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Physical and Chemical Properties of trans-Free Fats 
Produced by Chemical lnteresterification 

of Vegetable Oil Blends1 

V. Petrauskaitea,*, W. De Greyta, M. Kellensb, and A. Huyghebaerta 
•oepartment of Food Technology and Nutrition, University of Ghent, Ghent, Belgium, 

and bo e Smet Engineering N.V., B-2650 Edegem, Belgium 

ABSTRACT: Fat blends, formu lated by mixing a highly satu­
rated fat (palm stearin or fu lly hydrogenated soybean oil ) with a 
native vegetable oil (soybean oi l) in different ratios from 10:90 
to 75:25 (wt%), were subjected to chemica l interesterifi cation 
reactions on laboratory scale (0.2% sodium methoxide catalyst, 
time = 90 min, temperature= 90°C). Starting and interesterified 
blends were investigated for triglyceride composition, solid fat 
content, free fatty acid content, and trans fatty acid (TFA) levels. 
Obtained values were compared to those of low- and high-trans 
commercial food fats. The interesterified blends with 30-50% 
of hard stock had plasti ci ty curves in the range of commercial 
shortenings and sti ck-type margarines, while interesterified 
blends with 20% hard stock were suitable for use in soft tub­
type margarines. Confectionery fat basestocks could be pre­
pared from interesterified fat blends with 40% palm stearin or 
25% fully hydrogenated soybean oil. TFA levels of interesteri ­
fied blends were low (0.1 %) compared to 1.3- 12.1 % in com­
mercial food fats. 
JAOCS 75, 489-493 (1998). 

KEY WORDS: Fat blends, interesterification, margarines, 
shortenings, trans fatty acids, vegetable o il. 

Most native vegetable oils have only limited applications in 
their original forms due to their specific chemical composi­
tions. To widen their use, vegetable oi ls are modified either 
chemically by hydrogenation or interesterification or physi­
cally by fractionation ( 1-4). Normally, hydrogenation is only 
done partially, depending upon required end-product quality. 
However, during partial hydrogenation, part of the cis double 
bonds are isomerized into their trans form. In the past, for­
mation of trans isomers [trans fatty acids (TFA)] was consid­
ered an advantageous side-reaction because TFA have higher 
me lting points and greater stability than cis fatty acids (5) . 
Basestocks used for formulation of margarines in the United 
Kingdom contain 11- 39% TFA, those in Western and Eastern 

1Presented at the 88th AOCS Annual Meeting and Expo, May 11- 14, 1997, 
Seattle. Washington. 
*To whom correspondence should be addressed al Department of Food Tech­
nology and Nutrition, Coupure Links 653, B-9000 Ghent, Belgium. 
E-mail: Yaida.Petrauskaite@rug.ac.bc. 
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Europe contain 7- 32%, and those in North America contain 
22-45% TFA ( 1,6,7). 

In the past few years, several nutritional studies have sug­
gested a direct relationship between TFA and increased risk 
for coronary heart disease (8- 11 ). As a consequence of this 
controversy about TFA, a trend is observed in the food indus­
try to replace partially hydrogenated oils by other fat sources 
with lower trans contents. Recent literature data show that 
fully hydrogenated oils are used for the manufacture of low­
to zero-trans commercial fats ( 12). 

lnteresterification is one of the alternatives to the partial 
hydrogenation process that can be used to give fats and oils 
desired functionality. It has been applied for many years to 
modify the physical properties of lard ( 13). Interesterification 
of blends of fully hydrogenated vegetable oil with a liquid oil 
has been used to produce a zero-trans solid fat with the de­
sired physical properties ( I 4-17). 

The aim of this study was to assist in the proper choice of 
oils to produce a zero-trans hard fat phase with melting char­
acteristics similar to commercial fats. Changes in triglyceride 
(TAG) composition and melting behav ior during the inter­
esterification of blends of a highly saturated fat (palm stearin 
or fully hydrogenated soybean oil) with a native vegetable oil 
(soybean oil) are presented. Interesterified hard stocks can be 
further fractionated to obtain the required products with low­
to zero-trans isomer content. 

EXPERIMENTAL PROCEDURES 

Materials. Neutralized bleached soybean oil (SBO), fully hy­
drogenated soybean oil (FHSBO), and palm stearin (Pst) were 
obtained from De Smet Group, Edegem, Belgium. Sodium 
methoxide was provided by HULS, Halle, Belgium. Com­
mercial tub and stick margarines were purchased locally. All 
fats and oils were stored below 0°C until analysis. 

TAG standards were purchased from Sigma Chemical, 
Bornem, Belgium. Acetonitrile and acetone were high-per­
formance liquid chromatography (HPLC)-grade. Before use, 
they were fi ltered through a 0.45-µm fi lter. 

lnteresterification procedure. The fat blend (200 g), neu­
tralized with 50% caustic soda solution, was dried for 40 min 

489 JAOCS, Vol. 75, no. 4 (1998) 
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490 V. PETRAUSKAITE ET AL. 

at 110°C and ca. 50 mbar. After lowering the temperature to 
90°C, 0.2% sodium methoxide (powdered form) as catalyst 
was added. After 90 min of stirring, the mixture was cooled 
below 80°C. Vacuum was broken, and 20% citric acid solu­
tion was added to inactivate the catalyst, while the mixture 
was stirred mechanically for 15 min. Postbleaching was per­
formed with 0.5% of bleaching earth (Tonsil 210 FF) under 
vacuum for 30 min at 90°C. 

Analytical procedures. Solid fat content (SFC) was deter­
mined with a Brucker Minispec pulsed nuclear magnetic res­
onance (pNMR) analyzer Model No. 20 (Karl sruhe-Forch­
heim, Germany). The fat was melted at 80°C and placed in an 
ice-bath (0°C) for 60 min before the first SFC measurement. 
Before measuring, the samples were conditioned for 30 min 
at the desired temperature. The capillary melting point was 
determined by AOCS Official Method Cc 1-25 ( 18). Fatty 
acid methyl esters (FAME) were prepared and subsequently 
analyzed with a Carlo Erba 5160 gas-liquid chromatograph, 
equipped with a flame-ioni zation detector and a split injector 
(Carlo Erba, Milano, Italy), as described in AOCS Official 
Methods Ce 1-62 and Ce 2-66 ( 18). A fused-silica capillary 
column, coated with 100% cyanopropyl polysiloxane (CP™­
Sil 88, 50 m x 0.25 mm internal diameter; 0.25 µm film thick­
ness; Chrompack, Bergen op Zoom, The Netherlands), was 
used with helium as a carrier gas. For TFA determination, 
temperature was programmed as described in AOCS Official 
Method Ce I c-89 ( 18). Initial oven temperature was set at 
I 50°C and increased at a rate of I .3°C/min to 200°C, where 
it was held until completion of the analysis. Injector and de­
tector were maintained at 250°C. Identification of the indi­
vidual trans isomers was realized with pure TAG standards 
and elaidinized linseed oil FAME, prepared as described else­
where ( 19), as reference compounds. Quantitative analyses 
were performed with a Shimadzu RC3A (Kyoto, Japan). lo­
dine values (IV) were determined directly from the fatty acid 
(FA) compositions by AOCS Official Method Cd I c-85 ( 18). 
Free fatty acids (FFA) were determined by AOCS Official 
Method Ca 5a-40 ( 18). 

The TAG composition was analyzed in a reversed-phase 
high-performance liquid chromatograph (RP-HPLC) (Gilson, 
France) on an Allsphere ODS-2 column (3 µm , 150 x 4 .6 
mm; Alltech, Laarne, Belgium) with acetonitri le-acetone 
(37:63, vol/vol) as the eluent at a flow rate of I mL/min, and 
a refractive index detector. The equivalent carbon number 
(ECN) method was used to predict the elution order of TAG 
on RP-HPLC. Individual peaks were identified by comparing 
the retention time with that of reference TAG. Vegetable oils 
were solubilized in solvent mixture at 20 mg/mL and injected 
in the quantity of 20 µL. Random TAG distributions were cal­
culated from FA compositional data [AOCS Official Method 
Ce 5b-89 (18)). 

RESULTS AND DISCUSSION 

The physical and chemical characteristics of the starting ma­
terial s are presented in Table I . Pst and FHSBO were both 
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TABLE 1 
Physical and Chemical Characteristics of Palm Stearin, 
Fully Hydrogenated Soybean Oil, and Soybean Oil• 

m .p. IV PUFN 
Feedstock (°CJ (g 1/ 100 g) SFA 

SBO 
Pst 
FHSBO 

56.5 
71.0 

134.3 
26.0 

0.8 

5.5 
0.4 

TFA 
(% ) 

0.1 
0.1 
0 .1 

•m.p., melting point; IV, iodine value; PUFNSFA, ratio of polyunsaturated 
and saturated fatty acids; TFA, trans fatty acids; 580, soybean oi l; Pst, palm 
stearin; FHSBO, fully hydrogenated soybean oil. 

used as hard stocks. Pst, compared to FHSBO, had a lower 
melting point and higher IV. Small amounts of TFA (0.1 %) 
were detected. According to literature data, starting materials 
can contain up to 2.1 % of TFA ( 16). TFA in SBO and Pst are 
formed during deodorization or physical refining. TFA in 
FHSBO are minor side components formed during hydro­
genation. 

Good catalyst activity results in a clear increase in FFA. 
Theoretically, addition of 0.2% catalyst leads to the forma­
tion of 1.0% soap and 1.0% FAME. The soaps are converted 
to FFA during catalyst inactivation, while the FAME remain 
unchanged. Both volatile compounds are removed during de­
odorization and are effective losses. An increase in acidity 
from 0.1 to 1.0% was observed in all interesterified fat blends. 

Randomization induced changes in TAG composition of 
the fat blends. In Tables 2 and 3, experimentally determined 
TAG compositions of Pst/SBO and FHSBO/SBO blends are 
compared with the calculated random distribution. TAG types 
are summarized according to the degree of unsaturation: U3, 

U2S, and S3 (U3 = triunsaturated, U2S = di unsaturated, S3 = 
trisaturated). Monounsaturated (S2U) can be calculated by 
subtraction (S2U = 100 - U3 - U2S - S3). After interesterifi ­
cation, the high proportions of S3 present in the starting 
blends were reduced 73- 89%. Furthermore, interesterifica­
tion resulted in a decrease of U3 and formation of U2S. The 
greatest changes were observed for the blends with 40- 50% 
hard stock (a relative decrease of U3 of 38-40% and 54-64% 

TABLE 2 
Triacylglycerol Class• of Fat Blends of Palm Stearin and Soybean Oil 
Before (Bl and After (I) lnteresterification and Calculated (C) 
According to Random Distribution Hypothesis 

Triacylglycerolb (mol %) 
Fat blend 
(Pst/SBQ C ___ u_J --
wt%) B 1 C B C B C 

10:90 51.9 51.1 49.5 27.1 30.9 39.2 8.2 0 .9 0.9 
20:80 49 .8 39.4 37.0 25.8 33.3 43.6 21.9 3.7 2.3 
30:70 45.5 33.1 28.3 24.0 34.2 44.4 30.7 4.3 4.1 
40:60 37.2 23 .0 21.0 19.3 33.6 43.0 38.5 6.3 6.7 
50:50 35.0 21.0 14.3 18.4 29.3 39 .2 47.7 10.4 10.9 

' Determ ined by reversed-phase high-performance liquid chromatography 
w ith refractive index detector. 
bFatty acids in triacylglycerol: U, unsaturated; S, saturated. 
' Pst/S80 , blend of palm stearin and soybean oil. 
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TABLE 3 
Triacylglycerol Class of Fat Blends of Fully Hydrogenated Soybean 
Oil and Soybean Oil Before (B) and After (I) lnteresterification 
and Calculated (C) According to Random Distribution Hypothesis 

Fat blend Triacylglycerolb (mol%) 
(FHSBO/ 

U3 U2S S3 sso• 
wt%) B I C B C B I C 

10:90 58.3 50.9 43.9 28.0 40.5 41.6 8.4 1.5 1.4 
20:80 45.3 37.0 32.1 27.4 42.4 44.4 23.3 3.3 3.2 
30:70 40.5 26.0 21.2 21.6 51.0 43.1 32 .5 8.5 6.6 
40:60 37.0 17.1 14.2 17.4 40.0 39.1 40.7 11.0 11.0 
50:50 31.0 11.1 9.0 15.1 28.4 33.2 50.4 13.1 16.9 

•FHSBO/SBO, blend of fully hydrogenated soybean oil and soybean oil. 
Other abbreviations as in Table 2. 

and a relative increase of U2S of 59-74% and 88- 130%, re­
spectively, for Pst/SBO and FHSBO/SBO blends). Generally, 
interesterification altered the experimental TAG compositions 
so that the composition was close to that of the calculated ran­
dom distribution. 

The altered TAG composition of the randomized fat blends 
was also reflected in the capillary melting point and SFC. After 
interesterification, an absolute decrease in the melting point, 
ranging from 7-25 and 9-31 °C, respectively, was detected for 
the different Pst/SBO and FHSBO/SBO blends. This decrease 
in the melting points can be explained by the decrease of the 
higher-melting S3 proportion. 

SFC curves of the randomized fat blends were changed 
completely (Figs. I and 2). Interesterified blends tended to 
have lower SFC values than starting blends. At a lower tem­
perature ( I 0°C), large changes in SFC were observed for the 
blends with 20-30% hard stock. At a higher temperature 
(40°C), the largest changes in SFC for the blends with 
40-50% of hard stock were noticed. 

50 
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Interesterified blends of 10:90 hard stock/SBO had low 
SFC values at all analyzed temperatures. Therefore, their 
plasticity is poor. This can be explained by low levels 
(20-23%) of saturated fatty acids (SFA), which should be at 
least 25-30% to have good plasticity. 

lnteresterification of fat blends with large amounts of hard 
stock (75%) produced little change in the melting point. 
Changes in SFC were observed only at temperatures greater 
than 35°C. 

Interesterification of pure SBO did not change SFC. There­
fore, to improve its plastic range, SBO was blended with a 
hard stock and interesterified. The interesterified blend, con­
sisting of 20% hard stock, had a SFC profile that is suitable 
for soft tub margarine oil (Table 4). 

Interesterified blends of 25:75 FHSBO/SBO and 40:60 
Pst/SBO with melting points of, respectively, 38 and 41 °Care 
suitable for use as confectionery fats (15), and would be es­
pecially rich in polyunsaturated fatty acids (PUFA) (63.8 and 
53.9%, respectively) (Table 4). 

Randomized mixtures of FHSBO and SBO (30:70) or Pst 
and SBO (40:60) produced basestocks that are suitable for 
shortening oil formulations (Table 4). According to Kheiri 
(20), shortening oi ls prepared by blending hydrogenated 
stocks show SFC values at 20, 30, and 40°C of 18.8-22.0, 
7.8-11.0, and l.7-5.0%, respectively. The interesterified 
blends of 40% Pst and 30% FHSBO had SFC curves that 
closely match these values. Commercial shortenings showed 
melting points of 37 .0-4 I .0°C, while the interesterified 30:70 
blend value of 47.0°C was slightly higher. 

The interesterified blends of 40% FHSBO and 50% Pst 
possessed SFC curves that closely matched those obtained by 
blending hydrogenated stocks for stick-type margarines 
(Table 4). 

PUFA/SFA for experimental blends with I 0-50% hard 

50 

before interesterification 

after interesterification 40 

30 
• r . 

20 

- . 
. ,. 

10 ..... 
·: :: :~. 

0 

30 40 50 
Temperature (°C) 

FIG. 1. Solid fat content (SFC) profiles of blends of pa lm stearin and of soybean oil before and after chemical interesterification. 
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FIG. 2. SFC profiles of fat blends of fully hydrogenated soybean oil and soybean oil before and 
after chemical interesterification. See Figure 1 for abbreviation. 

stock were higher than I and conformed to the recommenda­
tion of the Food and Agricultural Organization/World Health 
Organzation (FAQ/WHO) and European Union Committee 
(EUC) for a minimal PUFA/SFA ratio. 

Randomization did not produce trans isomers of unsatu­
rated fatty acids. Therefore, TFA levels of interesterified 
blends were low (0.1 % ) compared to 1.3- I 2.1 % in commer­
cial food fats (Table 4). 

TABLE 4 

In general, chemical randomization of 20- 50% highly 
saturated fat (Pst or FHSBO) with a soft vegetable oil 
(S80) can be used as an alternative to partial hydrogena­
tion to produce a plastic fat phase that is suitable for 
manufacture of shortenings, stick or tub-type margarines, and 
confectionery fats. The final products had comparable physi­
cal properties and acceptable fatty acid compositions. 
Interesterified hard stocks can be further fractionated to 

Comparison of lnteresterified Fat Blends with Commercial Fats 

SFC• (%) at °C m.p. PUFN TFA 
Sample 10 20 30 IV c·ci SFA (%) 

20:80 FHSB0/580 12.3 10.0 4.2 107.4 31.0 2.2 0.1 
20:80 Pst/SBO 11 .7 3.9 l.S 113.0 21.2 2.7 0.1 
Tub margarine 11 .7 8.1 4.6 125.3 32.5 3.8 1.3 

25:75 FHSB0/580 19.4 16.6 7.3 100.6 38.0 1.8 0.1 
40:60 Pst/SBO 34.6 17.5 8.7 92.3 41.0 1.6 0.1 
Confectionery fat Ab 20.4 9.9 5.9 87.3 38.9 1.8 N.A.c 

Confectionery fat Bb 22.7 10.7 6.6 85. 1 40.6 1.6 N.A. 

30:70 FHSBO/SBO 22.4 20.9 9 .9 93 .8 47.0 1.5 0.1 
40:60 Pst/SBO 34.6 17.5 8.7 92.3 41.0 1.6 0.1 
Shortening Ad N.A. 22.0 11.0 71.0 41 .0 1.2 
Shortening Bd N.A. 18.8 7.8 89.9 37.0 N.A. 11 .6 

40:60 FHSBO/SBO 38.3 33.0 20.3 81.5 53.0 1.1 0.1 
50:50 Pst/SBO 43 .0 24.1 12.2 78.4 44.5 1.2 0.1 
Stick margarine A 50.8 29.9 11 .3 50.3 37.9 0.7 12.1 
Stick margarine B 44.2 25.4 8.9 55.4 36.8 0.8 5.7 
Stick margarine C 49.1 29.0 10.3 47.7 37.6 0.7 1.5 
Stick margarine D 43.0 32.8 21.4 73.2 45.5 0.9 4.0 

•sFC, solid fat content (serial method). 
~eference 15. 
cN.A., data not available. 
dReference 20. Other abbreviations as in Tables 1 and 2. 
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obtain the required products with low to zero trans isomer 
contents. 
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