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Fat blends, formulated by mixing fully hydrogenated soy-
bean oil with nine different commonly used vegetable oils
in a ratio of 1:1 (wiw), were subjected to interesterification
(also commonly referred to as rearrangement or randomiza-
tion) with sodium methoxide catalyst. Fatty acid composi-
tion and triacylglycerol molecular species of each fat blend
and the interesterified product were determined and cor-
related with the following physical properties: melt-
ing, crystallization characteristics and solid fat content.
The differences in the endothermic and exothermic peak
temperatures, total heat of fusion and crystallization (3 and
B crystalline content) and solid fat content among the fat
blends clearly showed the effect of the composition of each
oil on the physical properties. Oils that contained a con-
siderable amount of palmitic acid had a favorable influence
on the crystallization and polymorphic form of interesteri-
fied fat blends.

KEY WORDS: Fatty acids, interesterification, margarine, physical
properties, polymorphism, triacylglycerol.

Interesterification of fully hydrogenated fats and natural oils
can produce a fat blend with optimum characteristics. Rear-
rangement or randomization of acyl residues in triacylgly-
cerols has provided fats or oils with new physical proper-
ties (1-5). Interesterification can be controlled by selection
of the raw material and the processing parameters to ob-
tain a fat with melting characteristics and consistency that
are “tailor-made” for specific end uses.

Basestocks used for formulation of North American mar-
garines have trans fatty acid contents ranging from 33.1 to
45.0% for stick margarines and from 22.4 to 30.1% for soft
margarines (6,7).

Interest in the development of a zero-trans solid fat with
physical properties suitable for margarines has been
heightened due to recent reports of unfavorable effects of
dietary trans fatty acids on low-density and high-density
lipoprotein-cholesterol levels (8).

Interesterification of fully hydrogenated soybean oil
(FHSBO) with liquid soybean oil (SBO) has been used as
an alternative to partial hydrogenation to produce a zero-
trans solid fat with the desired physical properties (9).

Polymorphic behavior of fully hydrogenated soybean,
rapeseed, cottonseed and palm oils and their mixture with
liquid oil was studied by deMan et al (10). FHSBO (under
the conditions employed by deMan) was exclusively in the
B form, and the others were mixtures of «, # and 8’ polymor-
phic forms. Crystallization characteristics and polymorphic
stability of hydrogenated canola oil (CAO) were affected by
addition of palm oil (PO) {11,12).

We have examined the effect on the physical properties
of fat products formed by the interesterification of nine com-
monly used edible oils with fully hydrogenated soybean oil
to assist in the proper choice of oils to produce a hard-fat
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phase with optimum texture and melting characteristics for
use in margarines.

EXPERIMENTAL PROCEDURES

Materials. Vegetable oils: SBO, CAQ, sunflower (SFO), cot-
tonseed (CSO), corn (CO), PO, peanut (PNO), safflower
{SO) and coconut (CNQ) were obtained either from local
markets or industrial sources as finished edible oils.
FHSBO was obtained from an industrial source. High-
performance liquid chromatography (HPLC)-grade
solvents acetonitrile and methylene chloride were filtered
through a 45-micron disc and degassed before use. Sodium
methoxide was purchased from Aldrich Chemical Co., Inc.
{Milwaukee, WI).

Interesterification procedures. One-hundred grams of
each oil and fat blend was charged into a 500-mL round-
bottom flask, placed on a rotary evaporator and heated
for 60 min at 95°C under vacuum to remove traces of
moisture from the oil. The mixture was cooled to 80°C,
0.3% sodium methoxide was added as catalyst and the
mixture was stirred at 80-90°C. After heating for 5-8
min, the color of the mixture became brownish due to for-
mation of active catalyst, which is a reaction complex be-
tween the catalyst and the triacylglycerols (TAG). After
50 min reaction, the mixture was cooled to ca. 60°C, and
5% citric acid (4% conc.) was added to neutralize the
catalyst while the mixture was stirred mechanically at 60
r.p.m. If necessary, the mixture was heated to 75-80°C
to separate the aqueous layer. The reaction mixture was
washed two times with distilled water until neutral. Filter
aid (Celite analytical filter Aid 300 G, Fisher Scientific
Co., Pittsburgh, PA) (2%) was added, mixed well and the
mixture was filtered through a Buchner filter. The filtrate
was dried under vacuum in a rotary evaporator and then
heated to 85°C under vacuum. Then, 1.5% activated clay
was added, and bleaching was continued under vacuum
for 25 min at 95°C. After filtration through a Buchner
filter covered with filter aid, the interesterified fat was
steam deodorized (1-6 mm Hg, 220°C, 3 h).

Analytical procedures. Fatty acid methyl esters (FAME)
were prepared and analyzed by gas chromatography (GC)
as described previously (13). Pure TAGs were obtained
from interesterified and noninteresterified blends of
FHSBO with each of the nine vegetable oils by solid-phase
extraction chromatography (SE) (13). The TAGs were then
resolved by gradient reverse-phase high-performance li-
quid chromatography with flame-ionization detection
(GRP-HPLC-FID) (13). The suitability of the GRP-HPLC-
FID system for TAG molecular species (TAGMS) separa-
tion was proved by running TAGMS standards that con-
tained saturated fatty acids of chainlength from 6-16 car-
bons (tripalmitin} and 18 carbons (tristearin). The HPLC-
FID area percent was within 0.1 to 1.7% of the wt% of
the TAGMS standard components.

The polymorphic forms of the fat crystals in the blends
of FHSBO and the nine vegetable oils studied, before and
after interesterification, were evaluated with a General
Electric XRD-6 Diffractometer, emitting Cu-Ka radiation
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(x = 1.5418 A). The instrument had been retrofitted with
a Nicolet I system. Data were collected from 3 to 33°4
with a step width of 0.05° and a step time of 5 s, operating
at room temperature. X-ray data were processed by a com-
puter programmed to calculate absorption intensity-back-
ground, intensity/maximum intensity and peak width, in
degrees (2°6), for each crystalline form and the relative
content of # and f’ crystals. The 8 was calculated from
the intensity of the short spacing of 4.6A. The ' fraction
was calculated from the intensities of the short spacing
of 3.8 and 4.2A. Prior to measurement of x-ray diffraction,
the samples were subjected to temperature cycling, initial-
ly at 5°C for one day, followed by two days at 20°C, one
day at 5°C, two days at 20°C and finally at 5°C for four-
teen days (6).

Differential scanning calorimetry (DSC) was per-
formed in a Perkin-Elmer (Norwalk, CT) DSC-7 Thermal
Analysis System, with AH calculated by the instrument
software. Analysis was begun at a sample temperature of
5°C and the sample was heated at a rate of 5°C/min to
90°C, and then the sample was cooled at 5°C/min to
0-5°C, with dry ice as a coolant, Prior to DSC, the samples
were stored at 5°C for 36 d.

Solid-fat content (SFC) was determined with a pulsed
nuclear magnetic resonance (NMR) spectrometer (Mini-
spec PC 120, Brucker, Germany). Prior to analysis, sam-
ples were heated to completely liquify to assure homo-
geneity, and then the heating was stopped and the sam-
ples were cooled and held at 0°C for 15 min, tempered at
27°C for 30 min and cooled again and held at 0°C for 30
min. Samples were then equilibrated at the lowest temper-
ature in the temperature range of interest for at least 30
min, the solids content was measured by pulsed NMR,
and then they were equilibrated at the next highest
temperature. Sample melting point was determined ac-
cording to the AOCS Official Method CC 1-25 (14).

RESULTS AND DISCUSSION

Fatty acid compositions and melting points of the in-
teresterified fat blends are listed in Table 1. Differences
in the fatty acid compositions were due to the different
vegetable oils used in each blend. Though the total satur-
ated fatty acid levels show differences among the blends,
except for the blend with CNO, there is little difference

TABLE 1

in the melting point. Interestingly, the interesterified
blend with the largest amount of saturated fatty acids ex-
hibits the lowest melting point.

TAG. The TAGMS of the blends, before and after in-
teresterification, as determined by GRP-HPLC-FID, are
presented in Tables 2 and 3. These results show that
substantial changes in TAGMS occur due to the in-
teresterification reaction. Triunsaturated (U;) and tri-
saturated (S;) fatty acid-containing TAGs significantly
decreased and diunsaturated-saturated (U,S) and
unsaturated-disaturated (US,) fatty acid-containing
TAGs significantly increased for all the vegetable oil
blends, except for PO, after interesterification (Table 2).
For example, in the SBO blend after interesterification,
U, and S; were decreased by one-fourth, U,S was about
doubled, and US, increased twentyfold. Contents of the
individual TAGMS are presented for the highly saturated
CNO blend in Table 3. After interesterification, most
Ss-containing di-C,, or higher-carbon-number fatty acids
were increased. However, dipalmitin-stearin and tristearin
were significantly decreased. Further, TAGs containing
two fatty acids having a lower carbon number, such as
caprylic, capric or lauric, were decreased. Similar to the
US, in the blends listed in Table 2, the content of
distearic-oleic-containing TAGs increased after in-
teresterification. Such considerable increase or decrease
in the amount of specific TAGMS, observed in all the oils
evaluated, was due to the random rearrangement of the
fatty acids during interesterification.

DSC Analysis. The DSC heating and cooling curves in
the constant-temperature time studies of the interesteri-
fied blends stored 36 d at 5°C mainly exhibited more than
one peak in all blends. The DSC melting thermograms ex-
hibited four endothermic peaks (Table 4) for interesterified
blends of FHSBO with PO, PNO, CO and SBO. Blends
with CSO, SO and CAO exhibited five endothermic peaks;
SFO, six peaks; and CNO, three peaks. The DSC crystalliz-
ing thermograms for each blend exhibited three peaks.
The melting point of each blend was close to the temper-
ature of the last melting peak of its heating curve. There
was considerable difference among the interesterified
blends in the endothermic and exothermic peak temper-
atures, total AH of crystallization and the supercooling
temperature (Table 4). These differences indicate the ef-
fect of each vegetable oil on the melting and crystalliza-

Fatty Acid Composition and Melting Points (°C)? of Interesterified Blends (1:1, wt%) of Fully Hydrogenated

Soybean Oil with Nine Vegetable Oils

Fatty acid composition (area %)

Vegetable Melting
oil 10:0 12:0 14:0 16:0 18:0 18:1 18:2 18:3 20:1 point
PO — — — 26.6 46.3 22.4 4.7 — — 48.2
CNO 1.6 19.2 9.0 10.8 59.0 2.4 — - - 41.0
CSO — — - 17.3 46.1 10.7 25.9 — — 50.0
PNO - - - 114 46.0 25.8 15.5 0.8 0.5 51.0
SBO - - — 10.2 46.9 12.3 26.6 4.0 - 52.0
CO — — — 10.7 45.0 14.1 29.5 0.7 - 52.0
SFO — - — 8.2 46.9 10.0 34.9 — - 51.0
SO — — — 8.4 45.3 8.8 37.2 0.3 - 51.0
CAO — - — 6.8 42.8 34.6 10.7 44 0.7 50.0

“Melting point determined by capillary tube method.

bpo, palm oil; CNO, coconut oil; CSO, cottonseed oil; PNO, peanut oil; SBO, soybean oil; CO, corn oil;
SFO, sunflower oil; SO, safflower oil; and CAO, canola oil.
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TABLE 2

Triacylglycerol Composition? of Blends of Vegetable Oil with Fully Hydrogenated Soybean Oil (1:1, wt%),
Before (B) and After (I) Interesterification

TriacylglycerolT (area %)

Vegetable U U,S US, Ss

oil¢ B i B 1 B 1 B 1
PO 9.5 2.3 20.5 13.7 13.3 43.4 56.7 40.6
CSO 15.7 9.8 24.3 31.2 8.5 33.9 51.5 25.1
PNO 29.0 6.2 15.3 311 2.4 47.3 53.3 15.4
SBO 31.0 9.2 17.1 32.1 1.5 46.4 50.4 12.3
CO 31.8 9.0 15.3 35.2 1.1 45.9 51.8 9.9
SFO 37.6 8.3 11.3 34.3 0.3 46.9 50.8 10.5
SO 37.4 17.2 11.5 38.9 0.4 34.0 50.7 9.9
CAO 39.1 9.2 8.5 37.1 0.7 44,2 51.7 9.5

@Determined by reverse-phase high-performance liquid chromatography with flame-ionization detector.
Fatty acids in triacylglycerol: U = unsaturated, S = saturated. Other abbreviations as in Table 1.
CVegetable oil in blend with fully hydrogenated SBO.

TABLE 3 tion behavior of the interesterified blend. This effect is
. related to the differences in TAGMS (Tables 2 and 3). For
Triacylglycerol Composition® of Blend of Coconut Oil example, deMan et al. (10) studied the DSC melting

with Fully Hydrogenated Soybean Oil (1:1, wt%),

Before (B) and After (I Interesterification characteristics of fully hydrogenated fats blended with

CAQO. They reported only one endothermic peak (71.5°C),

Area % which was close to the last melting peak of FHSBO. In
TAGMS? B I the current study, the interesterified blend with CAQO ex-
LaCC 1.0 0.9 hibited five endothermic peaks, clearly showing the effect
LaLaC 5.3 1.1 of interesterification on melting characteristics.
LaLaCa 1.6 1.8 DSC is a useful technique for investigation of the tran-
ialljalhha g‘i gg sition of crystal forms during melting of fats (15). It is
MaL :M 53 gy recognized that when fat is heated it can exhibit multi-
PLaM 35 12.8 Dle melting phases. Each recrystallization step represents
SLaM 2.0 i1.8 a transition of the polymorph from its less stable form
SPLa 1.3 10.7 to a more stable form (16,17). Because the more stable
SPM 0.9 20.0 crystal form has a higher melting point, the transition
SOS 1.6 7.7 peak temperature can serve as an important indicator of
ggs égg 1‘15? the polymorphic form of the crystals.

- - . — X-ray diffraction analysis. Quantitation of the relative
Determined by reverse-phase high-performance liquid chromatog- mtensmes of the short spacing at 4.6 A (p) and 4.2 A and

raphy with flame-ionization detector. i
Fatty acids in triacylglycerol: C, caprylic; Ca, capric; La, lauric; 3.84 (B'), as measured with spectra for the blends at con

M, myristic; P, palmitic; S, stearic. O, oleic. TAGMS, triacylglycerol ~Stant temperature, is presented in Table 5. The f’ form of
molecular species. crystals is desired for favorable molecular packing of the

TABLE 4

Differential Scanning Calorimetry Melting and Crystallization Characteristics of Interesterified Blends
of Vegetable Oil with Fully Hydrogenated Soybean Oil (1:1, wt%)

Vegetable Peak temperature (°C) Total AH (J/g) S;E’:;ceggxlia
oil Endothermic Exothermic Fusion Crystal (°C)
PO 12, 17, 37, 47.3 35, 17, 14 88.0 67.5 13
CNO 18, 36, 40 29, 22, 16 86.8 32.2 13
CSO 11, 18.5, 36, 45, 50.5 34, 17, 15 79.3 55.8 16
PNO 12.5, 18, 39, 52 34, 17, 15 73.2 53.8 18
SBO 14, 21, 42, 54 34, 17, 143 64.0 47.5 18
CO 12, 19, 41, 52 32, 16, 13 59.8 32.2 20
SFO 16, 21, 29, 35, 43, 52 31, 16.5, 14 58.8 38.56 21
SO 12.7, 18, 35, 48, 51 30, 16, 14 49.9 35.8 22
CAO 11.6, 18, 25, 37, 51 31, 16, 13 49.8 32.0 19

%Temperatiire difference between melting point and crystallization temperature. Abbreviations as in Table 1.
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TABLE 5

f and §” Crystallization Form Content? in Blends of Vegetable Oil
with Fully Hydrogenated Soybean Oil (1:1, wt%) Before
and After Interesterification

Vegetable Before (%) After (%)

oil B il B i
PO 55.0 45.0 28.0 72.0
CNO 53.0 47.0 25.3 74.7
CSO 62.4 37.6 41.0 59.0
PNO 59.0 41.0 48.0 52.0
SBO 75.3 24.7 54.0 46.0
CO 77.0 23.0 52.0 48.0
SFO 100.0 0.0 63.0 37.0
SO 81.2 18.8 62.0 38.0
CAO T7.4 22.6 55.5 44.5

aDeten;nined by x-ray diffraction at 23°C; 8’ strong short spacing
of 4.6A; §’ strong short spacing of 3.8 and 4.2A. Abbreviations as
in Table 1.

fatty acid chains of a solid fat used for production of
margarine or table spread (18}). The blends before in-
teresterification exhibited the § form more than the g’
form, whereas after interesterification the g form was
greater. That may be due to the randomization and rear-
rangement occurring during the interesterification reac-
tion (3,4,9). The highest content of 8’ form was found in
the interesterified blends of FHSBO with CNO, PO and
CSO, and the lowest content of 8’ was found with SFO
and SO.

The differences in the polymorphic state of the inter-
esterified blends could be due to the variation in TAGMS
composition of each blend. For example, palmitic acid-
containing TAGMS content differs among the blends
(Tables 2 and 3). Thus, the diversity of acyl chainlength
may contribute to observed differences in the polymor-
phic state. I)’Souzo et al. (7) concluded that the difference
between B and f margarines could be related to the 16C
fatty acid and 54C TAG of the high-melting fractions.
They also noted that in the p-tending margarines the 16C
fatty acid content was below 11%, but it was above 17%
in the f-tending margarines. Hernqvist et al. (19) con-
cluded that hydrogenated low-erucic acid rapeseed oil con-

TABLE 6

taining a high amount (11%) of palmitic acid must be con-
sidered as a f'-stable fat.

The liquid oil composition also affects the polymorphic
state of the solid blend (Table 5). Interesterified blends
containing SFO, SO and CAQ as the liquid portion ex-
hibited mostly f crystals, whereas using PO and CNO as
the liquid portion showed mostly 8 crystals. deMan et
al. (10) found that 50% FHSBO in CAO was exclusively
in the f# form and a fully hydrogenated CSO and PO in
rapeseed oil blends were mixtures of § and ' forms. There-
fore, it may be concluded that the differences in crystal
form observed in the current study arise from the liquid
oil portion of the blends.

SFC determination. The SFC of the interesterified
blends is presented in Table 6. Blends with high content
of saturated fatty acid-containing TAGMS, like CNO and
PO, had the highest SFC among all the blends, and the
SFC of the PO blend was nearly twice as great as that
of all the other blends, except for the CNO blend. Where
the SFC curves of all of the blends, except PO and CNO,
had the same slope, the actual SFCs were different. This
may be due to the differences in the saturated fatty acid-
TAGMS composition of each oil.

The SFC of an interesterified blend of PO (75%) and
FHSBO (25%) is also presented in Table 6. The hardness
of this blend was similar to that of the blend of FHSBO
with CSO at a ratio of 1:1 (w/w). This indicates an advan-
tage to the use of PO because more palmitic and less
stearic acid was incorporated, while at the same time,
desirable melting and crystallization behavior required for
margarines was obtained.

The results of these investigations indicate that the
physical properties of interesterified fat blends are sig-
nificantly affected by the TAGMS composition of the li-
quid oil portion of the blend. Zero-trans margarines may
be produced by interesterification with a variety of oils.
Oils that contain high content of palmitic acid-containing
TAGMS contribute to a product with favorable melting
characteristics and crystallization behavior. Therefore,
plant breeders should consider obtaining oilseeds that
yield oils with a high content {15-25%) of palmitie acid
as a more suitable composition to produce margarines and
table spreads.

Solid Fat Content? of Interesterified Blends of Vegetable Oil with Fully Hydrogenated Soybean Oil (1:1, wt%)
g y

% Solid fat at °C

Vegetable

oil 0 10 21 27 33 38 40 43 46 49 54
PO°¢ 63.4 55.9 43.2 38.3 23.0 17.2 13.3 7.1 2.2 1.1 0.0
PO 86.2 80.5 73.3 7.5 54.2 44.8 37.2 28.9 21.2 14.0 0.0
CNO 97.0 89.6 73.4 65.4 40.6 28.1 19.6 11.9 7.5 4.6 0.3
CSO 69.0 58.8 43.0 30.4 24.8 22.0 20.4 15.6 10.6 5.7 1.9
PNO 65.1 55.7 40.6 38.3 26.9 21.0 17.2 12.2 7.4 6.3 1.0
SBO 63.0 53.3 38.5 33.8 23.8 19.4 16.3 13.7 9.8 7.5 3.8
CcO 59.7 48.9 331 30.4 19.7 17.5 14.0 10.5 8.2 6.2 1.7
SFO 60.9 51.0 36.3 30.1 21.3 17.6 14.9 11.9 9.4 7.2 3.0
SO 58.7 48.8 34.8 28.0 19.5 16.2 13.5 10.6 8.4 6.2 2.5
CAO 53.8 43.2 32.1 30.1 17.9 149 10.8 8.0 6.8 5.6 1.1

%Determined by pulsed NMR spectrometry as described in the Experimental Section.

Abbreviations as in Table 1.
®Blend of PO {75%) and fully hydrogenated soybean oil (25%).
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