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Abstract Chemical interesterification of different lipid
materials has considerable potential for the production of a
wide variety of special fats with improved functional and
nutritional properties. The present study aimed to evaluate
the chemical interesterification of blends of high-oleic
sunflower oil (HOSO) and fully hydrogenated palm oil
(FHPO) in the ratios (% w/w) of 80:20, 70:30, 60:40 and
50:50. The blends were characterized in triacylglycerol
composition, melting point, solid fat content and crystal-
lization behavior, and some applications in food products
were suggested. The interesterification altered the solid fat
content, melting point and crystallization isotherm of the
samples, after the levels of trisaturated triacylglycerols
decreased and disaturated—-monounsaturated and monosat-
urated—diunsaturated triacylglycerol contents increased,
due to the randomization of fatty acids. The modification in
the triacylglycerol composition promoted greater misci-
bility between the HOSO and FHPO fractions, creating
new application possibilities for the food industry.
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Introduction

The objective of interesterification as a technological pro-
cess is to modify the plasticity of oil and fat mixtures by
changing their triacylglycerol composition to improve
crystallization and melting characteristics of the blends for
industrial applications. The triacylglycerol composition is
modified by rearranging the fatty acids among the glycerol
molecules, and therefore, not altering the initial fatty acid
composition. In the chemical interesterification reaction,
the fatty acids exchange on the triacylglycerol molecules
occurs in a random way, that is, the equilibrium of the fatty
acids possible arrangements in the glycerol molecule is
reached at the end of the process [1, 2]. Thus, chemical
interesterification is an important technological process for
the production of zero-trans fats for different industrial
purposes. The interesterified fats can be used in various
applications by replacing the partial hydrogenated fats;
consequently, interesterification can successfully substitute
the partial hydrogenation process [3-5].

Fully hydrogenated palm oil presents high palmitic acid
content, which has a natural tendency to crystallize in the
' form, thus providing an aerating capability [6] and also
favorable melting and crystallization characteristics to
some fat products [7]. Apart from the fact that intereste-
rification is an alternative for developing fats with zero
trans isomers, the use of high-oleic sunflower oil could
reduce the risk of coronary heart disease due to the reduced
susceptibility of low-density lipoprotein (LDL) to oxida-
tion [8].
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Studies carried out by Ahmadi and Marangoni [9]
showed that the chemical interesterification of blends of
high-oleic sunflower oil and fully hydrogenated rapeseed
and soybean oils could be used as an alternative to partial
hydrogenation to produce plastic fats suitable for com-
mercial applications in cookies. Dian et al. [10] demon-
strated that chemical interesterification significantly
modified the triacylglycerol composition, and consequently
the solid fat content of the palm stearin/sunflower oil
blends, contributing to the production of interesterified
blends with characteristics suitable for margarines and fat
spreads applications. According to Lida et al. [11], the
chemical interesterification of palm oil, sunflower oil and/
or palm kernel olein blends could provide an alternative for
the design of new fats with specific solid profiles.

The objective of the present study was to evaluate the
chemical interesterification of binary blends of high-oleic
sunflower oil and fully hydrogenated palm oil, at different
ratios, in order to produce fats with plastic characteristics
desirable for different food applications. Triacylglycerol
composition, solid fat content and crystallization behavior
of the chemically interesterified blends were analyzed and
the results were compared with those of the non-inter-
esterified blends.

Experimental Procedures
Materials
Raw Materials

Refined high-oleic sunflower oil (HOSO) was provided by
Pepsico (SP, BRA), and fully hydrogenated palm oil
(FHPO) was provided by A. Azevedo Industria e Comércio
de Oleos Ltda (SP, BRA). Sodium methoxide powder
(99 %, provided by Sigma-Aldrich—St. Louis, MO, USA)
was the catalyst for the chemical interesterification reac-
tion. The blends were prepared in the following ratios:
high-oleic sunflower oil and fully hydrogenated palm oil at
80:20, 70:30, 60:40 and 50:50 (% w/w).

Methods
Chemical Interesterification

On a laboratory scale, 100 g of each blend was added
0.4 % (w/w) of sodium methoxide, and stirred at 500 rpm
for 20 min at 100 °C in a closed vessel, according to the
optimized methods performed by Grimaldi et al. [12]. After
the reaction time, distilled water and 5 % citric acid solu-
tion were added to stop the reaction. The interesterified
samples were washed with distilled water (80 °C) to
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remove impurities, and then dried under a vacuum at
110 °C for 30 min. The samples were subsequently clari-
fied (80 °C for 20 min) by using 0.5 % Tonsil Optimum
380 FF (Quimica Sumex, Mexico City, Mexico) bleaching
earth.

Analyses

The peroxide value (PV) and free fatty acid (FFA) content
were determined by AOCS methods Cd 8b-90 and Ca Sa-
40, respectively [13], and the results were expressed as the
means of three determinations.

Fatty acid composition was determined by AOCS
method Ce 1-62 [13]. The methyl esters were prepared
according to Hartman and Lago [14]. The analyses were
performed by capillary gas chromatography (Agilent 6850
series GC system, Santa Clara, CA, USA) with capillary
column DB-23 (50 % cyanopropyl-methyl polysiloxane,
60 m long, 0.25 mm internal diameter, 0.25 pm film).
Conditions of analysis: oven temperature set at 110 °C for
5 min, then programmed to increase to 215 °C at a rate of
5 °C/min, and 215 °C for 24 min; detector temperature:
280 °C; injector temperature: 250 °C; carrier gas: helium;
split injection ratio of 1:50; injection volume: 1.0 pL. The
qualitative composition was determined by comparison of
retention times with those of fatty acid standards. Samples
were analyzed in duplicate and the values reported as the
means of two injections.

The iodine value (IV) was calculated from the fatty acid
composition according to AOCS method Cd 1c-85 [13].

Triacylglycerol composition was determined in dupli-
cate according to AOCS method Ce 5-86 [13] by capillary
gas chromatography (Agilent 6850 series GC system, Santa
Clara, CA, USA) with a capillary column DB-17HT (Ag-
ilent catalog no. 122-1811, 50 %-methyl-phenyl polysi-
loxane, 15 m long, 0.25 mm internal diameter and 0.15 pm
film). Conditions of analysis: split injection ratio of 1:100;
column temperature: set at 250 °C and programmed to
increase to 350 °C at a rate of 5 °C/min; carrier gas:
helium at a flow rate of 1.0 mL/min; injector temperature:
360 °C; detector temperature: 375 °C; injection volume:
1.0 pL; sample concentration: 10 mg/mL in tetrahydrofu-
ran. The identification of the triacylglycerol groups was
performed by comparison of retention times [15].

Solid fat content (SFC) was determined using a nuclear
magnetic resonance spectrometer Bruker pc 120 Minispec
(Silberstreifen, Rheinstetten, Germany), according to
AOCS direct method Cd 16b-93 [13]. The samples were
first melted at 70 °C for 10 min and then cooled at 0 °C for
90 min, in a high precision TCON 2000 dry bath (Dura-
tech, Carmel, IN, USA). After this initial preparation, the
samples were held at each measuring temperature (10, 20,
25, 30, 35, 40, 45, 50, 55 and 60 °C) for 30 min before
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SFC measurements. Each result was expressed as the mean
of two determinations. The isosolid diagrams were con-
structed with data provided by SFC analyses [16, 17].

The melting point (MP) was obtained from the SFC
curves measured by NMR as the temperature correspond-
ing to 4 % SFC [18, 19], calculated by polynomial equa-
tions using an equation software.

Free fatty acids and partial triacylglycerols (diacylgly-
cerols and monoacylglycerols) were removed from the
system according to the methodology described by Far-
mani et al. [20].

Determination of lipid classes (triacylglycerols, diacyl-
glycerols, monoacylglycerols and free fatty acids) was
performed by a liquid chromatography Perkin Elmer type
250 instrument (Waltham, MA, USA) equipped with a
Sicon Analytic refractive index detector (Hitachi High
Technologies America, Schaumburg, IL, USA), and two
columns (500 A, 300 x 7.8 mm  and 100 A,
300 x 7.8 mm) (Jordi Gel DVB, Apple Valley, MN,
USA). Conditions of analysis: samples diluted at a ratio of
1:100 (v/v) in tetrahydrofuran; mobile phase: tetrahydro-
furan at a flow rate of 1.0 mL/min; injection volume:
20.0 pL. The analyses were performed in duplicate and the
values reported as means.

Isothermal crystallization was determined by the
increase in SFC as a function of crystallization time,
monitored by nuclear magnetic resonance spectrophotom-
etry (NMR) (Bruker pcl20 Minispec, Silberstreifen,
Rheinstetten, Germany) with the reading compartment
stabilized at 25 °C. Prior to data acquisition, samples were
melted (100 °C for 15 min) and kept at 70 °C for 1 h in a
high precision dry bath (TCON 2000, Duratech, Carmel,
IN, USA) to eliminate all previous crystallization memory
[21]. Each result was expressed as the mean of two
determinations.

Results and Discussion
Quality Characteristics of the Raw Materials

The quality characteristics of the raw materials complied
with the Brazilian legislation [22], which established the
limits of 0.3 % and 10 mequiv O,/kg of FFA and PV for
refined fats and oils, respectively. HOSO and FHPO pre-
sented FFA values of 0.03 and 0.15 %, respectively, while
HOSO showed a PV of 3.0 mequiv Oy/kg.

Fatty Acid Composition
Table 1 shows the fatty acid compositions and iodine

values of the raw materials and blends. According to
O’Brien [23], sunflower oil and HOSO have 14-39.4 %

Table 1 Fatty acid composition (%) and iodine value of the raw
materials (HOSO and FHPO) and blends

Fatty acids (%) HOSO:FHPO (% w/w)

HOSO 80:20 70:30 60:40 50:50 FHPO
C12:0 - 0.1 0.2 0.5 0.2 0.5
lauric acid
C14:0 0.0 0.2 0.3 0.4 0.5 1.0
myristic acid
C16:0 4.6 121 158 196 234 424
palmitic acid
C16:1 palmitoleic 0.1 0.1 0.1 0.1 01 -
acid
C18:0 2.6 13.1 183 235 290 555
stearic acid
Cl18:1 76.1 609 534 456 382 0.1
oleic acid
C18:2 14.1 1.3 100 8.5 71 -
linoleic acid
C18:3 0.8 0.6 0.5 0.5 04 -
linolenic acid
C20:0 0.3 0.4 0.4 0.4 0.4 0.5
arachidic acid
C20:1 0.3 0.3 0.2 0.2 02 -
gadoleic acid
C22:0 0.7 0.6 0.5 0.5 04 -
behenic acid
C24:0 lignoceric 0.3 0.3 0.2 0.2 02 -
acid
> S 8.6 26.8 358 452 541 999
U 91.4 732 642 548 459 0.1
Iodine value 92.0 740 65.0 550 46.0 0.1

(g /100 g)

— Not detected, S saturated fatty acids, U unsaturated fatty acids

and 75-85 % of oleic acid content, respectively. In this
study, HOSO had a high oleic acid content (76.1 %), as
expected, followed by linoleic acid (14.1 %). The FHPO
was mainly comprised of stearic (55.5 %) and palmitic
(42.4 %) acids.

The percentages of unsaturated fatty acids in the HOSO
and FHPO were 91.4 and 0.1 %, respectively, and ranged
from 45.9 to 73.2 % in the blends. Neither the raw mate-
rials nor the blends contained trans fatty acids, considered
nutritionally undesirable fatty acids [19].

Triacylglycerol Composition
The triacylglycerol composition is an important parameter

for evaluating interesterified products, since it can be an
important tool for characterizing the physical changes and
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Table 2 Individual triacylglycerol (TAG) (%) and carbon number (CN) compositions of the raw materials (HOSO and FHPO) and blends

CN TAG (%) Raw materials

HOSO:FHPO (% w/w)

HOSO FHPO 80:20 80:20i 70:30 70:30i 60:40 60:40i 50:50 50:50i
46 LPSt - 04 - - - - - - - -
48 PPP - 6.7 1.2 - 2.0 0.5 2.7 1.0 3.5 1.8
50 PPSt - 39.3 8.2 - 12.6 1.4 164 3.0 20.3 5.8
POP 0.3 - - 3.7 - 52 - 7.1 - 8.3
PPLi - - - 0.4 - 0.5 - 0.9 - 1.0
52 PStSt - 41.7 8.5 0.6 13.6 1.8 17.7 37 22.1 7.1
PStO 0.3 - - 6.5 - 10.8 - 14.8 - 17.3
POO 8.7 - 6.6 18.0 5.9 17.2 5.0 17.0 4.2 11.7
POLi 2.6 - 1.9 2.5 1.5 1.3 1.2 - 1.0 3.0
PLiLi 1.8 - 1.7 3.5 1.3 6.0 1.1 5.4 0.8 4.0
54 StStSt - 114 2.3 - 35 04 4.7 14 6.0 2.7
StStO - - - 32 - 5.5 - 8.1 - 9.5
St0OO 3.6 - 2.8 15.8 2.7 17.0 24 15.6 2.3 12.3
StOLi - - - - - 33 - 44 - 4.1
000 614 - 50.7 30.6 43.1 19.8 36.5 12.7 29.8 8.6
OOLi 9.3 - 7.2 12.9 6.1 8.2 53 5.0 44 3.0
OLiLi 5.7 - 4.1 24 3.6 1.2 33 - 2.7 -
OLiLn 3.8 - 2.8 - 2.2 - 24 - 2.0 -
56 StStA - 0.5 - - - - - - - -
OO0A 0.6 - 0.6 - 0.5 - 0.3 - 0.2 -
00Ga 0.4 - 0.5 - 0.6 - 0.3 - 0.2 -
58 OOBe + 1.2 - 1.0 - 0.8 - 0.7 - 0.5 -
OLiBe
60 OOLig 0.3 - - - - - - - -

i Interesterified blend, L lauric acid, P palmitic acid, St stearic acid, O oleic acid, Li linoleic acid, Ln linolenic acid, A arachidic acid, Ga gadoleic

acid, Be behenic acid, Lig lignoceric acid, — not detected

crystalline form of the developed product [12]. Table 2
shows the main triacylglycerols of the raw materials and
blends before and after interesterification. HOSO contained
14 main triacylglycerol species, while FHPO contained
about 6 species. OO0 was the predominant TAG species in
HOSO (61.4 %), whereas the predominant species in
FHPO were PStSt (41.7 %), PPSt (39.3 %) and StStSt
(11.4 %).

The study of the blends before and after interesterifi-
cation suggested that the PPSt content was reduced during
the reaction, whereas the StOO content increased from 2.6
to 15.1 %. Species with 56 or more carbon number was
extinct upon interesterification. After randomization, the
distribution of fatty acids on the TAG molecules changed
and new species were formed including POP, PPLi, PStO,
StStO and StOLi. The triacylglycerol composition indi-
cated that the randomization process occurred in a con-
sistent way, which is highly important since it allows
industry to modify these fats and target their applications
[23].
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Fig. 1 Triacylglycerol (TAG, %) types by saturation degree of the
raw materials and blends before and after interesterification. i Inter-
esterified blend. Triacylglycerols: SSS (trisaturated), SUS (disaturat-
ed-monounsaturated), SUU (monosaturated—diunsaturated) and UUU
(triunsaturated)

Figure 1 shows the trisaturated (SSS), disaturated—
monounsaturated (SUS), monosaturated—diunsaturated
(SUU), and triunsaturated (UUU) triacylglycerol contents
before and after the interesterification process. As expected,
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Table 3 Melting points (°C) of the HOSO:FHPO blends, before and 60 - HOSO: FHPO
after chemical interesterification 50 ST 80:20
HOSO:FHPO Before . . After - ~ 40 h@_,w 70:30
(% wiw) interesterification (°C)  interesterification (°C) é : . —0— 60:40

o 30 “a,

80:20 48.5 21.9 = ., AN = o0
70:30 52.3 32.7 g e _ ""—; \ 80:20i
60:40 53.6 40.2 0.0 K 70:30i
. 0 e . .
50:50 544 46.1 10 20 30 40 50 60 " ® 60:40i
Temperature (°C) +=* 50:50i

HOSO presented 99.4 % of unsaturated triacylglycerols
(SUU and UUU), whereas FHPO contained 99.5 % trisat-
urated triacylglycerols. Among the blends, Fig. 1 clearly
exhibits an accentuated decrease in the content of SSS
triacylglycerols for the interesterified samples. The UUU
triacylglycerol content was also reduced whereas the SUS
and SUU contents significantly increased. A similar effect
on the triacylglycerol composition was found by Silva et al.
[24], in which study the chemical interesterification of olive
oil and palm stearin blends were evaluated.

After interesterification, the blends showed more bal-
anced compositions especially the 60:40 and 50:50
(HOSO: FHPO) blends, in which SUS species (30.8 and
36.1 %, respectively) were not present before interesteri-
fication. In general, interesterification resulted in the for-
mation and increased contents of intermediate melting
point triacylglycerols, as also shown by Ribeiro et al. [17],
who investigated the chemical interesterification of soy-
bean oil and fully hydrogenated soybean oil.

Melting Point (MP)

According to Karabulut et al. [18], the MP of fats and oils
change with the length of the fatty acid chain, degree of
unsaturation, frans fatty acid content and position of the
fatty acids in the glycerol molecule. Table 3 shows the MP
of the binary blends before and after interesterification.

The interesterified blends showed a wider range of MP
(21.9-46.1 °C) if compared to the non-interesterified
blends (48.5-54.4 °C). The chemical interesterification
reduced the MP of the HOSO:FHPO blends due to a
decrease in high MP triacylglycerols (SSS), specially PPSt
and PStSt. Similar changes in the MP of binary and ternary
blends due to the fatty acids randomization have also been
reported in the literature [17, 18, 20]. Although the MP is
not considered a determinant factor in the development of
fats, it is also associated with functional applications of a
specific fat.

Solid Fat Content (SFC)

Figure 2 shows the SFC of the binary blends before and
after chemical interesterification. The SFC of the non-

Fig. 2 Solid fat content (SFC) of the blends before and after
interesterification. i Interesterified blend

interesterified mixtures was directly related to the con-
centrations of FHPO and HOSO. Interesterified blends
showed reduced SFC at all measured temperatures, indi-
cating that the blends became more fluid. At 35 °C, the
non-interesterified blends had SFC varying from 15.0 to
45.5 %, and after randomization the SFC values consid-
erably decreased (0.4-19 %). These SFC reductions are
important to the sensory properties of fat products at the
human body temperature due to the possibility of higher
SFC (>4 %) cause waxy sensation in the mouth. These
results are linked to the decrease of trisaturated (SSS)
triacylglycerols and simultaneous increase of disaturated—
monounsaturated (SUS) and monosaturated—diunsaturated
(SUU) triacylglycerols, represented mainly by the species
POP/PStO/StStO and POO/StOO, respectively, as shown in
Table 2 and Fig. 1. The interesterified blends of the pre-
sented study exhibited a wide plasticity range. According
to Ribeiro et al. [19], the increase in the SUS and SUU
contents caused by interesterification may improve tech-
nological functionality and sensory characteristics, con-
tributing for the use of interesterified fats in the food
industry.

Isosolid Curve Diagrams

The SFC can also be used as a tool for verifying the
compatibility of fats in different binary systems as con-
tinuous solid solutions, eutectic systems and monotectic
systems. The degree of compatibility among different fats
is generally associated with the preferred polymorphic
form of each triacylglycerol on the fat system [25]. Fig-
ure 3 shows the isosolid curve diagrams plotted from the
SFC data of the blends, before and after interesterification.
The isosolid phase behavior was evaluated from 12 to
22 % of SFC (before interesterification) and from 2 to
12 % of SFC (after interesterification) as a function of
temperature and the addition of fully hydrogenated palm
oil to high-oleic sunflower oil. The lack of depression of
isosolid lines probably inferred that the HOSO:FHPO
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Fig. 3 Isosolid curve diagrams obtained for the blends with different concentrations of FHPO and HOSO before (a) and after

(b) interesterification

blends did not exhibit eutectic behavior. Figure 3a suggests
monotectic interactions that were attenuated (Fig. 3b)
because of the random rearrangement of the fatty acids on
the glycerol molecule. According to Timms [25], the
monotectic systems occur when high MP triacylglycerols
are dissolved in liquid triacylglycerols, presenting differ-
ences in MP above 20 °C between both components, as
also verified in the current work for FHPO and HOSO. The
monotectic system was also found in studies of binary
blends carried out by Braipson-Danthine and Deroanne
[16] and Ribeiro et al. [17].

The linear behavior observed after interesterification
(Fig. 3b) shows that the process reduced incompatibility,
probably due to the formation of a more stable and com-
mon polymorphism crystal to the mixture, thus the inter-
esterified blends may provide a greater range of industrial
applications in comparison to the non-interesterified blends
[26].

Diacylglycerol Effects on the Crystallization Properties
of Interesterified Blends

Randomization of the fatty acids on the glycerol molecule
during the chemical interesterification results in a consid-
erable formation of diacylglycerols, which have a funda-
mental role in the quality of various products, since they
can affect crystallization kinetics. In some cases, the pre-
sence of these minor lipids can favor crystallization and, in
others, an inhibition effect is observed [27]. For instance,
the addition of 30 and 50 % of palm-based diacylglycerol
in palm oil increased significantly the melting point and
crystallization onset temperature, however an addition of 2
or 5 % of diacylglycerols did not alter these parameters,
according to Saberi et al. [28]. Smith et al. [29] reviewed
several publications about the effects of diacylglycerol on
the fat crystallization. It was reported that diacylglycerols
as other minor components as free fatty acids and
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Table 4 Free fatty acid (%) and partial acylglycerol (%) of the in-
teresterified blends

Determinations Interesterified blends—HOSO:FHPO (% w/w)
80:20i 70:301 60:401 50:50i
Triacylglycerol 89.4 89.6 88.3 89.1
Diacylglycerol 8.2 8.3 9.6 9.1
Monoacylglycerol/ 2.4 2.1 2.1 1.8

free fatty acid

i Interesterified blend

monoacylglycerols can vary considerably among fats and
even among different batches of the same material. Diac-
ylglycerol presence in different lipid matrix can either
induce or inhibit the crystal formation depending on the fat
system and also on the diacylglycerol type and quantity in
the sample [29]. Therefore, diacylglycerol effects in each
lipid system should be considered as an important factor
for evaluation.

Table 4 shows the FFA and partial acylglycerol contents
of the HOSO:FHPO blends after interesterification. Con-
sidering the raw materials used for the preparation of the
blends before interesterification, high oleic sunflower oil
did not contain considerably monoacylglycerol/diacylgly-
cerol whilst fully hydrogenated palm oil presented ~5 %
of diacylglycerols and 95 % of triacylglycerols in its
composition.

The 60:40 HOSO:FHPO interesterified blend, which had
the highest diacylglycerol content (9.6 %), was submitted
to purification to remove the FFA and partial acylglycerols.
Removal of diacylglycerols was performed with the addi-
tion of an equal volume of 96 % ethanol (at approximately
50 °C) to the melted sample and by posterior separation of
the ethanol phase. This procedure was repeated five times
and traces of ethanol were removed by evaporation with a
pure nitrogen stream [20]. After purification, the blend
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HOSO:FHPO
60:40 with
removal

—— 60:40 without
removal

0 10 20 30 40 50 60
Time (min)

Fig. 4 Isothermal crystallization curves at 25 °C for the interesteri-
fied 60:40 HOSO:FHPO blend, with and without removal of the
diacylglycerols. SFC solid fat content

HOSO:FHPO
80:20
70:30

—o— 60:40
—& 50:50
80:20i
70:30i
—S= 60:40i
—&- 50:50i

SFC (%)

0 10 20 30 40 50 60
Time (min)

Fig. 5 Isothermal crystallization curves at 25 °C for the HOS-
O:FHPO blends, before and after interesterification. i Interesterified
blend, SFC solid fat content

presented 93.5, 5.8 and 0.7 % of triacylglycerol, diacyl-
glycerol and monoacylglycerol contents, respectively,
achieving an approximately 60 % reduction in the diacyl-
glycerol level for the 60:40 HOSO:FHPO interesterified
blend.

For evaluating the diacylglycerol effects on the crys-
tallization properties of the interesterified blends, the iso-
thermal crystallization behavior of the 60:40 blend were
determined before and after the purification procedure
(Fig. 4). No differences were found in the crystallization
behavior of the 60:40 interesterified blends before and after
removal of diacylglycerols, probably because the diacyl-
glycerols formed during the interesterification did not sig-
nificantly interfere with the crystal formation kinetics at
25 °C in this sample. Due to this result, the FFA and partial
acylglycerol removal was considered unnecessary for the
interesterified blends developed in the present study and,
therefore, was not performed for the other samples.

Isothermal Crystallization

Figure 5 shows the isothermal crystallization curves at
25 °C for the different fractions of high-oleic sunflower oil
and fully hydrogenated palm oil, before and after chemical
interesterification. Table 5 shows the values for the

Table 5 Induction period (tsgc, min) and maximum solid fat content
(SFC,,1ax, %) of the non- and interesterified blends

HOSO: FHPO (% wiw) Tsre (min) SFCnax (%)
80:20 7 19

80:20i - -

70:30 6 28

70:30i 13 6

60:40 5 38

60:40i 9 15

50:50 4 48

50:50i 6 28

— Sample did not crystallize at 25 °C, i interesterified blend

induction period (tsgc) and the maximum solid fat content
(SFC.x) for all blends.

The values for SFC,,.x and tggc for the non-intereste-
rified blends varied from 19 to 48 % and from 4 to 7 min,
respectively, whereas the interesterified blends showed
SFC,,.x values between 6 and 28 % and 7Tgpc values
between 6 and 13 min. The crystallization kinetics of the
blends showed an increase in the induction period for
crystal formation and a decrease in the SFC,,x of the in-
teresterified HOSO:FHPO blends compared to the initial
mixtures.

Considering the exposed physico-chemical properties of
the fat systems obtained from chemical interesterification
of HOSO and FHPO, some possible food applications can
be suggested for these specific interesterified blends. The
interesterified 80:20 HOSO: FHPO blend presented SFC
curve similar to the range showed to use in soft tub mar-
garines formulation [30], while the interesterified 70:30
and 50:50 HOSO: FHPO blends exhibited SFC profiles
suitable for use in margarines [24, 31] and puff pastry
margarines [31], respectively. The interesterified 60:40
HOSO:FHPO blend showed a SFC profile that suggests
potential application in the formulation of biscuit fillings
[32].

Conclusions

Chemical interesterification modified the solid fat contents,
melting points and isothermal crystallization behaviors of
the binary HOSO:FHPO blends in all proportions studied,
due to the reduction in SSS and increase in SUS and SUU
triacylglycerol contents. Changes in the triacylglycerol
composition improved miscibility between high-oleic
sunflower oil and fully hydrogenated palm oil. The inter-
esterified 80:20; 70:30; 60:40; and 50:50 HOSO:FHPO
blends are attractive as potential applications for soft tub
margarines, margarines, biscuit fillings and puff pastry
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margarines, respectively, with the additional advantage of
the high-oleic sunflower oil health benefits. Further studies
related to a direct application of the developed fats among
the suggested uses should be considered for confirming an
appropriate behavior of these blends in each formulation.
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