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ABSTRACT: Reactivity of different medium-chain substrates,
i.e., n-octanol, caprylic acid, and its alkyl (methyl, ethyl, n-
propyl, and n-butyl) esters, was assessed in the interesterifica-
tion of tripalmitin catalyzed by papaya (Carica papaya) lipase.
Alcoholysis with n-octanol was the fastest reaction leading to
the highest conversion of tripalmitin to n-octyl palmitate and
concomitant formation of di- as well as monopalmitoylglyc-
erols. This was followed by transesterification of tripalmitin with
n-butyl and n-propyl caprylates, which in turn were faster than
transesterification with ethyl and methyl caprylates, yielding in
each case the corresponding alkyl palmitates and triacylglyc-
erols containing palmitoyl and capryloyl moieties as the major
reaction products. Acidolysis of tripalmitin with caprylic acid
yielded palmitic acid and triacylglycerols containing palmitoyl
and capryloyl moieties as the major reaction products, how-
ever, with the lowest conversion among the three interesterifi-
cation reactions studied. In each case, interesterification was
accompanied by some hydrolysis of tripalmitin.
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Lipases are enzymes with a great industrial potential, but so
far their widespread use in industry has been hampered pri-
marily for two reasons: first, their unavailability in the
amounts required for commercial use, and second, the high
cost associated with these enzymes (1).

Hence, the lipase selected for study here is papaya (Carica
papaya) latex lipase (CPL), which is a commercially avail-
able plant lipase preparation that is also less expensive than
other marketed lipases. Another reason for the selection of a
plant lipase is that these enzymes (2-5), including CPL (6),
are known to possess pronounced substrate specificities that
are comparable to those of microbial lipases (5,7). This makes
them well suited for reactions requiring the discriminatory
ability of the enzyme. Hence, this study on substrate prefer-
ence of CPL was undertaken.

CPL has been found to catalyze the hydrolysis of tributy-
roylglycerol and other medium- and long-chain triacylglyc-
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erols (TG) (8) as well as synthetic reactions, such as esterifi-
cation of fatty acids (FA) (6,9) and interesterification of TG
(10-15).

Recent work in our laboratory on CPL-catalyzed transesteri-
fication of tripalmitin with ethyl esters of short-, medium- and
long-chain FA has indicated that papaya lipase has a preference
for medium- and long-chain esters, as well as a regiopreference
for the sn-1,3 position of the glycerol backbone (16).

We report here CPL-catalyzed interesterification reactions
of tripalmitin with different classes of Cg substrates, i.e., al-
coholysis with n-octanol, acidolysis with caprylic acid, and
transesterification with alkyl (methyl, ethyl, n-propyl, and n-
butyl) esters of caprylic acid. The objective of this study was
to determine how the type of C; substrate affects the rate and
extent of interesterification.

EXPERIMENTAL PROCEDURES

Materials. Crude granular papaya (C. papaya) latex, CPL
(Sigma-Aldrich-Fluka, Deisenhofen, Germany) was ground in
a mortar to a fine powder and sieved to 0.8-mm mesh size.
Methyl pentadecanoate, methyl tridecanoate, methyl caprylate,
ethyl caprylate, n-propyl caprylate, n-butyl caprylate, caprylic
acid, n-octanol, stearic acid, tripalmitin, and 2’,7’-dichlorofluo-
rescein were also procured from Sigma-Aldrich-Fluka. Sol-
vents and silica gel were obtained from E. Merck (Darmstadt,
Germany). Trimethylsulfonium hydroxide (TMSH) was pur-
chased from Macherey-Nagel (Diiren, Germany).

Interesterification. Tripalmitin (0.5 mmol) was added to 1
mmol of the Cy substrate (n-octanol, caprylic acid, methyl
caprylate, ethyl caprylate, n-propyl caprylate, or n-butyl capry-
late) in a magnetically-stirred, Teflon-lined, screw-capped reac-
tion vial immersed in a water bath maintained at 63°C. Once the
vials had attained the specified temperature, 27 mg CPL was
added to initiate the reaction. Sample aliquots were withdrawn
at specified intervals during the 24-h reaction period, taken up
in dichloromethane, centrifuged to remove the residual CPL
granules, and the supernatants analyzed.

Lipid analysis. A known amount of an internal standard
(methyl pentadecanoate in transesterification and stearic acid
in acidolysis) was added to aliquots of reaction products.
These were then fractionated by thin-layer chromatography
(TLC) on 0.3 mm Silica Gel H plates to separate the various
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lipid classes [alkyl esters, TG, diacylglycerols (DG) and
monoacylglycerols (MG), as well as free FA] using i-
hexane/diethyl ether/acetic acid (80:20:1, by vol). Chromato-
plates were dried and sprayed with 0.1% (wt/vol) solution of
27, 7’-dichlorofluorescein in ethanol, and the different lipid
components marked under ultraviolet light. The latter were
scraped off and eluted with water-saturated diethyl ether. The
lipid fractions, to which a known amount of methy] tridec-
anoate as standard was added, were converted to methyl es-
ters in situ using TMSH (17) and analyzed by gas chromatog-
raphy (GC). The peak areas obtained from GC were used for
determining the progress of the reactions and for estimation
of the relative proportions of different lipid classes.

GC. A Hewlett-Packard (Boblingen, Germany) HP-5890
Series II gas chromatograph equipped with a flame-ionization
detector was used. FA methyl esters of lipids were separated
on a 0.25 um CS-FFAP-CB free FA phase column (25 m X
0.25 mm i.d.; J&W, ASS-Chem, Bad Homburg, Germany)
using hydrogen as the carrier gas (linear velocity 20 cm-s™!)
and temperature programming as follows: 5 min at 50°C, fol-
lowed by heating at 7°C min™! to 220°C, and finally at 220°C
for 5 min. The split ratio was 1:10, and the injector as well as
the flame-ionization detector temperatures were at 270°C.
Peak areas and percentages were calculated using a Hewlett-
Packard PC Integration Pack (HP 3365 Series ChemStation
Version A.03.21) using response factors.

Calculation of conversions and estimation of different lipid
classes. The proportion of alkyl palmitate formed was taken
as an indicator of the progress of the alcoholysis and transes-
terification reactions. In the case of the acidolysis reaction,
the proportion of palmitic acid formed was taken as a mea-
sure of the progress of the reaction.

The conversion was determined for alcoholysis and trans-
esterification reactions from the peak areas of alkyl palmitate
and the internal standard, methyl pentadecanoate, in the alkyl
ester fractions, isolated by TLC. The percentage conversion
was calculated from the millimoles of alkyl palmitate formed
in the alkyl ester fraction with respect to millimoles of sub-
strate, i.e., n-octanol or alkyl caprylate.

In the acidolysis reaction, the FA fraction isolated by TLC,
consisting of newly formed palmitic acid, unreacted caprylic
acid and the stearic acid standard, was converted to methyl es-
ters by treatment with TMSH and analyzed by GC to determine
the progress of reaction from the peak areas of methyl palmitate
and methyl stearate. The percentage conversion was calculated
from the millimoles of palmitic acid in the acid fraction with re-
spect to millimoles of substrate, i.e., caprylic acid added.

The relative proportions of the individual lipid classes in
all reaction products were determined from the peak areas of
methyl tridecanoate, the internal standard, and those of
methyl palmitate and methyl caprylate.

RESULTS AND DISCUSSION

Reactivity of different medium-chain substrates in the inter-
esterification with tripalmitin. The interesterification of tri-
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palmitin with different Cq substrates, catalyzed by CPL, was
monitored over a 24-h period. Progress of the reaction was
determined from the appearance of alkyl palmitate in the
alkyl ester fraction in the case of alcoholysis with n-octanol
and transesterification with alkyl caprylates, and that of
palmitic acid in the acid fraction in the case of acidolysis. The
extent of formation of alkyl palmitate and palmitic acid was
found to be almost equivalent to the depletion of the corre-
sponding C; substrate (data not shown) and was considered
to represent the conversion of the Cgq substrate. It should be
pointed out here that in the case of transesterification and aci-
dolysis, the conversions of C8 substrates thus obtained refer to
the total incorporation into TG, DG, MG, and FA fractions.
Considerable hydrolysis was found to accompany these inter-
esterification reactions, as can be seen from Table 1. Acidolysis
displayed consistently lower values (14% after 24 h), followed
by alcoholysis (21%), while transesterification was accompa-
nied by 25-27% hydrolysis (Table 1).

Figure 1 shows the time course of interesterification reac-
tions of tripalmitin with various medium-chain substrates,
catalyzed by CPL. The fastest conversion (94% after 24 h)
was obtained during alcoholysis with n-octanol, while acidol-
ysis with caprylic acid was the slowest reaction (about 28%
conversion after 24 h) (Fig. 1). Transesterification of tri-
palmitin with alkyl esters was intermediate between the above
two reactions; propyl and butyl esters gave higher conver-
sions (77-86% after 24 h) than methyl and ethyl caprylate
(both 58% after 24 h).

Thus, alcoholysis appears to be the most favored reaction.
This is similar to the reported higher rates of interesterifica-
tion obtained with the Rhizomucor miehei lipase when a mix-
ture of TG was reacted with octadecanol as compared to FA
or their methyl esters (18). Our results (Fig. 1) are, however,
markedly different from the observations of Villeneuve et al.
(13), who had reported considerably higher incorporation into
tricaprylin of lauric acid than ethyl and methyl laurates dur-
ing interesterification catalyzed by CPL. Ethyl and methyl es-
ters have also been found to be poorer acyl donors than free
FA in the esterification of C,, substrates with glycerol, cat-
alyzed by the Rhizopus arrhizus lipase (19). The above dis-
crepancies, as compared to our present data, appear to be due
to the different chain lengths of the acyl donors and acyl ac-
ceptors employed (18) and to different lipases used (19).

TABLE 1
Hydrolysis as a Side Reaction During Interesterification of Tripalmitin
with Various Cg Substrates, Catalyzed by Papaya Lipase

Time

4h 8h 24 h
Reaction Degree of hydrolysis (%)
Alcoholysis: n-octanol 19.2 214 21.1
Transesterification: methyl caprylate 22.6 23.4 27.6
Transesterification: ethyl caprylate 22.0 21.3 24.5
Transesterification: n-propyl caprylate 18.8 243 27.7
Transesterification: n-butyl caprylate 20.5 26.2 25.0
Acidolysis: caprylic acid 5.4 9.2 14.4
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FIG. 1. Time course of interesterification of tripalmitin with various Cg sub-
strates catalyzed by papaya lipase (CPL) using a tripalmitin/Cg substrate
mole ratio of 1:2. (®) Caprylic acid; (l) methyl caprylate; (A) ethyl capry-
late; () n-propyl caprylate; (*) n-butyl caprylate; (@) n-octanol.
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Composition of the products of interesterification cat-
alyzed by CPL. The products formed by interesterification of
tripalmitin with various Cg substrates were fractionated using
TLC and further analyzed by GC. The profile of the various
lipid classes in the reaction products as a function of time for
different reactions is shown in Figure 2.

The components identified in products formed by alcoholy-
sis were octyl palmitate, unreacted tripalmitin, and the prod-
ucts formed by simultaneous hydrolysis, i.e., dipalmitin, mono-
palmitin, and palmitic acid, while unreacted n-octanol, being
volatile, could not be retained during TLC and subsequent iso-
lation procedures (Fig. 2). The products formed by transesteri-
fication contained the ester fraction comprising unreacted alkyl
caprylate and alkyl palmitate, unreacted tripalmitin, the newly
formed TG (dipalmitoyl-monocapryloyl and monopalmitoyl-
dicapryloylglycerols), MG, DG, and FA (Fig. 2). In the prod-
ucts of acidolysis, the FA fraction consisted of unreacted
caprylic acid and the newly formed palmitic acid, whereas
the TG fraction consisted of unreacted tripalmitin as well
as the newly formed TG (dipalmitoyl-monocapryloyl- and
monopalmitoyl-dicapryloylglycerols); moreover, MG and DG
were detected (Fig. 2).

Figure 2 shows, as expected, that the proportion of the
alkyl palmitate formed from tripalmitin by both alcoholysis
with n-octanol and transesterification with alkyl caprylates
increased with time. While the decrease in proportion of the
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FIG. 2. Percentage molar composition of different lipid classes in reaction products during interesterification of tripalmitin
with various Cg substrates, catalyzed by papaya lipase, CPL, using a tripalmitin/Cg substrate mole ratio of 1:2. Abbrevia-
tions used: TG, triacylglycerols; DG, diacylglycerols; MG, monoacylglycerols; FA, fatty acids; EST, alkyl esters. (solid bar)

4 h; (open bar) 8 h; (cross-hatched bar) 24 h.
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TG fraction during alcoholysis corresponded to the increase
in octylpalmitate and DG, by-products of hydrolysis such as
MG and FA were also obtained (Fig. 2 and Table 1). Con-
comitantly the proportion of the TG fraction decreased, obvi-
ously due to simultaneous hydrolysis leading to the formation
of MG, DG, and FA. Interestingly, alcoholysis yielded rela-
tively large proportions (20 to 30%) of DG (Fig. 2). The aci-
dolysis of tripalmitin with caprylic acid yielded much lower
proportions of hydrolysis products i.e., 0.6% MG and 4% DG
after 24 h as compared to transesterification of tripalmitin
with alkyl caprylates (Fig. 2). The high apparent concentra-
tion (40-45%) of free FA in this case was due mainly to a
large proportion of unreacted caprylic acid as well as to the
palmitic acid that was formed as a product of the acidolysis
reaction (Fig. 2) rather than to the low amounts of palmitic
acid formed as a hydrolysis product. Hence, the use of
palmitic acid levels as an indicator of the progress of the
acidolysis reaction remains justified.

The data presented here on the reactivity of various medium-
chain substrates in the interesterification with tripalmitin using
CPL as biocatalyst and the pattern of products formed should
be useful in the selection of substrates for the application of this
lipase in the preparation of low-calorie products, such as TG
and DG containing medium-chain acyl moieties.
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