend, and for the
HPO/HLERO/LERO blend. For abbreviations see Figures 1 and 3.


