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ABSTRACT 

PRODUCTION AND CHARACTERIZATION OF ESTERASE-LiPASE 
FROM LACTOBACILLUS CASE: SUBSPECIES 

Esterase-lipases were produced by cell Iysis of Lactobacillus casei 

subsp~cies during the late logarithmic growth phase. The enzymes were 

purified to 67 fold for L. casai-subsp-casei llG, and to 54 fold for L. casei

subsp-pseudoplantarum LE2 by ion exchange chromatography and gel 

filtration chromatography using the FPlC system (Pharmacia), respectively. 

Native-PAGE and SOS-PAGE using PhastSystem (Pharmacia) of the purified 

enzyme showed a single protein band with !lW. 320 K Dalton for butyrate 

esterase, 110 K Dalton for caproate esterase, and 40 K Dalton for capryate 

esterase, regardless of strains. The maximum lipo/ytic activity was observed at 

pH 7.2 and 37°C. The activity was inhibited by silver and mercury ions but 

magnesium and calcium stimulated lipolytic e.ctivity. The I<inetics of this 

enzyme, using p-nitrophenyl fatty acids as substrate, were determined: the Km 

and Vmax vaiues for L. casei-subsp-casei lLG ware about 0.57 mM, 76 

umol/min/mg of protein, whereas those for L. casei-subsp-pseudoplantarum 

LE2 were 1.20 mM e ,J 90 umol/min/mg of protein, respectively. These 

enzymes were stable at room temperature for at least 2 days. 

These novel esterase-Iipases tram L casei subspecies were unique in 

thair specificities characteristics sp!itting C4 ta C10 and allowing them to be 

efficiently incarporated directly inta milk or curd to praduce Enzyme-Modified 

Chaese (EMC) and Accelerated-Ripened Cheese (ARC). 

l 
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Résumé 

Production et caracterisation des estérase-lipases de sous-espèces 
de Lactobacillus casei 

Les estérase-lipases ont été produits par lyse cellulaire de sous-espèces de 

Lactobacillus casei en fin de croissance logarithmique. Les enzymes ont et6 

purifiées 67 fois pour L. casei-subsp-casei lLG, et 54 fois pour L. casei-subsp

pweudoplantarum LE2 par chromatographie échangeuse d'ions et filtration sur 

gel à l'aide du systeme FPLC (Pharrnacia). La determination dos pOids 

moleculaires par Native-PAGE et SOS-PAGE avec le PhastSystem (Pharmacia), 

ont montré une bande unique de protéine de 320 K Dalton pour l'ostérase 

butyrate, 110 K Dalton pour l'estérase caproate, et 40 K Dalton pour l'ostérase 

capryate, indépendemment des souches. L'activité lipolytique maximum a été 

observée à pH 7.2 et 37°C. L'activité a été inh;bié par les ions argent et 

r.lercure mais le magnésium et le calcium ont stimulé l'activité lipolytique. Les 

cinétiques de ces enzymes ont été déterminées en utilisant les acides gras p

nitrophenyl comme substrat: les valeurs de Km et V max pour L casei-subsp

casei LLG furent de 0.57 mM, 76 umol/min/mg de protéine, tandis que celles de 

L. casei-subsp-pseudoplantarum LE2 furent de 1.20 mM et 90 umol/min/mg de 

protéine. Ces enzymes furent stable à témperature de la pièce au moins deux 

jours. 

Ces nonve"es estérase-lipases de sour-espéces de L. case! ~~ sont 

montréos uniques dans leurs caracténsiicues specifiques à scinder les C4 à 

C10. Leur permettant ainsi d'être incorporées directement et efficacement dans 

le lait ou le caillé pour produire du fromage modifié enzymatiquement (EMC) et 

du fromage à maturation accéléré (ARC). 
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INTRODUCTION 

The mechanism by which fresh curds mature fram a relatively bland 

elastic mass to become a weil bodied cheese with a developed flavour has 

been the subject of much interest. It is generally understood that proteases and 

lipases of lactic acid bacteria (streptococci, lactobaeilli and pediococci) are 

responsible for the maturation of cheese (El Soda et al., 1986b; Marshall, 1987). 

The specifie oligopeptides and amino acids produeed from the milk prateins 

(principally casein) and the free fatty acids released trom the triglycerides impart 

the characteristic flavour attached ta the various types of cheeses. In case of 

Cheddar type of cheeses, ripening normally is carried out for a perioe of 9-12 

months to fully develop the desired Chedda~ flavour. The slow micrabial 

process incurs high cost of refrigeration and warehousing. Aging costs 

contribute signit:cantly to the final product priee (from 8-10 c/month/kg of 

cheese aged). Any development leading to the acclerated maturation of che.ese 

therefore has a direct economie importance (Arbiege, 1986). 

Almost ail of the reported attempts to aceelerate eheese ripening fall into 

one of four categories; elevated temperature (Law & Wigmore, 1982; Cromie et 

al., 1987), enzyme additio'l (Sood & Kosikowski, 1979a; Law, 1984b), the use of 

attenuated starters in addition to normal cultures (Petersson & Sjostrom, 1975), 

and liquid slurry method (Krsitoffersen et al., 1967; Sood & Kosikowski, 1979b). 

The mast widely employed method is the externai addition of enzymes to the 

cheese vats (Law, 1984b). 

Although there are a number of cheap commercial food grade enzymes 

available for the aboya purpose, almost ail have their accompanying limitations, 
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especially towards control of their addition to young chaese, and their 

hydrolytic action on milk components, resulting in rheologically poor final 

produr.t, and often with bitter flavour. 

Lipolysis is one of the important mechanism contributing to flavour 

development of cheese besides proteolysis (Moskowitz & Noelck, 1987). 

Lipases and esterases trom different animal and microbial sources havo been 

tried to develop the piquant flavour, characteristic of Provalone and Romano 

cheeses. The ditferent short chained fatty acid combinations produced result in 

ditferent Italian cheese flavours (Dziezak, 1986). Lipolysis also play an 

important role in flavour profile of enzyme modified Swiss and Cheddar 

cheeses. A right blend of alkanoic acids with carbon chains from C4 to C10 

appear to impart cheese .. like flavour, whereas the release of long c:'ai.'1ed (C1~-

1 Bl fatty acids by microbiallipases produce "soapy" flavour, and that of short

chain acids by animal esterases produce an unclean flavour (Nelson, 1972, Law 

& Wigmore, 1982). 

The novellactobacilJj enzymes developed in our laboratory are unique in 

its specificities characteristics, th us allowing them to be incorporated directly 

into milk curd or cream to produce desirable cheeses, and snackfood 

f1avourings. In addition, these enzynles in conjunction with usual starter culture 

can significantly reduce the ripening period and therefore the manufacturing 

cost of the final cheese, while enhancing its quality. 

The review will discuss the raie of esterase-lipase in EMC (Enzyme 

Modified Cheese) and ARC (Accelerated-Aip~'1pd Cheese). The final section 

will deal with sorne ideas of novel esterase-lipase trom Lactobacillus casei 

subspecies and the objective of this research. 
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LITERA TURE REVIEW 

A. PROPERTIES OFTHE ESTERASE-LiPASE 

1. Characteristics 01 the esterase and lipase reaction 

There exists much confusion :,oncerning the exact meaning of the terms 

lipases and esterases. Often these terms are used interchangeably since these 

enzymes catalyze the hydrolysis of carboxylic acid ester bonds and are 

classified among hydrelyases and comprise the enzymes belonging to the class 

3.1.1 of the International Union of biochemistry classification. The term 

esterases assigned to enzymes capable of hydrolyzing carboxylic acid esters is 

rather broad. The term esterase ls rather nonspecific and does inelude lipase. 

Of the esterases that hydrolyze the carboxylic esters of fatty acids and simple 

alcohols, there exists carboxylesterase (EC 3.1.1.1), which was formerly cal/ed 

aliesterase or B esterase; arylesterase (EC 3.1.1.2), formerly cal/ed A esterase, 

whieh hydrùlyzes the aromatic esters, such as phenyl acetate; and lipase (EC 

3.1.1.3), which hydrolyzes carboxylie esters of glycerol. 

Aceording ta the lUS nomenclature, a lipase catalyzes the following 

hydrolytie reaction. 

Triglyceride + H20 <-------> diglyceride + fatty acid 

Essentially, the above reaction is not a complete one sinee the lipase action 

may carry tha reaction to the monoglyceride or aven to the glycerol stage. 

Sy and large, the major difference between the lipases and esterases 

seems ta be associated with the state of the substrate they aet upon. While 
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esterases can hydrolyze soluble or fully dispersed substrates, the lipases 

cannat. As suggested by several workers (Krisch, 1971, Brockerhoff & Jensen 

.1974; Rudek, 1978), it thus appears appropriate ta define lipases as enzymes 

wi lich hydrolyze the esters at an oil-water interface in an insoluble or 

heterogeneous system. 

The requirement by lipases for aggregated substrates which provide an 

interface for rapid catalysis was iIIustrated by a study of the effect of substrats 

concentration on lipolysis of the partially soluble triglycerides triacetin and 

tripropionin using the lipase from Rhizopus arrhizus (Semervia & Dufour, 1972) 

With these substrates, appreciable Iipolysis was observed cnly above their 

critical nlicellar concentration. It was apparent that the lipase wjll catalyse 

hydrolysis of the substrates when they are present in the form of micelles, small 

aggregates or emulsion particles. 

The natural function of lipases is to catalyse the hydrolysis of 

triglycerides. How8ver, th!s reaction is reversible and the enzymes can be 

shawn to catalyse the formation of glycerides from glycerol and free fatty acid. 

These esterification reactions are probably of no significance in the blosynthesis 

of lipids but can be utilized in the production of modified fats and fatty acid 

esters (Kilara, 1985). 

Il. The source.:: of esterase-lipase 

Esterase-Iipases are produced by plants, animais, and microorganisms 

(Shahani, 1975). Castor bean and wheat germ contain lipase, a wide variety of 

micro-organisms (including yeasts, mou/ds, and bacteria) are source ot this 

enzyme. Animais contain pregastric esterases, lingual lipases, and pancreatic 

lipases as weil. The plant lipases do not have commercial applications in 

producing modified ingredients but the microbial and animal lipases ha\'e been 

4 
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used sucGessfully ir , producing novel ingredients. As early ~s 1940 it was 

realized that calves could secrete a salivûry lipase (Wise et al., 1940) and it was 

confirmed to be a true lipase and was named pre-gastric esterase (Desnuelle, 

1972). The occurrence of pre-gastric esterase in a number of mammalial 

species, including humans, has been reviewed (Nelson et al., 1977). The most 

important sources of pre-gastric estera3e are kid and lamb although calf pre

gastric esterase has also been studied. 

Pancreatic lipase has been studied extensively and the enzyme is 

produced in the acinar cells prior to release into the duodenum, where it 

facilitates the intraluminar digestion and absorption of lipids. Hog pancreatic 

lipase is the most studied lipase and has been extensively reviewed (Desnuclle, 

1972). Milk, the physiological ~ecretion of mammals, has also been reported to 

contain lipase and tbis enzyme has been characterized and reviewed (Shahani, 

1975). 

Many procedures for the production ai microbial lipases in submerged 

culture have been published in the general and patent literature. The nutrients 

and culture conditions used vary widely, but sorne general conclusions can be 

drawn. 

Microbial lipases trom the yeasts Candida and Torulopsis, mou Ids 

Rhlzopus. Penicillium, Aspergillus, Geotrichum, and Mucor genera and bacteria 

of the genera Pseudomonas, Achromobacter, and Staphylococcus have been 

shown to prodl'ce lipases. The diversity of the pH optima, temperature optima, 

heat inactivation and the physical, chemical properties of several purified 

microbiallipases are presented in Table 1 a & 1 b. The formation of the enzyme 

is under feedback control of mono- and di- saccharides and glycerol in the 

growth medium. This phenomenon is iIIustrated by examing lipase production 

by Geotrichum candidum (Tsujisaka et al., 1973). Similar effects of glucose on 
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Table 18. Propertles of various purifled microblaillpases (Shahanl. 1975) 

Mo/ecular lsoe/ectnc 
Carbohydrate 

conten' 
SpeCltS welght pOint 

Aspergillus mgerG 25000 
Candida cylmdracae b 120000 
Ouvmobactenurn vlscosurn< 30000 
Geornchum candldum d 54000 
Humlco/a lanugmosa C 27500 
Mucor lavamcusr 21000 
PseudonlOnas fluorescens" 32000 
Rhlzopus arrhlzus h 43000 
Rhlzopus de/emar' 41300 
Toru/opsis emobll' 42500 

• M P Tombs. pnvate communicatIOn . 
.. Tomlzuka et al. 1966 

4·6 
4·2 
7·3 
4·3 

4·5 
6·3 
42 
2·9 

c Isobe & SugJUra. 1977. HOfluu & Imamura, 1977. 
cl TsuJisaka et al.. 1973 
• LIU et al. 1973a., c. 
, Ishlhara pt al, 1975. 
• SUgJura & Olkawa. 1977; Sugiura et al., 1977 
"Semenva P.t al, 1969, Laboureur & Labrousse, 1968. 
1 Chiba et Ill, 1973, IwaJ & ïsuJisaka. 1974 
1 Yoshlda et al, 1968. 

(%) 

10 
4·2 
0·0 
70 
0·0 
2·6 
00 
67 

15 

SpeCifie acllVlty 

of pun~d enzyme 
(hpase unlu/rng 

protem) 

2· __ . 
1 140 
5780 

447 

1490 
1322 
4200 
9300 
4000 

AlVwJ.:t 
h ydrophoblcllY 

1058 

1 ISO 
91-\6 

1 135 
1079 

1 ()() 1 
1 ()<)7 

t 270 
1218 
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Table1b. 
T.mper.ture end pH Optima and Heat Inactivation of Varlous Mlcroblal Lipases (Ma c ra_, 1983) 

Heat 
inactivatIOn 

Temperature bme tem-
Source of lipase pH optimum optimum (Le) pernture" Reference 

Pe1ltCllllum chr1l30genum 6 2-6 8 37 Ramnknshnlln and Bllnl'rJee, 1952 
Paeudomoncu fmg, 7 0-7 2 J2 15.72 Nashlf and Nelson, 1953 
Rh,zoplllJ de//!71lar 5 6 3') 15 50 Fukumoto et al, 1964 
Aaperlllilua mger 5 6 2:ï 15 45 Fukumoto et al, 196:J 
Pentcllilum roquefortl 80 37 10 50 Eitenmlller et al, 1970 
Staphylococcua aureua 8 5 45 30·70 Vadhera, 1974 
Geolt.chum candldum 8.2 37 15.60 Jensen, 1973, TsuJlsnku. et al, 1973 
A chromobacter l1polyhcum 7.0 37 40.99 Khan et al., 1967 

• Fust figure refera ta tlme (min), and the second figure refers to temperature (OC). 

-l 
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lipase formation have been observed with Rhizopus japonicus (Aisaka & 

Terada, 1980) and Candida parolipolytica (Sugiura & Isobe, 1975). Sorne 

microbial lipases are glycoproteins where the sugar mOiety is thought to 

facilitate the passage of the enzyme through the microbial cell wall and into the 

growth medium. 

Extracellular lipases are produced by most microorganisms under 

suitable conditions (Lawrence et alo, 1967; Brockerhoff & Jensen, 1974) and 

have been studied for four main reasons. First, lipases al pathogeric bacteria 

such as Corynebacterium acnes (Hassing, 1971), Staphylococcus aureus 

(Alford et al., 1964), Leptospira pomona (Patel et al., 1964) and Mycoplasma 

spp. (Rotlem & Razin, 1964) have been irnplicated in the etiology of diseaso. 

Second, bacterial lipases are involved in such environmental problems as the 

breakdown of fat in domestic sewage (Nadkarni, 1971) or eco1og ical aspects of 

river sediments (Breuil & Kushmer, 1975). Third, the spoilage of dairy projucts 

and other foods îhat contain fat involves lipases, in particular those of 

psychrotrophic bacteria (Downey, 1980; Cousin, 1982). Fourth, lipases, main~y 

fram fungi (Iwai & Tsujisaka, 1984) have many uses În the food and otller 

industries by virtue of their diverse substrate specificities. 

Isolation, characterization, and properties cf various lipase enzymes 

have been reviewed by several authors CIler the past !WO decades. Earlier 

reviews reflect concern with flavour defects caused by the action ot lipolytic 

enzymes while later reviews reflect the intensive study of variûus lipase sources 

in relation to their potential application for controlled modification of milk fat. 

III. Specificity of lipolytic enzyme 

Upolytic enzymes exhibit several types of specificities which affect their 

role and significance in flavour development. The most significant single factor 
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in the development of useful lipolytic technology was the discovery and 

application of a variety of lipase systems, with differing specificities for fatty acid 

chain length, type of glyceride molecule, and physical condition of the substrate 

(Kilara, 1985). 

Rate of enzyme activity on various triglyceride substrates commonly is 

used ta compare lipolytic enzymes. Khan et al. (1967) reported that milk lipase 

showed greater activity on tributyrin substrate ihan on triolein substrate while 

Achromobacter Iipolyticum lipase exhibited opposite relative activities. 

Eitenmiller et al. (1970) also reported the Penicillium roqueforti lipase 

hydrolyzed tributyrin, tricaprylin, tricaproin, tripropionin, and triolein in 

decreasing arder, th us confirming and expanding information on the relative 

substrate specificity of this enzyme while Aspergillus niger lipase hydrolyzed 

tricaprylin faster than the other substrates (Shipe, 1951). The pregastric 

esterase is specifie for glycerides containing short chain fatty acids. (Nelson et 

al., 1977). 

Another type of substrate specificity is the relative activity of lipolytic 

enzymes on triglyceride versus mono- and di- glyceride substrates. Pregastric 

e~terase showed no activity on the monobutyrin whereas pancreatic lipase 

maintained high activity on the mono- and di- glyceride substrates. Lamb 

gastric lipase hydrolyzed mono- and dibutyrins more rapidly th an did lamb 

pregastric esterase (Richardson & Nelson, 1967; Richardson et al., 1971). 

Stadhouders and Veringa (1973) indieated that the 'ali-esterases' tram starter 

culture bacteria used in cheese manufacture show limited capacity ta hydrolyze 

milk fat triglyeerides ... ut are capable of hydrolyzing fairly rapidly mono·· and di

glycerides. 

Selective release of specifie fatty acids tram substrates by variov5 

li"jolytic enzymes have been studied extensively. Milk lipase and certain other 
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Iipolytic enzymes, su ch as steapsin and pancreatic lipase, are broad spectrum 

or nonspecific in their action (Nelsen, 1972). These enzymes relea!..e free fatly 

acids in approximately the same proportion as they are present in the intact fat. 

By contrast, other Iipolytic enzymes demonstrate preferential release of specifie 

fatty acids. The relative specificity of calf esteiase for release of short-chain 

fatt'l acids, particularly butyrie acid, fram milk fat is apparent (Nelson, 1972). 

Still another characteristic of substrate specificity is related to the 

physical form of the substrate. Interdependence of physical form of the 

substrate arld the specific Iipolytic enzyme is an '.Jxtrernely important 

consideration in designing systems for the application of lipolytic enzymes for 

flavour development in dairy manufacturiny (Richardson & Nelson, 1967). 

Lawrence et al. (1967) stated that specificity of sorne microbial lipases 

appears to be related to the position of the fatty acid in the tl iglyeeride and in 

other cases to the fatty acid itself and its degree of unsaturation. 

IV. Det(lction and determination of Iipolytic activity 

Upolytic activity is generally ~;gnified by an accumulation of free fatty 

acids and disappearance of triaeylglycerols when a tissue or f1uio is ineubated 

or stored. The conditions of detection, Le., temperature, pH, presence of 

cations and fatty acid acceptors, will provide information required for the design 

of a suitable assay system. Beyond these parameters, it is necessary ta assure 

that the definition of a lipase is met, but this may be implicit in detection. 

The factors thaï affect enzyme activity are dependent source of the 

enzyme. Also, the substrate specificity and temperature of inactivation of 

enzyme are effected for characterization of enzyme. 

Jensen (1983) provided a thorough review of the extensive studies on 

the numerous lipase assay method. Several assay methods have been used ta 
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determine lipase activity quantitatively. They included the following. 

(a) Titration method. Titrimetry can be done directly on the assay 

mixture. This is the one of common method at the end of the incubation period 

which reaction is stopped by addition of solvent (alcohol or acetone) and the 

released fatty acids are titrated either using indicator cr with a pH-stat set to an 

end-point (Fitz-Gerald & Deeth, 1983: Bozoglu et al., 1984). Direct titration has 

also been carried out continuously with a recording pH stat for pancreatic lipase 

(Brockman, 1981) and adipocytes (Stralfors, et al., 1981). The other type of 

titrimetry is nonaqueous titration of digestion mixture in the extraction solve nt 

with alcoholic base (Horowitz, 1980). 

(b) Capper soap extraction method. Fatty acids can be converted to 

Cu soaps which are measured spectrophotometrically after reaction with 

chromogenic reagents. The method originally developed by Duncombe (1963) 

has been refined and applied to plasma (Hron & Menahan, 1981) , serum 

(Brunk & Swanson, 1981), milk (Shipe et al., 1980; Christen & Marshall, 1984) 

and single oat grains (Sahasrabudhe, 1982). Redding et al. (1983) described a 

semiautomated assay tor tree fatty acids in serum employing Cu soaps. 

(c) Colorimetrie assay method. Stead (1983) have developed fluorimetric 

lipase assays based on the hydrolysis of 4-methylumbelliferyl oleate. This 

assay has been modified for use with skim milk as weil as skim milk powder, 

and whey protein concentrate (Stead, 1984). McKeliar (1986 a & b) has 

developed a colorimetrie lipase assay based on the method of Nachlas & 

Blackb'Jrn (1958). p-Naphthol released trom the colourless ester p-naphthyl 

caprylate (p-NC) reacts with a diazonium salt ta produce an insoluble azodye. 

Activity is quantitated by measuring absorbance at 540 nm after extraction with 

ethyl acetate. Brandi and Zizer (1973) described that the esterase activity of the 

soluble extract was evaluated using several 0- and p- nitrophenyl derivatives of 
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fatty acids chromogenic substrate. Gatt et al. (1981) assayed lipases of rat 

brain microsomes, Iyophilized rat bile, hog pancreas and Rhizopus arrhizus 

delemar with acylglycerol esters of trinitrophenylaminolauric acid. Th8 free :;ltty 

acids are measured spectrophotometrically. 

(d) Plate assay method. A plate assay to detect bacterial lipase in a 

medium containing trioleoylglycerol and the fluorescent dye rhodamine B is 

developed (Kouker & Jaeger, 1987). Substrate hydrolysis causes the formation 

of orange fluorescent halos around bacterial colonies visible upon UV 

irradiation. This method was suitable either to identify lipase-producing bacteria 

or to quantify lipase activity in culture supernatants. Modification of these 

assays uses Tween 80 in combination with Nile-blue (Karnetova et al., 1984). 

(e) Method of using radioactive fatty acids. The activities of lipases trom 

the following sources have recently been obtained with radioassays: 

postheparin plasma (Baginsky, 1981) and human Iiver (Breckenridge & Palmer, 

1982). Oleoylglycerols labeled with 14C or 3H were substrates and nanogram 

quantities of the product are detectable. 

(1) Gas Liquid Chromatograpghy (GLC). GLC has been applied ta the 

quantitation. oi freEt fatty acids in serum (Brunk & Swanson, 1981). plasma 

(Tserng et al., 1981). and vegatable ails (Chapman, 1979). These methods 

were capable of measuring 100 nmol of free fatty acids in serum or plasma and 

2 mg in the oils. Gas chromatographie analysis of free fat1y acids has been 

generally accapted by researchers as one of the best analytical methods for 

evaluating esterase-lipase action in dairy products (Deepth et al., 1983). 

(g) Treatment with enzymes. Treatment of free fatty acid with various 

enzymes results in products which are detectable at very low levels. Mizuno et 

al. (1980) converted free fatty acid to the CoA esters with a synthetase, oxidized 

the acyl CoA to Ct tfans enoyl CoA and H202 using an oxidase and th en the 
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H202 with peroxidase to a chromogen. Miles et al. (1983) reported on the 

direct determination of free fatty acid in 2-5 ul ot plasma eliminating extraction. 

The method is based on the quantitation of adenosine monophosphate 

produced by the formation of acyl-CoA with ATP and acyl GoA synthetase. 

Glycerol also released by Ifpolysis trom human tat eeUs was analyzed by 

bioluminescence (Bjorkhem et al., 1981). 

(h) Immunologieal methods. Specifie immunoassays have been 

deve:oped for ehicken adipose tissue lipoprotein (Cheung et al., 1979) and 

human pancreatic lipases (Grenner et al., 1982). Cheung et al. (1979) incubated 

antilipoprotein lipase immunoglobulins eoupled to hydrophilic beads with the 

lipase and immunoglobulins labeled with 1251 were added. The labeled 

immunoglobulin was reacted with the antigen (lipase) assoeiated with the 

immunoabsorbent. The qLlantity of lipoprotein lipase in the sample was 

proportional to the amount of radioactivity bound to the solid phase 

immunoabsorbent. 

For most, a direct titration of the assay medium or of a nonaqueous 

extract will suffice. With the latter, a pH meter is not needed as indicators are 

satisfactory. The choice of procedure will also be influenced by the number of 

samples 10 be analyzed, the sensitivity desired and the availability of equipment 

and enzymes. 

B. THE ROLE OF ESTERASE-LiPASE IN ENZYME-MODIFIED CHEESE (EMC) 

AND ACCELERATED-RIPENED CHEESE (ARC) 

1. The raIe of esterase-esterase in cheeese flavouring & cheese ripening 

Cheese that has been treated enzymaticaUy to enhance the flavour 

profile can be called enzyme-modified cheese (Moskowitz & Noelck, 1987). 
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Upolysis is an important reaction in flavour development of chaese. Cheese 

flavour develops as a result of the action of starter bacteria, added deliberately, 

and of secondary microflora whose composition varies according ta the type of 

cheese (Chapman & Sharpe, 1981). Many of the reactions invo!lIed in f1avour 

production are enzymatically catalysed and the addItion of microbial 

proteinases and lipases can accelerate ripening (Law, 1984a & 1984b). Woo et 

al. (1984) found that the fatty acid composition was related to f1avour quality and 

intensity but did not correlate with the age of the cheese. Addition of pre-gastric 

esterase in Italian cheese manufacture leads to the development of the much 

desired picant flavour in cheeses such as Romano and Provolone (Nelson et 

al., 1977). Lamb gastric extracts in combination with lamb pre-gastric esterase 

results in more desirable Provolone-like flavour (Richardson & Nelson, 1967). 

Mucor miehei esterase has been used to develop desirable flavour in Fontlna 

and Romano cheese (Peppler et al., 1976). This enzyme has high activity 

against tributyrin and trioctanoin, but less against triglycerides with long-chain 

fatty acids (Moskowitz et âl., 1977). Inclusion of pre-gastric calf esterase and 

fungal esterase at equivalent Iipolytic activities led to an acceptable Fontina 

cheese whereas in Romano cheese five-fold more fungal esterase was needed 

on an activity basis than pre-gastric kid este rase. 

Another popular cheese flavour line is blue cheese f1avour. The f1avour 

of blue cheese is derived from lipids and involves four major enzymatic 

processes where in (a) free fatty acids are Iiberated tram milk fat by lipase, (b) 

the free fatty acids produced are oxidized to p-keto acids, (c) the p-keto acids 

undergo decarboxylation to generate methyl ketones and (d) the methyl 

ketones are reduced to yield secondary alcohol (Hawke, 1966). Blue chaese 

flavours can be produced by submerged mycelial fermentation processes 

involving sterile milk or milk fat in its various forms. Such products are suitable 
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for incorporation into salad dressings, appetizers, dips, and products that can 

te incorporated into extended and baked snack toods. 

Two lipases are secreted by Penicillium roqueforti but only the acid 

enzyme is important in cheese ripe(ling (Menassa & Lambert, 1982). The 

addition of a commercial enzyme preparation trom Aspergillus spp. improved 

the rate of development and quality of flavour of Blue cheese. Concentrations 

of total carbonyls, monocarbonyls and methyl ketones were higher th an in 

control cheeses, made without enzyme addition (Jolly & Kosikowski, 1975b). 

Compared to Italian and Blue cheese, Cheddar, Swiss and Dutch cheese 

undergo very low levels of lipolysi3. It has been claimed that the addition of 

rennet paste, pre-gastric esterase, and gastric lipase improves the flavour of 

Cheddar cheese and several patents have been awaïded for such applications. 

Acceleration of Cheddar cheese ripening by the addition of various protease 

and lipases has been reported (Kosikowski & Iwasaki, 1975). 

Ttle white surface mould of Brie and Camembert cheese (Penicillium 

camembertl) is also lipolytic and produces methyl ketones by oxidation of the 

fatty acids released. The major products of ils action on milk lipids are 2-

non anone and 2-undecanone. Sodium laurate inhibited mycelial growth in a 

model system containing milk lipids but extensive synthesis of 2-undecanone 

occurred. Oleie acid was less inhibitory and mostly 2-heptanone and 2-

nonanone were produced (Okumura & Kinsella, 1985). 

Surface smear-ripened chesses such as Umburger or Romadur develop 

a characteristic red-brown growth of Brevibacterium Iinens which produces 

both proteolytic and lipolytic changes (Chapman & Sharpe, 1981). However, 

lipases trom yeasts are also involved in ripening of !.Jmburger cheese, and trom 

milk fat Candida mycoderma lipase produced more lauric, myristic and 

palmitoleic and less stearic acid th an did Debaryomyces kloeckeri lipase 
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(Hosono & Tokita, 1970). 

The role of Iipolysis is more difficult to assess in chaeses whera ripening 

does not involve the growth of moulds. Howevar, volatile fatty acids are 

responsible for part of the characteristic flavour of hard and semi-hard chesses 

(Law, 1984a) and their concentrations increase du ring Cheddar choeso 

maturation due to esterase and lipase activities of the milk flora and starter 

streptococci (Stadhouders & Veringa, 1973). Fryer et at. (1967) dotocted woak 

lipolytic activity in 56 strains of lactobacilli, pediococci and leuconostocs. Wsak 

lipolytic activity has also been shawn for Streptococcus therrnophllus, 

Lactobacillus helveticus, Propionibacterium shermanii used in Swiss chooso 

manufacture (Paulsen et a/., 1980) and for Streptococcus cremoris, 

Streptocoecus laelis, Lactobacillus plantarum and Lactobacillus casei in 

Cheddar cheese manufacture (Umemoto & Sato, 1975). Suarez et al. (1984) 

found that strains of Lactobacillus plantarum and Lactobacillus casel trom 

Mahon cheese had moderate activity against p-naphthyl esters with C4 and Cs 

fatty acids, but low activity against that with C 14 fatty acid. Addition of food 

grade lipase trom Candida cylindracea increased the concentration of volatile 

free fatty acids and favorably increased the flavour intensity of American 

Cheddar cheese (Sood & Kosikowski, 1979b), although excessive lipase 

induced rancid off flavours. The effect of English Cheddar of incorporating 

lipase from Mucor spp. and esterase trom animal sources, both wlth and 

without a flavour enhancing proteinase, was studied by Law & Wigmore (1985). 

The lipase and esterase were shown, by their reactlon with different esters of 4-

methylumbelliferone (Stead, 1983), to have speciticity for different chain length 

fatty acids, but none, even of addition produced lipolytic rancidity (Law & 

Wigmore, 1985). Frick 3t al. (1984) found that addition of lipase from Aspergillus 

oryzae ta Colby cheese curd resulted in typical aged Cheddar flavour. This 
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enzyme released longer-chain fatty acids than did another unspecified lipase 

(Miles 600) which produced a Romano type flavour and was less active at low 

temperature. 

Microbial lipase from an unspecified source has been used successfully 

in the ripening of Feta cheese provided that its concentration was low enough 

to avoid excessive gensration of volatile fatty acids (Mahmoud & Kosikowski, 

1980). Nasr (1983) reported accelerated flavour development in Romi cheese to 

which a commecrcial fungal esterase-lipase preparation (Piccantase) had been 

added. Addition of Mucor miehei lipase in the manufacture of Ras cheese 

produced an increase in volatile tree fatty acid on storage, but the effect on 

flavour was not reported (Soliman et al., 1980). However, Hagress et al. (1983) 

added Piccantase in the manufacture of this variety and reported that increased 

volatile tree fatty acids on ripening was accompanied by a development of 

rancidity. 

Cheddar cheeses were organoleptically preferred when gastric lipase 

preparations were il1c1uded in their manufacture. Increased free fatty acid 

production and flavour intensification resulting trom addition of lipase 

preparations have beel1 reported for Feta cheese (Efthymiou & Mattrick, 1958), 

Domiati cheese (El Neshawy et al, 1982), and Cephalotyre 'Ras' cheese (Abdel 

Baky,1982). 

Il. Current application of esterase-/ipase in the food industry 

Strongly flavoured cheese is produced by adding protease and lipase 

mixtures to the scalded curds and then cu ring at 10-2SoC for 1-2 months. The 

ratio of esterase:lipase activities should be two or three to one. Over treatment 

results in excessive dev'310pment of methyi ketones in the cheese, especially 2-

heptanone and 2-nonanone. Concentrated cheese flavourings are produced by 
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the rapid modification of sJurries of milk solids or casein, various fats, and 

emulsifiers (Godfrey, 1983). Effective from August 13, 1974, enzyme-modified 

cheese became an acceptable option al ingredient in processed cheese, 

processed cheese food, or process cheese spread_ 

Blue cheese is useful as an additive ta salad dressmgs or as a clleose 

dip. As a cheaper alternative to the naturaJ cheese, Jolly & Kosikowskl (1975a) 

have developed a 'Blua chaese food'; fat in the form of pasteurizod heavy 

cream, plastic cream or coconut fat was incubated with food grade lipase fram 

Aspergillus oryzae and with spores of Penicillum roqueforti. A culture of 

Streptococcus lactis or Streptococcus cremoris was added ta produco acidily 

and the partly lipolysed fat concentrate was then added to skim milk 

concentrated by ultrafiltration. The final product had a smooth, creamy texture, 

and also had the flavour and aroma characteristic of good quality Blue cheese. 

Several processes for using microbial lipases to produce chessy and 

buttery flavours for incorporation into baksry products, cereal product, 

confectionery and imitation dairy products have been described (Seitz, 1974; 

Arnold et al., 1975; Oziezak, 1986). In a recent patent application process, 

Boudreaux (1985) used Candida /ipolytica as a source of lipase/proteinase, and 

two strains of lactie acid producing bacteria to ferment different media. The final 

product was dried or concentrated, and used as a chee se flavour. Lipase from 

Rhizopus de/emar also produced buttery flavours on incubation wlth fresh milk 

or cream (ff3nabe Seiyal<:u Cao Ltd, 1971 a) and has been used in Japanese 

yogurt production (fanabe Seiyaku Co. Ud, 1971 b) both to accelerate the rate 

of fermentation by LactotJacillus acidophilus and to produce a butter-like aroma 

when Lactobacillus bulgaricus was used in the fermentation. 

An exciting development in the new focus on enzymes that can be used 

in the mainstream of oilchemical processing. Three ~ey areas with potential for 
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improvement by enzymology are fat splitting for fatty acid production, lipid 

synthesis via reversai of hydrolysis and lipid modification by ester interchange 

or interesterification (Posorske, 1984). While none of these applications are yet 

commercial, each currently is the focus of intense investigation. 

Currently available suppliers of lipase preparations and their known 

properties are given in Tal)le 2. A listing of the suppliers of f1avoui iilgredients 

was also compiled to show over 60 companies in the US alone. 

c. APPLICATION OF NOVEL ESTERASE-LIPASE FROM 

LACTOBACILLUS CASEI SUBSPECIES 

1. Classification of Lactobacilli 

The species of the genera Lactobacillus, Leuconostoc, Pediococcus 

and Streptococcus form a supercluster within the so-called clostridia sub

branch of the Gram-positive bacteria, as shawn by oligonucleotide cataloging of 

their 16S rRNA (Stacl<ebrandt et al., 1983). Bifidobacteria, already excluded 

fram the family Lactobacillaceae in Bergey's Manual (Kandler & Weiss, 1984), 

have proved ta be completely unrelated ta lactobacilli. They belong to the so~ 

called actinomycetales sub branch of the gram-positive bacteria. 

The species of Lactobacillus are arranged into the tradition al three 

groups resembling Orla-Jensen's three genera withGut designating them as 

formai subgen9fic taxa since they do not represent phyiogenetically defined 

cl!Jsters. Although the majority of strains of each of the new groups agree with 

the original definition of thermobacteria, streptobacteria and betabacteria, many 

of the recently described species do not fit these definitions. Hence, the 

following new definitions contain neither growth temperature nor morphology, 

the classical characteristics of Orla-Jensen's subgenera. 
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Table 2. Some companies that supply lipases and characterlstics of the 
available enzymes (Kil ara, 1985) 

Comp.my form Address Country Enzvme 
supphcd 

Amona Pharm,jceu!lcal Co 1·21·Chome. Nlshll..l. J,jp,jn 
Nal..a Ku. 

Chr Han~en Labora!ortc~ 3·Sanl..! Annac PIJd~. Denmarl.. LlpJ~C prcgaslnc C~!Cra5e Powder 
AIS DK·I2.S0 CopnehJgcn rrom IJrnb calr I..IlJ 
D .. urvlJnd Food 620 Prol!r::~, AI c: USA IIJIJ~c C (cJlr prcgJSIrIC Powdcr 
L,jboralOrle~ Waul..rsh,j. W15JIH7 e~lcra~e) Powdcr 

CJpalJ~c K (" Id) 
CJpJIJ'c L (IJmb) Powdcr 
CJpJIJ~c KL ("Id. 1.1mb) Powdcr 

Enz\ me DcvdopmcnI 2 Penn PI,jzJ. New Yor\... NY USA Enzeco Powder 
CorporJuon 10111 
Gn .. t - Broc,jdcs NV PO Bo)( 1. WJ!cnng~c.:wC!l. 1 HolIJmJ Plcean(J~C (run!!JI hpJ'c Powdcr 

Ddh·2fi()()MA eSler J~C trom WI/cor mlt~Ir(,11 
HUl!h,:sJnd HUl!h.:~ Elm~ (ndll~trlJI E~!Jlc. UK LlpJ~c (fungal hpJ~e c~lcrasc Powdcr 
(Enz) Lld - Church Ru . HJrold WOlld. rrom RII/;VpIl5 Urrll/:1Il1 

Romtord. E~~c~ 
\11 t..:, - KJh - Ch.:mlc 3 HJnnovcr·Kkcldd. H .. ln~· Fcdcr.1I Malc~ LJb\ \ub~ldl.lrv 10 
GmbH Bud. cr Alice 2U Po\lt.Jch Republu.ot Feuer JI Rcpublll: 01 Gan • .Jm 

(,90307 Gcrm.JnI 
\111<!~ LJborJlonc~ EII..hJrt IN ~1i51~ USA T JI..Jmlnc p.lOcrCJ!ll hpJ~c Powdcr 

T.ü .. Jmlnc "r.l~C glJIHJulJr Powdcr 
:"o~ Illndu~ln AIS NOIoAlkc.DK·2XIKI Dcnm.Jr~ Novolvmc 2Uc'! «(un!!.11 hp .. b<! LI4u1o..I 

BJg)IJcnJ C~h:r J~~ .. hfJt'rr.:"llIlllI~('n 
NOVlIlI m 2~ ( AnlmJI Powo..lcr 
phmphll"rJ~C A.) 

John Jnd E ~Iurgc LIU D.:nnl\on RJ Sclhv UK Llp,,,c A (lungJlltp.l>c, Powdcr 
North Yorl..~hlrc VOX ~EF c~h:r J\C ,hp .. rr.:tl1w 1II~ .. r 1 

~"'I~,Fermcnl Co VnUC\ICn'lr.",c 1.1~. SWllzcrlJnJ Nmn \ub"JI,jrv 10 
,u,56 BJ\el. IJ SWllzcrl.mo..l . 

T .... nJhc ~CI~ .. I\..U VIJ Slhcr He!!ner Bcnuolux J.lr· JO '\' 
BV P(Nhu,~I~ RlItICnJ.lfl1, HolI,mu 
WC\h:Nnl!\cclI07 

RohmCl1l\'lnc Rnhm Grn'hf~ ['n~lt.l.:h ~~.(!. Fct.Jcr.11 Llp.I\': prcp.lr.lllun ~~I~F Puwdcr 
Klr\lhen .. lIlcc. Rcruhhllli ( Func.11l 
D·IlIIKI·D.lrm\I.ldl 1 Germ.lIlv Llr.l':': pn:p.lr.lllun ~~I~C Gr.lOule, 

Amcrll.JO Enl\'mC Bm2,J-+4I. Bnll\n DCl.r WI USA 
~ hug p.mlrl .... ' \ 

C orpur.11I1 ln 532!.1 
ArnCnlJn L .... horJlImc~ ~J(lS 101 SI ,Om,lho NE USA Llp.l\c. P.III.:rl' .. IIIIl. 
Ine 1iH1~7 
,\ IIlmcrgll. ChcmctJh IINI FJlrchllJ Ale .. Pt.JIOVICW USA 

NY IIHU3 
BllIwn(US) Inl :!J*H P.llumhu Dr L..:'\rngwn USA 

KY ~150'J 
Fcrmeu Blochcmll,lnc :!UZLunt Dr El 1.. Gro .. c USA Fcrmhp.l~ (p.lIlI:rc:IIII:\ PlIwdcr 

VIIIJl!c./L O!Œ7 
FlOn·CJI PrmJulI\ Inl II~II M""lln AIt: USA 

S.ln Rdad. CA l)~l}O 1 
ScmUl LJhor,jl\lnc\ Inl. 39'iIlN HUlllln 'lireci. USA 

Mllw.lU!.cc. WI q~11 
Vlohln ClIrptlr,jlllln :!:!Il W LlvlOl!\wn 'II USA 

MlInlll.cllll. [Lhl.~'6 

• Dura III/Ul'Uliahlt' 

20 

pli Ttmllrr .1Iurr 

Opllmum opllmum 
(C) 
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ln group 1, obligately homofermentative lactobacilli: hexose are 

fermented almost exclusively to lactic acid by the Embden-Moyerhof pathway 

while pertose or gluconate are not fermented. Rare reports on pertose 

fermentation by particular strains of members of group 1 should be 

reinvestigated. Fermentation balances should be determined, in order to get 

information on the possible fermentation mechanism of such atypical strains. 

The type strains of the four former species, Lactobacillus delbrueckii, 

Lactobacillus bulgaricus, Lactobacillus lactis and Lactobacillus leichmannii, 

were found to possess between each other more th an 80% DNNDNA homology 

(Weiss et aL, 1983). 

ln group 2, facultatively heterofermentative lactobacilli: hexoses are 

ferrnented almost exclusively ta lactic acid by the Embden-Meyerhof pathway 

or, at least by sorne species, to lactic acid, acetic acid, ethanol and formic acid 

under glucose limitation; pentoses are fermented to lactic acid and acetic acid 

via an inducible phosphoketolase. Lactobacillus plantarum, Lactobacillus 

casei, Lactobacillus curvatus, and Lactobacillus sake are included in this group. 

ln group 3, obligately heterofermentative lactobacilli: hexoses are 

fermented to lactic acid, acetic acid (etranol) and CO2: pentoses are fermented 

to lactic acid and acetic acid. ln general, bath pathways involve 

phosphoketolase. However, sorne species which probably possess other 

pathways for carbohydrate breakdown but performing also a 

heterofermentation including the production of gas trom hexoses are tentatively 

also included in group 3. Lactobacillus bifermentans, Lactobacillus brevis, 

Lactobacillus fermentum, LactobaciJ/us divergens, and Lactobacillus 

viridescens are in this group (Kandler, 1984). 

A second complex of at least three genotypes is formed by the 

subspecies of Lactobaclllus casei. While the type strain and only two strains 
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originally designated 'L. zeae' (Kuzetnov, 1959) are related al a DNNDNA 

homology level of 80w 100 %, the majority of the strains of Lactcbacillus caseiw 

subspwcasei, Lactobacillus casei-subsp-pseudoplantarum and Lactobacillus 

casei-subsp-tolerans form a second genotype at a homology level of 80-100 % 

among each other, but with only 40 % homology toward the gonotype which 

contains the type strain. Strains of Lactobacillus casei-subsp-rharnnosus 

represent a third genotype which shares only 30-50 % homology with strains of 

the other two genotypes. Because of the low DNNDNA homology, and distinct 

phenetic differences to other subspecies, Lactobacillus caselwsubsp

rhamnosus is a candidate to be raised to the species status. The two othor 

subspecies, although closely related to Lactobacillus casei-subsp-casei are 

distinctly phenotypically different trom LactobacJ/lus casei-subsp

pseudoplantarum by forming DL-Iactic acid via lactic acid racemase or tram 

Lactobacillus casei-subsp-tolerans by heat tolerance and an extremely sparse 

pattern of fermented carbohydrates (Stetter and KandJer, 1973). 

The differential characteristics of the group 2 specie~ of lactobaci/lus are 

indicated in Table 3 (Bergey's manual, Kandler & Weiss, 1986). 

Il. Application of Lactobacilli in Food !ndustry 

Lactobacillus play a key role in various food fermentation processes as 

weil as for the production of lact:c acid. The preparation of cheese, yogurt, 

fermented beverages, cured meats, pickles, and silage are examples of 

processes that utilize strains of lactobacilli. In ail types of chaese with ripening 

periods longer th an about 14 days, several mesophilic lactobacilli (L. plantarum, 

L. brevis, L. casei, etc.) originating trom the milk or the dairy environment, reach 

levels as high as 106-108/g cheese (Sharpe, 19ï9; Law,1982). The modification 

of flavour caused by the Lactobacillus strains used in culturing buttermilk, 
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Table 3. Physlologlcal and blochemlcal characterlstlca of the facultatlvely 
heterofermentatlve specles of the genus Lactobacillus 
(Bergey's manual, 1986) 

P~plldoglyc.n T~lcholc 
EIr-clrophorellC 

Allost~nc Mol% Lache acid S~I •• 
l~' BCld moblhly' 

L LDH G+C uomer(s)4 D WH L LOH 

L aelits rnDAP DIrect None 1 ~o 120 43~44 L 

L allmt'nlanus l.ys-uAsp None OBO 1 10 36~37 LID) 
L Pavarleus Lys-()A~p None 160 + 41~43 L 
L CIlS!" SUhhP ra~el Lys oA~p None 122" 093 + 45~47 1. 
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torquern 
L curvatus Lys-oAsp None 120 160 + 42-44 nL 
L homohlOch,i Lys-oAsp Glycerol ND ND 35-38 DL 
L maltaromlCUS mDAP Direct None ND ND 36 L 
L. murmw l.ys·oAsp None 092 + 43-44 L 
L plantarum mDAP-Dlrect Rlb:tolor 144 128 44-46 DL 

glycerol 
L Iooke Lys-oAsp None 120 1.60 + 42-44 DL 
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acidophilus milk, or San Pr~ncisco sour dough breact are obvious examples of 

flavour being changed by a Lactobacillus. In these products, the appearance 

also changes as a result of baeterial action as it does witn yogurt. The 

contribution that a fermentation may make to B-vitamin and free amino acid 

content is more s~btie (Kilara & Treki, 1984). The level$ of some essential 

amino aeids can be significantly raised by the fermentation proeess (kilara & 

Trt3ki, 1984; Newman & Sands.1984). 

ln cert::.in cases, Lactobacillus are used for the production of laetic acid, 

although th;s fermentation process competes with chemical synthesis. In a 

region rich in biomass or where a readily available source of fermentable 

material is available, Le., trom a large cheese operation, fermentation processes 

tor lactic acid are likely to be competitive with chemical synthesis (Kilara & Treki, 

1984). 

Anaerobie glycolysis of carbohydrates by lactobacilli results in the 

production of lactie acid which lowers the pH and discourages growth of other 

eontaminating microbes vpon subsequent storage (KandJer. 1984). Their use of 

carbohydrate substrates (;ompetitively contribute to their ability to retard 

spoilage (Kandler, 1984; Kilara & Treki, 1984). Sorne strains are known ta 

produce bacteriocins and possibly other specifie antimicrobials which may 

contribute to this effect (8arefoot & Klaenhammer, 1983). Lactobaci!lus starter 

cultures could be used to repress growth of pathogenic organisms in raw miJk, 

extend the shelf-life of cottage cheese and other dairy foods, sausages, ground 

beef and deboned poultry meat (Schroder et al., 1980; Lee & Simard, 1984). 

Probiotic affects are far mure difficult to document than the other 

applications. T.le controversy began in 1908 when Metchnikoff suggested that 

intestinal lactobacilli could play a role in the prolongation of lite as certain 

lactobaeilli are commensal colonizers of the human and animal gastro-intestinal 
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epithelium (Chassy, 1986). However, their exact raie and function are hard ta 

define. But it is believed that they can secrete enzymes such as lactase which 

might facilitate lactose digestion in less tolerant individuals (Goldin & Gorbach, 

1984). Lactobéldlli have the potential ta metabolize dietarv cholesterol. Strains 

of lactobacilli have been shown ta detoxify potential -::arcinogens while 

compounds with anti-tumor activity have been iso!atea trom others. The total 

affect on prolongation of life or enhancement of human health by lactobacilli is 

far from firmly established. It is tempting ta believe that lactobacilli do us no 

harm, and that they may weil have a positive effect on lite. 

III. Production and Characterization of esterase-lipase trom Lactobacillus 

casei subspecies 

Both modern and traditional methods for the manufacture of Cheddar 

agad longer than three months rely upon the chance presence of lactobacilli ta 

facilitate the latter stage of ripening. Consequently it was proven (Lee et al., 

1986) that the lactobacilli produce greater range of enzymes than do the 

streptoc0cci starter and the enzymatic apparatus (peptidase and esterases) are 

seen to be responsible for the development of desirable flavours. Lactobacillus 

casei groups (L. casei subsp. casei, L. casei subsp. pseudoplantarum and L. 

casei subsp. rhamnosus) were found to be more active in various peptidases 

and esterases activities than any other lactic acid bacteria. 

Further studies in pilot scala (Laleye et al., 1986) demonstrated that the 

use of Lactobacilli casei in conjunction wlth the starter streptoc:ocd shortened 

the ripening period from 10 to 4 month, with an improvement in Ctl€:ddar flavour 

and elimination of the gas encountered by heterofelmentative lactClbacilli. 

Upolysis along with lactose hydrolysis and proteolysis represents the 

major biochemical changes occuring during cheese ripening. Although a great 
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deal of attention has given to their enzymatic activities responsible for lactose 

and peptides degradation, very little informations are available as far as lipolytic 

and esterolytic systems are concerned. The prcposed research involves the 

investigation of two key sets of enzyme, namely esterases-lipase and 

peptidases trom selected Lactobacillus casei subspecies in order ta devolop 

enzyme-modified cheese (EMC) and accelerated-ripened cheese (ARC). Initial 

screening of about 25 strains of various starter cultures clearly exhibited that 

Lactobacilli possess for more numbers and hîgher concentrations of estorases 

and peptidases than the most commonly used starter strains of Streptococcus 

lactis and Strepiococcus cremoris (Lee et al. 1986). Further screening of 20 

strains of the LactobacU/us casei group using a novel method of micro enzyme 

(APIZVM method) and synthetic substrates showed that sorne strains of 

Lactobacillus casei-subsp:'casei, Lactobacillus casei-subsp-rhamnosus, and 

Lactobacil/us casei-subsp-pseudoplantarum possess the highest peplidase 

and esterase activities. Final selection of best three strains was done by 

quantitative determination of concen(rations of these enzymes using 

chromogenic substrates. Hence the crude cell-free ex1racts of these strains 

have been partially characterized for their specificities in our laboratory. 

These extracts when added to young cheese slurry showed strong 

desirable cheddar cheese flavour within 2 days without bitterness and rancid 

off-tlavor. Although sorne studied the cnsJe enzymes (esterases and 

peptidases) of different lactobacilli strains (El Soda et al., 1986a & 1986b), very 

little information is available on enzyme systGms of LactobaciJ/us casei 

sUbspecies. 

Traditional proteolysis by commercial enzymes leads to the generation of 

bitterness in the hydrolysate limiting their use and commercial value. On the 

other hand, a new enzyme, debitrase containing proteolytic and peptidolytic 
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enzyme isolated trom starter cultures and lactobaci:li strains aIJows selective 

hydrolysis resulting in a non-bitter product and can achieve a high degree of 

hydrolysis. Aiso the long chain (C12-C1 EY fatty acids released by most 

microbiaJ lipases produce an unpleasant 'soapy' flavor detect, On the other 

hand lactobacilli esterase produeing alkanoic acids trom C4 to C 10 appear to 

impart cheese-Iike fJavours. This is why our interest beeame focused 

particularly on these enzymes in Lactobacillus casei subspecies. 

ln light of those information at hand, Genecor and Chr. Hansen 

laboratory developed a blended formulation of specifie lipase with a fungal 

protease, which is marketed as Flavor-Age-Fr. This alon9 with starter cultures, 

produces a high quality Cheddar flavour with a reduction in maturation time of 

approx. 60%. The other companies marketing similiar formulations are Impei al 

Biotechnology Ltd. (U.K.), Novo Industry Ltd. (Denmark), and Miles/Marshall 

(U.S.A.). Imperial Biotechnology Ltd. is marketing a blend of enzyme of dairy 

starter; Streptococcus lactis strain. However, Streptococcus lactis is not an 

active producer of peptidases and esteras es, as compared to Lactobacillus 

casei (Lee et al., 1986). 

Although Lactobacillus casei groups have been shown to produce 

strong esterase and esterase-lipase a~tivities besides various peptidases, their 

utility and specificities have not been studied yet. Therefore, the immediate goal 

of the proposed research is to produce esterase-lipase trom two selected 

Lactobacillus casei species. and to examine the properties of these enzymes. 
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MATERIALS AND METHODS 

1. Microorganisms 

The two strains investigated for this research were Lactobacillus casei

subsp-casei LLG and Lactobacillus casei-subsp-pseudop/antarum LE2 These 

strains were obtained from Agriculture Canade Food Research Centre (St

Hyacinthe, Quebec). These strains were initially isolated from a high quality 

Cheddar cheese. The cultures were maintained either on lactobacilli MRS agar 

(Difco Laboratories) or al -30°C in 20% (v/v) skim milk (Difco Laboratones) 

solution diluted equaUy with growth medium. These organisms were revived by 

two consecutive inoculations. 

2. Growth and preparation of cell extracts 

A loopful of Lactobacillus casei subspecies was transferred trom a 

freshly inoculated slant into 5 ml MAS broth (Difco Laboratories) and grown 

through successive pre-inoculum cycles. A portion (0.3 ml) of this pre-inoculum 

culture was then transferred to 300 ml of MAS broth (Difco Laboratonos) and 

were grown for 16h at 30°C. Ali incubations were conducted at 30°C on a 

water bath shaker (Versa-bath S Model 236, Fisher scienWic.) which was 

calibrated to 60 rpm. 

Ce Ils were harvested al the late logarithmic phase by centrifuging al 

10,000 9 for 15 min (Sorval! AC2-B, rotor GS, 4°C) and the pellet was washed 

twica with 0.05 M 50dium phosphate buffer (pH 7.1): it was th en suspended in 

10 ml of the same butter. The ceUs were subsequently disrupted by three 

passages through a French press (14,000 ta 16,000 psi, American Instrument 

Co. Ltd). The crude extract was centrifuged at 15,000 9 for 35 min (Sorvall RC2-

B, rotor 8834, 4 oC) and gave ri se ta a clear cell free extract. After 
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centrifugation, a portion of supernatent was passed through a P-D 10 column 

(Pharmacia) equilibrated with the same butter. The cells and supernatents were 

maintained at 4°C throughout the experimental procedure. 

The growth of the culture was followed by measuring changes in turbidity 

of the culture. Optical density measurements were initially read on a Ultrospec 2 

spectrophotometer (LK8 Biochrom. Ltd.). Ali measurement were read optical 

density at 600 nm. The spectrophotometer was previously blanked with sterile 

medium. 

3. Media 

The MAS broth (Difco Laboratories) was used as described by De Man et 

al. (1960). This medium consisted of Bacto protease peptone #3, 10 g; Bacto 

beef extract, 10 g; Bacto dextrose, 1 g; Tween 80, 1 ÇJ; Ammonium citrate, 2g; 

Sodium acetate, 5 g; Magnesium sulfate, 0.1 g; Manganese sulfate, 0.05g; 

Dipotassium phosphate, 2 g. The pH was near 6.5 after sterilizing. To 

rehydrate the medium, was suspended 55 grams of MRS in 1 liter deionized 

water, and heated to boiling ta dissolve completely and dispensed 300 ml in 

each 500 ml flask. Finally, It was sterilized in the autoclave for 15 minutes at 15 

pounds pressure (121 oC) , 

4. Chemicals 

Unless specifically listed, commercially available reagent analytical grade 

chem/cals were used. 

5. Protein assay 

Prctein was assayed by BCA protein assay reagent supplied with the 

systems (Pierce chemical Co. Rockford. Il). The Pierce BeA protein assay 

, 
') 
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reagent is a highly sensitive reagent for the spectrophotometric determination of 

protein concentration (Smith et al., 1985). This unique system combines the 

weil known reaction of protein with Cu2+ in an alkaline medium (yielding Cu 1 +) 

with a highly sensitive and selective detection reagent for Cu1 +. namely 

bicinchoninic acid (BCA). 

Bicinchoninic acid (BCA), in the torm of its water soluble sodium salt, is a 

sensitive. stable and highly specifie reagent for cuprous ion (Cu 1 r)3. This 

attribute is utilized to assay urie acid and glucose-substances capable of 

reducing Cu2+ to Cu 1 + . 

The BCA protein assay reagent combined the weil known biuret reaction 

(protein reaction with Cu2+ in an alkaline medium to produce Cu 1 +) wlth the 

unique features of BCA (Fig 1 a). The purple coloured reaction product which 

was formed due to the interaction of two molecules of BeA with one cuprous ion 

(Cu 1 +), was water soluble quantitation of protein in aqueous solutions. 

A set of protein standards of known concentration was preparcd by 

diluting a stock solution of BSA (Bovine Serum Albumin) in the same diluent as 

testing samples. The set of protein standards should covered tho range of 

concentrations suitable for the assay (Table 4). 0.1 ml of each standard and 

testing samples were pipetted into the appropriately labelled test tube. 0.1 ml 

of diluent was used for blanks. BCA worl<ing (2.0 ml) reagent was added to 

each tube and mixed weil. Ta prepare BeA protein assay working reagent, 50 

parts of reagent A (Sodium carbonate, sodium bicarbonate, BCA detection 

reagent and sodium tartrate in 0.1 N NaOH) was mixed with 1 part of reagl1nt B 

(4% copper sulfate solution). This working reagent was prepared fresh the day 

which planned to use it, but was stable for 1 week at room temperature. After 
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Table 4. preparation of appropriate dilutions of the stock 
standard for using at 37°C for 30 min. 

Volume of BSA 
(2mgjml) 

0.10 ml 
0.20 ml 
0.30 ml 
0.40 ml 
0.50 ml 
0.60 ml 
0.70 ml 
0.80 ml 
0.90 ml 
1.00 ml 

0.90 ml 
0.80 ml 
0.70 ml 
0.60 ml 
0.50 ml 
0.40 ml 
0.30 ml 
0.20 ml 
0.10 ml 
0.00 ml 

Final Cone. of 
Cal ibration std. 

0.:2 mg/ml 
0.4 mg/ml 
0.6 mg/ml 
0.8 mg/ml 
1.0 mg/ml 
1.2 mg/ml 
1.4 mg/ml 
1.6 mg/ml 
1.B mg/ml 
2.0 mg/ml 

----------------------------------------------------------



• 

Fig 1b. Standard curve of Bovine Serium Albumin (BSA) for BeA protein 

assay 

* Points are the averages of 3 replicates 
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incubation (30 min at 37°C), the absorbance of each tube was measured 

spectrophotometrically at 562 nm of each tube vs. water reference. A standard 

curve was then prepared by plotting the net (blank corrected) absorbance vs. 

protein concentration lFig 1 b). Using this standard curve, the protein 

concentrations for each unknown samples were determined trom the standard 

curve. 

6. Enzyme assay 

1. The total Iipolytic activity was determined by conventional titration 

method (Brockerhoff & Jensen, 1974) using Tween 80 (Sigma) and Tributyrin 

(Sigma) as substrate. A reaction medium consisted of 0.1 ml 5 x 10-1 M KCI, 1 

ml 5 x 10-3 M NaCI, 0.1 ml 1.2 x 10-3 M sodium deoxycholate, and 2 ml 1 x 10-3 

M CaC'2' Different concentrations of the substrates were added to the mixtures. 

The volume of the mixture was adjusted to 9.5 ml with distilled deionized water. 

The reaction was initiated by adding 0.5 ml of enzyme extract containing 20 mg 

protein/ml. After shaking at 180 rpm for 30 min at 3?oC (Versa bath S Madel 

236, Fisher scientific), the reaction was stopped by adding 10 ml of a 3: 1 mixture 

of diethylether/ethanol. The free fatty acids pmduced by the rcaction were 

measured by tîtration (Brinkmann digital buiret, Fisher scientific) against 0.01 N 

NaOH using phenolpthalin as an indicator. The specifie activity of lipase was 

expressed as milliequilJalents of fatty acid liberated / mg of protein / h. 

2. The esterase-Iipase activity was also evaluated spectrophotometrically 

using a mixture of p-nitrophenyl derivatives of fatty acids (C2' C4' C6• Ca, C1 Q. 

C1~' C14; Sigma). This photometrie assay using p-nitrophenol as the substrate 

(Brandie & Zizer. 1973; Winkler & Stuckman, 1979) was modified as follows. 

The assay mixtures contained 1.8 ml 0.01 M phosphate butter (pH 7.1), 0.1 ml 

1.5 mM of p·nitrophenyl derivatîves of fatty acids mixtures (C2-C14) and 0.1 ml 
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Fig 2. Standard curve for determinatlon of p-nltrophenolln measurement of 

lipolytic activity 

* Points are the averages of 3 replicates 
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enzyme solution (20 mg protein/ml) in a total volume of 2 ml. After shaking at 

180 rpm for 30 min at 370 C, enzyme activity was measured by absorbance at 

410 nm (Ultraspec 2, LKB bk/chromo Ltd). One unit of enzyme activity was 

detined as the enzyme necessary to release 1 umol of p-nitrophenol per min at 

37°C tram t"'e p-nitrophenol standard curve (Fig 2) and specifie activity of the 

enzyme was defined as enzyme units / mg protein. 

7. Enzyme purification 

A. Apparatus 

A Pharmacia FPLC (Fast Protein Uquid Chromatography) system was 

used. The FPLC system consisted of two P-SOO pumps, a V-7 injection valve, 

UV monitor with HA flow cell, a GP-250 gradient programmer, a Frac-100 

collector and a REC-482 recorder (Fig 3). In this systpm, the sample and eluent 

are not in contact with stainless steel, and no corrosion of the pump at high pH 

or in the presence of salts, with subsequent degradation of column 

performance, took place. Ali buffers were filtered through 0.22- m Millipore tilter 

and degased under vacuum before use. 

DEAE-Sepharose CL-68, prepacked Superose 12 HR 10/30, Mono Q HR 

515 columns as weil as the FPLC system were from Pharmacia Fine Chemicals 

(Uppsala, Sweden). 

B. Ion exchange chromatography 

Ta isolate esterase-lipase tram Lactobacillus casei-subsp-

pseudoplantarum LE2, FPLC system was employed with a Mono Q HR 5/5 

column (Sem x O.Sem). The column was equilibrated with buffer A (5 mM 

phosphate butter, pH 7.1). After running with buffer A, an elution gradient of 0-

100 % butter 8 (1 M sodium chloride in butter A) was performed autometically for 
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Fig 3. Photograph of the Fast Protein Liquid Chromatography (FPlC) 

system (Pharmacia, Sweden) 



28 min, then at 100 o/c. for 2 min. EI:ution was performed with a flow-rate of 1 

ml/min and 1 ml fractions were collected. The crude extract (500 1) was applied 

three times for ion exchange chromatography step. 

The DEAE-Sepharose CL-5E1 column (10cm x 1cm) equilibrated with 

butter A (5mM phosphate buff'Jr A, pH 7.1) was used for Lactobacillus casei

subsp-casei LLG lipolytic enzymes. After rinsing with buffer A for 10 min, the 

crude extract was eluted using a linear salt gradient of 0-1 M sodium chloride in 

buffer A for 5h, then at 100 % for 10 min. Elution was also performed with a flow

rate of 1 ml/min and 1 ml fractions wefi9 coll9cted. 

C. Gel filtration chromatograph}' 

The major esterase-lipase peaks obtained by ion-exchange 

chromatography on the Mono Q COlumn or DEAE Sepharose CL-5B were 

concentrated ta 1 mg/ml by ultrafiltration eX-30 (Millipore) and were applied to a 

Superose 12 HA 10/30 (30crr. x 1cm) equilibrated with 5 mM phosphate buffer 

(pH 7.1). The fraction collector peak cut-off was also set at 1 0 % of full scale 

detlection , the flow-rate at 0.5 ml/min and the fraction size at 1.0 ml. The 100 % 

full detlection of the UV monitor was usually set and absorbance of 0.2. The 

gradient programmer facilitates reproducible sepamtions, and the monitor and 

the fraction collector permit automated handling of large batches. 

D. Electrophoresis 

The purified enzyme fractions were subjected ta polyacrylarnide gel 

electrophoresis (PASE) and sodium dodecyl sulfate-polyacrylamide gel 

eiectrophoresis (SOS-PAGE) by using miniatturized "Phast" system (Pharmacia). 

The Phast system consisted of a separation and control unit, a 

development unit, high-performence Phast gel separation media, accessories, 
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and a technical support package (Fig 4). The schematic diagram (Fig 5) 

iIIustrated the steps involved in producing a finished electrophoresis gel using 

Phast system with PhastGel separation media. 

PhastGel gradient 8-25 polyacrylamide gel (Pharmacia) was used for 

native-PAGE and SOS-PAGE. This gel had a 13 mm stacking gel zone (4.5% T, 

3% C) and a 32 mm gradient gel zone. Gel contained a continuous 8 to 25% 

gradient gel zone with 2% crosslinking. The butter system in the gel was of 

0.112 M acetate and 0.112 M Tris, pH 6.4. The butter system in PhastGel native 

butte .. strips was of O.8H ~~ L-alanine and 0.25 M Tris, pH 8.8. The buHer strips 

were made of 2% Agar03e IEF. The ui..:!fer sy~!8m in PhastGel SOS buffer strips 

was of 0.20 M tricine (trailing ion), 0.20 M tris and 0.55% SOS (analytical grade), 

pH 7.5. The butter strips were made of 2% Agarose IEF. 

For SOS-PAGE sample preparation, 2.5% SOS and 5.0% p-

mercaptoethanol were added to the sample, heated at 100°C for 5 min, and 

added bromphenol bille to approximateiy 0.01 %. Any insoluble mate rial was 

removed by centrifugation 10 prevent streaklng patterns in the developed gel. 

The coomassie staining technique was used for detecting proteins in 

PhastGel separation media using PhastGel Slue R. PhastGel Blue R i~ a 

coomassie R 350 dye in readily soluble tablet form. Staining solution was 

composed of 0.1 % PhastGel Blue R solution in 30% methanol and 10% acetic 

acid in distilled water. 30% methanol and 10% acetic acid in distilled water 

(3:1 :6) was prepared for dostaining solution which was prepared al least 400 ml 

enough to fill the chamber three tlmes. Preserving solution consisted of 5% 

glycerol and 10% acetic acid in distilled water. This solution would help to keep 

the gradient gels flexible and resistant to cracking. These solutions were 

prepared fresh the dély which planned to use it and dld not recycle these 

solutions. 
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Fig 4. Photograph of the PhastSystem (Pharmacia, Sweden) 



Flow diagram for PhastSystem 

Separation and Control Unit 

Place 1 or 2 gels on 
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Total hm 

or 

SpecIfie detectlon via 
conventlonal methods e.g. 
zymagrams. autoradlagraphy 

3 min. 

3 min 

2D-45 min 

l 
e 26-50 min. 

Development Unit 

Place gel(s) ln 
development chamoer 

Select a programmed 
development method 3nd 
press the SIJr1 but10n 

1 

when alarm sounds 

remove the gel(5) 
and analyze the results 

Total tlme = 

The tlme Intervals hsted above will depend on the technrque that IS run 

Fig 5. Flow dlagram for PhastSystem 
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Phast system automatically adjusted the current and power so that two 

gels would run under the same conditions according to programmed method. 

Tables 5 and 6 showed the running conditions for native-PAGE and SOS-PAGE. 

The programmed development method shown in Table 7 was for the native

PAGE wlth PhastGe/ gradient 8-25, while the program in Table 8 showed the 

deve/opment method file for SOS-PAGE with PhastGel gradient 8-25. Native

PAGE gels took about 10 min longer to destain than SOS-PAGE gels. 

Relative molecular weights were estimated by SOS-PAGE using high 

molecu/ar weight proteins kits (Album in, Lactate dehydrogenase, Catalase, 

Ferritin and ThyroglobulJn; Pharmacia) as references. 

The gel obtamed trom Phast system was scanned by a densitometer 

(Beckman Model COS-200, BREA, CA), and the migration distance of the 

standards and the proteins of interest. Their corresponding Rt(Relative 

Mobi/ity) values were then measured. After a calibration CUNe by plotting Rf vs 

log mo/ecular weight for the calibration proteins was constructed, the molecular 

weights was determined by position of its Rf value on the calibration CUNe 

(Manual of calibration kits for M.W. determination using electrophoresis, 

Pharmacia) 
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Table 5: OptImized method for natIve-PAGE ln 

PhastGel gradIent medm to prog-ram lnto the separa
t;.on method file of PhastSystem 19lven as method 11. 

SAMPLE APPL DaWN AT 1 2 0 Vh 
SAMPLE APPL UP AT 1.2 2 Vh 

SEP 1.1 
SEP 1.2 
SEP 13 

400 V 
400 V 
400 V 

100 mA 
10 mA 

100 mA 

25 W 
2.5 W 
2.5 W 

10 Vh 
2 Vh 

268 Vh 1 

1 ThiS 15 based on runs uSlnr. commerclalh prepared and crude 
extract protems l'ou mlght have tu adJusl thls lime la SUit your 
applicatIOn. 

Table 6.' UptImlzed method for SDS-PAGE with 
PhaslGel GradIent R-25 to program into the separa
tIOn method fi le of PhastSystem tg] ven as method 2) 

SAMPLE APPL DaWN AT 2 1 
SAMPLE APPL. UP AT 2.1 

SEP 2.1 
SEP 2.2 

250 V 
~n ,/ 
~ ~ . 

10.0 mA 
o 1 mA 

1 Vh 
10 Vh 

3.0W 
0.5 W 

1 ThiS IS baseà on runs usmg commerclally prepared and cr.1de 
extract protems You mlght have ta adJust thls Ume to SUit your 
application The run should be stopped when the trackmg dye 
reaches the anode buffer stnp. 

2 ThiS 5tep IS optlOnal Its purpose IS to 1 educe the nsk of protems 
mlgTatm!! off the gel should you miss the alann that marks the end 
of the method (after step ll. 
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Table7 Coomussle stammg method for Il,ltlve-PAGE \'dth PhastGel gradIent media to progrum into the 
dévelopmenl method file 

SICp 

number SolutIOn IN-port OUT-port TmU' 1 emperature 

1 Stam 0 7 min 50"C 
2 Destam 2 010r4)1 1 mm 50"e 
3 lJestulIl 2 Ulor41 10 mm 5u'e 

4 l>estam 2 Olor41 15 mm 50°C 
5 Preservlng 3 0 15 min 500 e 

solutIOn 

1 The deslalOlnll solutIOns III steps 2, 3, and" can be liltered throuch acll\'ated charcoal and rec) cled 3 to" limes Use oui-pori 4 10 colleet 
the solutIOns for reC}'chng 

Table 8 . Coomnssie staming melhod for SDS-PAGE wlth PhastGel gradient media ta program intothedevelop. 
ment method file. 

Step 
number Solution IN-port OUT-port Time Temperature 

1 Stam 1 0 8 min 500 e 
2 Destam 2 ()(or4)' 5 min 500e 
3 Destam 2 O(or4) 8 min 50De 
4 Destam 2 0(or4) 10 min 50c e 
5 PreservÎng 3 0 5mm 50De 

solutIOn 

1 The destalnlllg ~ollltions ln steps 2. 3, and" Coln be filtered lhrough acllVllled charcoal and recycled 3 ta 4 tlnles lise out·port 4 ta collect 
the solutions for recychng 

, . 

~ 
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RESULTS 

A. Production and characterizaticn of esterase-lipase from 

Lactobacillus casei-subsp-casei l..l.G 

1. Lipase production during grcwth of L. case/-subsp- case/ LLG 

The time course of esterase-lipase production from L caset-subsp-caso/ 

LLG in Fig 6a and 6b showed that the maximal lipolytic activity was detected 

after 16 h of incubation at the late logarithmic phase, and it decreased when the 

strain entered the stationary phase. The samples were taken at 2 hour intorvals, 

assayed for cell protein and the enzyme activities using two assay method 

Cells were completely disrupted by three passages through a French press, 

which was confirmed by cell protein assay as weil as by microscope. No 

significant differences in lipolytic actlvity were observed between the tltratlon 

method and the chromogenic substrate method 

2. Properties of esterase-lipase 

Varying quantities of partially purified cell extract, containing 20 mg 

protein/ml were added to assay mixtures. Free fatty acid (m Equiv.) or increased 

0.0 at 410 nm usir:g chromogenlc synthetic substrates was not dlrectly 

proportional to enzyme concentration (Fig 7a). Similar plots were seen when 

activities were plotted against tlme of incubation using constant enzyme 

concentration. Cell extracts and incubation times were IImited to 0.02 ml (0 4 

mg protein) and 30 min, respectively as the assay was linear for the activity An 

increase in the substrate concentration in the as say resulted in a considerable 

increase in the amounts of FFA equivalents released per unit tlme (Fig 7b) 
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Substrate inhibition was noted at concentration exceeding 0.1 ml of 1.0% Tween 

80. The optimum pH of the enzyme at 370C was found to be around pH 7.2 but 

the enzyme was stable above pH 7.0 (Fig 7e and 7d). ;,Ithough there was a 

sharp decrease in aetivity after 500 C, the enzyme was stable at room 

tempe rature for at least 2 days. 

3. Purification of esterase-Iipase 

A representative pUrification profile is presented in Table 9. Esterase-lipase 

from L casel-subsp-casei LLG was purified approximately 67 fold over the 

crude extract and obtained in 61 % yield with ion-exchange and gel-filtration 

steps. The repeated cycles gave weil reproducible results. The prot8in fractions 

collected trom Sepharose column were resolved into four major peaks, but 

lipolytlc actlvlty was present in two major peaks, the most important one being 

the third eluted (Fig 8). It appears that esterase-lipase represents a very low 

proportion (Iess than 3%) of the proteins present in the crude preparation, but 

the specifie activlties of these enzymes were quite high. When the two major 

active fractions were furthcr subjected to gel filtration co!umn, the proteins were 

resolved into five major peaks (Fig 9). The er.zyme aetivity was present in three 

major peaks. the most important one being specifie for butyrate (C4), and the 

others for eaproate (C6) and capryate (CS), respectively. Sorne contaminating 

activitles such as C6' Ca and Ct 0 were present in the esterase activity. 

Although crude extl aets contalned the other activities on C2 and C10 

substrates, these activities could not be detected in any fraction. After 

purification esterase-lipase seems to be practieally pure at this step, as only 

one band was detocted fram eaeh fractions by both PAGE and SOS-PAGE 

loaded with concentrated sZ!mples (Fig 10 and 11). Tne molecular weights were 

320 K Dalton for butyrate-esterase. 110 K Dalton for caproate-esterase, and 40 
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K Dalton for capryate-esterase, respectively. 

4. Effect of metallic ions and some compounds on the lipolytlc 

activity 

A mixture consisting of 0.1 ml of the partlally purified enzyme solution and 0.1 ml 

of metallic ions or sorne compounds (final concentrations indicated) was 

incubated for 30 mir. è.t room temperature, and the enzyme activlty was 

measured under standard conditions. Ag+ and Hg2+ strongly inactivated lipase 

activity, while Mg2+, Ca2+, and mercaptoethanol stimulated enzyme activity 

(Table 10). 

5. Effect of substrate concentration for enzyme kinetics 

The effect of substrate concentration on the rate of release of p-nitrophenyl 

derivatives of fatty acids was investigated. The concentrations of substrate 

ranged from 0.3 to ~.5 mM, and the enzyme assay was done by the standard 

assay procedure. The apparent Michaelis-Menten constant (Km) and maximum 

velocity (Vmax) for the enzyme were calculated from a Lineweaver-Burk plot ta 

be about 76 umol!min/mg and 0.57 mM, respectively (Fig 12). 
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Fig 6a. Growth curve of Lactobacillus casei-subsp-casei LLG using the 

semilogarithmic drawing paper 

* Strain LLG was grown in 300 ml of MRS broth. Cell growth was measured 

by optical density at 600nm 
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Fig 6b. The time course ot esterase-lipase production trom Lactobacillu:: 

casei-subsp-casei LLG. Strain LLG was grown in 300ml of MRS 

broth. Samples are taken at 2h intervals and assayed for cell 

mass (.), cell protein (+), enzyme activity by titration (.A), 

enzyme activity by chromogenic synthetic substrate (+) 

* Protein was measured by BeA protein assay using 8SA standard curve 

* Enzyme activity was expressed as milliequivalents of free fatty acid 

Iiber~ted per ml for conventional titrâtion method 

* Enzyme activity was defined as the enzyme necessary te release 1 ume! of 

p-nitrophenol per min per ml from the p-nitrophenol standard curve 
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Fig 7a. The effect of enzyme concentration on esterase-lipasa a~tivity with 

1.5 mM p-nitropher:'0l hydrolysis from Lactobacillus casei. 

subsp-casei LLG 

1< Partial!y purified enzyme extracts containing 20 mg protein/ml added 

to assay mixture (0-4 mg of protein/O-O.2 ml of cell extract) 

1< One unit of enzyme is defined as the enzyme necessary 10 release 

1 uMol of p-nitrophenol per min at 37°C from p-nitrophenol standard curve 

... Points are the averages of 3 replicates 
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Fig 7b. The effect of substrate concentration on esterase-lipase activity 

tram Lactobacillus casei-subsp-casei LLG 

'" Partially purified enzyme extracts containing 20 mg protein/ml added 

ta assay mixture 

'" 0 to 0.2 ml of 1.5 mM-p-nitrophenol added to assay mixture 

'" One unit of enzyme is defined as the enzyme necessary to release 1 uMol 

of p-nitrophenol per min at 37°C trom p-nitrophenol standard curve 

.. POints are the averages of 3 replicates 
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Fig 7e. The effect of temperature on esterase-lipase actlvity trom 

Lactobacillus casei-subsp-casei LLG 

* Partially purified enzyme extracts containing 20 mg protein/ml added 

to assay mixture 

.. 1.5 mM p-nitrophenol added to assay mixture 

1( One unIt of enzyme is defined as the enzyme necessary to release 1 uMol 

of p-nitropllenol per min from p-nitrophenol standard curve 

* POints are the averages of 3 replicates 
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Flq 7d. The effect of pH on esterase-lipase activity from Lactobacillus casei

subsp-casei LLG 

11 Partially puritied enzyme extracts containing 20 mg proteiniml added 

to assay mixture 

11 1.5 mM p-nitrophenol added ta assay mixture 

11 One unit of enzyme is defined as the enzyme necessary to release 1 uMol 

of p-nitrophcnol per min at 3 70 C tram p-nitrophenol standard curve 

" POints are the averages of 3 replicates 
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Table 9. Summary of the procedure for the purification of 
esterase-lipase of L. casei-subsp-casei LLG 

FRACTION 

1.CRUDE 
EXTRACT 

2.SEPHADEX 
G-25 

3.ION EXCH. 
1 
2 
3 

4.GEL 
FILTRATION 

2A 
2B 
2C 

TOTAL 

TOTAL 
PROTEIN 

(mg) 

40.0 

39.4 

16.1 
1.4 
2.6 

0.5 
0.6 
0.2 

TOTAL 
ACTIVITY 
(UNITS) 

1088.0 

1129.6 

53.2 
766.2 

412.0 
97.2 

157.4 

SPECIFIe YIELD 
ACTIVITY 
(UNITS) (%) 

27.2 100.0 

28.2 104.0 

3.3 4.9 
547.3 70.2 

824.1 37.7 
1.62.0 8.9 
787.1 14.5 

61..1 

FOLD 
PURIFI 
CATION 

1.0 

1.1 

0.1 
19.9 

31.9 
6.0 

29.2 
67.1 

* One unit of enzyme is defined as the enzyme neeessary ta 
release 1 uMol of p-ni trophenol per min at 37 0 C from p
nltrophenyl standard curve. 
* Specifie activity is defined as enzyme units per mg 
proteins. 

, 



Fig 8. The profile of Ion Exchange Chromatograph on a Sepharose CL-6B 

column with a gradient 1 M sodium chloride in 0.05 M phosphate 

buffer (pH 7.1) 

* Lipolytic activity = ......... . 

* Elution gradient of 1 M NaCI : ----------
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Fig 9. The profile of Gel Filtration Chromatograph on a Superose 12 HR 

10/30 column with 0.05 M phosphate buffer (pH 7.1) 

* lipolytic activity: ...•........ 
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Fig 10. The polyacrylamide gel electrogram of purification steps; 1. Hlgh 

molecular weight standards; 2 & 3. Different concentration of 

c:rude extracts; 4. Peak fraction after ion exchange 

chromatography; 5 & 6 & 7. Each specifie peak fraction after 

gel filtration chromatography 

* PhastGel gradient 8-25 polyacrylamide gel was used for native-PAGE and 

the coomassie staining technique was used for detecting proteins in 

PhastGeJ separation media using PhastGel Blue R 
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Fig 11. Molecular weight and localizatlon of esterase on SOS-PAGE; 1. 

Butyrate esterase; 2. Caproate esterase; 3. Capryate esterase 

* PhastGel gradient 8~25 polyacrylamide gel was used for SOS-PAGE and 

the coomassie staining technique was used for detecUng proteins in 

PhastGel separation media using PhastGel Blue A 
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Table 10. Effect of metallic ions and sorne compounds on the 
lipolytic activity of L.casei-subsp-casei LLG 

Compound 

Control 
AgNo3 
HgCl2 
EDTA 
Cuso4 
ZnCl 2 
Feso4 
FeCl 3 
Cysteine 
Mercaptoethanol 
MgS0 4 
CaCl 2 
COCl 2 

Concentration (mM) 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Relative activity(%) 

100.0 
15.4 
41.1 
84.5 

101. 0 
102.5 
108.1 
111. 2 
118.9 
122.0 
125.2 
126.3 
155.9 

* Mean of three replicate determinations. 



Fig 12. Double reclprocal plot of esterase velocity versus concentration of 

p-nltrophenyl chromogenic substrate in 0.05 M phosphate 

buffer (pH 7.1) 

* The apparent Michaelis-Menten constant (Km) and maximum velocity 

(V max) for the enzyme were calculated from a Lineweaver-Burk plot 
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B. Production and chracterization of esterase-lipase from Lactobacillus 

casei-subsp-pseudoplantarum LE2 

1. Esterase-lipase production during growth of L. casei-subsp

pseudoplantarum LE2 

A graduai increase occurred in production of the esterase-lipase during 

growth of L. casei-subsp-pseudoplantarum LE2 which was maximum at the late 

logarithmic phase followed by a slight decrease in the specifie activity of lipolytic 

enzyme in stationary phase (Fig 13a and 13b). To assay cell protein and 

enzyme activities, the samples were taken at 2h intervals. There was no 

significant diHerences in lipase activities between the titration method and the 

chromogenic substrate method. 

2. Propertles of estera se-lipase 

ln order to determine the optimum conditions for esterase-lipase assay, 

The effects of enzyme concentration, substrate concentration, temperature and 

pH were studied. Partially purified enzyme extracts containing 18.5 mg 

protein/ml were added to standard assay mixtures. TIle affect of different 

concentration of enzymes on p-nitrophenol hydrolysis in Fig 14a shows that 

activity increased in proportion to enzyme addition up ta 0.08 ml enzyme. The 

response of the enzyme ta increasmg concentration of the substrate is shawn in 

Fig 14b. Maximum activities were obtained at 0.1 ml (1.5 mM). The lipolytic 

activity in the standard assay mixture was maximal at 370C (Fig 14c) which was 

usod with the standard assay conditions for ail further studies. Although there 

was a sharp decrease in activity after 550 C (Fig 14c). the enzyme was stable at 

room temperature for at least 2 days. The optimal reaction for esterase-lipase 
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was near pH 7.1 and the enzyme appeared ta be stable above pH 7.0 (Fig 14d). 

3. Purification of esterase-Iipase 

A typical procedure for purifying esterase-lipase trom culture 

supernatants of L. casei-subsp-pseudoplantarum LE2 is summarized in Table 

11. This table shows that the enzyme was purified approximately 54 fold with a 

yield of 65 % trom the crude cell extract. The repeated cycles gave weil 

reproducible results. The protein fractions collected from Mono Q HA column 

were resolved into various peaks (Fig 15), but lipolytic activity was present ln 

only the second and third major peaks. Il appears that esterase-lipase 

represents a low proportion ot the proteins present in the crude preparation, but 

the specifie activity of this enzyme was quite high. When the two major active 

fractions were further subjected ta gel filtration column, the proteins were 

resolved into three major peaks (Fig 16). The enzyme activity was present in 

two major peaks, the most important one being specifie for butyrate (C4). and 

the others for caproate (C6) and capryate (CS). respectively. However second 

major peak showed mixed caproate (C~ and capryate (Ca) esterase activities. 

This fraction was further applied to a Mono Q HR 5/5 column and eluted with an 

NaCI gradient. Unlike the tirst eluate, this eluate gave the better resolution (Fig 

17). PAGE and SOS-PAGE using the "Phast" system of the purified enzyme 

fraction obtained 5howed a single protein band (Fig 18 and 19) with M.W :120 K 

Dalton for butyrate·esterase, 110 K Dalton for caproate e5terase, and 40 K 

Dalton for the capryate esterase, respectively. 

4. Effect of metallic Ions and sorne compounds on the IIpolytlc 

actlvlty 

Quantitative asse 55 ment of lipolytic activity affect was carried out by 

------------1 
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addition of metallie ions or some compounds in final concentration of 1 mM ta 

enzyme assay mixture and incubated for 30 min. Enzyme activity was assayed 

under the st,qndard conditions. The enzyme was inhibited by metallie ions sueh 

as Ag2+ and Hg2+, white Mg2+, Ca2+, C02+ and mereaptoethanol stimulated 

enzyme aetivity (Table 12). 

5. Effect of substrate concentration for enzyme kinetics 

The kineties of the release of p-nitrophenyl derivative of fatty aeids were 

studied on this partially purified enzyme. Incrementai substrate concentration 

trom 0.3 to 3.5 mM in 0.05 M phosphate butter were incubated in 37°C for 30 

min as deseribed in section of Materials and Methods. Fig 20 shows the 

reaetion veloeity expressed as moles of fatty acids liberated per min plotted 

against substrate concentration. The Km value was obtained aceording to a 

Uneweaver-Burke plot. The apparent Miehaelies-Menten eor,'stant (Km) and 

maximum veloeity 01 max) for this enzyme were ealculated ta be about 90 

umol/min/mg and 1.2 mM, respectively. 
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Fig 13a. Growth curve of Lactobacillus casei-subsp-pseudoplantarum LE2 

using the semilogarithmic drawing paper 

* 5train LE2 was gr~wn in 300 ml of MRS broth. Cell growth was measured 

by optical density at 600 nm 
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Fig 13b. The time course of estera se-lipase production from Lactobacillus 

casei-subsp-pseudoplantarum LE2. Strain LE2 was grown ln 

300 ml of MRS broth. Samples are taken at 2h intervais and 

assayed for cell mc:ss (.), cell protein (+), enzyme actlvity by 

titration (4), enzyme activity by chromogenic synthetic 

substrate (+) 

* Protein was measured by BeA protein assay using BSA standard curve 

* Enzyme activity was expressed as milliequivalents of free :atty acid 

Iiberated per ml for conventional titration method 

* Enzyme activity was defined as the enzyme necessary ta release 1 umole 

of p-nitrophenol per min per ml trom the p-nitrophenol standard 

curve 
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Fig 14a. The eflfect of enzyme concentr~ltlon on esterase-lipase actlvlty wlth 

1.5 mM p-nitrophenol hydrolysis from Lactobacillus casel-subsp

pseudoplantarum LE2 

* Partially purified enzyme extracts containing 18.5 mg protein/ml added to 

assay mixture (0-3.7 mg of protein/ 0-0.2 ml of cell extract) 

* One unit of enzyme is defined as the enzyme necessary to release 1 uMol of 

p-nitrophenol per min at 37°C from p-nitrophenol standard curve 

* Points are the averages of 3 replicates 
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Fig 14b. The effect of substrate concentration on esterase-lipase actlvity 

from Lactobacillus casei-subsp-pseudoplant,3rum LE2 

'if Partially purified enzyme extracts containing 18.5 mg protein/ml added to 

assay mixture 

'if 0 to 0.2 ml of 1.5 mM-p-nitrophenyl substrates added to assay mixture 

* One unit of enzyme is defined as the enzyme necessary to release 1 uMol of 

p-nitrophenol per min at 37°C fram p-nitrophenal standard curve 

* Points are the averages of 3 replicates 
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Fig 14c. The effect of temperature on esteraae-lipase actlvlty from 

Lactobacillus casei-subsp-pseudoplantarum LE2 

* Partially purified enzyme extracts containing 18.5 mg protein/ml added to 

assay mixture 

* 1.5 mM o~ p-nitrophenyl substrates added ta assay mixture 

* One unit of enzyme is defined as the enzyme necessary ta release 1 uMol of 

p-ni'rophenol per min at from p-nitrophenol standard curve 

* Points are the averages of 3 replicates 
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Fig 14d. The effect of pH on esterase-lipase actlvlty from Lactobacillus 

casei-subsp-pseudoplantarum LE2 

* Partially purified enzyme extrar~s containing 18.5 mg protein/ml added to 

assay mixture 

* 1.5 mM of p-nitrophenyl substrates added to assay mb,1ure 

* One unit of enzyme is defined as the enzym" necessary to release 1 uMol of 

p-nitrophenol per min at 37°C fram p-nitrophenol standard curve 

* Points are the averages of 3 replicates 
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Table 11. Summary of the procedure for the purification of 
esterase-lipase of L. casei-subsp-pseudoplantarum LE2 

FRACTION 

1.CRUDE 
EXTRACT 

2.SEPHADEX 
G-25 

3.ION EXCH. 
1 
2 
3 

4.GEL 
FILTRATION 

2A 
2B 
2C 
2D 

5.ION EXCH. 
3=2B+2C 

3A 
3B 

TOTAL 
2A+3A+3B 

TOTAL 
PROTEIN 

(mg) 

26.43 

25.96 

8.42 
3.20 
6.47 

0.30 
0.45 
0.47 
0.90 

0.29 
0.31 

TOTAL 
ACTIVITY 

(UNITS) 

689.81 

726.85 

620.37 

171.30 
122.69 
97.22 
39.35 

136.57 
118.06 

SPECIFIC 
ACTIVITY 

(UNITS) 

26.10 

27.99 

193.87 

570.98 
272.6:3 
206.86 

43.73 

470.94 
380.82 

YIELD 

( % ) 

100.00 

105.37 

89.87 

24.83 
17.79 
14.09 

5.70 

19.80 
17.11 

61. 74 

FOLD 
PUR:;:FIC 

ATION 

1.00 

1.07 

7.41 

21.83 
10.42 
7.91 
1.67 

18.00 
14.56 

54.39 

* One unit of enzyme is defined as the enzyme necessary to 
release 1 uMol of p-nitrophenol per min at 370 C from p
ni trophenol standard curve. 
* Specifie activity is defined as enzyme units per mg 
proteins. 



Fig 15. The profile of Ion Exchange Chromatograph or" a Mono Q HR 5/5 

column with a gradient 1 M sodium chlorlde ln O.05M 

phosphate buffer (pH 7.1) 

* Lipolytic activity : ••• - - - •. -

* Elution gradient of 1 M NaCI : --

)-



• Cclumn : Mono Q HR 5/5 1.0 11.0 M * Sample : 1 5 ml conlammg 27 mg protein crude extract 
* Eluent : 0 05 M phosphate buller + 1 M NaCl, pH 7.1 
* Flow raie: 1 mi/min 

• Detection: 280 nm - n 
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Fig 16. The profile of Gel Filtration Chromat.')graph on a Superose 12 HR 

10/30 co!umn with 0.05 M phosphate buffer (pH 7.1) 

li. lipolytlc activity: _ ••• - - - - _. 
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Fig 17. The profile of Re-Ioil Exchange Chromatographyfor separl'tlon 

caproat\1 actlvity and capryate actlvlty on a Mone Q HR 5/5 

column with a gradient 1 M sodium chloride ln 0.05 M 

phosphate buffer at pH 7.1 

* Lipolytic activity : - • - - - - __ • _ • _ 

* Elution gradient of 1 M NaCI : - - --__ _ 
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* Column ; Mono a HR 5/5 
* Sample : C6 & Ca mixed enzyme extract 
* Eluent: 0.05 M phosphate butter + 1 M NaCl, pH 7.1 
* Flow rate: 1 ml/min 
* Detection: 280 nm 
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Fig 18. The polyacrylamlde gel eiectrogram of purification steps; 1. High 

molecular welght standards; 2. Peak fraction after Ion 

exchange chromatography; 3 & 4 & 5. Peak fraction after gel 

filtration chromatography 

* PhastGel gradient 8-25 polyacrylamide gel was used for native-PAGE and 

the coomassie staining technique was used for detectlng proteins in 

PhastGel separation media using PhastGel Blue R 
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Fig 19. Molecular weight and locallzatlon of estera se on SOS-PAGE; 

1.Butyrate esterase; 2. Caproate esterase; 3. Capryate esterase 

* PhastGel gradient 8-25 polyacrylamide gel was used for SOS-PAGE and 

the coomassie staining technique was used for detectlng protelns in 

PhastGel separation illedia using PhastGel Blue R 
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Table 12. Effect of metallic ions and some reagents on the 
activity of L. casei-subsp-pseudoplantarum LE2 

Compound 

Control 
HgC12 
AgNO 3 
EDTA 
Cysteine 
ZnC1 2 
cuS04 
FeS04 
FeC1 3 
Mercaptoethanol 
COC1 2 
MgS04 
caC1 2 

Concentration (mM) 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Relative Activity (%) 

100.0 
12.3 
29.7 
83.6 

100.8 
105.9 
106.4 
109.7 
112.0 
118.4 
119.1 
129.3 
130.1 

-------------------------------------------------~----------* Mean of three replicate determinations 



Fig 20. Double reclprocal plot of esterase velocity versus concentration of 

p-nltrophenyl chromogenic substrate ln 0.05 M phosphate 

buffer (pH 7.1) 

* The apparent Michaelis-Menten constant (Km) and maximum velocity 

(V max) for the enzyme were calculated from a Lineweaver-Burk plot 
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DISCUSSION 

High intensity cheese flavour can be produced within days, by careful 

addition of selective enzymes to young cheese curd or me/ted cheese, which 

not cnly cuts the aging time and hence the production cost, but a/so 

significantly improves cheese quality. However, the commercial use of EMC 

and ARC is IImitec1, as the various atteMpts made to date by different 

commercial food grade enzymes olten develop bitterness and other off-tlavours, 

generally attributed to accumulation of bitter peptides, and due to excessive 

proteolysis and lipolysis. 

Wedk lipolysis by lacHe fiora, particularly lactobacilli app~ars to be an 

important mechanism contributing ta flavour development of cheese (El soda et 

al., 1986a and 1986b; Lee et al., 1986). However. very little information is 

avaiJable on the purification and characterization of enzyme system tram 

lactobaci"i. The investigated research dealed with the production, 

characterization of esterase-lipase trom selected Lactobacillus casei 

subspecies, for the!r use in the manufacture of dairy products having intense 

and unique fla\lour profiles such as enzyme-modified cheese (EMC) and 

accelerated-ripened cheese (ARC). 

It was proven by Lee et al. (1986) that the lactobacilli produce a greater 

rangs ot enzymes than do the streptococci starter and the enzyme apparatus 

(peptidases and esterase) are seen to be responsible for the development of 

desirable flavour. Lactobacillus casei group were found tC' be more active in 

various peptidase and esterase activities than any other lactic acid bacteria. In 

prelimînary experiment (Arora et al, 1989), various Lactobacillus casei were 

77 



screened for enzyme profiles by APllYM procedure. Lactobacillus casei 

strains. though vary in enzyme concentration, showed the typical enzyme profile 

of Lactobacillus casei subgroup. The strains exhib:ted mal1y desirable 

characteristic~ for its suitability towards cheese flavouring for EMC and ARC. 

These bacteria possessed weak proteinases, good galactosldases ( & B). and 

strong peptidase and esterase-lipas0 activities. The method was further 

explored for localization of thair enzymes in the cell. Ali aminopeptidases and 

most carbohydrases were intracellular in nature. Ne ft 1racellular enzyme was 

located and phosphatases were found ta be bound fa membrane. Since 

mechanical disintegration may reBult in dislodging loosely bound membrane 

enzymes, sorne enzymes exhibited activity both in cytoplasm and in membrane 

fraction (Arora et al., 1988). Lipolytic activity ot 20 strains divided into threo 

groups; Lactobaci/lus casei-sub8p~casei, Lactobacillus casei-subsp

pseudoplantarum and Lactobacillus casei-subsp-rhamnosus. Among these 

group, Lactobacillus casei-subsp-casei LLG, Lactobaclllus cAsoi-subsp

pseudop/antarum LE2 and L actobacillus casei~subsp-rharnnosus 895 showed 

the highest activity in their respective group. Ultimately, LLG and LE2 were 

selected for this study. 

Esterase-lipase production by microOïganism depends greatly on the 

growth phase and the incubation condition. In this study. the esterase-lipase 

from Lactobacillus casei subspecies showed maximum activity du ring the late 

logarithmic phase. The observation of similar growth rates for each strain of 

lactobacilli during IO:Jarithmic grow1h phase is in keeping with the concept that 

the production of enzymes is advantagecus to microorganisms only when 

nutrients become limiting, Le. du ring late log~~Îthmic phase or early stationary 

phase (Lawrence et al., 1967). As reported in this study for Lactobacillus casei 
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subspecies, lipase production by Brochothrix thermosphacta (Papon & Talon, 

1988), Acinetobacter (Breuil & Kushmer, 1975), Pseudomonas tragi (Nadkarni, 

1970) and Pseudomonas aeruginosa (Umemoto & Sato, 1975) is maximal 

during the logarithmic phase of growth and then decreases. Howp.ver, lipolytic 

activity of Lactobacillus casei subspecies were intracellular while lipolytic 

enzymes of lactic acid bacteria are generally cell associated (Oterholm et al., 

1970; Singh et ai., 1973). However, Oi et al \1967) and Iwai & Tsujisaka (1974) 

mentionad respectively three kinds of lipases in the culture supernatent fluids of 

Pennicillium crustosum and Rhizopus de/emer. 

The partially purified esterase-lipase trom Lactobacillus casei subspecies 

was most highly active on either Tween 80, Tributyrin or chramogenic synthetic 

substrate between 30 and 37°C, and within a broad pH range trom 6 to 9. 

Tributyrlglycerol or Tributyrin is a convenient substrate because it can be 

dispersed in water by shaking or stirring without the addition of emulsifiers 

(Jensen, 1983). The Tweens (esterified polyoxyethylene derivatives of sorbitan) 

al 50 were substrate for various microorganism (Nagata & Murata, 1972; Rudek, 

1978). However, many investigators had employed chromogenic substrate. 

Esterase releases an alcohol (phenol, eosin, umbelliferone, naphthol, etc) fram 

the chromogenic substrate which is determined directly by fluorimetry. This 

method using p-nitrophenol as substrats is very sensitive and many 

applications were reported in the literatures (Downey & Andrew, 1965; Brandie 

& Zizer, 1973; El soda et al., 1986b; Kamely et al., 1988). The optimal 

tempe ratures for esterase-lipase production vary from species to species but 

are otten close to tho optimal temperature for growth (Chander et al, 1977). 

However, with respect to temperature "optimum" most lipases are optimally 

active between 30°C - 40°C (Shahani, 1975). The pH optima of most microbial 
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lipases lie between 7 and 9 (Shahani, 1975; Law et al., 1976; Stead, 1986) with 

fewexceptions, which was confirmed in this study. Phosphate, NH40H-HCI 

and Tris have been the traditional buffers for esterase-lipa~9. The Good series, 

a group of zwitterionic buffers, are suitable for pH range of 6-8 (Good et al., 

1966) whereas Ferguson et al. (1980) mentioned 5 new zwitterionic buffers with 

pKa between 6.9-7.9, which appeared to be equal to or better than other buffers 

available. These optima of Iipolytic enzymes trom Lactobacillus case; 

subspecies agreed weil with those obtained by Streptococeus laetis (Kamaly et 

al., 1988), Lactobacillus (El soda et al., 1986b), and Micrococcus (Lawrence et 

al.,1967). The esterase-lipase trom Lactobacillus casei subspecies was stable 

at room temperatura and resistant to moderate heating. This has also been 

reported for other bacterial lipases (Chander et al., 1977), making them easy to 

handle du ring experiments and suitable for industrial applications. 

The ion-exchange Mono Q HR 5/5 or DEAE-sepharose (CL-68) and gel 

filtration (Superose 12 HR 10/30) columns using the FPLC system provided a 

rapid and reproducible procedure for the separation of different components of 

esterase-lipase complex of Lactobacillus casei subspecies. This study 

demonstrated the advantages of using FPLC to achieve enhanced resolution, 

reproducibility and processing time in the separation of different components of 

esterase-lipase complex. The use of convenUonal chromatography is time 

consuming and requires large amounts of matorial and is therefore less pratical 

for analytical work. No reports of the FPLC technique have yet been for 

separation of esterase-lipase complex. As shown by the results in Table 1 and 

3, excellent recovery and purification of esterase can be obtained by this FPLC 

technique. Previously, the FPLC technique has successfully been used for 

isolation of other enzymes (Markey, 1984; Buchwaldt et al., 1986; Johansen et 
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al., 1987). 

The number of components from the extracts that give esterase-lip.3se 

activity was unclear, but the data from the profiles of purification and activity 

showed the existance of three distinct enzyme proteins, thougth low C2 and 

C10 activities could not be purified. This might be explained by a deactivation 

of the enzyme du ring purification steps. 

The miniaturized "Phast" system also made it possible ta achieve high 

resolution and reproducible results with a minimum time and effort. In case of 

SOS-PAGE, it took approximately 1 h tram sa:nple ta result. The molecular 

weights of the esterase-lipase were estimated ta be at 320 K Dalton (Butyrate), 

110 K Dalton (Caproate), and 40 K Dalton (Capryate). The molecular weights of 

caproa!a-esterase and capryate-esterase were in agreement with those of other 

lipolytic enzyme tram StaphylococclJs aureus (Kotting et al., 1983; Rollof et al., 

1987). The molecular weights of butyrate-esterase weights fram Lactobacillus 

case; subspecies were remarkably higher than those reported for other lipolytic 

enzymes (Stuer et al., 1986). It may be dîmer or trimer because of relatively high 

molecular weights. But our experime:1tal condition did not show subunits of this 

enzyme. Lee et al. (1980) estimated molecular weights 172 K Dalton for calf 

esterase, 168 K Dalton for kid esterase, and 150 K Dalton for lamb esterase and 

Tomizuka et al. (1966) showed 120 K Dalton for Candida cylindracae lipase and 

Staphlococcus aureus lipase appeared 110 K Dalton, respectively. Those of 

carboxy-esterases tram horse, pig, and ox liver or pig kidney, which ranged 

between 150 t: Daiton and 168 K Dalton (Krisch, 1971). These results are 

agreed weil with caproate-esterase molecular weight (110 K Dalton) in this 

study. Caprylate-esterase (40 K Dalton) from Lactobacillu casei subspecies 

agreed very weI! with estimates for lipase of Rhizopus de/emar (Iwai & 

Tsujisaka. 1974), Toru/opsis ernobii (Yosl1ida et al., 1968), rat adipose tissue 
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(Downey & Andrews, 1965), and 42 K Dalton for pig pancreatic (Downey & 

Andrews. 1965). Although the profiles of the enzyme purification steps of the 

two Lactobacillus casei subspeices differed. the molecular weights of the 

purified enzyme showed the similar results. This might indicate that there is no 

significant differer,ce in profiles and evolution of esterase-Iipase at the 

subspe~ies level though the intensity of enzyme activity may differ. 

Esterase-Iipase from Lactobacillus casei subspecies were inhibited by 

heavy metal ions such as silver and mercury ions while EDTA caused some 

inhibition of esterase-lipase activity. This is in agraement with th~ results from 

other lipolytic enzyme (Nadkarni, 1971; Chopra et al., 1982; Deeth & Fitz-Gei ald. 

1983). The inhibition by silver ions may be attributed to their reactian with the 

carboxyl group or histidine residue, and that by mercury ion may be attributed 

ta theïr binding of the thiol group of the enzyme or sulphydryl groups which may 

be in the active center of the em'\jme (Chopra et al., 1982). This enzyme was 

activated by calcium and magnesium ions, which are also in accordancEi with 

data fram other lipases (Nadkarni, 1971; Sugiura et al., 1977; Deeth & Fitz

Gerald, 1983). Stimulatory action of calcium ions may be attributed to 

promotion of alignment of the enzyme on the substrate molecule (Chopra et al., 

1982). Otherwise, it is most likely due ta stabilization of the active configuration 

of the enzyme (Qi et al., 1967). Sorne of matai ions had slightly activated on 

esterase-Iipase activity in this study. 

This study clearly indicates that two Lactobacillus casei subspecies 

screened from many Lactobacillus casei species contain very ac.1ive esterase

lipase complex system for hydrolyzing fats which were proven by previously 

APIZYM test and current purification steps. The specificity of these enzymes 

82 



shows that they preferentially hydrolyze esters containing short chain fatty acids 

up to C10 which may have an important role in cheese flavour development. 

Paterson et al. (1949) reported that volatile fatty acids, particularly acetic and 

butyric acids, were substantially higher in raw milk cheese th an in pasteurized 

milk cheese. The presence of free butyric, caproic, caprylic acids in aged 

cheese was attributed iarge'Y to the action of intracellular bacterial lipases on 

cheese fats. Quantitative analyses of free fatty acids in cheese have been 

reported by many others (Bills & Day, 1964; Anderson & Day, 1965; Langler & 

Day, 1966). Review on cheese flavour by Day (1967) and Law (1984b) have 

alluded to the importance of lipolytic release of free fatty acids in development 

of flavour in aged cheeses. Woo et al. (1984) also summarized tree fatty acids 

concentrations of various cneeses. 

Seitz (1974) reviewed the industrial application of microbial enzymes, with 

specifie mention of the role of lipases of raw milk microorganisms such as 

Achromobacter lip0 Iyticum, Pseudomonas tragi, Pseudomonas fluorescens, 

and Achromobacter lipids in development of cheese flavour. Microbiallipases 

from Candida cylindracae, Candida lipolytica, and Rhizopus sp. were used for 

toods and bevorages in Japen. (Hass, 1976). Candida Iipolytica was used in 

the manufacture of Blue chaese (peters & Nelson, 1965). The flavour of 

Pecorino cheese was successtully duplîcated by using lipolytic enzyme derived 

from microorganisms obtained from the abomasum of lambs (Salvadori, 1961). 

Jolly and Kosikowski (1975b) reported the use of microbial lipases in 

manufacture of good quality Blue cheese. Rhizopus lipase has been applied to 

development of artificial butter flavours and in yogurt manufacture (St3ahouders 

& Veringa, 1973). 

ln a preliminary experiment, various enzyme combinations of esterase 
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and peptidases from Lactobacillus casei subspecies were incubated with 

pasteurized cheese slurry at 370C and 120 C for varying period of time 

according to the procedure of Novo Laboratories (Quabec). Lactobacillus 

casei developed an intense Cheddar cheese like flavour without :':'ittc!"~~::;::, and 

off-flavour (unpublished data). The release of fatty acids between C4 and Cs 

from milk fat by Lactobacillus casei esterase-lipase appears ta produce right 

blend of flavour precursors as seen in this study. These enzymes also can be 

added to produce ARC by direct addition of enzymes to cheese milk 15 minutes 

prior to the addition of rennet, and incubated for 1,2,3, and 4 months ta devolop 

desired flavour at different temperatures. Other combinations of lactobacilli 

enzymes and fungal proteases and lipases (Novo) may also be possible to 

observe their concerted action for flavour development which is underway in 

our laboratories. 

Chromatographie analysis of free amino acids and volatile fatty acids 

from EMC and ARC samples will definitely determined the usefulness of these 

enzyme from Lactobacillus casei. Organoleptic properties of EMC and ARC 

should also be evaluated along with the chemical analysis data. 

From the foregoin9 discussion, one may conclude that the novel esterase

lipase from two Lactobacillus casei subspecies are unique in its specificities 

characteristics, allowing it to bo efficiently incorporated directly into milk or curd 

to produce EMC for cheeses and snackfood flavouring as weil as ARC. When 

this enzyme in conjunction with a defined fungal prolease and lipase is used 

with the starter culture, aging time and therefoi'e manufacturing costs can also 

be signiftcantly reduced while enhancing cheese quality. 

84 



1 
.~ 

1 BIBLIOGRAPHY 

Aisakl, K. and Terada, O. 1980. Purification and properties of lipoprotein lipase 

from Rhizopus japonicus. Agric. Biol. Chem. 44:799-805. 

Alford, J.A., Pierce D.A., 2nd Suggs F.G. 1964. Activity of microbial lipase on 

natural fats and synthetic triglyceride. J. Lipid Res. 5:390-394. 

Anderson, D.F. and Day, E.A. 1965. Quantitative analysis of the major free fatty 

acids in blue cheese. J. Dairy Sci. 48:248-249. 

Anderson, M. 1979. Enzyme Immunoassay for measuring lipoprotein lipase 

activator in milk. J. Dairy Sei. 62:1380-1883. 

Arbiege. M.V., Freund P.R., Silver. S.C., and Zelko, J.T. 1986. Novel lipase for 

cheddar cheese for flavor development. Food Technol. 40 (4):91-98. 

Arnold,R.G., Shahani, K.M., and Dwive-di, B.K. 1975. Application of !ipolytic 

enzymes to flavor development in dairy products. J. Dairy Sei. 58:1127-1143. 

Arora, G., Lee, B_H., and Lamoureux M. 1989. Characterization of enzyme 

profiles of Lactobacillus casei strains by a rapid APllYM enzyme system. J. 

Dairy Sci. (In Press) 

Azzara, C.D., and Dlrnlck, P.S. 1987. Milk lipoprotein lipase activity du ring long 

term administration of recombinent bovine somatotropin. J. Dairy SeL 70:1937-

1940. 

Baglnsky, M.L 1981. Measurement of lipoprotein lipase and hepatic 

trlglyceride lipase in human postheparin plasma. Methods in Enzymol. 72:325-

346. 

Barefoot, S.F. and Klaenhammer, T.R. 1983. Detection and activity of lactacin 

B, a bacteriocin produced by Lactobacillus acidophilus. Appl. Environ. 

85 

l 
.1 



Microbiol. 45: 1808-1815. 

Bills, 0.0. and Day, E.A. 1964. Determination of the major free fatty aeids of 

Cheddar eheese. J. Dairy Sei. 47:733-738. 

Bjokhem, 1., Arm.er, P .. Thore, A., and Ostman J. 1981. Sensitive kinetic 

biolumineseent assay of glyeerol from fat eells. J. Liped Res. 22:1142-1147. 

Boudreaux, D.P. 1985. European Patent Application. EP 0, 137,536,A 1 

Bozoglu, F., Swaisgood, H.E., and Adams, D.M. Jr. 1984. Isolation and 

characterization of an extraeellular heat-stable lipase produced by 

Pseudomonas fluorescens MeSO. J. Agrie. Food Chem. 32.2-6 

Brandie E., and Zizer T. 1973. On the hydrolysis of aromatic esters by 

microbial preparations with Iipolytic and proteolytie aetivity. Osterreich 

Milchwirtseh.28:15-24. 

Brandie, E. and Pfleger, R. 1975. Tributyrie splitting capacity and esterolytic 

aetivity of laetic acid bacteria. Osterreich Milehwirtseh. 30:27-30. 

Breckenridge, W.C. and Palmer, F.S.St.e. 1982. Composition of human 

plasma Iipoprotein phosphatidylinositols. Bioehim. Biophys. Acta 72:707-711. 

Breuil, C., and Kushmer, D.J. 1975. Lipase and esterase formation by 

psyehrophilic and mesophilic Aeinobacto species. Cano J. Microbiol. 21.423-

433. 

Brockerhoff, H. and Jensen, R.G. 1974. In Iipolytie enzymes. Academie Press, 

New York. pp 4-33. 

Brockman, H.L 1981. Triglyceride lipase fram porcine pancreas. Method in 

Enzymol. 71 :619-627. 

Brunk, S.D. and Swanson, J.R. 1981. Colorimetrie method fpr free fatty aeids 

in serum va!idated by comparision with gas ehromatography. Clin. Chem. 

27:924-926. 

Buchwaldt, L, Larsen, LM., Ploger, A., and Sorensen, H. 1986. Fast polymer 

86 

---------



liquid chromatography isolation and charaeterization of plant myrosinase, B

thioglucoside glucohydrolase isoenzymes. J. Chromatogr. 363:71-80. 

Castberg, H.a., Solberg, P., and Egelrud, T. 1975. Tributyrate as a substrate 

for the determination of lipase activity in milk. J. Dairy Res. 42'247-253. 

Chandan, R.C., Khan, I.M., and Shahani, K.M. 1976. Bovine pancreatic lipase. 

3. Lipolysis of oils and fats and fatty aeid specificity. J. Oairy Sei. 59:847-853. 

Chander, H., Sannabhadti, S.S., Elias, J. and Randganathan, 8. 1977. 

Factors affecting lipase production by Pennicllin chrysogenum. J. Food Sei. 

42:1677-1678. 

Chander, H., Batish. V.K., Ghodekar, D.A.s and Srinivasan, R.A. 1981. 

Factors affecting lipase production in Rhizopus nigricans. J. Dairy Sei. 64:193-

196. 

Chapman, G.W., Jr. 1979. Gas chromatographie determination of free fatty 

acids in vegatable oils by a modified esterification procedure. J. Am. Oil Chem. 

56:77-79. 

Chapman, H.R. and Sharpe, M.E., 1981. Microbiology of cheese. In Dairy 

microbiology. Vol 2. The microbiology of milk products. Ed. Robinson R.K., 

Appl. Sei. Publisher, London. pp 157-243. 

Chassy, B. 1986. LCictobacillus in food fermentation. In Biotechnology in Food 

Processing. Eds. Harlander, S.K. and Labuza, T.P., Noyes Publications. Rank 

Ridge, New York. pp 197-207. 

Chaudharl, R.V. and Richardson, G.H. 1971. Lamb gastric lipase and 

tJroteases in eheese manufacture. J. Dairy Sei. 54:467-471. 

Cheung, A.H., Bensadoun, A., and Chen, C-F. 1979. Direct solid ~phase 

radioimmunoassay for chieken lipoprotein lipase" Anal. Bioehem. 94:346-357. 

Chopra, A.K., Chander, H., and Singh, J. 1982. Lipolytic activity of 

Syncephalastrum racemosum. J. Dairy Sei. 65:1890-1894. 

87 



Christin, G.L., and Marshall, R.T. 1984. Selected properties of lipase and 

protease of Pseudomonas fluorescens 27 produced in four media. J. Dairy Sei. 

67:1680-1687. 

Cousin, M.A. 1982. Presence and activity of psychrotrophic microorganism ln 

milk and dairy produet: A review. J. Food Prot. 45:172-207. 

Cromie, S.J., GUes J.E., and Dulley J.R. 1987. Effect of elevated ripening 

temperature on the microflora of Cheddar cheese. J. Dairy Res. 54:69-76. 

Dashkevicz, M.P., and Feighner, S.O. 1989. Oeveopm6nt of a differential 

medium for bile salt hydrolase-active Lactobacillus spp. Appl. Environ. 

Microbiol. 55:11-16. 

Day, E.A. 1966. Role of milk lipids in tlavors of dairy products. In Flavor 

chemistry. Ed. Gould, R.F., American Chemical. \lVashington. 94. 

Day, E.A. 1967. In symposium on foods : the chemistry and physiology of 

flavors. Eds. Schultz, H.W., Day, E.A., and Libbey, L.M. AVI Publishing Co. 

Westport, CT. 

Oeeth, H.C., Fitz-Gerald, C.H., and Snow, A.Z. 1983. A gas chromatographie 

method for the quantitative determination of free fatty aeids in mllk and milk 

products. N.Z. J. Dairy Sei. TeehnoJ. 18:13-20. 

Defeo, A.A., Dimick, P.S., and KI/ara, A. 1982. Purification and partial 

charaeterization ot caprine milk lipoprotein lipase. J. Dairy Sei. 65:2308-2316. 

DeMan, J.C., Rogosa, M., and Sharpe, M.E. 1960. A medium for the cultivation 

of Lactobaci/lus, J. App:. Bacteriol. 23:130-135. 

Desnuclle. P. 1972. The Enzymes, Volume 7, Elimination and addition. Aldol 

cleavage and condensation. Other C-G cleavage. Phosphorolysis. Hydrolysis 

(Fats, Glycosids). Ed. Boyer, P.O. Academie Press, New York,3rd ed., pp 575-

615. 

Downey, W.K., and Andrews, P. 1965. Gel filtration applied to the study of 

1 

88 



lipases and other esterase. Biochem. J. 94:~2-650. 

Downey, W.K. 1980. Review of the progress of dairy science: Flavor 

impairment trom pre- and post-manufacture lipolysis in milk and dairy products. 

J. Dairy Res. 47:237-252. 

Dulley, J.A. 1976. The utilization of cheese sIUirjE:.':' to accelerate the ripening of 

cheddar chaese. Aus. J. Dairy Technol. 31 : 143-148. 

Duncombe, W.G. 1963. The colorimetrie micro-determinations of long-chain 

fatty acids. Biochem .. J. 88:7-10. 

Dziezé)k, J.O. 1986. Enzyme modification of dairy products. Food Technol. 

April,39:114-120. 

Efthmiou, C. and Mattrick, J.F. 1958. Development of a domestic Feta cheese. 

J. Dairy Sei. 41 :720. 

Eitenmiller, R.R., Vakil, J.R., and Shahani, K.M. 1968. Purification and 

p roperties of Penmcillum roqueforti lipase. J. Dai ry Sci. 51 :940-941 . 

Eitenmiller, R.R., VakiJ, J.R., and Shahani, K.M. 1970. Production properties 

of Penicillium roqueforti lipase. J. Food Sci. 35:130-133. 

El Neshway, A.A., Abdel Baky, A.A., and Faragat, S.M. 1982. Enhancement of 

Domiatti cheaso flavor with animal lipase preparation. Dairy Ind. internat!. 47:29-

31. 

El Salam, M.M.A., El shiblny, S., El bagoury, E., Ayad, E., and Fammy, N. 

1978. Effects of lipases on the ripening of Egyptian Ras cheese. J. Dairy Res. 

45:491-495. 

El Soda, M. 1986. Acceleration of cheese ripening: recent advances. J. Food 

Prot. 49:395-398. 

El Soda, M., Ezzat, N., El Deeb, S., Mashaly, R.I., and Moustapha, F. 1986a. 

Acceleration of Domiatti cheese ripening using extracts from severallactobacilli. 

Le Lait 66: 177-184. 

" 

89 



----------., 

El Soda, M., Fathallah, S., Ezzat, N., Desmazeaud, M.J. and Abou Donla, S. 

1986b. The esterolytic and lipolytic activities of lactobacilli. Detection of the 

esterase systems of L. casei, L.plantarum, L.brevis, and L.fermentum. Sciences 

des aliments. 6:545-557. 

Ferguson, W.F., Braunschwe.ger, K.I., Braunschweiger, c.e., Jarvis, N.D., 

Bell, D.H., and Good, N.E. 1980. Hydrogen ion buffer for biologir.al researcll 

Anal. Biochem. 104:300-310. 

Fisher, B.E. ç Koslowski, A., and Eichler, W. 1987. Biochemical and 

immunological characterization of lipa~e du ring its secretion through 

cytoplasmic and outer membrane of Acinobacter calcoaceticus 69V. J. 

Biotechnol. 6:271-280. 

Fitz-Gerald, C.H. and Deeth, H.C. 1983. Factors influencing lipolysis by skim 

milk cultures of sorne psychrotrophic microorganism. Aus. J. Dairy Technol. 

38:97-103. 

Forss, D.A. 1979. Mechanism of formation of aroma eompounds in milk and 

milk products. J. Dairy Res. 46:691-706. 

Fox, P.F. and Stepaniak, S. 1982. Isolation and some propertles of 

extracellular heat-stable lipases tram Pseudomonas fluorescens strain AFf 36. 

J. Dairy Res. 50:77-89. 

Frey, J.P., Marth, E.H., Johnson, M.E., and Oison, N.F. 1986. Peptidase and 

proteases of laetobacilli associated with cheese. Milehwissenschaft 41 :622-

624. 

Frick, C.M., Hicks, C.L, and O'Leary, J. 1984. Seventy-nintll meeting of the 

American dairy science association J. Dairy Sei. 67 (Suppl. 1 )89. 

Fryer,T.F., Reiter, B., and Lawrence, R.C. 1967 Upolytic activity of laetie acld 

bacteria. J. Dairy .3ci. 50:388-389. 

Garcia, E.F., Ramas, M., and Polo, C. 1938. Enzyme accelerated ripening of 

90 



Spanish hard cheese. Food Chem. 28:63-80. 

Gatt, S., Barenholz, V., Goldberg, R., Dinur, T., Besley, G., L-B Gershon, Z., 

Roseenthal, J., Desnick, R.J., Devine, E.A., Shafit-Zagt;lrdo, B., and Tsuruke, 

F. 1981. Assay of enzymes of lipid metabolism with colored and fluorescent 

derivatives of natural lipids. Methods in Enzymo!. 72:351-375. 

Godfrey, T. 1983. The application of enzymes in industry. Eds. Godfrey, T. and 

Reichelt, J. The nature Press, New York. pp 305-314. 

Goldin, B.R. and Gorbach, S.L 1984. The effect of oral administration of 

Lactobacillus antibiotics on intestinal bacterial activity and chemical induction of 

large bowel tumors. Dev. Ind. Microbiol. 26:71-74. 

Good, N.E., Winget, G.D., Winter, W., ConnoUy, T.N., lzawa, S., and Singh, 

R.M.M. 1966. Hydrogen ion buffers for biological research. Biochem. 5:467-

477. 

Grenner, G., Deutsch] G., Schmidtberger, R., and Kati, F. 1982. A high 

sensitive enzyme immunoassay for the determination of human pancreatic 

lipase. J. Clin. Chem. Ciin. Biochem. 20:515-519. 

Hagress, A.E.A., EI-Ghandour, M.A., Hammad, Y.A., and Hofi, A.A. 1983. 

Production of Ras cheese tram recombined milk.3. Effect of sorne ripening 

agents. Egpt. J. Oairy Sei. 11:271-279. 

Harper, W., I<ristoffersen, T., and Wang, J. 1978. Formation of free fatty acids 

du ring the ripening of fat modified cheese slurries. Milchwissenschaft 33:604-

608. 

Harper, W.J., Carmona de Catrll, A., Chen, J.L 1980. Esterases of lactic 

streptococcl and their stability in cheese slurry systems. Milchwissenchaft 

35:129-132. 

Hass, G.J. 1976. Alcoholic beverages and fermented food. In Industrial 

microbiology. Eds. Miller, S.M. and Litsky, W., McGrew Hill. pp 165-191. 

91 



Hassing, G.S. 1971. Partial purification and SOf.le properties of a lipase of 

Corynbacterium acnes. Biochim. Biophys. Acta 242:381-394. 

Hawke, J.C. 1966. The formation and metabolism of methyl keton8s and 

related compounds. J. Dairy Res. 33:225-243. 

Horowitz, W. 1980. Association of Offidal Analytical Chemists in official method 

(13ed.) Assoc. Off. Anal. Chemists. Washington D.C. 

Hoso"o A. and Tokita, F. 1970. Recent studies on Limburg cheese, with 

particular reference to development of volati!e flavour substance and the 

bacteriological aspects. Jap. J. of Dairy Sci. 19(3) A65-A74. 

Hron, W.T. and Menahan, L.A. 1981. A sensitive method for the determination 

of free f.atty acids in plasma. J. Lipid Res. 22:377-381. 

Huge-Jensen, B., Galluzzo, D.R., and Jensen, R.G. 1987. Partial purification 

and characterization of tree and immobilized lipases from Mucor miehei. Lipids 

22:559-565. 

Humble, M.W., King, A., and Phillips, L 1977. APIZYM: a simple rapid system 

for the detection of bacterial enzymes. J. Biol. Chem. 238:2648-2653. 

Ishlwa, H., and Mokokura, T. 1971. A lytic enzyme acting on Lactobacilli. J. 

Microbial. 15:539-541. 

Iwal, M. and Tsujisaka, Y. 1974. The purification and the properties of three 

kinds of lipase from Rhizopus di/emar. Agr. Biol. Chem. 38:1241-1247. 

Iwai, M. and Tsujlsaka, Y. 1984. In lipases. Eds. Borgstrom, B. and Brockman, 

H.L. Elsevier Sci. Publisher. Amsterdam. 

Jensen, R.G. 1974. Characteristics of lipase from mold Geotricbum candidum. 

A review. Upids 9:149-157. 

Jensen, R.G. 1983. Detection and deterrnination of lipase (Acylglycerol 

hydrolase) activity fram various sources. Upids 18:650-657. 

Johansen, L, Bergundhaugen, H., and Berg, T. 1987. Rapid purification of 

92 



tonin, esterase B, antigen ,and kallidrein from rat submandibular gland by fast 

protein liquid chromatography. J. Chromatogr. 387:347-359. 

JoUey, R.C. and Kosikowskl F.V. 1975a. Quantification of lactones in ripening 

pasteurized milk blue cheese containing added microbial lipases. J. Agric. Food 

Chem. 23.1175-1176. 

JoUy, R.C. and Kosikowski F.V. 1975b. Blue cheesa flavor by microbiaJ 

lipases and moJd spores utilizing whey powder and coconut fats. J. Food Sci. 

40:285-297. 

Jonsscn, U. and Snygg, B.G. 1974. Lipase production and activity as a 

function of incubation time, pH and temperature of four lipolytic microorganisms. 

J. Appl. Bacterio!. 37:571-581. 

Kadota, M.S., and Kuto, S. 1984. Liposome-mediated trans fection of 

Lactobacilfus casei spheroplast. Agric. Biol. 'Chem. 48:1105-1107. 

KamaJy K.M., El soda M. and Marth E.H. 1988 EsteroJytic activity of 

Streptococcus lactis, Streptococcus cremoris and their mutants. 

Milchwissenschaft 43:346-349. 

KandJer, O. 1983. Carbohydrate metaboiism in Jactic acid bacteria. Antonie 

van Leeuvergoek. J. Mïcrobiol. Serol. 49:209~224. 

KandJer, O. 1984. Current taxonomy of lactobacilli. Dev. Jnd. Microbiol. 25:109-

123. 

KandJer, O. and Weiss, N.1986. Genus Lactobacillus. Jn Bergey's manual of 

systematic bacteriology Vol. 2 Ed. Sneath, P.H.A. and Holt, J.G. Williams and 

Wilkins Co., Baltimore, MD. pp 1209-1234. 

Karnetova, J., Mateju, J., Rezanka, T., Prochazka, P., Nohyenk, M., and 

Rokos, T. 1984. Estimation of lipase activity by the diffusion plate method. Folia 

Microbiol. 29:346-347. 

Kermasha, S., Van de Voort, F.R., Metche, M. 1986. Characterizaîion of french 

93 



....... bean (Phaseolous vulgaris) seed lipase. Cano Inst. Focd Sei. Technol. 19:23-

27. 

Khan, I.M., Dili, C.W., Chander, R.C., and Shahanl, K.M. 1967. Production 

and properties of the extracellular lipase of Achromobacter lipolyticum. 

Biochirr:. Biophys. Acta 132:68-77. 

Kilara, A, and Treki, N. 1984. Uses of lactobacilli in foods·unique benefits. 

Dev.lnd. Microbiol. 25:125-138. 

Kilara, A. 1985. Enzyme-modified lipid food ingredients. Proeess Biochem. 

20:36-45. 

Kotting, J., Jurgens, O., and Huser, H. 1983. Separation and characteriz.ation 

of two isolated lipases from Staphylococcus aureus (Ten5) J. Chromatogr. 

281 :253-261. 

Kouker, G. and Jaeger, K.E. 1987. Specifie and sensitive plate assay for 

bacteriallipase. Appl. Environ. Microbiol. 53:211-213. 

Krisch, K. 1971. Carboxyl ester hydrolases. In The Enzymes 3rd ad. Ed. Boyer, 

0.0., Academie Press. New York. pp 43-69. 

Krsitoffersen, T. and Gould, I.A. 1960. Cheddar cheese flavor 2. The 

contributing in flavor quality and ripening products of commercial Cheddar 

cheese du ring controlled curing. J. Dairy Sei. 43:1202-1215. 

Krsitoffersen, T., Mikolajcik, E., and Gould, I.A. 1967. Cheddar cheese f1avor 

4. Direct and aecelerated ripening cheese. J. Dairy Sei. 50:292-297. 

Kuznetnov, M. 1959. A new species of lactic acid bacteria. Mikrobiologiya 

28:368-373. 

Laleye,Le., R.E. Simard, B.H.Lee, C. Gosselln, and RN. Giroux. 1986. 

Assessment of cheddar chrese quality by chromatographie ailalysis of tree 

amino acid analysis and biogenic amines. J. Food Sei. 52:303-307,311. 

Langler, J.E. and Day, E.A. 1966. Quantitative analysis of the major free fatty 

94 



<' 

-1 

r 

" 

aeids in Swiss cheese. J. Dairy Sei. 49:91-93. 

Law, B.A. 1982. Cheeses. In Fermented Foods, 7th ed, Ed. Rose A.H., 

Academie Press, London. 

Law, B.A. 1984a. Flavour development in cheese. In: Advance in the 

mierobiology and biochernistry of eheese and fermentation milk. Eds. Davies, L. 

and Law, B.A., Eiseveir Appl. Sei. publishers, London. pp 187-208. 

Law, B.A. 1984b. The aeeelerated ripening of eheese. In: Advances in the 

microbiology and biochemistry of eheese and fermented milk. Eds. Davies, F.I. 

and Law B.A., Elsevier Appl. Sei. Publishers, London. pp 209-228. 

Law, B.A., Sharpe, M_E., and Chapman, H.R. 1976. The effect of Iipolytic 

Gram-negative psychrotrophs in stored milk on the development of rancidity in 

Cheddar cheese. J. Dairy Res. 43:459-468. 

Law, B.A. and Wigmore, A.S. 1982. Microbial proteinase as agents for 

aecelerated cheese ripening. Jo Soc. DairyTechnol. 35:75-76. 

Law, B.A., and Wigmore, A.S. 1985. Effect of commercial lipolytie enzymes on 

flavor davelopment in Cheddar cheese. J. Soc. Dairy Technol. 38:86-88. 

Lawrence, R.C., Fryer, T.F., and Reiter, B. 1967. The production and 

eharaeterization of lipase trom a Micrococcus and a Pseudomonas. J. Gen. 

Mierobiol. 48:401-418. 

Lee, B.H., Simard, R.E. 1984. Three systems for biochemieal eharacterizations 

of laetobacilli &ssoeiated with meat spoilage. J. Food Prot. 4'1:937-942. 

Lee, B.H., Hi;'Iche, S. and Simard, R.E. 1986. A rapid method for differentiation 

of dairy laetlc acid baeteria by enzyme systems. J. Ind. Microbiol. 1: 209-217. 

Lee, H.J., Oison, N.F., Ryan, O.S. 1980. Characterization of pregastric 

estarase. J. Dairy Sei. 63:1834-1838. 

Llndblom, H. and Axio-Fredriksson, U.8. 1983. Separation of urine proteins 

on the anion-exchange resin Mono aTM. J. Chromatogr. 273:107-116. 

95 



r 
Lowry, O.H., Rosebrough, N.J., Farr, A.L, and Ranrlall, R.J. 1951. Protein 

measurement with the Folin phenol reagent. J. Biol. Chem. 193:265·275. 

Lucas, A.t Hudson, G.J., Simpson, P., Cole, T.J., and Baker, E.A. 1987. An 

automated enzymic micromethod for the measurement of fat in hum an milk. J. 

Dairy Res. 54:487-492. 

MacRae. A.R. 1983. Extracellular microbial lipases. in Microbial enzymes in 

Biotechnology. Ed. Forgarty, W.H., Appl. Sei. Publishers, New York. pp 225-250. 

Mahmoud, M.M. and Kosikowskl, F.V. 1980. Introducing lipase enzyme 

system Into ultrafiltrated Feta cheese. J. Dairy. Sci. 63 (Suppl. 1 )47. 

Malkki, Y., Rouhlaneu, L, Mattson R., and Markkonen P. 1977. Procedure 

for producing enzymes. United States Pat., 4,062,730. 

Manning, D.J. 1978. Cheddar chee!le flavour studies. J. Dairy Res. 45:479-490. 

Markey, F. 1984. Rapid purification of deoxyribonuclease 1 using FPLC. FEBS 

Lett. 167: 155-159. 

96 

Marshall, V.M. 1987. Lactic acid bacteria: starters for flavour. FEMS Microbiol. 

Reviews.46:327-336. 

Menassa, A. and Lambart, J. 1982. Contribution a l'etude du systeme 

lipolytique de Penicillum roquefort; caraeteres compares de deux activities 

exocellulaires. Le Lait 62:32-43. 

Mckellar, R.C. 1986a. A rapid colorimetrie assay for the extracellular lipase of 

Pseudomonas fluorescens 652 using B-napthyl caprylate. J. Dairy Res. 53:117-

127. 

Mckellar, R.C. and Cholette, H. 1986b. Determination of the extracellular 

lipase of Pseudomonas fluorescens spp. in skim milk with the B-naphthyl 

caprylate assay. J. Dairy Res. 53:301-312. 

Metchnikoff, E. 1908. The prolongation of life. Ed. Putnam's Sons, G.P. New 

York. 



Miles, J., Glasscock, R., Aikens, J., Gerich, J., and Haymond, M. 1983. A 

microfh,Jorometrie method for the determination of tree fatty aeids in plasma. J. 

Lipid Aes. 27:163·165. 

Mizuno, K., Toyosato, M., Yabumoto. S., Tauirnizu, 1., and Hirakaua, H. 1980. 

A new enzymatie method for colorimetrie determination of free fatty acids. Anal. 

Biochem.108:6-10. 

Morichl, T., Sharpe, M.E., Reiter, B. 1968. Esterases and other soluble 

proteins of sorne lactic acid bacteria. J. Gen. Microbiol. 53:405-414. 

Morishita, Y. and Shiromizu, K. 1986. Characterization of lactobacilli isolated 

from meats and meat products. Int. J. Food Microbiol. 3:19-29. 

Moskowltz, G.J., Como,J.J., and Feldman, LI., Baxter Travenol, Inc. 1975. 

Lipolytie enzyme recovery method. U.S. Patent 3,899,395. 

Moskowltz, G.J., Shen, T., West, I.R., Cassaigne! R., and Feldman, l.1. 1977. 

Properties of the esterase produeed by Mucor miehei to develop flavor in dairy 

products. J. Dairy Sci. 60:1260-1265_ 

Moskowilz, G.J., and Noelck, S.S. 1987. 

teehnology. J. Dairy Sei. 70: 1761-1769. 

Enzyme-modified eheese 

Murphy, M.G., Negrel, R., and Alihaud, G 1981. Lipoprotein lipase and 

monc 3eylglycerol lipase aetivities during maturation of Ob17 Preadipoeytes. 

Biochim. BiofJôyS. Acta 664:240-248. 

Nachlas, M.M. and Blackburn, R. 1958. The colorimetrie determination of 

urinary lipase. J. Biol. Chem. 230:1051-1061. 

Nadkarnl S.R. 1970. Studies of bacteriallipase. Part 1: nutritional requirement 

of Pseudomonas aeruginosa for production of lipase. Enzymologia 4:286·301. 

Nadkarnl, S.R. 1971. Studies on baeterial lipase. Part 2. Study of the 

characteristics of partially purified lipase tram Pseudomonas aeruginosa. 

Enzymologica. 40:302-313. 

97 



Nagaoka, K., and Y. Yamada. 1973. Purification of Mucor lipases and their 

properties. Agric. Biol. Chem. 37:2791- 2796. 

Nagata. T. and Murata, F. 1972. Supplimenta~ studies on the method for 

electron microscopie demonstration of lipase in the pancreatic acinar cells of 

mice and rats. Histochemie 29:8-17. 

Nasr, M. 1983. Acceleration of Rami cheese ripening by addition of lungal 

esterase lipase powder. Egpt. J. Dairy Sci. 11 :309-315. 

Nelson, J,H. 1970. Production of blue cheese flavor via submerged 

fermentation by Penicillium roqueforti. J. Agric. Food Chem. 18:567-569. 

Nelson, J.H. 1972. Enzymatically produced flavors for fatty systems. J. Am. Oil 

Chem. Soc. 49:559-562. 

Nelson, J.H., Jensen, R.G., and Pitas, R.E. 1977. Pregastric esterase and 

other oral lipases. A review. J. Dairy Sei. 60:327-362. 

Newman, R.K. and Sands, D.C. 1984. Nutritive valu€ of corn fermented with 

lysine excerting lactobacilli. Nutr. Rep. Int. 30: 1287 -1293. 

Nishio, T., Chikano, T., and Kamimura, M. 1987. Substrat specificity and 

mode of action of the lipase produced by Pseudomonas tragi 22.39 B. Agric. 

Biol. Chem. 51 :2525-2529. 

01. S., A. Sawada and Y. Satomura. 1967. ?urification and sorne properties of 

two types of Penicillum lipase 1 and 2 and conversion of type 1 and 2 under 

various modification condition. Agrie. Biol. Chem. 31: 1357 -1366. 

Okumura, J. and Klnsella, J.E. 1985. Methyl ketone formation by Penicillium 

camembert; in model system. J. Dairy Sei. 68:11-15. 

Oterholm, A., Ordal, Z.J., and Wltler, LO. 1970. Purification and properties of 

a glycerol ester hydrolase (lipase) from Propionibacterium shermanni. Appl. 

Mierobiol. 20: 1 6-22. 

Palma, V.LD., Hammond, E.G., and Glatz, B.A. 1987. Effect of lactobacilli on 

1 
98 



the properties of Swiss cheese. J. Dairy Sci. 70:733-737. 

Papon, M., and Talon, R. 1988. Factors affecting growth and lipase production 

by meat lactobacilli strains and Brochothrix thermosphacta. J. Appl. Bacterio!. 

64:107-115. 

Patel, V., Gordberh, H.S., and Blenden, D. 1964. Characterization of 

leptospirallipase. J. Bacterio/. 88:877-884. 

Paulsen, P.V., Kowalewska, T., Hammond, E.G., and Glatz, B.A. 1980. Raie of 

microflora in production of freH fatty acids and flavour in Swiss cheese. J. Dairy 

Sei. 63:912-918. 

Peppler, M.J., Dooley, J.G., and Huang, H.T. 1976. Flavor deve/opment in 

Fontina and Romano cheese by tungal esterase. J. Dairy Sei. 59:859-862. 

Peters, 1.1. and Nelson, F.E. 1961. Further studies of the use of Candida 

lipolytica in the manufacture of blue chaese. Int. Dairy Congr. Proe., 12th 2:567-

573. 

Peterson. M.H., Johnson M.J., and Priee, W.V. 1949. Liberation of fatty acids 

during making and ripening of Cheddar cheese. J. Dairy Sci 32:862-869. 

Petersson, H,E. and Sjostrom G. 1975. Aceelerated cheese ripening: a 

method for measuring the number of lactic starter bacteria in cheese without 

detrimental affect to the cheese manufacture. J. Dairy Res. 42:313-326. 

PhUllps, J.O. and Griffiihs, M.W. 1987. The relation betvlleen temperature and 

growth of bacteria in dairy products. Food microbiol. 4:173-185. 

Posorske, L.H. 1984. Industrial-scale application of enzymes ta the fats and oil 

industry. J. Am. Oil Chem. Soc. 61:1758-1ï60. 

Ratledge. C. 1984. Biotechnology as applied to the ail and fats industry. Fetts, 

Seiten, Anstrichm. 10:379-389. 

Reddlng, W" Mayer, G.G., and Lornell, J.W. 1983. A semiautomated assay for 

nonesterified fatty acids in the 0.02 ta 0.04 ueq/ml range. J. Lipid Res. 24.100. 

99 



Redinbaugh, M.G. and Turley, R.B. 1986. Adaption of the bicinchoninic acid 

protein assay for use with microfiter plates and sucrose gradient fractions. 

Anal. biochem. 153:267-271. 

Reid, G., McGroarty, J.A., Angotti, R., and Cook, R.L 1988. Lactobacillus 

inhibitor production against Escherichia coli and coaggregation ability with 

uropathogens. Cano J. Microbiol. 34:344-351. 

Ren, T.J., Frank, J.F., and Christen, G.L 1988. Characterization of lipase of 

Pseudomonas fluorescens 27 based on fatty acid profiles. J. Dairy Sei. 71 :1432-

1438. 

Renard. G., Gfimaud, J., El Zant, A., Pina, M., and Graille, J. 1987. An 

improved method for the colorimetrie assay of lipase activity using an optically 

c!ear medium. L;pids 22:539-:41. 

Reuter, G. 1985. Elective and selective media for lactie acid bacteria. Int. J. 

Food Microbiol. 2:55-68. 

Richardson, G.H. and Nelson, J.H. 1967. ;'..:isay and characterization of 

pregastric esterase. J. Dairy Sei. 54:643-647. 

Richardson, G.H., Nelson, J.H., and Farnham, M.G. 1971. Gastric lipase 

characterization and utilization in cheese manufacture. J. Dairy Sei. 54:643-647. 

Rollof J., Hedstrom, S.A., and Nîlssor.-Ehle, P. 1987. Purification and 

characterization of a lipase trom Staphylococcus aureus. Biochim. Biophys. 

Acta 921 :363-369. 

Rottem, S. and Razln, S. 1964. Upase activity of Mycoplasma. J. Gen. 

Microbiol. 37:123-134. 

Rudek, W. 1978. Esterase activity in Candida species. J. Clin, Microbiol. 8:756-

759. 

Sahasrabudtle, M.R. 1982. Measurement of lipase activity in single grains of 

oat. (Avena sativa). J. Am. Oil Chem. Soc. 59:354-355. 

100 



----------~-~-----

Salvadori, P. 1961. The use of lipolytic enzymes of microbiological origin in the 

manufacture of Pecorino cheese. Latte 35(3):177-182. 

Savage, D.C. 1980. Adherence of normal flora to mucosal surfaces. In: 

Bacterial Adherence. Eds. Beachey, E.H. Chapman and Hall., London. pp 151-

159. 

Schillinger, U., and Lucke F.K. 1987. Identification of lactobacilli from meat and 

meat products. Food Microbiol. 4:199-208. 

Schlelfer, K.H. 1987. Recent changes in the taxonomy of lactic acid bacteria. 

FEMS Microbiol. Reviews. 46:201-203. 

Schroder, K" Clausen E .. Sandberg, A.M., and Raa, J. 1980. Psychrotrophic 

LactobaciJ/us plantarum tram fish and its ability to produce autibiotic subtances. 

ln Advance in Fish Sei. Technol., Ed. Connell, Fishing news Books Ltd. 

Farnham, Surrey, Englend. 

Seitz, E.W. 1974. Industrial application of microbiallipase: A review. J. Am. Oil 

Chem. Soc. 51:12-16. 

Semervia, M. and Dufour, C. 1972. Further studies on the exocellular lipase of 

Rhlzopus arrhizous. Biochim. Biophys. Acta 260:393-400. 

Severson, D.L, Fletcher, T., Groves, G., Hurley, B., and Sioan, S. 1981. 

Hydrolysis of triolin, cholesterol oleate, and 4-methylumbelliferyl stearate by 

acid and neutral ester hydrolases (lipases) trom pigeon adipose tissue; affect of 

cAMP-dependent protein kinase. Cano J. Biochem. 59:418-429. 

Shahani, K.M. 1975. Lipases and Esterase. In Enzymes in Food Processing. 

Ed. Raed, G.R. Academie Press, New York. pp 181·217. 

Sharpe, M.E. 1979. Lactic acid bacteria in the dairy industry. J. Soc. Dairy 

Technol. 32:9-18. 

Shlpe. V/.F. 1951. A study of reiative specificity of lipase produced in 

Penicillium roqueforti. Arch. Biochem. Biophys. 30:165-179. 

101 



Shipe, W.F., Senyk, G.F., and Fountain, K.B. 1980. Modified copper soap 

solve nt extraction method for measuring free fatty acids in milk. J. Dairy Sci. 

63:193-198. 

Singh, A., Sriv!vasan, R.A., and Dudaml, A.T. 1973. Studies on exocellular 

and endocellular lipases of sorne of the lipolytic bacteria. Milschwissenschaft 

28:164-166. 

Smith, P.K., Krohn, A.I., Hermanson, G.T., Mallia, A.K., Gartner, F.H., 

Provenzano, M.D., Fufimoto, E.K., Goeke, N.H., Oison, 8 .. l s and Klenk. D.C. 

1985. Measurement of protein using bicinchoninic acid. Anal. Biochem. 15076-

85. 

SoHman, M.A., El Shibiny, S., Momamed, A.A., and Abd. EI-snlem, M.M. 

1980. Effect of added proteolytic and lipolytic enzyme preparations on the 

development of volatile fatty acid in Ras cheeSt3. Egpt. J. Dairy Sci. 8:49-56 

Sonnet, P.E. 1988. Lipase se!ectivities. J. Am. Oil Chem. Soc. 65 900-904. 

Sood, V.K., and Koslkowski, F.V. 1979a. Accelerated Cheddar chee se 

ripening by added microbial enzyme. J. Oairy Sei. 62:1865-1872. 

Sood, VJ(., and Kosikowski, F.V. 1979b. Ripening changes and flavor 

development in microbial enzyme treated Cheddar cheese slurries. J. Food Sci. 

44:1690-1694. 

Stackebrandt, E., Fowler, V.J., and Woese, C.R. 1983. A phylogenetic 

analysis of lactobacilli, Pediococcus pentosaceus and Leuconostoc 

mensenteroids. Syst. Appl. Microbiol. 4:326-337. 

Stadhouders, J., and Verlnga, H. A. 1973. Fat hydrolysis by lactie acid 

bacteria in cheese. Neth. Milk and Dairy J. 27:77-91. 

Stead, D. 1983. A fluorimetric method for the determination of Pseudomonas 

f1uorescene AR 1. lipase in milk. J. Dairy Res. 50:491-502. 

Stead, D. 1984. Evaluation of a fluorimetric assay on the lipases from strains of 

102 



milk psychrotrophic bacteria. J. Dairy Res. 51 :123-130. 

Stead, D. 1986. Microbial lipases: their characteristics. role in food spoilage 

and industrial uses. J. Dairy Res. 53:481-505. 

Stead, D. 1987. Production of extracellular lipases and proteinases during 

prolonged growth of strains of psychrotrophic bacteria in whole milk. J. Dairy 

Res. 54:535-543. 

Steffer, K.O. and Kandler, O. 1973. Untersuchungen zur Entste!1ung von DL

Milchsaure bei Lactobacillen und charakteriflierung einer milchasureracemase 

bei einig en artan der unterqatlÏng Streptobacterium. Arch. Microbiol. 84:221-

247. 

Stralfors, P., Nilsson, N.O., Fredrikson, G., and belfrage, P.1981. Hormone

sensitive tram adipose tissue of rat. Method in Enzymol. 71 :319-325. 

Stuer, W., Jaefer K.E., and Winkler U.K. 1986. Purification ot extracellular 

lipase trom Pseudomonas aeruginosa. J. Bacteriol. 168:10?0-1074. 

Suarez, J.A., 2arneto, R., and Inigo, P. 1984. Contribution to study of mahan 

chees9. 4. Selection of bacterial strains with technologically interesting 

cha~acteristics. Chernie. Midrobio!gie Technologie dei Lebensmitted 8:147-150. 

Sugiura, M. and Isote, fv1. 1975. Purification of a low molecular weights lipase 

and its enzyrnatic properties. Chem. Pharmac. Bull. 23:1266-1230. 

Sugiura, M., Oikawa, T., Hirano9 K., and inukai. T. 1977. Purification, 

crystallization and properties of triacylglyceral lipase trom Pseudomonas 

fluorescens. Biochim. Biophys. Acta 488:353-358. 

Sundhelm. G. and Ollvecrona, G.B. 1987. Hydrolysis of bovine milk fat 

globules by lipoprotein lipase: Inhibition by proteins extracted trom milk fat 

globule membrane. J. Dairy Sei. 70:1815-1821. 

Tanabe Selyaku Co. Ltd. 1971 a. Production information bull. on lipase. Osska, 

Japan. 

----------------------------

103 



Tanabe Seiyaku Co. Ltd. 1971 b. Japanese patent 3 107/71. 

Thomas, T.D. and Pritchard, G.G. 1987. Proteolytic enzymes of d~iry starter 

cultures. FEMS Microbiol. Reviews 46:245-268. 

Tomizuka, N., Ota, V" and Vamada K. 1966. Lipase from Candida cylindracea 

2., amino acid composition, carbohydrate component, and some physical 

studies. Agric. Biol. Chem. 30:1090-1102. 

Tserng, I~V., Kliegman, R.M., Miettinen, E-I., and Kalhan, S.E. 1981. A rapid, 

simple, and sensitive procedure for the determination of free fatty acids in 

plasma using glass capillary columns gas-liquid chromatography. J. Lipld Res 

22:852-858. 

Tsujlsaka 1 V., Iwal J M., and Tom!naga, Y. 1973. Purification, crystallization and 

some properties of lipase from Geotrichum candidum link. Agric. Biol. Chem. 

37:1457-1464. 

Umemoto, V and Sato. Y. 1975. Lipolysis by lactic acid bacteria recognized 

through color changes of dye stained butterfat on double layered agar plates. 

Milchwissenschaft 30:591-594. 

Weiss, N., Schillinger, U., and KandJar, O. 1983. L. laelis, L. leichmannii and 

L. bulgaricus, subjective synonyms of L. delbruckii subsp. lactis cambo nov. 

and L. delbruekii 3ubsp cambo nov. Sys. Appl. Microbiol. 4:552-557. 

Wingender, J., Valz, S., and WinkJer, U.K. 1987. Interaction of extraceliular 

PseUdOm0f18S lipase with alginate and its potential use in biotechnology. Appl. 

Microbiol. Biotecnnol. 27:139-145. 

Wlnkler, U.K. and Stuckmam, M. 1979. Glycogen, hyaluronate, and sorne 

other polysaccharides greatly enhance the formation of exolipase by Serratia 

marcescens. J. Bacteriol. 138:663-670. 

Wise, G.M., Miller, P.G., and Anderson, G.W. 1940. Changes observed in milk 

"sham fed" to dairy calves. J. Dairy Sci. 23:977-981. 

104 

J 



------------------------ -----------

Woo, A.H., Kollodge, S., and Lindsay, R.C. 1984. Quantification of major free 

fatty acids in several cheese varieties. J. Dairy Sci. 67:874-878. 

Woo, A.H. and Lindsay, R.C. 1982. Rapid rnethod for quantitative analysis of 

individual free fatty acids in Cheddar cheese. J. Dairy Sei. 65:1102-1109. 

Yoshlda, F., Matai, M., and Ichishima, E. 1968. Physical and ehemical 

properties of lipase trom Torulopsis ernobii. Biochim. Biophys. Acta 154:586-

588. 

105 


