
ABSTRACT: Two systems were investigated and compared 
as models for making margarine-type fats. Two immobilized li-
pases, IM60 from Rhizomucor miehei and SP435 from Candida
antarctica, were used to catalyze the transesterification of triolein
with stearic acid and stearic acid methyl ester, respectively, in
n-hexane. The optimal reaction temperature for both enzymes
was 55°C at a mole ratio of triolein to acyl donor of 1:2. Equilib-
ria were reached at 18 h for IM60 and 24 h for SP435. Analysis of
the overall yield and incorporation of fatty acid at the sn-2 posi-
tion indicated that the triacylglycerol products contained 38.4 and
16.2% 18:0 for acidolysis and 34.2 and 11.3% for interesterifica-
tion reactions, respectively, at the 2-position. With SP435, the
softest fat was produced after 18 h of incubation, and the hardest
after 30 h. For IM60 system, 18 h of incubation gave the most
plastic fat.
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Enzymatic interesterification of fats and oils is at the experi-
mental stage in efforts to replace the hydrogenation process for
making margarine-type fats and butters (1). Hydrogenation re-
duces double bonds to single bonds, thereby increasing the
melting point of the fat. However, this method results in the
formation of geometric isomers, i.e., trans rather than cis con-
figuration. Several reports have been published on the effect of
trans fatty acid (FA) consumption. Epidemiologic evidence has
linked trans FA consumption to high blood total cholesterol
and low-density lipoprotein cholesterol levels and to increased
incidence of death related to coronary heart disease (2).

Lipases from Rhizomucor miehei (IM60) and Candida
antarctica (SP435) can be used for acylglycerol modifications
to achieve desirable physical properties of fats for margarine
or specialty fats (3–5). This can be done through positional
and specific FA exchange. Essential and other desirable FA
have been used as substrates in enzymatic modification of fats
and oils for better nutritional products (3,4). Reports indicate
that enzymatic interesterification enables higher unsaturation

at sn-2 position (6) where the FA are absorbed most readily
(7,8). 

The use of high- and low-melting fats has been investigated
to improve the spreadability of butter (9). Hernqvist et al. (10)
studied the polymorphic behavior of complex triacylglycerols
that are formed by interesterification of simple triacylglycerols,
such as triolein, trielaidin, and tristearin. These triacylglycerols
were chosen as model systems for vegetable oils with possible
application in the manufacture of margarine. D’Souza et al.
(11) compared the chemical and physical characteristics of the
high-melting acylglycerols extracted from soft margarines and
used the data to explain the differences observed in polymor-
phic behavior.

IM60, a 1,3-specific lipase, has been shown to work best
with free FA (12,13), and SP435, which is a nonspecific li-
pase under some conditions, to perform best with FA esters in
transesterification reactions (14,15). Therefore, in this paper,
two systems were chosen and compared: transesterification
of triolein and stearic acid (acidolysis) with IM60, and inter-
esterification with stearic acid methyl ester with SP435. Oleic
acid is commonly found in several vegetable oils, such as
canola, peanut, soybean, and sunflower. Stearic acid is pre-
sent in saturated fats, such as lard, beef tallow and cocoa but-
ter (1). The stearic acid methyl ester model system can act as
a general and useful model for the interesterification of com-
plex nonhomogeneous triacylglycerols.

MATERIALS AND METHODS

Rhizomucor miehei (IM60) and C. antarctica (SP435) lipases
were provided by Novo Nordisk Biochem North America Inc.
(Franklinton, NC). Porcine pancreatic lipase (Type II, crude),
triolein (99% pure), stearic acid (18:0, 99% pure), and stearic
acid methyl ester (99% pure) were purchased from Sigma
Chemical Company (St. Louis, MO). All organic solvents
were obtained from Fisher Scientific (Norcross, GA).

Enzymatic transesterification. For general synthesis of
modified triolein, 88.54 mg of triolein was mixed with stearic
acid or stearic acid methyl ester at a mole ratio of triolein
(TAG/FA or methyl ester) of 1:1 and immobilized lipase,
IM60 and SP435 (10% combined weight of substrates), re-
spectively, in 5 mL hexane. The mixture was incubated in an
orbital shaking waterbath at 200 rpm for 24 h at 55°C. Mo-
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lecular sieves of 4 Å were added after 2 h. All reactions were
conducted in duplicate, and average values are reported. 

Analytical procedure. The products of transesterification
were passed through an anhydrous sodium sulfate column to
remove enzymes. Solvent was evaporated under nitrogen, and
50 µL of the remaining material was analyzed by thin-layer
chromatography (TLC) on a silica gel G plate (Fisher Scien-
tific), developed with petroleum ether/ethyl ether/acetic acid
(90:10:1, vol/vol/vol). The bands were visualized under ultra-
violet radiation after spraying with 0.2% 2,7-dichlorofluores-
cein in methanol. Bands corresponding to triacylglycerols
were scraped, methylated with 3 mL of 6% HCl in methanol
at 75°C for 2 h, extracted with hexane (2 mL) and 0.1 M KCl
solution (1 mL), centrifuged (1000 rpm, 3 min), and concen-
trated under nitrogen.

FA compositional analysis. FA were analyzed with an HP
5890 Series II gas chromatograph (Hewlett-Packard, Avondale,
PA), equipped with a DB-225 fused-silica capillary column (30
× 0.25 mm i.d.) (J&W Scientific, Folsom, CA) and flame-ion-
ization detector and operated in a splitless mode. The injector
and detector temperatures were 250 and 260°C, respectively.
The column temperature was held at 215°C for 10 min, and
total helium carrier gas flow was 23 mL/min. The relative con-
tent of fatty acid methyl esters as mole percentage was quanti-
tated by an on-line computer with heptadecanoic acid as an in-
ternal standard.

Hydrolysis by pancreatic lipase. Determination of the sn-2
positional distribution of FA in triacylglycerols obtained after
TLC was conducted by the method of Luddy et al. (16). Briefly,
1 mg of triacylglycerol was mixed with 1 mL of 1 M Tris-HCl
buffer (pH 7.6), 0.25 mL of 0.05% bile salts, 0.1 mL of 2.2%
CaCl2, and 1 mg pancreatic lipase. The mixture was incubated
in a waterbath at 37°C for 3 min, vortexed vigorously (1 min),
centrifuged (1900 rpm, 3 min), extracted with 3 mL diethyl
ether (twice), and dried by passing through a 3-cm packed
sodium sulfate column. TLC analysis was done on silica gel G,
and the developing solvent system was hexane/diethyl
ether/acetic acid (50:50:1, vol/vol/vol). The band correspond-
ing to 2-monoacylglycerol was scraped, methylated, and ana-
lyzed by gas chromatography.

Melting characteristics. Differential scanning calorimetry
on a Perkin-Elmer (Perkin-Elmer Corporation, Norwalk, CT)
Model DSC7, connected to an IBM computer, was used to de-
termine melting profile and percentage solid fat content (SFC)
of the triacylglycerols. The samples obtained after TLC were
sealed in aluminum, with an empty pan serving as a reference.
Heating thermograms were obtained by holding the samples
at –25°C for 10 min and heating at 5°C per min to a final tem-
perature of 40°C. Liquid nitrogen (−196°C) was the coolant. 

RESULTS AND DISCUSSION

The enzymatic modification of triolein was examined by
using three different parameters (temperature, mole ratio of
substrates, and incubation time) with two lipases, SP435 and
IM60. The initial conditions used in the temperature study

were an equimolar mixture of triolein and stearic acid (18:0) or
stearic acid methyl ester, with 24 h of incubation time. Figure 1
shows the yield of 18:0 incorporation by interesterification cat-
alyzed by SP435, and acidolysis catalyzed by IM60, at various
temperatures. Temperature played a more important role in the
SP435 reaction with the stearic acid methyl ester system than in
the IM60 system with 18:0. The change in temperature did not
dramatically alter catalytic activity of the IM60/18:0 system.
Previous experiments showed that IM60 has the ability to with-
stand high temperature without a great loss of catalytic activity
(17). The activities of both SP435 and IM60 lipases increased
with temperature and reached an optimum at 55°C. SP435 li-
pase showed a decrease in yield at 65°C, indicating either a loss
of enzyme activity or product hydrolysis. From 35 to 65°C, the
18:0 incorporation at the sn-2 position by both enzymes in-
creased. SP435 produced a slightly higher incorporation than
IM60. A possible explanation is the positional nonspecificity of
SP435 compared to the sn-1,3-specific IM60 lipase. Based on
the temperature study, we chose 55°C for both enzyme systems
for the mole ratio study. 

Maximal incorporation of stearic acid was reached at a mole
ratio of triolein to 18:0 or 18:0 methyl ester of 2. Incorporation
of 18:0 increased from 20.1 to 34.2% for SP435 and 23.3 to
38.4% for IM60 lipase as the ratio of triolein to 18:0 or 18:0
methyl ester was increased from the equimolar mixture (Fig. 2).
The percentage of 18:0 incorporation by acidolysis was higher
than that by interesterification. Maximal 18:0 incorporation at
the sn-2 position for both SP435 and IM60 was obtained at the
mole ratio of triolein to 18:0 or 18:0 methyl ester of 2.

Novo Nordisk Biochem North America, Inc. (18) reported
that IM60 (or Lipozyme IM) is particularly useful in catalyz-
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FIG. 1. Incorporation of 18:0 into triolein by IM60 and 18:0 or 18:0
methyl ester by SP435 lipase. Reactions were incubated at tempera-
tures from 25 to 65°C for 24 h with an equimolar mixture of triolein
and 18:0 or 18:0 methyl ester.



ing interesterification reactions that involve the 1- and 3-po-
sition ester bonds in triacylglycerols. It has been used as a
1,3-specific lipase in interesterification of triolein and stearic
acid by Cho and Rhee (19). Both intra- and intermolecular
acyl residue exchanges occur in the reaction until an equilib-
rium is reached (20). Even in pancreatic lipase hydrolysis, a
lipase that has been known as 1,3-specific showed a low level
of acyl migration occurring during the reaction (16). Despite
this problem, pancreatic lipase is still a common enzyme used
in determining the distribution of FA at the sn-2 position of
triacylglycerols (21). Therefore, in this reaction, the incorpo-
ration of 18:0 at the sn-2 position by IM60 can be explained
by acyl migration occurring after the catalytic reaction at ei-
ther the sn-1 or sn-3 position. This acyl exchange would be
an advantage to a reaction if high incorporation of new FA is
desired. Our result showed that, as the mole ratio of triolein
to 18:0 was increased from 1 to 2, the incorporation of 18:0
at the sn-2 position by IM60 increased from 2.6 to 15.5%.

The positional specificity of SP435 (or Novozyme® 435)
depends on the reactants. In some reactions, SP435 shows a
1,3-positional specificity, whereas in other reactions, the li-
pase functions as a nonpositional-specific lipase (18). Our re-
sults gave a lower yield of 18:0 at the sn-2 position for SP435
than for IM60. As the mole ratio of triolein to 18:0 was in-
creased from 1 to 2, the incorporation of 18:0 at the sn-2 po-
sition, catalyzed by SP435, increased from 4.5 to 11.3%. One
could argue that SP435 behaved as a nonspecific lipase in this
reaction. Whether this is due to actual hydrolysis at the sn-2
position or to FA migration to either sn-1 or sn-3 position is
still not clear. A clear difference between the two enzyme sys-
tems is shown in Figure 3 where the reactions were incubated
for various times. Both had their maximal 18:0 incorporation

between 18 and 24 h of incubation. The highest incorporation
and content of 18:0 at the sn-2 position by IM60 were 35.1%
(at 18 h) and 14.9% (at 24 h), respectively, while with SP435,
they were 38.0 and 12.3% at 24 h. It is possible that the transes-
terification reaction may have attained equilibrium between
those hours, and therefore, prolonged reaction time beyond 18
h (for acidolysis by IM60) and 24 h (for interesterification by
SP435) did not improve 18:0 incorporation. Therefore, the op-
timal reaction temperature for both enzymes was 55°C at a
mole ratio of triolein to 18:0 or 18:0 methyl ester of 1:2. Equi-
libria were reached at 18 h for IM60 and 24 h for SP435. Cho
and Rhee (19) reported that the interesterification activity of an
equimolar mixture of stearic acid and triolein reached an equi-
librium after 2 h and was almost constant above 37°C when cat-
alyzed by M. miehei lipase immobilized on Florisil with
3-aminopropionic acid as a spacer.

There are factors that determine the range within which a
fat could be considered plastic. Such factors include the per-
centage of solids in a fat and the characteristic continuous
variation that occurs with change in temperature. The Hand-
book of Soy Oil Processing and Utilization (22) indicated that
the spreadability of margarine at refrigerator temperatures was
related to its content of solid fats at 2 to 10°C. Also, the solid
content at 25°C influences plasticity at room temperature,
whereas the solid content at 33 and 38°C largely influences
mouthfeel. DeMan (23) noted that desirable spreadability oc-
curs within a range of roughly 15 to 35% solids. This is called
the plastic range of fats.

Average percentage solid fat contents (% SFC) of the prod-
uct as a function of temperature, mole ratio, and time course
study are shown in Figures 4, 5, and 6, respectively, where A
represents the graph with products of interesterification by
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FIG. 2. Incorporation of 18:0 into triolein by IM60 and stearic acid or
18:0 methyl ester by SP435 lipase incubated at 55°C for 24 h with vari-
ous mole ratios of triolein to 18:0 or 18:0 methyl ester.
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FIG. 3. Incorporation of 18:0 into triolein with IM60 and stearic acid or
18:0 methyl ester with SP435, incubated at 55°C at a 1:2 mole ratio of
triolein to 18:0 or 18:0 methyl ester after various incubation times.
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SP435, and B for products of acidolysis by IM60. Overall, the
SP435 system gave greater variation in terms of %SFC
in interesterified products than the IM60 system. %SFC
of products from acidolysis by IM60 are roughly com-
parable. At 5°C, the lowest to highest %SFC observed in A and
B were 37.5 to 68.1% and 61.9 to 73.7% (Fig. 4); 49.9 to 68.1%
and 58.9 to 64.9% (Fig. 5); and 37.0 to 67.8% and 62.6 to 81.7%
solids (Fig. 6), respectively. We can safely say that, at a refrig-
erator temperature (~5°C), the products of the SP435 system
would be somewhat softer and have a wider melting range (i.e.,
are more plastic) than the products of the IM60 system.

If lines are drawn where SFC is 15 and 35%, the tempera-
ture range within which the fat is plastic (23) can be obtained.
Table 1 shows these temperature ranges as taken from Fig-
ures 4, 5, and 6. In the temperature study, 25SP and 45IM
have the widest temperature range. The data for 25IM were
not determined because the sample recovered from TLC was
too small and solvent could not be totally removed to allow
differential scanning calorimetry analysis. In the mole ratio
study, 1:3SP and 1:2IM were plastic at the widest tempera-

ture range. Also, 18hSP and 12hIM were able to maintain
their plasticity over the widest temperature range in the time
course study. At 50°C, the SFC of 18hIM was 16.1% (Fig.
6B). It is estimated that the SFC would reach 15% at roughly
52°C. That means that the temperature range would be about
13.5°C. At  optimal assay conditions, 24hSP maintained its
plasticity over a wider and lower temperature range than
18hIM. Thus, enzymatic transesterification is an option for pro-

ducing plastic fats.
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FIG. 4. Percentage solid fat content (SFC) of products of interesterifica-
tion by SP435 (A) and acidolysis by IM60 (B) incubated at various reac-
tion temperatures. The key represents the temperature of incubation
with the indicated enzyme system. For example, 25SP stands for a sam-
ple interesterified at 25°C with SP435. IM stands for IM60. See Figure 1
for reaction conditions.
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FIG. 5. Percentage solid fat content of products of interesterification by
SP435 (A) and acidolysis (B) by IM60 at 55°C and various mole ratios.
The keys represent the mole ratios of triolein to 18:0 (for B) or to 18:0
methyl ester (for A) with the indicated enzyme systems. For example,
1:1SP stands for a sample interesterified at 1 mole part of triolein to 1
mole part of 18:0 methyl ester with SP435. IM stands for IM60. See Fig-
ure 2 for reaction conditions. 
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TABLE 1 
Temperatures (°C) at Which the Solid Fat Contents (SFC) of the Esterified Products Are at 15 and 35% Solids, and Their Temperature Ranges

Temperature at
Temperature

Temperature
Temperature

Samplea 15% SFC 35% SFC rangeb (°C) Samplea 15% SFC 35% SFC rangeb (°C)

25SP 27 7 20 25IM n.d. n.d. n.d.
35SP 23 12 11 35IM 43 29.5 13.5
45SP 28 26 12 45IM 44 22.5 21.5
55SP 33.5 21 12.5 55IM 31 20.5 10.5
65SP 31 19.5 11.5 65IM 27.5 19 8.5
1:1SP 34 21 13 1:1IM 31 20 11
1:2SP 29.5 19 10.5 1:2IM 30 14.5 15.5
1:3SP 44.5 28.5 16 1:3IM 30 17.5 12.5
6hSP 47.5 38.5 9 6hIM 44 26 18
12hSP 35.5 15.5 20 12hIM 41.5 24 17.5
18hSP 48 25.5 22.5 18hIM 52c 38.5 13.5d

24hSP 42 20.5 21.5 24hIM 43 26.5 16.5
30hSP 49 33 16 30hIM 44 27.5 16.5
36hSP 39.5 15.5 24 36hIM 44.5 33 11.5
aSee Figures 4,5, and 6 for legends; n.d. = not determined.
bTemperature range = difference between the temperature at 15% SFC and 35% SFC.
cTemperature of 18hIM at 15% SFC estimated from Figure 6B.
dTemperature range of 18hIM calculated from the estimated temperature in footnote c of this table.
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