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ABSTRACT 

Extracellular microbial lipases can be used as catalysts for the inter- 
esterification of oils and fats. Use of specific lipases gives products 
which are unobtainable by chemical interesterification methods. 
Some of these products have properties of value to the oils and fats 
industry. The catalysts for enzymatic interesterification are prepared 
by coating inorganic support materials with the lipases. For batch 
interesterification reactions, the catalyst particles are activated by 
addition of a small amount of water and then stirred with a reactant 
mixture dissolved in petroleum ether. At the end of the reaction 
period, the catalyst particles are removed by filtration, and the inter- 
esterified triglycerides isolated by conventional fat fractionation 
techniques. The catalyst can be used in subsequent batch reactions. 
As an alternative to the batch reaction system, continuous enzymatic 
interesterification processes can be operated by pumping water con- 
taining feedstock through a packed bed of activated catalyst. 

INTRODUCTION 

Interesterification is a process which is used in the oils and 
fats industry to modify  the properties of triglyceride mix- 
tures. In this process, a chemical catalyst such as sodium 
metal or sodium alkoxide is used to promote acyl migra- 
tion among glyceride molecules so that  the products con- 
sist of glyceride mixtures in which the fat ty  acyl residues 
are randomly distributed amongst the glyceride molecules 
(1). In this paper, the use of microbial lipases as catalysts 
f o r  interesterification is discussed. By exploitat ion of the 
specificity of  the lipases, it is possible to produce useful 
glyceride mixtures which cannot be obtained by conven- 
tional chemical interesterification processes. 

Substrate Specificity of Microbial Lipases 

Extracellular microbial lipases (glycerol ester hydrolases EC 
3.1.1.3) are excreted by microorganisms into their growth 
medium to assist "in the digestion of lipid materials. They 
catalyze the hydrolysis of  fats to give free fat ty acid, partial 
glycerides and glycerol. The reaction is reversible and the 
enzymes can be shown to catalyze the formation of  glycer- 
ides from glycerol and free fat ty acid under certain condi- 
tions (2). The synthetic reaction is of no significance in the 
biosynthesis of  oils and fats. 

The naturally occurring triglycerides of long-chain fat ty  
acids are water insoluble, and lipases are characterized by  
the ability to catalyze rapidly the hydrolysis of ester bonds 
at the interface between the insoluble substrate phase and 
the aqueous phase in which the enzyme is soluble. Thus the 
enzymes catalyze the hydrolysis of a wide range of insoluble 
fat ty  acid esters, although glycerides are normally the pre- 
ferred substrates, while hydrolysis of  water-soluble carboxy- 
lic acid esters by  most lipases is very slow (3). 

The microbial lipases can be placed in three groups accord- 
ing to their specificity (Fig. 1). The first group shows no 
marked specificity both as regards the position on the gly- 
cerol molecule which is at tacked and the nature of the fat ty  
acid released. These lipases catalyze the complete breakdown 
of triglycerides to free fa t ty  acid and glycerol, but  diglycer- 
ides and monoglycerides appear as intermediates in the 
reaction. Examples of enzymes of  this type are the lipases 
from Candida cylindracae (4), Corynebacterium acnes (5) 
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FIG. 1. Products formed by  lipase-catalyzed hydrolysis  of  ~ g l y c e r -  
ides 

and Staphylococcus aureus (6). 
The second group of lipases catalyzes the release of fat ty  

acids specifically from the outer 1- and 3-positions of gly- 
cerides. With these lipases, triglycerides are hydrolysed to 
give free fa t ty  acids, 1,2(2,3)-diglycerides and 2-monogly- 
cerides as reaction products.  Because 1,2(2,3)-diglycerides 
and especially 2-monoglycerides are chemically unstable 
and undergo acyl migration to give 1,3-diglycerides and 
l(3)-monoglycerides,  respectively, prolonged incubation of 
a fat with a 1,3-specific lipase will give complete breakdown 
of some of the triglycerides with the formation of glycerol. 
1,3-specificity is common amongst microbial lipases, and 
examples of enzymes from this group are the lipases from 
AspergiUus niger, Mucor javanicus and various Rhizopus 
species (7-9). The stereospecificity (i.e., relative catalytic 
activity at the sn-1 and sn-3 positions of the glycerol moiety)  
of Rhizopus arrhizus lipase has been investigated (10). It 
was shown that  fa t ty  acid is released by  the enzyme at a 
similar rate from the sn-1 and sn-3 positions of enantiomer- 
ic forms of phosphatidylcholine,  therefore R. arrhizus lipase 
and in all probabil i ty  other microbial lipases show no stereo- 
specificity. The positional specificity of the 1,3-specific 
lipases probably results from an inability of the sterically 
hindered esters of secondary alcohols, e.g., those of the 2- 
position of glycerol, to enter the active site of the enzyme. 

The third group of  lipases catalyses the specific release 
of a particular type of fa t ty  acid from glyceride molecules. 
Most extracellular microbial lipases show little fa t ty  acid 
specificity when incubated with natural oils and fats. How- 
ever, the lipase produced by Geotricbum candidium has 
been shown to possess a very marked specificity for the hy- 
drolysis of esters of a particular type of long-chain fat ty  
acid. Thus the enzyme preferentially releases from trigly- 
cerides long-chain fat ty  acids containing a cis double bond 
in the 9-position. Saturated fa t ty  acids and unsaturated 
fa t ty  acids without  a double bond in the 9-position are only 
slowly released from triglycerides (11). 
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Lipases as Interesterification Catalysts 

Since lipase reactions are reversible hydrolysis and resyn- 
thesis of glycerides occur when lipases are incubated with 
oils and fats. This hydrolysis and resynthesis causes acyl 
migration between glyceride molecules and gives interester- 
ified products. Under conditions in which the amount  of 
water in the reaction system is restricted, hydrolysis of the 
fat can be minimized so that  lipase catalyzed interesterifi- 
cation becomes the dominant  reaction (12-14). 

If  a nonspecific lipase is used to catalyze the interesteri_fi- 
cation of  a triglyceride mixture, the triglycerides produced 
are similar to those obtained by chemical interesterification. 
However, with a 1,3-specific lipase as catalyst, acyl migration 
is confined to the 1- and 3-positions, and a mixture of tri- 
glycerides which is unobtainable by chemical interesterifica- 
tion is produced (Fig. 2). Mixtures of  triglycerides and free 
fat ty  acid can also be used as reactants for lipase-catalyzed 
reactions. In these cases, free fat ty acid exchanges with the 
acyl groups of the triglycerides to produce new triglycerides 
enriched in the added fat ty  acid. With nonspecific lipases en- 
r ichment of  all three glyceride positions occurs, but  with 1,3- 
specific lipases the reaction is confined to the 1- and 3- 
positions of the glycerides. If a fa t ty  acid specific lipase is 
used, a particular fat ty acid from a mixture of fat ty  acids 
can be selectively introduced. 

The similarity of the products  obtained by the nonspeci- 
fic lipase and chemically catalyzed methods is illustrated by 
examination of  the triglycerides formed by  interesterifica- 
tion of a 1:1 mixture of coconut  oil and olive oil (Table I). 
The starting mixture contained predominately Cs2 and Cs4 
triglycerides from the olive oil and medium chain fa t ty  acid 
(C32 to C3s) triglycerides from the coconut oil. Interesterifi- 
cation using either C. cylindracae lipase or chemical cataly- 
sis gave closely similar mixtures in which the C42 to Cas tri- 
glycerides predominated.  

The type of reaction obtained with a 1,3-specific lipase 
is demonstrated by analysis of the products formed by inter- 
esterification of a mixture of  olive oil and stearic acid using 
Rbizopus delemar lipase as catalyst (Table II). Stearate resi- 
dues were introduced into triglyceride, but  no enrichment 
of  the 2-position was observed and the stearate residues 

(I) Triglyceride mixtures 
With chemical or nonspecific lipase catalysis: 

~ + + + + + 

+ + + + + + 

With 1,3-specific lipase catalysis: 

(1I) Triglyceride plus free fatty acid mixtures 
With chemical or nonspecific lipase catalysis: 

E ~ A +  C -*  

Ei E! ÷ + + + + 

C 

Ei E? Ei Ei + + + + + + 

+ A + B + C 
With 1,3-specific lipase catalysis: 

Ei + C - ~  + + 

+ A + C 
With catalysis by a lipase specific for fatty acids A and B: 

+ B + C  - '  + + + + + 
t -  A 

+ A + B + C 

E! 
FIG. 2. Products formed by interest~rification of mixtures of fats. 

TABLEI 

Product formed by lnteresteriflcation of a 1 = 1 Mixture of Coconut o i l  and Olive oil  

Triglyceride carbon no. 
(excluding glycerol residue) 

Composition of triglyceride 

Starting mixture 
(wt %) 

Interesterified oils 

with alkali 
metal catalyst 

(wt %) 

with C. cylindracae a 
lipase catalyst 

(wt %) 

26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 

0.1 
0.3 

1"1 t 5.0 
6.7 28.8 
8-4 / 
7.4 
4.5' 
3.4 
1.9 '12.0 
1.2 
1.( 
4.7~ 

21.2 
31.8] 58.7 

1.0J 

0.1 
0.2 
0.5 
1.4 
2.1 
4.2 
6.7 
7.2 ~ 

13.1 
11.6 
11.6] 
17.4J 
6.8 
7.4 
9.3 
0.4. 

14.9 

i0.9 

23.9 

0.3 
0.5 

0"7 t 2.1 
2.1 15.4 
4-01 
6.5 
6.6 

12.6 / 
11.4}60.3 
11.7 / 
18.0! 

o:5~ 

aA mixture of olive oil (25g) and coconut oil (25g) was stirred at 40 C for 66 hr with hydrated catalyst 
(3.2g) prepared from C cylindracae lipase and kieselguhr. 
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TABLE II 

Triglycerides Formed by Interesterlficadon of a Mixture of Olive Oil 
(5 parts) and Stearic Acid (1 part) using Rbizopus delemar Lipase as Catalyst a 
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Amount in olive oil Amount in interesterified triglycerides 

Total TG 2-position 1- and 3-positions Total TG 2-position 1- and 3-positions 
Fatty acid (%) (%) (%) (%) (%) (%) 

16:0 16.6 3.5 23.2 13.7 3.2 18.9 
16:1 1.8 1.3 2.0 1.6 1.6 1.6 
18:0 2.0 1.0 2.5 15.6 0.7 23.0 
18:1 66.8 72.0 64.2 56.6 72.2 48.8 
18:2 12.8 22.2 8.1 12.6 22.3 7.7 

aA mixture of olive oil (2.5g) and stearic acid (0.5g) dissolved in 60-80 C petroleum ether (6.0g) was stirred at 
40 C for 24 hr with hydrated catalyst (250 mg) prepared from R. delemar lipase and kieselguhr. 

were selectively incorporated into the 1- and 3-positions. 
Using the fa t ty  acid specific lipase from Geotricbum can- 

didum, A9 unsaturated fa t ty  acids can be selectively ex- 
changed with other A9 fat ty  acid residues in triglycerides. 
Interesterification of a mixture of olive oil, Iinoleic acid and 
stearic acid gave triglycerides which were enriched in lino- 
leate at the expense of oleate, the saturated fat ty acyl con- 
tent  of the triglycerides remaining substantially unchanged 
(Table III). 

The abili ty to produce novel triglyceride mixtures using 
specific lipases is of interest to the oils and fats industry be- 
cause some of  these mixtures have properties which make 
them valuable. This is illustrated by  the following example:  
1,3-specific lipase-catalyzed interesterification of 1,3- 
dipalmitoyl-2-monooleine (POP), which is the major tri- 
glyceride of the midfraction of  palm oil, with either stearic 
acid or tristearine gives products enriched in the valuable 
l(3)-palmitoyl-3(1)-stearoyl-2-monooleine (POSt) and 1,3- 
distearoyl-2-monooleine (StOSt) (Fig. 3). POSt and StOSt 
are the main components  of cocoa butter,  and therefore i t  
is possible by the interesterification reaction to produce a 
valuable cocoa but ter  equivalent from cheaper starting 
materials (12,13). 

interesterification Reaction Systems 

The catalysts used for enzymatic interesterification are pre- 
pared by addit ion of  a solvent such as acetone, ethanol  or 
methanol to a slurry of  an inorganic particulate material 
such as kieselguhr, hydroxylapat i te  or alumina in buffered 
lipase solution. The precipitated enzyme coats the inorganic 
particles, and the lipase-coated particles are collected by  fil- 
tration,  dried and stored. In the dried form the particles are 
almost inactive as interesterification catalysts, and to obtain 
high catalytic activity it  is necessary to hydrate  the particles 
by addit ion of  up to 10% water prior to their use in the 
interesterification reaction systems. 

In a typical  batch stirred tank interesterification reaction, 
a mixture of palm midfraction ( I .0  parts) and stearie acid 
(0.5 parts) dissolved in petroleum ether was stirred at 40 C 
for 16 hr with hydrated catalyst prepared from the 1,3- 
specific A. niger lipase and kieselguhr. The progress of the 
reaction is shown in Figure 4. Interesterification as measured 
by  stearate incorporat ion into triglyceride proceded smooth- 
ly over the whole reaction period, but  was accompanied 
by  the formation of byproducts  of  diglycerides and additiorj 
free fa t ty  acids. Most of  the byproducts  were formed in the 
first hour of  the reaction. During this period, an equilibrium 
between triglyceride, water, 1,2-diglyceride and free fa t ty  
acid was established. The subsequent slow generation of  
more diglyceride and free fat ty  acid can be at tr ibuted to 

TABLE HI 

Triglyceride Formed by Interesterification of a Mixture of 
olive Oil (1.0 parts), Stearic Acid (0.15 parts) and Linoleic 
Acid (0.15 parts) using Geotricbum candidum Lipase as Catalyst a 

Amount in interesterified 
Amount in olive oil triglyceride 

Fatty acid (%) (%) 

16:0 11.6 11.5 
16:1 0.8 0.5 
18:0 3.6 4.5 
18:1 72.8 64.8 
18:2 10.6 18.3 
20:1 0.6 0.4 

aA mixture of olive oil (2.5g), stearic acid (0.375g) and linoleic acid 
(0.375g) dissolved in petroleum ether (4.0g) was stirred at 40 C for 
3 days with hydrated catalyst prepared from G. candidum lipase and 
kieselguhr. 

(I) POP + stearic acid 

Ei E s E 
( I I )  POP + ~isteat ine 

Eo.,. E st--. Eo.,. Eo.,. .,. , . , .  , +  St St t_p St 

FIG. 3. Products formed by interester~ication of 1,3-dlpalmitoyl-2- 
monooleine (POP) with either stearic acid or u-istearine using a 1,3- 
specific lipase as catalyst 

the formation of 1,3-diglyceride from 1,2-diglyceride by  a 
slow chemical isomerization reaction. Detailed analysis of  
the products obtained after 16 hr reaction shows that, as a 
result of the interesterification, stearate residues were in- 
corporated specifically into the 1- and 3-positions of the tri- 
glyceride with the generation of the valuable POSt and.  
StOSt triglycerides (Table IV). At  the end of the reaction 
period, the catalyst was fi l tered off and a fraction contain- 
ing the POSt and StOSt triglycerides isolated by  conven- 
tional fat fractionation techniques such as countercurrent  
liquid-liquid extract ion and crystallization from solvents. 
The catalyst was washed free of fa t ty  materials, dried and 
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FIG. 4. Products formed during a stirred tank interesterification 
reaction. Palm midfraction (240g) and stearic acid (120g) dissolved in 
60-80 C petroleum ether (550g) were stirred with hydrated catalyst 
prepared from A. niger lipase and Ideselguhr (26g) at 40 C for 16 hr. 
Samples were taken periodically for analysis, o.- triglyceride; e :  free 
fatty acid; ~: diglyceride; A: monoglyceride; × : 18:0 in ~riglyceride. 

TABLE IV 

Triglycerides Formed by Interesterification of 
a Mixture of Palm Midfraction (1.0 parts) and Stearic 
Acid (0.5 parts) using A. niger Lipase as Catalyst a 

Amount in triglyceride 

Palm midfraction lnteresterified product 
Fatty acid (%) (%) 

14:0 0.7 0.7 
16:0 57.0 37.0 
18:0 6.0 28.9 
18:1 31.8 30.2 
18:2 3.6 3.5 
20:0 0.2 0.2 

Triglyceride species b 

SSS 5 13 
POP 58 19 
POSt 13 32 
StOSt 2 13 
SSO 7 2 
SLnS 9 7 
SOO 4 11 
Others 2 3 

aThe reaction conditions are given in Figure 4. The product obtained 
after 16-hr reaction was analyzed. 
bs = saturated fatty acid group; P = palmitate; St = Stearate; O = 
Oleate; Ln = linoleate. 

then reused in subsequent  interester i f icat ion reactions.  Use 
o f  the same catalyst  particles in 10 successive batch inter- 
ester if icat ion react ions has proved to be possible. 

Lipase-catalyzed interester i f icat ion reactions can also be 
per fo rmed  cont inuous ly  using packed bed reactors.  For  
opera t ion  o f  the  packed bed  reactors,  the  feeds tock  mix tu re  
dissolved in pe t ro leum ether  is t reated to remove  particu- 
late materials  and enzyme  catalyst  inhibi tors  and poisons,  
and then  part ial ly saturated with ~vater prior  to being 
pumped  through a bed of  hydra ted  catalyst  particles. The  
per formance  of  a reactor  conta in ing a bed o f  catalyst  pre- 
pared f rom Rbizopus niveus lipase and kieselguhr was stud- 
ied using a feeds tock  consisting of  a mix tu re  of  palm mid- 

fract ion and myrist ic  acid dissolved in 100-120 C pe t ro leum 
ether  (Fig. 5). Essentially comple te  interester i f icat ion as 
evidenced by myris ta te  incorpora t ion  into  tr iglyceride was 
obta ined  th roughou t  the 400  hr  of  reactor  operat ion.  Af te r  
an initial equi l ibrat ion period, the  diglyceride and free fa t ty  
acid con ten t  of  the p roduc t  s t ream remained cons tant  at a 
level indicat ing tha t  slight hydrolysis  of  t r iglyceride occurred 
in the reactor.  During the equi l ibrat ion period, which lasted 
for a few hours,  water  was removed  f rom the hydra ted  cata- 
lyst particles with generat ion of  large quant i t ies  of  digly- 
ceride and free fa t ty  acid unti l  s teady-state condi t ions  were 
at tained.  In the s teady state,  some of  the water  present  in 
the  feed to the reactors was consumed in the  reactors wi th  
the generat ion of  a small quan t i ty  o f  diglyceride and free 
fa t ty  acid so as to set up an equi l ibr ium involving triglycer- 
ide, water,  free fa t ty  acid and 1,2-diglyceride. The lipase 
catalysts are reasonably stable under  the condi t ions  preva- 
lent  in the packed bed reactors,  and it is possible to operate  
these reactors cont inuously  for up to 600 hr with an accept- 
able toss o f  cata lyt ic  activity. 

i i i i - -  • i i 

~ . -  ~ 
2l  

zo 

x~ 12 

8 Composi t ion of reodonts:TG 7 0 % ; D 6  I % : F F A  2 9 %  
Composition of products;TG 60%;OG 7%;FFA33% 

i .c 

0 , ...... t ~, , , , , , ~ ,  ~ .... 
~o 8o ~2o ~6o 2oo 22o 2~0 a20 3Lo ~;o 

Time in operation ( h o u r s )  

FIG. 5. lnteresterificatlon using a packed bed reactor. A mixture o f  
palm midfraction (1 part) and myristic acid (0.4 parts) dissolved in 
100-120 C petroleum ether (3.2 parts) was saturated with water a n d  
thee continuously pumped at a flow r a t e  o f  22 mL/hr through a bed 
o f  hydrated catalyst (5.0g) prepared from Rbizopus niveus lipase 
and kieselguhr. The temperature of the reaction system was 40 C. 
Samples from the product stream were taken periodically for analy- 
sis. 
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