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RINGKASAN: Secara prinsipal, teknologi penyekat-gerakkan lipase membantu 

pembangunan proses-proses seperti proses selanjar, proses komersial ska/a besar yang 

mempunyai keefisyenan yang tinggi per unit isipadu reaktor, dan perbandingan kadar 

yang tinggi terhadap pulangan dari kos kapital. Seterusnya, penggunaan lipase tersekat

gerak membawa kepada penurunan ke atas potensi kontaminasi produk disebabkan 

'residue lipase', lalu mengelakkan dari keperluan untuk rawatan termal proses hiliran. 

Penyekat-gerakkan juga membolehkan penggunaan semula lipase dan meninggikan kestabilan 

termal dan kimianya lalu membolehkan pengganggaran kadar pereputan (decay rate) 

dan menggalakkan pe/uang untuk proses kawalan yang /ebih baik bagi kualiti proses 

dan kualiti produk. Penulisan ini mengfokuskan penggunaan tekno/ogi lipase tersekat

gerak. Pelbagai kaedah penyekat-gerakkan, konfigurasi reaktor dan parameter proses 

telah diutarakan dan dibincangkan. 

ABSTRACT: In principle, immobilized lipase technology facilitates the development 

of continuous, large-scale commercial processes, which have a high efficiency per unit 

volume of reactor and a corresponding high rate of return of capital costs. Furthermore, 

the use of immobilized lipase lead to a decrease in the potential for contamination of 

the product via residual lipase, thus avoiding the need for downstream thermal treatment. 

Immobilization also permits multiple use of lipase and enhances its thermal and chemical 

stability, thus leading to predictable decay rates and enhances opportunities for better 

coritrol of both the process and product quality. This review focuses on the use of 

immobilized lipase technology. The various immobilization procedures, reactor configurations, 

and process consideration are reviewed and discussed. 

KEYWORDS: Esterification, hydrolysis, immobilized enzyme reactors, interesterification, 

lipase, monoglyceride. 
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INTRODUCTION 

The annual production of about 60 million metric tons of oils and fats makes lipid an 
important raw material for the food and chemical industries (Nawar, 1985; Posorske,1984). 
This third major group of biomaterials, has almost exclusively been processed by chemical 

and physical methods. With recent advances in bioreactor technology and genetic engineering, 

many new and interesting ideas for employing biotechnology to produce oleochemicals 
from fat have been investigated. Organic chemists have recently turned their hands to 

developing biocatalysis, (enzyme-and microorganism-catalyzed synthesis) as they search 
for reactions and processes that have greater selectivity and are more 'environmentally 

friendly' (The First European Symposium on Biocatalysis, Graz, Austria, 12-17 September, 
1993). 

In principle, biocatalytic methods hold great industrial potential (Dordick, 1991; Faber, 1992; 
Halga, 1992). In practice, however, there are relatively few commercial applications of biocatalysis 

in the fine-chemical and speciality-chemical industries (Soda and Yonaha, 1987).The major 
obstacles to the increased application of biocatalysis appear to be the inherent disadvantages 
of biocatalysis, the existence of well developed traditional technology and the regulatory 

constraints. 

However, advances that improve biocatalysts performance are driving the development 

of biocatalysis as a complimentary, if not novel technology to existing chemical approaches. 
Industrial scale application possibilities of enzymes to the fats and oils industry have been 
suggested (Macrae, 1983a; Macrae, 1983b). Among the most promising chemical routes of 

industrial interest are the hydrolysis, ester synthesis and interesterification reactions of 
lipids brought about by lipases (Werdelmann, 1974). 

LI PASES 

Lipases (triacylglycerol ester hydrolase; EC 3.1.1.3) are ubiquitous enzymes whose biological 

function is to catalyze the hydrolysis of triacylglycerols. This enzyme has moved far from 
its original application to the biotechnological processing of fats and other lipids. Lipases 
are probably the most frequently used enzymes in organic synthesis, mainly because 

several preparation from different sources are commercially available at low cost with 
satisfactory degree of purity, and they do not need cofactors for their catalytic activity 

(Santantello et al., 1993). Moreover, these enzymes seem especially well suited to application 

in organic solvents (Chen and Sih, 1989; Santantello et al., 1993) and thus in organic 

chemistry, since their catalytic feature involves a liquid-water interface. This provides the 

lipase with inherent affinity for hydrophobic media, thus distinguishing them from other 

hydrolytic enzymes (Brackman, 1984). 
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Application of Lipases 

Some representatives and possible application of lipases are listed in Table-1. 

Hydrolysis of Oils and Fats 

Lipases catalyze the hydrolysis of fats and oils to give fatty acids, diacyTglycerols, 
monoacylglycerols and glycerol. The reaction is reversible (Figure 1) and the enzymes 
have been shown to catalyze the formation of acylglycerols from glycerol and fatty acids 

Table 1. Application of lipases (lwai and Tsujisuka, 1984) 

Field of industry Effect utilized Product 

Food (diary) Hydrolysis of milk fat Flavouring agent for 
dairy products 

Food (bakery) Improvement of flavour/ Bakery products 
quantities and prolongation of 
life 

Food (brewing) Improvement of aroma and Alcohol beverages, 
acceleration of fermentation by e.g. sai<e, wine 
removal of lipid 

Food (dressing) Quality improvement of egg by Mayonnaise, dressings 
lipid hydrolysis and whippings 

Food (meat and fish Development of flavour and Meat and fish products 
processing) removal of excess fat 

Food (chemical and Transesterification of natural oils Oils or fats (e.g. 
pharmaceutical) formulated cocoa butter) 

Chemical Hydrolysis of oils and fats Fatty acids, diglycerides 
(oil processing) and monoglycerides 

Analysis of fatty acids distributed Reagent for lipid 
positionally in triglycerides analysis 

Chemical Synthesis of esters Esters 
(fine chemical) 

Chemical (detergent) Removal of oil stains/spots Detergents for laundry 
and lipids and household uses 

Pharmaceutical Digestion of oils and foods Digestants 

Medical Blood triglyceride assay Diagnostics 

Cosmetic Removal of lipids Cosmetics in general 

Leather Removal of fats from animal skins Leather products 

Miscellaneous Decomposition and removal of Cleansers for pipe cleaning, 
oily substances waste water treatment and 

others, in combination 
with other enzymes 
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(M~ito Sangyo, 1979a; Meito Sangyo, 1979b). The high specificity of lipases towards 
triglyceride substrates with respect to the type and stereospecific position of the fatty acid 
residue has prompted a number of special application within the food field (Chang and 
Rhee, 1990; Holmberg and Osterberg, 1988; Holmberg et al., 1989; Hoq et al., 1984; 
Tahoun and Ali, 1986; Yamaguichi and Mase, 1991; Yamane et al., 1986). Flavours for 
use in foods for human and animal consumption have been changed and/or enhanced 
by the ,partial hydrolysis of triglycerides (Day, 1966). Commercial processes include the 
enzymatic modification of milkfat to milk (Otting, 1934; Otting, 1939) as well as the manufacturing 
of cheese (Farnham, 1957; Fukumoto,1971; Kraftco Corp., 1971). A number of patented 
lipolyzed flavours and processes for their manufacture include lypolyzed milk compositions 
(Kempf et al., 1953) and lipolyzed milk fat products, such as butter flavours (Buhler et 

al., 1972; Tanabe Seiyaku Co. Ltd, 1970), cultured cream flavours (Pangier and Milk 
Laboratory Ltd., 1969), blue cheese flavours (Bauman et al., 1960; Knight, 1963) and 
cheese-like flavours (Claus and Carnation, 1965; Kraftco Corp, 1972) . 

,,,~" 

RiOH HOii 

Hydrolysis 

Alcoholysis 

.. BT., 
HOH R.iOH 

Ester synthesis 

Acidolysis 

Transesterification 

Figure 1. Schematic representation of the reactions catalyzed by lipases 
R; (i = 1,2,3,4) denotes a hydrocarbon moiety. The diamonds enclose the processes 
that take place in the active site of the enzyme but do not contribute to the overall 
stoichiometry. The compounds located outside the diamonds denote reactants or products 
for the reaction in question. 
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lnteresterification of Oils and Fats 

lnteresterification is a process which is used in the oils and fats industry to modify the 
composition and hence the physical properties of triglyceride mixtures. In the chemical 
process a catalyst such as sodium metal or sodium methoxide is used to promote acyl 
migration between glyceride molecules so that the products consists of glyceride mixtures 
in which the fatty acyl groups are randomly distributed amongst the glyceride molecules. 
The process can also be applied to mixtures of triglyceride and free fatty acid, in which 
case interesterified triglycerides randomly enriched in the added fatty acids are produced. 
Patents exists on the use of microbial lipases (Benzonana and Esposito, 1971; Hassing, 1971; 

Macrae, 1983a) as catalysts for interesterification reactions. Since lipase reaction is reversible, 
hydrolysis and resynthesis of glycerides occurs when lipases are incubated with oils and 
fats. This breakdown and resynthesis causes acyl migration between glyceride molecules 
and gives interesterified products (Figure 1 ). 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 interesterification becomes a dominant reaction (Coleman and Macrae, 1980; 
Matsuo et al., 1980; Matsuo et al., 1981 ). If a non-specific lipase is used to catalyze the 
interesterification of the 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 triglycerides which are 
unobtainable by chemical interesterification is produced (Figure 2) . This type of reaction 
can be used to produce valuable confectionery fats. One example is the production of 

cocoa butter substitute from cheaper feedstocks. This process can be accomplished via 
enzyme-catalyzed interesterification reaction involving 

(i) palm oil midfraction and stearic acid (Macrae, 1985) 

(ii) olive and sunflower oils and stearic acid (Asahi Denka Co., 1982a; Tanaka et al., 
1981) 

(iii) palm oil midfraction and tristearolylglycerol (Asahi Denka Co., 1982b; Macrae, 
1983) 

At present, the main application of lipase-catalyzed interesterification is production of high 
value confectionery fats, but long-term it may be possible to use the technique to manufacture 
triacylglycerol mixturers with useful functional properties in products such as margarines, 
bakery fats and low calorie spreads. 

Esterification of Fatty Acids 

Esterification reactions between polyhydric alcohols and free fatty acids are, in essence, 
the reverse of t,ydrolysis reaction of the corresponding glycerides. The equilibrium between 
the forward and reverse reaction is usually controlled by the water content of the reaction 
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(I) Triglyceride mixrures 

With chemical or nonspecific lipase catalysis: 

E~ • 
Ei · E~- ·Ei · 

·E~. 
Wi th 1,3-specific lipase catalysis: 

E A ·Ee EA EA ! + ~ - : + ~ + 

Ei • E~ • 
E! ·El· 
E~ • E~ • 

E~ 
(II) Triglyceride plus free fatty acid mixtures 

With chemical or nonspecific lipase catalysis: 

·E~ ·· 
+ A + B + 

With 1,3-specific lipase catalysis: 

Ei • c - E! · Ei • 
+ A + 

Ei • E~ • 
E~ • H · 

E~ 
c 

Ei · Ei 
E~ • E{ 
E~ · E~ 

8 · Ei 
8 · E{ 
~. E~ 

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

E~ + B + c - E~ + E~ + Ei + E! + E! + Ei 
+ A+ B+ C 

Figure 2. Products formed by interesterification of mixtures of fats 

mixture (Figure 1 ). Examples of high-value chemicals obtained via lipases include the 

synthesis of oleic acid esters of 1 ° and 2° aliphatic and terpenic alcohols (lwai et al., 1980; 

Okumura et al., 1979) and the products of geranyl and methyl esters from butyric acid and 

geraniol or lauric acid and menthol, respectively (Marlot et al., 1985). 

Monoglycerides 

Monoglycerides are partial esters of glycerol with higher molecular fatty acids and possess 

emulsifying, stabilizing, plasticizing and thickening properties. The monoesters and diesters of 

glycerol are edible and are used in food, pharmaceutical and cosmetic industries. Monoglycerides 

are usually water/oil emulsifiers, but with minor additions of, for example soaps, polyethylene 

oxide compounds and sulphated alcohols, confer 'self-emulsifying' properties. Depending 

on the additive, they may form acid-stable and electrolyte stable emulsions. 
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The monoglycerides of higher fatty acids, such as glycerol monostearate, are used as 
lubricants in the processing of plastic materials. The monoglycerides obtained by molecular 
distillation and having a monoglyceride content of 90%, on the other hand, are mainly 
used in the food industry, as in farinaceous products, sweets, baking additives, margarine 
and ice cream. 

Commercially available monoglycerides consist of mixtures of monoesters and diesters 
with minor additions of triesters, and they may be obtained by transesterification of triglycerides 
with glycerol or by esterification of glycerol with fatty acids. The current industrial processes 

for the preparation of monoglycerides is glycerolysis of triglycerides in the presence of 
a strong base at high temperatures. Invariably, this process suffers from low yields and 
formation of by-products which necessitates extensive purification of the desired monoglycerides 
by molecular distillation. Also, the yield of monoglycerides are rather low (30-40%). 

The enzymatic cleavage of triglycerides using lipases or esterases has been found to 
produce monoglycerides of higher quality and yield, with low energy costs. However, this 
process suffers from formation of undesired by-products such as glycerol, free carboxylic 
acids and diglycerides. This is due to the polyfunctionality of the glycerol molecule which 
carries three hydroxyl groupings of comparable reactivity towards esterification, the consequence 
being that selective esterification of the trial is difficult to achieve as is selective cleavage 
of ester linkages in triglycerides. An equilibrium mixture of about 60% monoglycerides, 
35% diglycerides and 5% triglycerides is generated during esterification. The mixture is 
separat~d by molecular distillation. A disproportionation occurs to a minor extent at high 
temperatures in the film evaporator so that the monoglycerides or diglycerides contain small 

amounts of the two other esters and minor amounts of free fatty acids. The occurrence 
of disproportionation at temperatures prevailing in the film evaporator makes it difficult to 
obtain monoglycerides with contents of more than 95% by molecular distillation at ambient 
pressure in an economically feasible manner. 

Novo Industry NS, Denmark has developed an alternative proprietary technology that 
results in a 100% monoglyceride product without the distillation step (Godtfredsen, 1986). 
A fatty acid is enzymatically esterified with a derivatized glycerol moiety that has two of 
the three hydroxyl group blocked. Once esterified, the blocking group can then be removed 
by mild acid treatment, resulting in a clean 100% monoglyceride. 

Optimization of lipase-catalyzed monoglyceride production 

__!ri_ a~ effort to optimize the yield of monoglycerides from the enzymatic glycerolysis of 
fats and oils, Mc Neill and Yamane, 1991 studied the following: 

(i) Temperature programming 
Below a critical temperature (Tc), high melting point monoglycerides precipitates from 
the reaction mixture promoting further synthesis of monoglycerides. For all high 
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melting fats, a Tc was found, below which good yields of monoglycerides 

could be obtained. The Tc for high melting point fats is 35-45°C and for liquid Tc is 

5-10°C. The Tc method of enzymatic (free enzyme) glycerolysis of fats was further 

improved by using a two-step temperature programming. This programme employed 

an initial temperature of 42°C for 8-16h followed by incubation at 5°C for up to 4 days. 

A reduction in temperature brings about further monoglyceride precipitation with a 

corresponding increase in the monoglyceride yield. This was observed to be the 

case for tallow, palm oil and palm stearin . 

(ii) Using a mixture of lipases 

The yield of monoglycerides is not greater than that using a single lipase. This 

indicates that optimum conditions for enzyme activity have been reached and that 

the final monoglyceride concentration is under thermodynamic control. 

(iii) Screening various commercially available lipases for ability to catalyze monoglyceride 

synthesis 
The rate of monoglyceride production varied considerably among the enzymes even 

though they were produced by organisms of the same genus. The lipases were 

reported to differ in their temperature and pH optima, characteristics of which may 

be of importance during scale-up procedures. To increase the number of known 

lipolytic microorganisms, Rapp and Backhaus, (1992) screened several hundred fungi 

and bacteria for extracellular lipase activity. R. circinans, R. microsporus, Fusarium 

oxysporum f. sp. vasinfectum, R. boreas, R. thermosus, R. usamii, R. stolonifer, 

R. fusiformis, R. rubra and P. cepacia were found to be the best lipase producers 

during submerged cultivation with olive oil. 

In a further study, Mc Neill et al., (1991) reported the yield of monoglyceride to be dependent 

on the fat type. Highest yields of monoglyceride were obtained from olive oil (90%), palm 

stearin and milk-fat (approximately 80%). Palm stearin is a low cost fraction of palm oil 

and is therefore a suitable choice for the commercial application of the glycerolysis process. 

It was also found that lipases from Pseudomonas fluorescens and Chromobacterium viscosum 

catalyzed the glycerolysis of palm oil and palm stearin most effectively. A simultaneous 

fractional crystallization of the monoglyceride is employed in this lipase-catalyzed glycerolysis. 

Biotransformation of lipids 

Raw fats and oils are utilized in reactions of hydrolysis, alcoholysis and glycerolysis (Figure 1) 

in overall quantities of approximately two million tonnes a year (Vulfson and Law, 1991 ). 

The current industrial processes are energy intensive and their end products (fatty acids 

and their esters, mono-and di-glycerides) are often unusable in foods requiring redistillation 

to remove coloured impurities and products of degradations. Due to the drastic conditions, 
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polyunsaturated fatty acids decompose, giving rise to undesirable by-products. This makes 

the existing technology hardly applicable to heat-sensitive oils. 

The conservation of energy and minimization of thermal degradation are the major attractions 

in replacing current chemical processes with enzymatic ones. However, enzyme technology 
has not yet attained the level of industrial exploitation that its potential deserves. Factors 

that have hampered the use of lipases include the lack of sufficiently stable enzymes and 
the knowledge of how to handle them in a low-water environment, and the fear that a 

process would be difficult to operate and controlled at the required scale. However, the 
development of a new generation of highly thermostable lipase of diverse specificity (Ibrahim 
et al., 1987), and the rapidly increasing number of publications regarding their applications 
in heterogeneous anhydrous conditions (Jyi-Ping and Hong Pai, 1991; Li zuyi and Ward, 

1993; Slaughter et al., 1993), indicate that biotechnological methods are likely to take over 

in future years. 

Despite these advantages, to date the use of biocatalysts in applications of industrial 
interest has been limited because of the instability of enzymes under the required operational 

conditions and/or difficulties normally found in the separation of the enzyme from substrates 

and products. Enzyme immobilization often produces a means for easy separation of the 
catalyst from the reaction mixture and allows its continuous or intermittent use over extended 

periods of time. 

IMMOBILIZATION OF LIPASE 

An immobilized enzyme relates to an enzyme physically confined or localized in a certain 

defined region of space with retention of their catalytic activities, and which can be used 
repeatedly and continuously (Kilara and Shahani, 1977a). Numerous methods for achieving 

the immobilization of lipases are available, each involving a different degree of complexity 
and efficiency. The various methods used to date may be subdivided into two main categories 

(Bailey and Ollis, 1986): 

(i) the chemical method, where covalent bonds are formed with the lipase; and 

(ii) physical methods, where weaker interactions or mechanical containment of the lipase 
is utilized (Bailey and Ollis, 1986). 

Chemical methods include lipase attachment to a matrix by covalent bonds (Kilara, 1981; 

Kilara and Shahani, 1977b; Lavayre and Baratti, 1982; Lieberman and Ollis, 1977; Patton 

and Andersson, 1978; Stark and Holmberg, 1989) and formation of a cross-linked lipase 
matrix (Lieberman and Ollis, 1975). Physical methods include entrapment of the lipase within 
an insoluble gel matrix (Karube et al.,1977; Kubo et al., 1976; Kimara et al. , 1983; Marlot 
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et al., 1985), containment of the lipase within porous hollow fibres (Pronk et al., 1988) or 
microcapsules (Pannell, 1989), adsorption of the enzyme on a carrier (Montero et al., 1993) 
binding of lipase to dried mycelia (Bell, 1981; Patterson et al., 1979), bacterial cell debris 
(Kasugi and Suzuki, 1973), waste animal bone (Negishi et al., 1989), ion exchange between 
enzyme and a support (Kosugi et al., 1990; Malcata et al., 1990; Mustranta et al., 1993) 
and to different types of membranes (Hoq et al., 1984; Taylor et al., 1986). Some authors 
have suggested that hydrophobic materials are suitable supports for lipase immobilization 
in the hydrolysis of fats and oils (Brady et al., 1986; Brady et al., 1988), as well as in 
transesterification reactions. 

The immobilization of lipases for the modification of fats and oils is currently a subject 
of increasing interest, partly due to the fact that the use of lipases is more cost effective 
when these enzymes are employed in immobilized rather than in free form. Some relevant 
features of immobilized lipases make this approach particularly suitable for use in industrial 
processing of fats and oils (Malcata et al., 1990). This technology facilitates the development 
of continuous, large-scale commercial processes (as opposed to the small-scale operations 

which employ soluble enzymes).The large-scale systems hav.e a high efficiency per unit 
volume of reactor and a corresponding high rate of return of capital costs (Chibata and 
Tosa, 1976). The use of immobilized lipase reactors also leads to a decrease in the potential 
for contamination of the product via the presence of residual lipase. Hence no thermal 

treatment of the lipolyzed product is necessary. It permits multiple use of the lipase with 
attendant consequences for process economics. This simplifies the use of enzymes in 
continuous flow reactors. Immobilization often enhances the thermal and chemical stability 
of the lipase (it can impart resistance to the denaturing effect of various organic solvents) 

and leads to predictable decay rates (Khmelnitsky et al., 1988). Immobilized lipases are 
able to catalyze the hydrolysis of oils without the need for the addition of emulsifiers. The 
technique also ensures a high concentration of enzyme as well as an even distribution 
in the reaction vessel. It also enhances opportunities for better control of both the process 
and product quality (Messing, 1975). Another distinct advantage of immobilized lipases 
is that a wide variety of reactors may be used in the processing of fats and oils. 

Immobilized Lipase Reactors 

Several reactor configurations have been used in studies of immobilized lipases. Two 
phases are invariably present - a solid phase (i.e., the carrier on which the lipase is 
immobilized), and one or two liquid phases (i.e., the feedstocks) . If an organic solvent 
is used to dissolve the reactant and product species, then only a single-liquid phase is 
present in the reactor. The solid phase in a two phase reactor and one of the liquid phases 
in a three phase reactor may appear as a dispersed phase or as a continuous phase. 
A typical configuration of the continuous solid phase corresponds to a membrane in either 
flat sheet or hollow fibre form. Dispersed solid phase involve the use of powders as supports. 
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Whether the organic or the aqueous phase will constitute the disperse phase in the three

phase reactor often depends on the relative am6unts of the two liquid phases. A comprehensive 

classification structure of the types of immobilized lipase reactors is depicted in Figure 3. 
(Malcata, 1990) Tables 2 to 5 list the major characteristics of lipase reactors which will 

be later described in the literature. 

C1) 
(/) 

co 
.c 
a. 
C1) 
c: 
0 

';;, en 
:, :, 
00 
:, :, 
.!:.!: 
i: i: 
00 
00 

Discrete Continuous 

•• • 
~ solid carrier tor lipase 

~ direction of flow 

• organic (or solvent) phase 

(lW aqueous phase· 

Figure 3. Schematic representation of typical immobilized reactor configuration 
(Malcata, 1990) 

Lipases act upon substrates that are generally much more viscous than water at the same 

temperature. Hence, one way to overcome the difficulties associated with operating immobilized 

lipase reactors for processing these substrates is by use of suitable solvents. These solvents 

also help to keep the water activity low. This condition is helpful for both ester synthesis 

and interesterification reactions. However, the single most important criterion in selecting 

a non-aqueous solvent is its compatibility with the maintenance of the catalytic activity 

(Butter, 1979) and substrate specificity of the lipases. A monolayer of bound water plays 

a key role in maintaining the structural integrity of lipases since it affects intramolecular 

salt bridges and hydrophobic interactions. Hence, hydrophilic solvents which may penetrate 
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Table 2. Reactors using a membrane support (adapted from Malcata et al., 1990) 

Type of . reactor Source of lipase Method of binding Support Purpose 

Submerged membrane Pseudomonas Entrapment MBBA Hydrolysis 

Submerged membrane Mucor Entrapment MBBA, Hydrolysis 
CHBP 

Hollow fibres C. rugosa Adsorption Cellulose Ester synthesis 

Hollow fibres C.rugosa Adsorption Cellulose Hydrolysis 

Tangential flow C.cylindracea Adsorption Polypropylene Hydrolysis 
membrane 

Tangential flow R. japonicus Adsorption Polypropylene Ester synthesis 
membrane R. delemar 

C.cylindracea 

Chromobacterium 
viscosum 

M.miehei 

Phycomyces nitens 

P.fluorescens 

Flow-through C.cy/indracea Adsorption Polypropylene Ester synthesis 
membrane 

Flow-through C.cylindracea Adsorption Polypropylene Hydrolysis 
membrane 

Flow-through Thermomyces Adsorption Acrylic Hydrolysis 

membrane lanuginosus 

Tangential flow C.viscosum Adsorption Polypropylene Ester synthesis 
membrane 

Tangential flow A.niger Adsorption Polypropylene Hydrolysis 
membrane 

Flat-plate T.lanuginosus Adsorption Acrylic Hydrolysis 
membrane Taylor and 

Craig, (1991) 

Hollow fibres A.niger Adsorption Polypropylene Hydrolysis 
Malcata et al., 
(1992) 

Hydorphilic C.rugosa Adsorption Cellulose Hydrolysis 
membrane Pronk et al., 

(1992) 

Spiral wound C.rugosa Adsorption Polypropylene Hydrolysis 
membrane Garcia et al., 

(1992) 

Hydrophilic C.cylindracea Adsorption Cellulose Hydrolysis 
and hydrophobic Acetate Tanigaki et al., 
membrane (hydrophilic) (1993) 

polyethylene 
(hydrophobic) 

12 



Immobilized Lipase Systems - A Review 

Table 3. Packed bed reactors (adapted from Malcata et al., 1990) 

Source of lipase Method of binding Support Purpose 

Aspergil/us niger Adsorption Celite lnteresterification 
Mucor miehei 

Aspergillus niger Adsorption Kieselguhr lnteresterification 
Geotrichum candidum 
Rhizopus niveus 

Aspergillus niger Covalent Porous glass Hydrolysis 
Pseudomonas fluorescents Adsorption 
Rhizopus japonica 
R.delemar 
Candida cylindracea 
Hog pancreas 

Porcine pancreas Adsorption Spherosil Hydrolysis 
Candida cylindracea 

C. cylindracea Entrapment ENTP Hydrolysis 
Adsorption 
Convalent 

Humicola /anuginosa Entrapment ENTP, Amberlite Hydrolysis 
Cross-link Ca-alginate 

Candida cylindracea Adsorption HOPE Hydrolysis 

Candida cylindracea Adsorption Polypropylene Hydrolysis 

Rhizopus arrhizus Adsorption Ce lite lnteresterification 

Rhizopus arrhizus Cell binding Fungal mycelia Hydrolysis 

Rhizopus arrhizus Cell binding Fungal mycelia Ester synthesis 

Mucor miehei Ion exchange Resin lnteresterification 

Mucor miehei Ion exchange Resin lnteresterification 
Ester synthesis 

Mucor miehei Adsorption Celite lnteresterification 

Candida cylindracea Covalent Nylon 6 lnteresterification 
(Carta et al. , 1992) 

Abbreviations: ENTP : polypropylene glycol; HOPE : high density polypropylene 
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Table 4. Stirred batch reactors (adapted from Malcata et al., 1990) 
-

Purpo$& 
.. -

Source of lipase Method of binding Support - / -

Geotrichum candidum Adsorption, Spherosil , porous glass, Ester synthesis 
Aspergillus, Mucor entrapment alumina, titania, celite, 
miehei, Alcaligenes, polyurethane 
Pseudomonas, hog 
pancreas, Candida 
cylindracea, Rhizopus 
arrhizus, R.delemar 

Aspergillus niger, Adsorption Ce lite lnteresterification 
Mucor miehei 

Aspergil/us niger, Adsorption Kieselghur lnteresterification 
Candida cylindracea, 
Geotrichum cahdidum 

\ 

Porcine pancreas Covalent Sephadex, Sepharose, Hydrolysis 
cellulose 

Aspergillus niger, Covalent, Porous glass, Hydrolysis 
Pseudomonas ' adsorption Sepharose, Dowex 
fluorescens, Rhizopus 
japonica, R.de/emar, 
Candida cylindraces, 
Hog pancreas I 

Porcine lipase Covalent Sepharose Hydrolysis 

Candida cylindracea Entrapment, Duolite, Celite, ·cPG, Hydrolysis 
adsorption, Spherosil , ENT, ENTP 
covalent polyur/.ne 

Rhizopus delemar Entrapment, Celite, polyurethane, lnteresterification 
adsorption Spherosil , ENT, ENTP 

/ 

Microbial Covalent . / Agarose Hydrolysis 

Candida cylindracea Covalent, Sepharose Hydrolysis 
entrapment polyacrylamide 

Cotton seed, Pancreas Covalent Polyamide Hydrolysis 

Mucor javanicus Covalent, AEC, agarose, DEAE- Hydrolysis 
ion exchange cellulose, QAE-Sephadex 

n.a.* Covalent, PAS, CIE Hydrolysis 
ion I exchange 

Candida rugosa, 'Entrapment Polyethylene glycol, Hydrolysis, 
Rhizop_us arrhJzus polypropylene glycol lnteresterification 

R.delemar Entrapment AA, ACa, ANa, HEMA, Hydrolysis 
divinyl sulfone --

; 

Humicola Entrapment.adsorption, ENT, polyurethane, Hydrolysis 
/anuginosa covalent, cross-linking Ca-alginate, ADCPG 

Amberlite, Diaion, .. 
octyl-Sepharose 

--
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Table 4. Stirred batch reactors (adapted from Malcata et al., 1990) (Contd.) 

Source of lipase Method of binding Support Purpose 

Aspergillus oryzae, Microencapsulation Butterfat Hydrolysis 
A.niger, animal 

I 

pancreas 

Procine pancreas, Microencapsulation Silica, dextran Hydrolysis 
Chromobacterium 
ciscosum 

Porcine pancreas Adsorption Glass Hydrolysis 

Oilseed rape Adsorption Ce lite Ester synthesis 

Cotton seed n.a. n.a. lnteresterification 

Aspergillus Adsorption I Celite, Filtercel Hyflo lnteresterification 
supercel, CPS 

Candida rugosa Adsorption Sephadex Hydrolysis 

Rhizopus arrhizus Adsorption Ce lite lnteresterification 

Chromobacterium Adsorption Palmitoyl cellulose ·-Hydrolysis 
viscosum 

Candida rugosa Adsorption Sephadex Hydrolysis 

C.cylindracea Adsorption Sepharose, octyl- ~Hydrolysis 
Sepharose, phenyl-
Sepharose 

C.cylindracea Adsorption Kaolin, silica gel, Hydrolysis 
activated carbon, avicel 

Pseudoinorias Adsorption DADA Hydrolysis 
mephitica 

Rhizopus arrhizus Cell binding Fungal mycelia Hydrolysis 

Pseudomonas Cell binding Bacterial cell debris Hydrolysis 
mephitica 

Mucor · miehei Ion exchange Synthetic ·resin Hydrolysis 

M.miehei Ion exchange Synthetic resin Ester synthesis 

M.miehei Ion exchange Synthetic resin lnteresterification 

M.miehei Ion exchange Synthetic resin Ester synthesis 

Geotrichum candidum Adsorption ,covalent g,.1C,PAB,CMS, HtQJ.olysis 
CA, Sepharose, enzacryJ,-i.--

aminocaproin, PPAS, ' 
Wofatit, Servachrom, 
kieselguhr, alumina, CPG 

7 
Mucor miehei Adsorption CeJite lnteresterification 

Rhizopus microsporus Adsorption ,4:E-cellulose Hydrolysis 

R.oryzae Covalent Alumina Hydrolysis 
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Table 4. Stirred batch reactors (adapted from Malcata et al., 1990) (Contd.) 

Source of lipase Method of binding Support Purpose 

Pseudomonas mephitica, Cross linking Dowex, Spherosil , Ester synthesis, 
P.fluorescens, P.cepacia, DEAE cellulofine lnteresterification 
Mucor miehei, 
M.javanicus, Candida 
cylindracea, Rhizopus 
niveus, Aspergillus niger, 
Geotrichum candidum, 
Chromobacterium 
viscosum, Hog pancreas, 
wheat germ 

Pseudomonas fragi Covalent Magnetite Ester synthesis 

Abbreviations: AA: 23% acrylamide + 1.3% NN' methylene bis acrylamide (aq), ACa: 30% calcium 
acrylate (aq), ADCPG: alkylamine, derivative of controlled pore glass, AEC: aminoethylcellulose, 
ANa: 30% sodium acrylate (aq), BTAS: butylamine-Sepharose, CA: carboxylagrose 
CIE: carboxylic ion exchange resin, CMC: carboxymethylcellulose, CMS: carboxymethyl
Sephadex, CPG: controlled pore glass, DADA: 1, 12-diamino-dodecane agarose, 
DCAS: decylamine-Sepharose, DDAS: dodecylamine-Sepharose, ENT: polyethylene glycol, 
ENTP : polypropylene glycol, HEMA: 30% hydroxyethylmethacrylate (aq), HPAS: heptylamine
Sepharose, HXAS: hexylamine-Sepharos, NLAS: nonylamine-Sepharose, OTAS: octylamine
Sepharose, P: 20% 1-vinyl-2-pyrrolidone (aq), PAB: p-aminobenzylcellulose, PAS: polyamino
polystyrene res in, PPAS: poly-p-aminostyrol, TDAS: tridecylamine-Sepharose, 
UDAS: undecylamine Sepharose. 

Table 5. Stirred continuous reactors using an immobilized lipase 
(adapted from Malcata et al. , 1990) 

Type of reactor Source of lipase Method of binding Support Purpose 

Fluidized bed Pancreas Covalent, Stainless steel Hydrolysis 
Cross-linking Polyacrylamide 

CSTR Candida Adsorption Celite,cellulose, Hydrolysis 
cylindracea ethyl cellulose, 

silica gel, kieselguhr, 
clay,alumina,CPG 
carbon, nylon, HOPE, 
polypropylene 

CSTR Candida Adsorption Nylon Ester 
cylindracea synthesis 

(Carta 
et al., 1991) 

CSTR Rhizopus Cell binding Fungal mycelia Ester 
arrhizus synthesis 

Abbreviations: CPG: controlled pore glass, CSTR: continuous stirred tank reactor, HOPE: high-density 
polyethylene 
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into hydrophobic core of the protein may either alter the functional structure or strip off the 

essential water of the enzyme (Zaks and Klibanov, 1988). On the other hand, the half

lives of lipases operating in microaqueous systems are expected to be higher than those 

of enzymes operating in macroaqueous systems because water is required for the thermal 

inactivation process (Zaks and Klibanov, 1984). The use of solvents in lipase-catalyzed 

reactions has already been reviewed by several authors (Dordick, 1989; Khmelnitsky et 
al., 1988; Laane et al. , 1988; Zaks and Klibanov, 1988). Solvents used to carry out reactions 

catalyzed by immobilized lipases include benzene, toluene (Kang and Rhee, 1989; Mitler 

et al. , 1988; Zakahashi et al, 1987), n-hexane (Goderis et al., 1987; Wisdom et al., 1987), 

cyclohexane (Kang and Rhee, 1989), n-heptane (Marlot et al., 1985), octane, isooctane, 

nonane, decane (Kang and Rhee, 1989), hexadecane (Bell et al., 1981; Patterson et al., 
1979), isopropylether (Kang and Rhee, 1989), petroleum ether (Karube et al., 1977), 

tetrahydrofuran, triacetin, methylcyanide, (Miller et al., 1988), acetone (Kang and Rhee, 

1989), ethylacetate (Karube et al. , 1977; Wisdom et al., 1985), butanol (Njar and Capsi, 

1987) and others. 

In addition to studies devoted to the comparison of the substrate specificity of enzymes 

in organic solvents and water (Zaks and Klibanov, 1988), several examples have been 

reported on the influence of the nature of the solvent on enzyme enantioselectivity in 

esterifications (Fitzpatrick and Klibanov, 1991 ). For a specific enzyme and for a given substrate, a 

solvent can reverse the enantioselectivity of the esterification or transesterification. Furthermore, 

the rates of the enzymatic hydrolysis of oils by immobilized lipases are strongly affected 

by the polarity of the reaction solvents (Kang and Rhee, 1989). 

Membrane Reactors 

Membrane reactors (Table 2) have been employed in the presence of one (Karube et 
al., 1977; Kubo et al., 1976) and two liquid phases (Brady et al., 1986; Brady et al., 1987; 

Brady et al., 1988; Hoq et al., 1984; Kubo et al.,1976). In one study, involving a single 

liquid feedstock, a liquid crystal membrane with a lipase previously entrapped therein was 

fixed on a platinum cathode. This electrode and a platinum anode were immersed in a 

well stirred aqueous solution of sorbitan monolaureate poly(oxyethylene) ether and 

tetramethylammonium chloride (Karube et al., 1977) or polyvinyl alcohol (Kubo et al., 1976). 

In another reactor, organic and aqueous phases are separated by a solid membrane in 

which the lipase is immobilized (Pronk et al., 1992). Two different flow patterns are employed; 

flow tangential to and flow normal to the membrane. In the case of a tangential flow, both 

phases flow parallel to the membrane in either a co-current or counter-current fashion (Hoq 

et al., 1983; Hoq et al., 1984; Hoq et al. , 1985; Pronk, 1985; Pronk et al., 1992). 

Tanigaki et al., 1993 reported a membrane reactor system using hydrophobic and hydrophilic 

microporous membrane and found it capable of separating the oil or fat and water phases 
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and effectively recovering lipase at the same time in a heterogenous reaction. A high 

hydrolysis percentage of soybean oil was possible in long-term semi-continuous operation 

without adding fresh enzyme. 

Flat-plate reactor 

This is a type of membrane reactor. Taylor and Craig (1991 ), designed a scaled-up reactor 

using cheap glass fibre prefilter which had similar activity as the membrane reactor. The 

membrane or support layer for lipase immobilization was an acrylic microporous membrane 

cast on non-woven nylon fabric or a glass fiber prefilter with acrylic binder (Figure 4). 

Partially purified lipase from Thermomyces lanuginosus was immobilized by irreversible 

adsorption. Melted edible tallow was pumped through the immobilized enzyme layers and 

swept from the downstream separator screens by buffer recycled from a continuous oil/ 

water separator (Figure 5). Reactors scaled-up by a factor of 10 showed nearly 10 times 

the initial activity of the single-layer design. Malcata et al., 1991, on the other hand, used 

a microporous polypropylene flat-sheet membrane reactor, a reactor similar to a flat-plate 

blood dialyzer to produce lipolyzed butter flavours for human consumption. 

c 

Figure 4. Repeating unit of multilayered flat-plate reactor for 
immobilized lipase (a and b = buffer side screen, c = double 
layer of enzyme support material (Taylor and Craig, 1991) 

18 



Immobilized Lipase Systems - A Review 

Buffer Recycle. 

Membrane 

Buffer 

.--~~~~Reactor 

products Oil/Water
Separator-

Tallow 

Figure 5. Continuous operation of flat-plate immobilized lipase 
reactor (Taylor and Craig, 1991) 

Fixed bed reactor 

This method has been employed for most large catalytic reactors because of its high 
efficiency, low cost and ease of construction and operation (Table 3). The prime attributes 

of this type of reactor is its simplicity which confers low costs of construction , operation 
and maintenance. There is minimum auxiliary equipment and high efficiency. The packed 
bed reactor provides more surface area for reaction per unit volume than does a membrane 
reactor. If only a single liquid phase is employed, this phase may be pumped upwards 
in order to reduce the tendency for by-passing of fluid (Wisdom et al., 1987) or downwards 
in order to take advantage of the driving force of gravity (Bell et al. , 1981 ; Patteron et 
al., 1979). In multi-phase liquid systems, the two streams may flow through the reactor 
in opposite directions with the more dense phase flowing downwards or the same direction 
(Brady et al., 1986; Brady et al., 1987; Brady et al., 1988). 

Two operational constraints to be taken into consideration when operating packed bed 
reactors are: i) intraparticle diffusion limitations on reaction rates and ii) high pressure drop 
across the reactor packing. The use of smaller support particles will alleviate diffusional 
limitations but may result in higher pressure drops. The effect of the viscosity of the oil 
may be minimized only at the expense of employing higher temperatures, if no solvents 
are used. Higher temperatures though, lead to faster rates of inactivation of lipases. Hence, 
a compromise between these effects is required when considering the economics. 

Spiral wound membrane reactor 

Garcia et al., 1992, used this reactor (Figure 6) to convert feedstock consisting of water
in-oil-butteroil emulsion to a lipolyzed butteroil (LBO) product. The reactor was composed 
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of a Delrin tube containing a sheet of polypropylene microporous membrane. The membrane 

was wrapped around a solid polypropylene cylinder. A polypropylene screen was used 

as a spacer to separate layers of the membrane from one another. This spiral configuration 

permits one to achieve a high surface area (or enzyme loading) per unit volume of the 

reactor. The ends of the tube were fixed with Delrin screwed caps. Stainless steel fittings 

were attached to both caps and either stainless steel or nylon tubing was used to connect 

the reactor to other components of the apparatus (Figure 7). Continuous stirring was 

provided via the use of a heating-stirrer block. The reactor was contained in a plexiglass 

jacket through which water at a controlled temperature was recirculated. The entire apparatus 

was enclosed in a wooden box equipped with a plexiglass front panel and the temperature 

within was maintained by means of an electronically controlled arrangement of a heater, 

fan and thermistor. 

FHd .... 

Immobilized 
Enzyme 

Figure 6. Schematic diagram of the.0 axial-annular reactor 
(Garcia et al., 1992) 

-
' ' ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,; 

Figure 7. Schematic diagram of the reactor and 
auxiliary equipment (Garcia et al., 1992) 
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The design of such large scale reactors should present no major problems since similar 
types of modules are widely employed for ultrafiltration and reverse osmosis operations 

in the food and dairy industries. Furthermore, since the membrane is reusable there is 

no need to replace it when the enzyme becomes inactive. The same reactor can be reloaded 
with fresh enzyme many times if the proper cleaning procedure is followed. Hoq et al., 
(1985) described a cleaning procedure that permits the repeated use of polypropylene 
membranes as supports for immobilized lipase. An important characteristic of the spiral 

wound membrane reactor which permits it to achieve high productivities is the high ratio 

of exposed area to the volume of the emulsion. This geometry facilitates good contact 
between the immobilized enzyme and the substrate, hence avoiding diffusional limitations 
on c·onversion rates. 

Stirred batch reactors 

This type of reactor is most commonly employed in bench-scale and industrial-scale 

applications (Table 4) . These reactors are very versatile and easy to operate. Configurations 
include glass flask stirred with magnetic bars (Kilara, 1977; Kilara et al. 1981 ; Macrae, 

1983) and vessels stirred by submerged impellers as well as flasks mounted in reciprocal 

oscillators (Horiuti and Imamura, 1978) or end-over-end rotators (Goderis et al., 1978). 
The mixing pattern prevents temperature and concentration gradients. Sampling of a well

stirred batch reactor can be accomplished at a single arbitrarily located point. These reactors 
do not require pumping devices. Since sampling is made along a virtually unbounded time 

coordinate rather than along a necessarily limited spatial coordinate, stirred batch reactors 
can be made very small. Heating and cooling operations proceed extremely fast in small 

reactors. Stirred batch reactors in which the lipase is immobilized on powdered supports 
have been used extensively for interesterification reactions. It is usually necessary to 

activate the catalyst particles by hydration with up to 10% of their weight of water to achieve 
measurable rates of interesterification. After termination of the batch reaction, separation 

of the powdered lipase support from the reaction fluid can be accomplished by simple 

filtration and centrifugation. Separation of the immobilized lipase from the reaction mixture 

may be carried out with an electr~r;nagnet when colloidal magnetic particles are employed 
as support for lipase. 

Continuous stirred-tank reactors (CSTR's) 

These reactors have some advantages over fixed bed reactors, e.g., lower construction 

costs and efficient stirring that eliminates the presence of concentration and/or temperature 
gradients (Table 5). To achieve the same extent of reaction, however, a CSTR must be 

larger than a packed bed reactor. The use of a CSTR has been reported for the hydrolysis 
of the triglycerides contained in ol\ve oil in the presence of an aqueous buffer (Brady et 
al., 1986; Brady et al., 1987; Brady et al. , 1988) and for the synthesis of glycerides from 
fatty acids and glycerol dissolved in di-i$opropyl ether (Patterson et al., 1979). In order 
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to prevent the immobilized lipase from leaving the CSTR, a microfilter or a screen must 
be provided at the reactor outlet to prevent the immobilized lipase from leaving the CSTR. 

Fluidized bed reactors 

These reactors have been used to effect the hydrolysis of glycerides. For instance, a 

fluidized bed reactor employing a recycle stream has been used with an emulsion of 
tributyrin in water (Lieberman and Ollis, 1975).This type of reactor has advantages over 
a fixed bed reactor, namely, lower pressure drop at high flow rates, less channelling, reduced 
coalescence of the emulsion particles, freedom from plugging by feed particulates and 
ease of stimulation due to the absence of concentration gradients. 

Hollow-fibre reactor 

Malcata et al., 1992a, designed a reactor consisting of a bundle of hollow fibres made 
of microporous polypropylene potted in epoxy, and encased in a polypropylene hollow 
cylinder (Figure 8). The pores are filled with oil during regular operation due to the hydrophobic 

product 
collection 

hollow fiber reactor 

fccds1ock supply 

lipase coaled hollow fiber 

shell side 

hollow fiber wall 

lumen 

Figure 8. Schematic diagram of the bioreactor, with magnified view 
of the vicinity of the hollow fibre (Malcata et al., 1992) 
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nature of the polymer. Constant presence. of buffer contacting the inner exposed surface 
of the hollow fibres ensure saturation of oil phase with water. An infusion pump with three 
independent channels and variable-speed capability was employed to drive the melted fat 
and buffer solution through the reactor. During immobilization of lipase in the reactor, the 
solutions were recirculated with a metering pump. The sampling device consisted of a 
small beaker covered with a rubber stopper with three holes : two for the tubes emerging 
from the reactor outlets of the hydrolyzed oil and buffer streams and the other for the 
tube connecting the interior of the flask with the free surface of the water bath (to avoid 
pressure build-up). The outlets of the oil and aqueous streams inside the flask were each 
connected to 5 ml vials. A thermostatted bath was employed to maintain constant temperature. 
The syringes, reactor and sampling device were all submerge j in this bath. The tubing 

and fi!tings are used to connect the outlets of disposable syringes to the reactor inlets 
and the reactor outlets to the sampling devices. 

The hollow-fibre allows one to achieve in a reasonable space of time a level of conversion 
which is of industrial interest. Although the immobilized lipase is not stable for long times, 

the associated half-life is much larger than that associated with the free lipase counterpart. 
The mathematical mode1 and the associated parameter estimates reported by Malcata et 
al., (1992b) may be employed to design a reactor for use in a commercial setting. The 
indicated rate expressions provide a good fit of the data over the range of operating 
conditions anticipated. Statistical analysis of the data indicates that a Ping Pong mechanism 
controlled by the rate of deacylation of the lipase accurately describes the lipase-catalyzed 
hydrolysis of butteroil. Deactivation of the lipase seems to involve rearrangement of the 
native lipase to a more stable, active form by a process which is first order in the concentration 

of native lipase. 

Process considerations 

When contemplating the development of an immobilized enzyme process, one should 
consider the cost of the enzyme, its stability, the parameters determining its mode of action, 
the price of .the carrier, the immobilized process and the downstream process leading to 
the final product, and the need to eliminate contaminating waste products. They can be 
divided into two factors (Posorske et al., 1988): 

Technical feasibility - whether the process can produce the desired end-product in good 
yield and at the desired degree of purity. This can be demonstrated in small systems on 
a bench scale. 

Commercial feasibility - whether the process can produce the product at a reasonable 
cost. This includes capital and operating costs as well as the market for the products. 
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Immobilized lipases are known to lose activity due to thermal deactivation. Thus, an important 

operating consideration related with the long-term use of lipase in an industrial bioreactor 

is its thermal deactivation. The economic feasibility of the industrial process may depend 

on the useful !ifetime of the enzyme. It has been suggested that the operating temperature 

of an immobilized lipase reactor be increased at a rate which compensates for decreases 

in enzymatic activity, thereby allowing the system to maintain constant conversion and 

throughput. Despite increases in reaction rate with increasing temperature, higher temperature 

also accelerates the rate of enzyme denaturation (Malcata et al., 1990). 

Operating temperatures should sometimes be held constant due to processing constraints, 

because lipase will operate efficiently only within a narrow range, or because the amount 

of lipase adsorbed will decrease following a temperature increase. To hold temperature 

constant, either a constant flow rate can be maintained or constant conversion be maintained 

by reducing the flow rate, hence increasing the average residence time of the substrate 

in the reactor. Shortcomings of these procedures are steady decreases in productivity with 

time. Mechanical forces can also disturb the complex shape of lipase molecule to such 

a degree that deactivation can occur. 

Existing methods for improving lipase stability include genetic engineering, chemical modification 

and physical treatment. Researchers are trying to identify lipases which are intrinsically 

more stable and capable of producing more selective release of free fatty acids (Anonymous, 

1985). Recombinant DNA techniques have also augmented the potential for new developments 

in the area of lipases (Barach et al., 1985). Fundamental studies of the production capacity 

of multiform lipases by a number of fungi have been of interest lately (lwai and Tsujisaka, 

1984). The production mechanisms include those for which lipases are coded by entirely 

different genes and those for which a single lipase protein is biosynthesized and subsequently 

modified so that it behaves differently from the parent protein . Chemical treatments of lipases 

include modification of the proteinaceous backbone with polyethylene glycol in order to 

render the enzyme active in organic solvents (Takahashi et al., 1987). This method preserves 

the shell of hydration around the lipase and keeps the enzyme physically separated from 

the external organic environment. Solvents comprising of polyalcohols diminish the tendency 

for rupture of the hydrogen bonds that maintain the tertiary structure of lipase (Butter, 1979). 

Stabilization of lipase by glycerol has been reported (Hoq et al., 1984; Hoq et al., 1985) 

and calcium ions have been implicated in stabilization of the tertiary structure of several 

lipases (Bailey and Ollis, 1986). The degree of purity of the feedstocks to be processed 

play an important role in determining the operating life of the immobilized lipase. Refining, 

bleaching and deodorizing operations may introduce traces of substances that poison 

the lipase (Posorske et al., 1988). Free heavy metal cations can be removed via use 

of chelating agents (e.g, citric acid or EDTA) added to the buffer solution. 
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Some of the major obstacles to the use of immobilized enzyme bioreactors within the 
oleochemical industry is limited, the enzymes involved in the biotransformations of the lipids 
are costly; and there are many difficulties in solving engineering problems because of 
heterogenous and/or microaqueous nature of some biochemical reactions. 

Kinetics of Reactions Catalyzed by Immobilized Lipase 

Several mechanisms have been proposed for lipase-catalyzed hydrolysis reactions. These 
mechanisms may be easily extended to encompass the case where lipase is immobilized. 
The commonly accepted mechanisms are discussed below. 

Mechanisms based on single unimolecular enzyme-substrate complexes 

The simplest kinetic model of lipase-catalyzed reactions of ester bonds may be easily 
derived from the classic Michaelis-Menten mechanism. 

E + S ~ ES ~ E + P + Q 

where; 
E = immobilized enzyme 
S = substrate (glyceride) 
ES = enzyme-substrate complex 
P = product species containing one more alcohol moiety than reactant 
SQ = a free fatty acid. 

( 1) 

The rate of disappearance of glyceride per unit volume of reacting fluid (dC/ dt) can be 
represented in terms of this mechanism: 

- {dC/ dt) =V max Cs f Km+ Cs (2) 

The kinetic parameters appearing in this expression are defined as: 

where V max = rate observed when the lipase is saturated with the substrate, Km = Km 

Michaelis-Menten constant, tot = total amount of enzyme present in either the E or ES 
form. The apparent value of the parameter Km should decrease as the physical dimensions 
of the emulsion droplets in suspension decrease. The value of the parameter V max should 
increase as the lipase concentration in the bulk fluid increases. 
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In the case of lipases immobilized on continuous supports, or on discrete supports larger 

in size than the individual droplets of substrate there exist a different situation; in contrast 

to the classical Michaelis-Menten rate expression where the reaction rate increases linearly 

with the total enzyme concentration, a limiting rate is approached as the lipase concentration 

is increased. In the present case a balance on the total number of adsorption is more 

relevant than a balance on the total number of active sites (Malcata et al., 1992b). This 

approach leads to the following rate expression: 

(3) 

where; 

V max kcat CS tot 

(where kdes and kads are interpreted as desorption and adsorption constants respectively). 

V max is the rate when adsorption sites on the surface of the fat globule are saturated with 

lipase, Km is a pseudo Michaelis-Menten constant for the above rate expression. The 

primary mechanistic distinction between this mechanism and the simple Michaelis-Menten 

mechanism is that in the present case adsorption of lipase at the fluid solid interface (i.e. 

contact with the substrate molecules) is independent of catalysis in the interfacial plane. 

The observed Km values for lipases may reflect the extent of adsorption of the lipase at 

the lipid/water interface rather than the affinity between enzyme and substrate at the active 

site. In terms of this single unimolecular model, all products of_ the reaction are assumed 

to (i) be soluble in the aqueous phase, (ii) rapidly diffuse away from the interface, and 

(iii) induce no change in the enzyme with time. 

Mechanisms based on single multimolecular, or multiple unimolecular, enzyme-substrate 
complex 

Lipases catalyze multisubstrate-multiproduct reactions. Hence, rate expressions which are 

derived from true or pseudo-Michaelis-Menten mechanisms do not provide accurate molecule 

descriptions of the reactions that take place. It has been suggested that the hydrolytic 

action of lipases follows a two step-reaction mechanism, usually referred to as Ping Pong 

Bi-Bi : the first step is a nucleophilic attack of the serine hydroxyl group on the ester 

bond resulting in formation of an acyl enzyme and release of the alcohol moiety of the 

original substrate; the second step is hydrolysis of the acyl enzyme (Olivecrona and Bengtsson, 

1984). After testing different forms of this mechanism corresponding to different rate-controlling 

steps (i.e. binding of the glyceride, acylation of the enzyme and release of the free fatty 

acid), Malcata et al. (1992c) found that the form that best fits the experimental data corresponds 

to deacylation of the lipase as the rate-controlling step. The following mechanisms may 

be written under these circumstances: 
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native and acylated forms of lipase 
free fatty acid and a product species containing one less ester 
bond than the glyceride G 
are enzyme/reactant complexes 
are enzyme/product complexes 

The associated rate expression is of the form: 

(4) 

where; 
e; are relatively simple functions of the rate constants (k) for the mechanistic equations 

and the total concentration of the enzyme 

Modelling of interesterification reactions has lagged far behind than that for hydrolysis
ester synthesis reactions. lnteresterification reactions are believed to proceed through 
intermediate stages involving hydrolysis and ester synthesis reactions. The rate of 
interesterification has been reported to be proportional to the rate of hydrolysis (Malcata 
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et al., 1992c). For extended ranges of operation using lipases from Aspergillus sp. and 

Rhizopus arrhizus immobilized by adsorption on diatomaceous earth, the rate of interesterification 

follows a Michaelis-type dependence on the lipolytic activity (Malcata et al., 1992). 

Deactivation processes of immobilized enzyme 

The half-lives of immobilized lipases is defined as: 

In {2v}/ kd (5) 

where; 

kd = the first-order deactivation constant 

The large variability of the half lives may be due not only to the different nature of the 

lipases, supports and immobilization procedures, but also the multitude of operating conditions 

that can be employed (e.g. pH of the buffer, presence or absence of the substrate, presence 

or absence of polyhydric alcohols, and properties of organic solvents used. The thermal 

stability of a lipase may be significantly increased by immobilization on a solid support. 

This may be attributed to the fact that the enzyme molecule becomes more rigid after 

multipoint attachment to a solid carrier and hence hinder unfolding, and disruption of the 

active site becomes less probable to occur. Stability may be further increased by transferring 

enzyme from a water-rich environment to an organic medium. · 

Factors Affecting Rates of Reactions and Rate of Deactivation of Lipases 

pH 

Lipase contains basic, neutral and acidic groups due to its proteinaceous nature and will 

therefore contain both positively and negatively charged groups at any given pH. At pH 

values between 4.0 and 10.0, maximum rates of reaction are catalyzed by the immobilized 

enzymes. The pH optima for the immobilized lipases are equal to or higher than those 

for their free counterparts, with few exceptions. Thus, immobilization seems to render 

catalytically .important amino acid residues more basic (Malcata et al., 1992d) (Table 6). 

This may be attributed to the fact that upon immobilization the active site becomes more 

exposed to solvent than it was in the globular, folded lipase form resulting in less hindrance 

of proton transfer to the amino acid residues at the active site. The stability of enzymes, 

may be affected by pH. Enzyme deactivation is usually rapid when pH values are well 

removed from the pH optima. 

Temperature 

At low temperatures the rate of a lipase-catalyzed reaction increase with temperature 

according to the Arrhenius model. With elevated temperatures this model breaks down 
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due to extensive irreversible denaturation of the lipase. Immobilization almost always results 

in positive shifts in the optimum temperature signifying that lipase becomes more resistant to 

thermal deactivation upon immobilization (Malcata et al., 1992d). 

' 

Table 6. pH optima for reactions catalyzed by immobilized lipases as 
compared with those for the corresponding free lipase (Malcata et a/·, 1992) 

I 

Optimum Optimum 
pH before pH after Source of lipase Support Method of 

immobilization immobilization binding 

8.5 8.5 Pancreas Stainless steel Cross-linking 
8.5 8.0 Pancreas Polyacrylamide Covalent 
n.a. 7.5-8.5 Cotton plant n.a. n.a. 
7.5-8.0 8.o-8.5 Microbial Ag arose Covalent 
n.a. 6.62 Aspergillus niger Polypropylene Adsorption 
7.5 7.5 Candida cylindracea Ag arose Covalent 
7.5 7.5 C. cylindracea Polyacrylamide Entrapment 
4.0 4.0 C. cylindracea HDPE Adsorption 
7.0 7.0 C. cylindracea Silica gel Adsorption 
5.5 7.0 C. rugosa ENT Entrapment 
5.5 6.0 C. rugosa ENTP Entrapment 
7.5 8.5 C. rugosa Chitosan Covalent 
7.5 8.5 C. rugosa Chitin Covalent 
7.5 7.5 C. rugosa Agarose Covalent 
7.5 8.6 C. rugosa PVC Covalent 
n.a. 7.0 C. rugosa Sephadex Adsorption 
8.5 8.75 Geotrichum candidum CMC Covalent 
8.5 8.5 G. candidum PABC Covalent 
6.5 6.3 Humicola lanuginosa Alginate Entrapment 
6.5 6.3 H. lanuginosa ENTP Entrapment 
6.5 6.4 H. lanuginosa Amber1ite Adsorption 
7.0 5.0 Mucor MBBA-collagen Entrapment 
n.a. 7.0 Pseudomonas MBBA Entrapment 
7.5 7.5 P. fluorescens Porous glass Covalent 

10 10 Rhizopus PVC Entrapment 
10 10 Rhizopus PVC Adsorption 
5.5 7.0 R. arrhizus ENT Entrapment 
5.5 6.5 R. arrhizus ENTP Entrapment 
n.a. 6.5 R. delemar Ce lite Adsorption 
n.a. 6.5 R. delemar ENTP Entrapment 
7.5 7.5 R. delemar Porous glass Covalent 
8.5-8.6 8.5-8 .. 6 R. microsporus AE-cellulose Adsorption 
7.5 8.8 R. oryzae Alumina Covalent 

n.a. : not available 

CMC: carboxymethylcellulose 

ENT: polyethylene glycol 

ENTP: polypropylene glycol 

HDPE: high-density polyethylene 

MBBA: 4-methoxybenzilidene-4'-n-butylaniline 

PABC: p-aminobenzylcellulose 

PVC: polyvinylchloride 
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Temp 
(•C) 

n.a. 
n.a. 
36 

n.a. 
35 
35 
35 
42 

n.a. 
35 
35 
37 
37 
37 
37 
30 
35 
35 
45 
45 
45 
37 
37 
37 
37 
37 
35 
35 
40 
40 
37 
35 
50 
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Different substances on immobilized lipase 

The mechanism of interesterification reactions involve hydrolysis of the ester molecule 

followed by an esterification reaction. Thus, in addition to lipase, water should be present 
in at least catalytic amounts. Since the processes are reversible, presence of excess water 
promotes hydrolysis. As such, one important operational consideration when employing 
an immobilized lipase to catalyze ester synthesis and interesterification reaction is the 
concentration of water necessary to bring about maximum activity. 

Leitgeb and Knez, (1990) looked into the influence of water on the synthesis of n-butyl 
oleate by Mucor miehei lipase immobilized on an anion exchange resin. The activity of 
the enzyme was lower at higher amounts of water. Their investigations confirmed that 
the amount of water present in the reaction mixture is very important for the synthesis 
of n-butyl oleate, which is carried out at 1 bar. When using dry immobilized Mucor miehei 

lipase for esterification, the optimum amount of added water is very dependent on the 
temperature at which esterification is carried out. On the other hand, at low pressures, 
initial water concentration is not important for esterification. It was found that at 70°C, the 
influence of low initial water concentration is higher than at 20°C and 50°C. This may be 
due to the n-butanol (solvent used) evaporation that occurs at high temperature if no water 
is added to the reaction mixture. Concentration of n-butanol rises in the reaction mixture 
with the addition of water because of the azeotropic mixture of water and n-butanol. Optimum 
amounts of water at the pressure of 1 bar are: 70°C, 10 mol %; and 20°C, 15 mol % 

and 50°C, 20 mol %. These values do not include the amount of water which is incorporated 
in the enzyme beads (Leitgeb and Knez, 1990). Moisture content of the glycerol phase 
must be maintained at lo~ levels to avoid excessive production of free fatty acids (FFA). 
As much as 12% FFA is produced when greater than 8% water is dissolved in the glycerol 
phase and when 12% water is used, the yield of monoglyceride is considerably reduced 

(Mc Neill et al., 1990). 

Mc Neill et al., (1990) found monoglyceride yield to be independent of enzyme concentration 
(in the range of 100-2000 units/g fat), during the solid-phase enzymatic glycerolysis of beef 
tallow, but the reaction rate was proportional to the enzyme concentration between 100 

and 1000 units/g fat. The yield of monoglyceride was also independent of the glycerol fat 
mole ratio at 1 :5 or greater. At a mole ratio of 1 :5, the enzyme-catalyzed reaction was efficient, 
using essentially all the glycerol provided. In a commercial chemical process, a large molar 
excess of glycerol must be used to obtain reasonable monoglyceride yields (Sonntag, 1982). 

Effect of different salts and solvents on the activity of immobilized lipases should in principle be 
similar to those observed for free lipases. Potassium has a small detrimental effect, whereas 

mercuric ions lead to nearly complete deactivation of lipase. Magnesium cations are strong 

lipase activators. It was found that the ranges of fractional activities of lipases in different 

solvents are strongly dependent on the standard solvent selected (Malcata et al., 1992d). 
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The Future of Immobilized Lipase 

The main drawbacks of using immobilized enzyme bioreactors within the oleochemical 
industry are because the number of high value-added products in the oleochemical industry 
is limited, the enzymes involved in the biotransformations of the lipids are costly and the 
many difficulties encountered due to the heterogeneous and/or microaqueous nature of 

some biochemical reactions (Malcata et al., 1990). Lipases represent no more than 3% 
of all enzymes used in the industry but with increased costs of energy obtained from fossil 
fuels and increased demand for higher quality products coupled with very narrow purity 
specifications are likely to lead to new incentives for the biochemical transformation of 
fats and oils. This may offer a great potential for future development of lipase. 

REFERENCES 

Anonymous(1985). In: Technical bulletin of lipase APF-12-PR2, AMANO International Enzyme 
Co., Troy, VA. 

Asahi Denka Co.(1982a). Japanese Patent No. 57,198,798. 

Asahi Denka Co.(1982b). Japanese Patent No. 57,111,398. 

Bailey, J.E. and Ollis, D.F.(1986). In: Biochemical Engineering Fundamentals, Mc Graw
Hill Book Co.,New York, pp. 180-189. 

Bauman, H.E., MacMillan, J.L., Stein, J.A. and Pillsbury Co. (1960). US Patent No.2,965,492. 

Bell, G. , Todd, J.R., Blain, J.A., Patterson, J.D.E. and Shaw, C.E.L.(1981 ). Hydrolysis of 

triglycerides by solid phase lipolytic enzymes of Rhizopus arrhizus in continuous reactor 
systems. Biotechnol. Bioeng., 23, 1703-1719. 

Benzonana, H. and Esposito, S. (1971 ). On the posiotional and chain specificities of Candida 
cylindracea lipase. Biochim. Biophys. Acta. , 231, 15-22. 

Brady, C., Metcalf, L., Slaboszewski, D. and Frank, D. (1986). US Patent No. 4,629,742. 

Brady, C., Metcalf, L., Slaboszewski, D. and Frank, D.(1987). US Patent No. 4,678,580. 

Brady, C., Metcalf, L., Slaboszewski, D. and Frank, D. (1988). Lipase immobilized on a 
hydrophobic microporous support for the hydrolysis of fats. J. Am. Oil Chem. Soc., 65 
(6), 917-921 . 

31 



Nazimah S.A. Hamid and Uma Devi M.P. 

Brockman, H.L., Momsen, W.E. and Tsujita, T. (1988). The biology, biochemistry and 

technology of lipases. J. Am. Oil Chem. Soc., 65 (6), 891-896. 

Brockman, H.L. (1984). In: Lipases. Eds. Borgstrom, B. and Bruckman, H.L. Elsevier, 

Amsterdam, pp 3-20. 

Buhler, A.c:, Engel, E., Nelson, J.H., Amundson, C.H. and Morton-Norwich Products. 

(1972). US Patent No.3,653,921. 

Butter, L.G.(1979). Enzyme Microb. Technol., 1, 253-257. 

Carta, G., Gainer, J.L. and Benton, A.H. (1991 ). Enzymatic synthesis of esters using an 

immobilized lipase. Biotechnol. Bioeng. 37 (11 ), 1004-1009. 

Cesti, P., Zaks, A. and Capsi, E.(1987). App. Biochem. Biotech., 11, 401-409. 

Chang, P.S. and Rhee, J.S. (1990). Characteristics of lipase-catalyzed glycerolysis of 
triglycerides in AOT-isooctane reversed micells. Biocatalysis, 3, 343-355. 

Chen, C-S, and Sih, C.J. (1989). General aspects and optimization of enantioselective 

biocatalysis in organic solvents: The use of lipases. Angew Chem. Int. Ed. Engl., 28, 695-

707. 

Chibata, I. and Tosa, T.(1976). In: Immobilized enzyme principles. Ed. Wingard, L.B., 

Katchalski-katzir, E. and Goldstein, L., Academic Press, New York, pp. 329. 

Claus, W.S. and Carnation Co.(1965). US Patent No. 3,190,753. 

Coleman, M.H. and Macrae, A.R.(1980). ~.K. Patent No. 1,577,933. 

Day, E.A. (1966). In: Flavor Chemistry. Ed. Gould, R.F., American Chemical Society, 

Washington, D.C. pp. 94-105. 

Dordick, J.S.(1989). Enzymic catalysis in monophasic organic solvents. Enzyme Microb. 

Technol., 11, 194-211. 

Dordick, J.S. (1991 ). In: Biocatalysts for Industry, Plenum Press. 

Faber, K. (1992). In: Biotransformations in Organic Chemistry, Springer. 

Fitzpatrick, P.A. and Klibanov, A.M.(1991). J. Am Chem. Soc., 113, 3166-3172. 

Farnham, M.G. and Dairyland Food Laboratories Inc. (1957). US Patent No. 2,794,743. 

32 



Immobilized Lipase Systems - A Review 

Fuji Oil Co.(1981). Japanese Patent No. 56,025,643. 

Fukumoto. J. (1971). Japanese Patent No. 20,026. 

Funada, T., Hirano, J. , Morioka, K., Murakami, S. and Ishida, S. (1983). The effect of 
water on the esterification and transesterification by lipase. Nippon Kagaku Kaishi, 12, 
1797-1805. 

Garcia, H.S., Malcata, F.X., Hill, C.G. and Amundson, C.H: (1992). Use of Candida rugosa 
lipase immobilized in a spiral wound membrane reactor for the hydrolysis of milkfat. Enzyme 
Microb. Technol., 41, 535-543. 

Goderis, H.L., Ampe,G., Feyten, M.P., Fouwe, B.L. and Gruffens, W.M., Van Cauwenbergh, 

S.M., Tobback, P.P. (1987). Lipase-catalyzed ester exchange reactions in organic media 
with controlled humidity. Biotechnol. Bioeng., 30, 258-266. 

Godtfredsen, S.E. (1986). Process for esterification. International Patent Cooperation Treaty. 
No. WO 86/05186. 

Hansen, T.T. and Eigtved, P. (1986) . In: Proceedings of the world conference on emerging 
technologies in the tats and oils industry. Ed. Baldwin, H.K., American Oil Chemist's Society, 

Champaign, IL., pp. 365. 

Halga, J. (1992). In: Biocatalysts in Organic Synthesis, Elsevier. 

Hassing, G.S.(1971 ). Partial purification and some properties of a lipase from Cornynebacterium 
acnes. Biochim. Biophys. Acta., 242, 381-394. 

Hoq, M.M., Koika, M., Yamane, T. and Shimizu, S.(1983). Continuous hydrolysis of olive 
oil by lipase in microporous hydrophobic hollow fibre bioreactor. Agric. Biol. Chem., 49, 
3171-3175. 

Hoq, M.M., Yamane, T., Shimizu, S., Funada, T. and Ishida, S.(1984).Continuous synthesis 
of glycerides by lipase in a microporous membrane bioreactor. J. Am. Oil Chem. Soc., 
61, 776-781. 

Hoq, M.M., Yamane, T., Shimizu, S., Funada, T. and Ishida, S. (1985).Continuous hydrolysis 
of olive oil by lipase in microporous hydrophobic membrane. J. Am. Oil Chem. Soc., 62, 
1016-1021. 

Holmberg, K. and Osterberg, E.(1988). Enzymatic preparation of monoglycerides in 
microemulsion. J. Am. Oil Chem. Soc., 65, 1544-1548. 

33 



Nazimah S.A. Hamid and Uma Devi M.P. 

Holmberg, K., Lassen, 8. and Stark, M.-8.(1989). Enzymatic glycerolysis of a triglyceride 

in aqueous and nonaqueous microemulsion. J. Am. Oil Chem. Soc., 66, 1796-1800. 

Horiuti, Y. and Imamura, S.(1978). J. Biochem., 83, 1381-1389. 

Ibrahim C.H., Hayashi, M. and Nagai, S. (1987). Purification and some properties of a 

thermostable lipase from Humicola lanuginosa No. 3, Agric. Biol. Chem., 51(1), 37-45. 

lwai, M., Okumura, S. and Tsujisaka, Y. (1980). Synthesis of terpene alcohol esters by 

lipase. Agric. Biol. Chem. , 44, 2731-2739. 

lwai, M. and Tsujilsaka, Y. (1984). In: Lipases. Eds. Borgstrom, 8. and Brockman, H.L, 

Elsevier, Amsterdam, pp. 443-469. 

Jyh-Ping, C. and Hong Pai (1993). Hydrolysis of milk fat with lipase in reversed micelles. 

Journal of Food Science, 56(1 ), 234-237. 

Kang, S.T. and Rhee, J.S.(1989). Effect of solvents on hydrolysis of olive oil by immobilized 

lipase in reverse phase system. Biotechnol. Lett., 11(1), 37-42. 

Karube, I., Yugeta, Y. and Suzuki, S. (1977). Electric field control of lipase membrane 

activity. Biotechnol. & Bioeng., 19, 1493-1501. 

Kempf, C.A., Niedlinger, J.S., Stewart, A.P., Sharp, P.F. and Golden State Corp. Ltd. (1953). 

US Patent No. 2,638,418. 

Khmelnitsky, Y.L., Levashov, A.V., Klyachko, N.L. and Martinek, K.(1988) . Engineering 

biocatalytic systems in organic media with low water content. Enzyme Microb. Technol. , 

10, 710-724. 

Kilara, A. and Shahani, K.M.(1977). Preparation and properties of immobilized papain and 

lipase. Biotechnol. Bioeng., 19, 1703-1714. 

Kilara, A. (1981 ). Immobilized proteases and lipases. Process Biochem. , 16, 25-27. 

Kimura,Y., Tanaka, A., Sonnmoto,K., Nihira, T. and Fukui, S.(1983). Application of immobilized 

lipase to hydrolyze triacylglyceride. Eur. J. Appl. Microbial. Biotechnol., 17, 107-112. 

Knight, S.G. (1963). US Patent No. 3,100,153. 

Kosugi, Y. and Suzuki, H.(1973). Fixation of cell-bound lipase and properties of the fixed 

lipase as an immobilized enzyme. J. Ferment. Technol., 51, 895-903. 

34 



Immobilized Lipase Systems - A Review 

Kosugi, Y., Tanaka, H. and Tomizuka, N. (1990) . Continuous hydrolysis of oil by immobilized 
lipase in a counter current reactor. Biotechnol. Bioeng., 36, 617-622. 

Kraftco Corp. (1971 ). British Patent No. 1,240,345. 

Kraftco Corp.(1972). British Patent No. 1,326,516. 

Kubo, M., Karube, I. and Suzuki, S.(1976). Immobilization of lipase for fat splitting. Biocem. 
Biophys. Res. Commun., 69, 731-736. 

Laane, C., Tramper, J. and Lilly, M.D.(1988). In: Biocatalysis in Orgflnic Media. Ed. Laane, 
C., Tramper, J. and Lilly, M.D., Elsevier, Amsterdam. 

Lavayre, J. and Baratti, J. (1982). Preparation and properties of immobilized lipase. Biotechnol. 

Bioengr., 24, 1007-1013. 

Leitgeb, M. and Knez, Z. (1990). The influence of water on the synthesis of n-butyl oleate 
by immobilized Mucor miehei lipase., J. Am. Oil Chem. Soc., 67 (11), 775-778. 

Lieberman, R.B. and Ollis, D.F. (1975) . Hydrolysis of particulate tributyrin in a fluidized 
lipase reactor. Biotechnol. Bioeng., 17, 1401-1419. 

Li zuyi and Ward, O.P.(1993). Lipase-catalyzed alcoholysis to concentrate the n-3 
polyunsaturated fatty acid of cod liver oil. Enzyme Microb. Technol., 15, 601 -606. 

Macrae, A.R. (1983a). In: Microbial Enzymes and Biotechnology. Ed. Fogarty, W.M., Applied 
Science Publishers. 

Macrae, A.R. (1983b) . Lipase-catalyzed interesterificatipn of oils and fats. J Am. Oil Chem. 
Soc. , 60 (2), 291-294. 

Macrae, A.R.(1985). In: Biocatalysts in Organic Syntheses. Ed. Tramper, J., van der Plaas, 
H.C. and Linko, P., Elsevier Applied Science Publishers, Amsterdam, pp.195-208. 

Malcata, F.X., Reyes, H.R., Garcia, H.S., Hill, C.G. and Amundson, C.H. (1990) . Immobilized 
lipase reactors for the modification of fats and oils - a Review. J. Am. Oil Chem. Soc., 
67, 890-910. 

Malcata, F.X., Hill, C.G. and Amundson, C.H. (1991). Use of lipase immobilized in a 
membrane reactor to hydrolyse the glycerides of butteroil. Biotech Bioeng., 38(8), 853-
868. 

35 



Nazimah S.A. Hamid and Uma Devi M.P. 

Malcata, F.X., Garcia, H.S., Hill, C.G. and Amundson, C.H. (1992a). Hydrolysis of butteroil 
by immobilized lipase using a hollow fibre reactor. Part 1. Adsorption studies., Biotechnol. 

Bioeng., 39, 647-657. 

Malcata, F.X., Hill, C.G. and Amundson, C.H. (1992b). Hydrolysis of butteroil by immobilized 
lipase using a hollow fibre reactor. Part II. Uniresponse kinetic studies., Biotechnol. Bioeng., 

39, 984-1001. 

Malcata, F.X., Hill, C.G. and Amundson, C.H. (1992c). Hydrolysis of butteroil by immobilized 

lipase using a hollow fibre reactor. Part Ill. Multiresponse kinetic studies., Biotechno/. 

Bioeng., 39, 1002-1012. 

Malcata, F.X., Hill, C.G. and Amundson, C.H. (1992d). Hydrolysis of butteroil by immobilized 
lipase using a hollow fibre reactor. Part IV. Effects of temperature, Biotechnol. Bioeng., 

39, 1097-1111. 

,Malcata, F.X., Reyes, H.R., Garcia, H.S., Hill, C.G. and Amundson, C.H. (1992e). Kinetics 
and mechanisms of reactions catalyzed by immobilized lipases. Enzyme Microb. Technol., 

14, 426-446. 

Marlot, C., Landgrand, G. Triantaphylides, C., Baratti, J.(1985). Ester synthesis in organic 

solvent catalyzed by lipases immobilized on hydrophilic supports. Biotechnol. Lett., 7, 

647-650. 

Matsuo, T., Sawamura, N., Hashimoto, Y. and Hashida, W.(1980). U.K. Patent Application 
2,035,359A. 

Matsuo, T., Sawamura, N., Hashimoto, Y. and Hashida, W.(1981 ). European Patent Application 
No. 10,035,883. 

Matsuo, T., Sawamura, N., Hashimoto, Y. and Hashida, W.(1983). US Patent No. 4,420,560. 

Mc Neill, G.P., Shimizu, S. and Yamane, T. (1990). Solid phase enzymatic glycerolysis 
of beef tallow resulting in a high yield of monoglyceride. J. Am. Oil Chem. Soc., 67, 
779-783. 

Mc Neill, G.P. and Yamane, T. (1991). Further improvements in the yield of monoglycerides 

during enzymatic glycerolysis of fats and oils. J. Am. Oil Chem. Soc., 68, 6-10. 

Mc Neill, G.P., Shimizu, S. and Yamane, T. (1991). High yield enzymatic glycerolysis of 

fats and oils. J. Am. Oil Chem. Soc., 68, 1-5. 

36 



Immobilized Lipase Systems - A Review 

Meito Sangyo Co. K.K.(1979a). Japanese Patent No. 7,928,305. 

Meito Sangyo ' Co. K.K.(1979b). Japanese Patent No. 7,995,607. 

Messing, R.A.(1975). I[!: Immobilized Enzymes for Industrial Reactors. Ed. Messing, 
RA Academic Press, New York, pp. 2. 

Miller, C., Austin, H., Posorke, L. and Gonzalez, J. (1988). Characteristics of an il'!lmobilized 
lipase for the commercial synthesis of esters. J. Am. Oil Chem. Soc., 65 (6), 927-931. 

Montero, S., Blanco, A., Virto, M.D., Landeta, LC., Agud, I., Sotozabal, R., Lascaray, J.M., 
de Renobales, M., Llama, M.J. and Serra, J.L.(1993). Immobilization of Candida rugosa 
lipase and some properties of the immobilized enzyme. Enzyme Microb. Technol., 15, 
239-247. 

Mustranta, A., Forssell, P. and Poutanen, K. (1993). Application of immobilized lipase to 
transesterification and esterification reactions in nonaqueous systems. Enzyme Microb. 
Technol., 15, 133-139. 

Nawar, W.W. (1985). In: Food Chemistry. Ed. Fennema, O.R., Marcel Dekker Inc., New 
York, pp 139. 

Negishi, S., Sato, S., Mukataka, S. and Takahashi, J.(1989). Utilization of powdered pig 
bone as a support for immobilization of lipase. J. Ferment. Technol., 67(5), 350-355. 

Njar, V.C.O. and Capsi, C.(1987). Tetrahadron Lett., 28, 6549-6550. 

Okumura, S., lwai, M. and Tsujisaka, Y.(1979). Synthesis of various kinds of esters by 
four microbial lipases. Biochim. Biophys. Acta., 575, 156-165. 

Olivecrona, T. and Bengtsson, G. (1984). In: Upases. Eds. Borgstrom, B. and Brockman, 
H.L., Elsevier, Amsterdam, pp. 205-261. 

Omar, I.C., Saeki, H. Nishio, N. and Nagai, S. (1988). Hydrolysis of triglyceride by immobilized 

thermostable lipase from Humicola lanuginosa. Agricultural and Biological Chemistry. 
52, 99-105. 

Otting, H.E. and M & R Dietetic Labs lnc.(1934). US Patent No. 2,169,278. 

Otting, H.E. and M & R Dietetic Labs lnc.(1939). US Patent No. 1,966,460. 

Pangier, D.J. and Milk Laboratory Ltd.(1969). US Patent No. 3,469,993. 

37 



Nazimah S.A. Hamid and Uma Devi M.P. 

Pannell, L.(1989). MSc Thesis, University of Wisconsin, Madison, USA. 

Patterson, J.D.E., Blain, J.A., Shaw, C.E.L., Todd, R. and Bell, G.(1979). Synthesis of 

glycerides and esters by fungal cell-bound enzyme in continuous reactor systems. Biotechnol. 

Lett., 1 (5), 211-216. 

Patton, J.S. and Andersson, L. (1978). Immobilized pancreatic lipase and colipase for 

purification and binding studies. FEBS Lett., 86(2), 179-182. 

Peter, S.K. (1992). Process for the recovery of monoglycerides and diglycerides from a 

mixture containing monoglycerides, diglycerides and triglycerides. United States Patent 

No. 5, 110,509. 

Posorske, L.H. (1984). Industrial-scale application of enzymes to the fats and oil Industry. 

J. Am. Oil Chem. Soc. 61 (11), 1758-1760. 

Posorske, L.H., Le Febvre, G.K., Miller, C.A., Hansen, T.T. and Glenvig, B.L. (1988). 

Process considerations of continuous fat modification with an immobilized lipase. J. Am. 

Oil Chem. Soc., 65 (6), 922-926. 

Pronk, W., Kerkhof, P.J.A.M., van Heiden, C. and van't Riet, K.(1988). Biotechnol. Bioeng., 

32, 512-518. 

Pronk, L.(1989). MSc Thesis, University of Wisconsin, Madeson, USA. 

Pronk, W., Boswinkel, G. and Riet, K.V. (1992). Parameters influencing hydrolysis kinetics 

of lipase in a hydrophilic membrane bioreactor. Enzyme Microb. Technol., 14, 214-220. 

Rapp, P. and Backhaus, S. (1992). Formation of extracellular lipases by filamentous fungi, 

yeasts and bacteria. Enzyme Microb. Technol., 14, 938-943. 

Rodionova. M.V., Belova, A.B., Mozhaev, V.V., Martinek, K. and Berezin, I.V.(1985). Dokl. 

Akad. Nauk. USSR., 292, 913-920. 

Rucka, M. and Turkiewicz, B.(1989). Hydrolysis of sunflower oil by means of hydrophobic 

membrane with lipolytic activity. Biotechnol. Lett., 11(3), 167-172. 

Santantello, E., Ferraboschi, P. and Grisanti, P. (1993). Lipase-catalyzed transesterification 

in organic solvents: Applications to the preparation of enantiomerically pure compounds. 

Enzyme Microb. Technol., 15, 367-379. 

Shahani, K.M., Arnold, R.G., Kilara, A. and Dwivedi, B.K. (1976). Role of microbial enzymes 

in flavor development in foods. Biotechnol. Bioeng., 18, 891-907. 

38 



/Immobilized Lipase Systems - A Review 

Slaughter, J.C., Weatherley, LR. and Wilkinson, A.(1993). Electrically enhanced enzymic 
hydrolysis of vegetable oils using lipase from Candida rugosa, Enzyme Microb. Technol., 
15, 293-296. 

Soda, K. and Yonaha, L. (1987). In: Biotechnology. Ed. Rehm, H.J. and Reed, G., Verlag 
Chemie, pp. 605-652. 

Sonntag, N.O.V. (1982). In: Bailey's Industrial Oil and Fat Products. Ed. Swern, D., John 
Wiley and Sons, 2, pp.134 

Stark, M.B. and Holmberg, K.(1989). Covalent immobilization of lipase in organic solvents. 
Biotechnol. Bioeng., 34, 942-950. 

Tahoun, M.K. and Ali , H.A. (1986). Specificity and glyceride synthesis by mycerial lipases 
of Rhizopus delemar. Enzyme Microb. Technol., 8, 429-432. 

Takahashi, K., Tamamura, Y., Kodera, Y., Nuhama, T., Saito, Y. and lnada,Y.(1987). 
Biochim. Biophys. Res. Commun., 142, 291-299. 

Tanabe Seiyaku Co. Ltd. (1970). Japanese Patent No. 3,187. 

Tanaka, T., Ono, E. and Takinami, K. (1981). US Patent No. 4,275,011. 

Tanigaki, M. , Sakata, M. and Wada, H. (1993). Hydrolysis of soyabean oil with a bioreactor 
having two different membranes. Journal of Ferment. Bioeng., 75(1 ), 53-57. 

Taylor, F., Panzer, C., Craig, J.C. and O'Brien, D.J. (1986). Continuous hydrolysis of tallow 
with immobilized lipase in a microporous membrane. Biotechnol. Bioeng., 28, 1318-1322. 

Taylor, F. and Craig, J.C. (1991 ). Flat-plate reactors for enzymatic hydrolysis of fats ~md 
oils. Enzyme Microb. Technol. 13, 956-959. 

The First European Symposium on Biocatalysis, Graz, Austria, 12-17 September 1993. 

Vulfson, E.N. and Law, B.A. (1991). Enzymes for food ingredients in low-water media. 
In : Food Technology International Europe. Ed. Turner, A. Sterling Publications. 

Werdelmann, B.W. (1974). Fette Seifer Anstrichm, 76(1), 201-205. 

Wisdom, R.A., Dunnill, P. and Lilly, M.D.(1985). Enzymatic interesterification of fats: 
the effects of non-lipase material on immobilized enzyme activity. Enzyme Microb. Technol, 
7, 567-572. 

39 



Nazimah S.A. Hamid and Uma Devi M.P. 

Wisdom, R.A., Dunnill, P. and Lilly, M.D.(1987). Enzymatic interesterification of fats: laboratory 

and pilot scale studies with immobilized lipase from Rhizopus arrhizus. Biotechnol. Bioeng., 

29, 1081-1085. 

Yamaguichi, S. and Mase, T.(1991). High-yield synthesis of monoglyceride by mono

and diacylglycerol lipase from Penicillium camembertii U-150., J. Ferment. Bioeng., 72(3), 

162-167. 

Yamane, T., Hoq, M.M., Otoh, S. and Shimizu, S. (1986). Glycerolysis of fat by lipase. 

J. Jpn. Oil Chem. Soc., 35, 625-631. 

Zaks, A. and Klibanov, A.M.(1984). Enzymatic catalysis in organic media at 100°C. Science, 

224, 1249-1253. 

Zaks, A. and Klibanov, A.M.(1988). Enzymatic catalysis in non-aqueous solvents. J. Biol: 

Chem., 263, 3194-3201. 

40 


