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Summary - This paper reports results on the esterolytic activity of dairy Propionibacterium. Ali the
species present an active esterolytic system on naphthyl substrates for fatty acids which contain <
10 carbons. Setween 1 to 4 activities of different specificities were revealed on non-denaturing poly-
acrylamide gel electrophoresis for each species. These activity patterns could be very useful in dif-
ferentiating between a few Propionibacterium species. lon-exchange chromatography allowed 3
main esterase activities to be separated on a concentrated intracellular extract of P freudenreichii
subsp freudenreichii. These activities have very different substrate specificities which agree closely
with those determined by electrophoresis.

esterase 1Propionlbacterium 1fatty acid llipolysis 1cheese

Résumé - Activités estérasiques des bactéries proploniques. Les activités estérasiques des
bactéries propioniques laitières ont été étudiées. Toutes les espèces possèdent des activités estéra-
siques significatives sur des dérivés naphtyl d'acides gras contenant jusqu'à 10 atomes de carbone.
De une à 4 activités de spécificités différentes ont été mises en évidence pour chacune des
espèces. Ces profils d'activités pourraient être un outil de différenciation de certaines espèces de
Propionibacterium. Une prépurification par chromatographie d'échange d'ions d'extraits intracellu-
laires de P freudenreichii subsp freudenreichii a permis de révéler 3 activités distinctes, de spécifici-
tés très différentes, en parfait accord avec la mise en évidence d'activité enzymatique sur gel
d'électrophorèse.

estérase / Propionibacterium / acide gras / lipolyse / fromage

* Correspondence and reprints



346

ver, a glycerol ester hydrolase activity (EC
3.1.1.3.) was brought to light in P freuden-
reichii subsp shermanii (Oterholm et al,
1970a). This enzyme preferentially hydre-
Iyzed substrates in emulsion, but also
showed some esterase activity (Oterholm
et al, 1970b).

ln this study, the esterolytic activity of
the 4 species of propionic acid bacteria in-
volved in hard cheese technology was ex-
amined. In line with most published pa-
pers, we have chosen to use the term
esterase for acylglycerol hydrolases prete-
rentially hydrolyzing esters in true solution
(in contrast, lipase preferentially hydrolyz-
es glycerol esters in emulsion).

C Dupuis, P Boyaval

INTRODUCTION

Propionic acid bacteria play important
roles in many industrial processes: produc-
tion of propionic acid used as a natural
preservative in baking products (Boyaval
and Corre, 1987); production of vitamin
B12 and involvement in the development of
the characteristic f1avor and eye produc-
tion in Swiss-type cheeses (Hettinga and
Reinbold, 1972). Proteolysis and lipolysis
are the key mechanisms in Swiss cheese
ripening (Biede et al, 1979). Fat break-
down is apparently essential to the devel-
opment of f1avor (Ohren and Tuckey,
1965) and it is well-known that ripened
Swiss cheese contains more free fatty
acids than many other similar hard-ripened
cheeses, including Cheddar (Oterholm,
1967). According to Lawrence (1967), it is
obvious that large numbers of weakly llpo-
Iytic organisms may play an important role
in products with a long storage life, such
as cheese.

Even if propionic acid bacteria predomi-
nate in this type of cheese during ripening,
their role in the formation of monocarboxyl-
ic acids from triglycerides has not been
completely investigated and the results dit-
fer widely from·onestudy to another. Pre-
pionic acid bacteria seem to be rather defi-
cient in enzymes able to hydrolyze the
phospholipid-protein complex of the fat
globules in milk (Umanskii et al, 1974).
Nevertheless, 65% of the strains of Propi-
onibacterium shermanii tested by Urnans-
kii and Borovkova (1979) presented a
strong lipolytic activity. This strong non-
specifie activity had already been noticed
by Kaderavek et al (1973). Knaut and
Mazurek (1974) found low lipolytic activi-
ties in 10 strains of propionibacteria. Wer-
ner (1967) found no extracellular lipase ac-
tivity in 8 strains, but Cantoni et al (1966)
demonstrated that propionic acid bacteria
could produce butyric acid from tributyrin
and free fatty acid from butterfat. Moree-

MATERIALS AND METHODS

Strains

Five strains, described as the type strain by
Cummins and Johnson (1986), of each species
or subspecies of dairy Propionibacterium were
used during this study: P freudenreichii subsp
freudenreichii CIP 103026 (Collection de
l'Institut Pasteur, Paris, France), P freudenreichii
subsp shermanii CIP 103027, P jensenii CIP
103028, P thoeniiCIP 103029 and P acidipropio-
nici DSM 4900 (Deutsche Sammlung von Mik-
roorganismen und Zellkulturen, Braunschweig,
Germany).

Media and growth conditions

. Stock cultures were maintained at -70·C in a
yeast extract-Iactate medium (YEL) (Malik et al,
1968) containing 15% (v/v) glycerol (Prolabo,
France). Ali media were sterilized by heat treat-
ment (120·C for 15 min). Two transfers at 1%
(vlv) (48 h incubation at 30·C) were performed
on YEL before actual use. Cells were grown in a
1-1bottle of YEL at 30·C. Bacterial growth was
monitored by optical density (00) measure-
ments (650 nm) (Beckman spectropholomeler
DU7400, USA). Calibration belween 00 and to-
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tal proteins, and 00 and population were car-
ried out. Cells from the middle of the exponential
growth phase were harvested by centrifugation
(Cryofuge M7000, Heraeus, Germany) for 20
min at 7000 g, 4°C. They were washed once
with cold sterilized distilled water and tested at-
ter disruption for esterase activity.

Protein determination

A folin-phenol reagent was used to determine
the protein content of sampies with bovine ser-
um albumin (Sigma, USA) as standard (Lowry et
al, 1951). .

Preparation of cen-tree extracts

Washed cell pellets were frozen at -18°C over-
night, and then resuspended in sterilized dis-

. tilled water at 1011 CFU-mt-1• Cells were disrupt-
ed using a French Pressure Cell Press (SLM
Aminco, USA) for 15 min at 15 600 Psi. This
treatment was repeated twice. Preliminary cen-
trifugation on a J2HS (Beckman, USA) for 15
min at 3840 g, 4°C allowed the removal of un-
broken cells. Another centrifugation for 20 min
at 39 200 g, 4°C separated the intracellular frac-
tion (supernatant) from the parietal fraction (con-
taining both cell walls and membranes). The in-
tracellular fraction was kept at -18°C until use.
The parietal fraction was washed 3 times in
distilled water and then kept in pellet form at
-18 "C.

Esterase assay

A survey of esterase activity was made with the
API ZYM system (LRA ZYM strips, Bio Mérieux,
France). Ten substrates were tested (from 2-
naphthyl-butyrate to 2-naphthyl-stearate) on in-
tracellular and parietal fractions and on whole
cell suspensions. These suspensions were ob-
tained as follows: cells from the middle of the ex-
ponential growth phase were washed twice in
sodium phosphate buffer 0.05 mol-I-l pH 7.0,
and the 00 (650 nm) was adjusted to 1.0 before
application on the strips. The strips were then in-
cubated at 30°C and read after 4 h.
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The esterase activity was quantified using B-
and a-naphthyl (Na) derivatives of acetate, pro-
pionate and butyrate (Sigma, USA) as sub-
strates according to the method of Goldberg and
Rutenburg (1958) modified as follows. Enzymat-
ic reaction occurred in microplates (Nunc Immu-
no Plate Maxisorp, Oenmark) at 30°C for 10, 30
and 60 min: 50 III substrate (Na derivatives 0.66
mmol-I-l, dissolved in acetone (5% v/v) in sodi-
um phosphate buffer 0.05 mol-l-l, pH 7.0) were
added to 50 J.Ü of the enzyme solution. The reac-
tion was stopped by 50 J.Ü of 'Zym A' [TRIS-
hydroxymethyl-aminoethane 25% (wlv) , 12.5 N
hydrochloric acid 11% (v/v) and sodium lauryl
sulfate (SOS) 10% (wlv)].,Then the reaction was
revealed with 50 J.Ü of 'Zym B' (Fast Blue BB
(Sigma, USA) 0.35% (w/v) in 2-methoxy-ethanol
(Prolabo, France)). Absorbance was immediate-
Iy determined at 540 nm on a microplate auto-
reader EL309 (Bio-Tek Instruments, USA). A
unit (U) of enzyme specifie activity was ex-
pressed as the change of 0.1 unit absorbance
per min for 1 mg of bacterial proteins present in
the tested fraction. For myristate, palmitate and
stearate fatty acids, the substrate mixture was
prepared as described by Gomori (1953): 10 J.Ü
of a and BNa derivative stock solutions (52.8
mmol-I-l in acetone) were added to 790 J.Ü 1,2-
propanediol (4 N) in distilled water and used as
previously described.

Esterase patterns after fractionation of intra-
cellular fractions on polyacrylamide gel electro-
phoresis (PAGE) were performed on Protean Il
xi cell (Bio Rad, USA) using an ECPS 3000/150
generator (LKB-Pharmacia, Netherlands). The
gel (12 x 17 cm) was made up without SOS us-
ing a 5% stacking gel in TRIS buffer (Merck,
Germany) 0.062 mol-t-1, pH 6.8 and a 10% run-
ning gel in TRIS buffer 0.33 mol-t-1, pH 7.8. The
running buffer was composed of TRIS 0.049

. mol-t-1, and glycin 0.038 mol-t-l, pH 8.0. Migra-
tion was conducted at 150 V, 50 mA at 4°C.

Intracellular fractions were concentrated on
Centriflo Membrane Cones CF25 (Amicon,
USA), and samples containing 1 mg proteins
were loaded using bromophenol blue as track-
ing dye. Gels were stained according to the
method of Harper et al (1980): the gel was
washed for 5 min in sodium phosphate buffer 0.1
moJol-l, pH 7.0, then incubated for 30 min at
30°C in 1 ml substrate solution (a and B Na de-
rivative, 1% (w/v) in acetone) and 50 ml reveal-
ing solution (Fast Red TR (Serva, Germany)
10% (w/v) in sodium phosphate buffer 0.1
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substrate. Most of the highest activity val-
ues were shown by intracellular fractions,
whereas the difference between parietal
fractions and whole ce Ils was less evident.
For most of the substrates, parietal fraction
activities of P freudenreichii subsp freuden-
reicbit CIP 103026 were stronger than
whole cells activities. P thoenii CIP 103029
and P jensenii CIP 103028, however,
showed the opposite trend and P ecidi-
propionici DSM 4900 and P freudenreichii
subsp shermanii CIP 103027 were quite
similar.

C Dupuis, P Boyaval

mol'I-l, pH 7.0). Active esterase bands were
dark orange and were characterized by their
relative mobility (Rf) values. Acetate-Bbla, propi-
onate-aNa, butyrate-aNa, valerate-aNa, ca-
proate-aNa, caprylate-aNa, caprate-aNa, lau-
rate-aNa, myristate-aNa, palmitate-aNa,
stearate-f3Na from Sigma (USA) were used as
substrates.

Purification stage

Twenty-five ml of intracellular fraction of P freu-
denreichii subsp freudenreichii containing 4.5
mg proteins were applied to a Mono Q HR 515
column (Pharmacia, Sweden) equilibrated with
TRIS-HCI buffer 50 mrnot-t-t, pH 7.5. Elution
was performed at a flow rate of 1 ml'min-l with
a 4-step Iinear gradient of NaCI: 0 to 0.3 mol'I-l
for 58 min, 0.3 to 1 mol'rl for 2 min, stationary
phase for 10 min and 1 to 0 rnol-r 1 for 2 min.
Detection was performed at 280 nm. Esterase
activity was tested on elution fractions (1 ml) as
previously described, using acetate-Bree, propio-
nate-aNa and butyrate-aNa as substrates.

RESULTS

Screening of esterase activity

The results of the screening, using API
ZYM strips, are shown in table 1. Activities
were found in ail the species of propioni-
bacteria, in whole cells (Cell), intracellular
(Intra) and parietal (CW) fractions. A de-
creased activity with extending chain
length substrate was globally exhibited in
ail strains. As a general rule, activity disap-
peared or was very slight wh en chain
length of fatty acids exceeded 10 carbons
(caprate-Bbla). A slight activity (grade of
colour intensity: 1) was shown by whole
cells of P freudenreichii subsp shermanii
CIP 103027, P jensenii CIP 103028 and P
acidipropionici DSM 4900, and by intracel-
lular fraction of DSM 4900, wh en stearate-
~Na (carbon number: 18) was used as

Quantitative activities
of intracellular fractions

With the exception of DSM 4900, ail intra-
cellular fractions were active on acetate-
~Na, propionate-aNa and butyrate-aNa (fig
1). P jensenii CIP 103028 had a singular
pattern of activity, showing the highest
specifie activity value (4.6 units) on ace-
tate-Brsa. However, the esterase activity of
this strain decreased as chain length ex-
tended. The opposite pattern was shown
by P thoenii CIP 103029. Another pattern
was common to P freudenreichii subsp
shermanii CIP 103027, P freudenreichii
subsp freudenreichii CIP 103026 and P
acidipropionici DSM 4900: activity was at a
maximum when using propionate-aNa as
substrate.

Esterase electrophoresis patterns

Seven distinct active bands, with Rf values
ranging from 0.85 to 0040, were revealed
on the electrophoretic patterns of the 5
strains of Propionibacterium (table Il).
Each strain possessed from 1 to 4 este-
rase activities. Three trends could be no-
ticed:

- P freudenreichii subsp freudenreichii CIP
103026 and P freudenreichii subsp sher-
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Table 1. Screening on LRA ZYM strips of esterase activity on whole cells, intracellular and parietal
fractions, of 5 species of dairy Propionibacterium.
Screening des activités estérasiques sur galeries API ZYM, des cellules entières, des fractions intra-
cellulaires et pariétales de 5 espèces de bactéries propioniques laitières.

Suostrsies:
Strains Tested

fraction C4 C5 C6 C8 C9 CIO C12 C14 C16 C18

P freudenreichiiCIP 103026
Cell +++ ++ + + +
Intra ++++ +++ +++ +++ ++ + +
CW +++ +++ +++ +++ + +

P shermanii CIP 103027
Cell +++ +++ ++ ++ ++ +
Intra ++++ +++ +++ +++ ++ +
CW +++ +++ ++ ++

P jenseniiCIP 103028
Cell +++ ++ ++ + + + +
Intra ++++ +++ +++ +++ ++ +
CW + +++ +++ +++ +++ +

PthoeniiCIP 103029
Cell ++++ +++ +++ ++ ++
Intra ++++ +++ +++ ++ +
CW ++ ++ + + +

P acidipropionici OSM 4900
Cell +++ ++ ++ + + + +
Intra ++++ +++ +++ +++ +++ + +
CW +++ ++ ++ ++ + +

A grade (scale from 0 to 5) was anributed for activity: -: no activity; from + to +++++: intensity from grade 1 (Iow) to
grade 5 (high) ." Il- Naphtyl derivatives: C4, butyrate-; C5, valerate-; C6, caproate-; ca, caprylate-; Cg nonanoate;
Cl 0, caprate-; C12, laurate-; C14, myristate-; C16, palmitate-; cra stearate; Cell: whole cells; Intra: intracellular frac-
tion; CW: cell wall fraction
Une note de t à 5 était attribuée aux activités détectées selon l'intensité de la couleur: -; pas d'activité; de + à
+++++: intensité faible (note t) à forte (note 5); • dérivés Il - naphtyl: C4, Butyrate-; C5, valérate-; C6, caproate-; C8,
caprylate-; Cg nonanoate; CIO, caprate-; CI2 laurate-; Ct4, myristate-; Ct6, palmitate-; C18, stéarate; Cell: cellules
entières; Intra : fractions intracellulaires; CW : fractions pariétales.

manii CIP 103027 had similar patterns: 3
esterase bands, El' E2 E3• were common
to these strains only (Rf 0.85, 0.62 and
0.47). El was only active (high activity) on
acetate-Bbla and on propionate-aNa. E2
was active on the 3 substrates, with a

noticeable higher activity on butyrate-aNa.
ln contrast, E3 was not active on acetate-
~Na, showing a strong activity on propion-
ate-aNa and, for CIP 103026 on butyrate-
aNa. Moreover, another minor active band
(Rf 0.40) was present in CIP 103026.
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Table Il. Esterase electrophoretic patterns of intracellular fractions of the different species of dairy
Propionibacterium.
Profils électrophorétiques des activités estérasiques des fractions intracellulaires d'espèces de bacté-
ries propioniques laitières.

Strains Band Rf Intensity of esterasic activity a

Substrates

Acetate-flNa Propionate-aNa Butyrate-aNa

P freudenreichiiCIP 103026
ElE2E3E4

P shermanii CI P 103027
ElE2E3

P jenseniiCIP 103028
E4

P thoenii CI P 103029
EsE4

P acidipropionici DSM 4900
E6E7

0.85
0.63
0.47
0.40

0.85
0.62
0.47

0.40

0.50
0.40

0.78
0.43

+++
++

+++
++ +++

++
+

+++
++

+++
++
+

+++

++ ++ ++

+++
+
+++

+
+++

++
++

+++
+++

+++
+++

a lntensity was expressed by: -: no activily; Irom + 10 +++: Irom a Ihin 10 a deep-coloured band.
a L'intensité des bandes actives est représentée par: -: pas de bandes actives; de + à +++: bandes faiblement à
fortement colorées.

- P jensenii and P thoenii electrophoretic
patterns were very sirnilar. CIP 103028
and CIP 103029 had a cornmon esterase
activity E4 with a broad substrate specifici-
ty. In addition, another active band (RI
0.50) on propionate- and butyrate-aNa,
was shown by the P thoenii strain.
- A singular esterase pattern was shown
by P acidipropionici D8M 4900: 2 bands
(RI 0.78 and 0.43) were revealed with a
broad substrate specificity.

None of the strains presented an active
band for longer chain length substrates

than butyrate-aNa (valerate-aNa, ca-
proate-aNa, caprylate-aNa, caprate-aNa,
laurate-aNa, myristate-aNa, palmitate-
«Na, stearate-Brsa).

Purification stage

lon-exchange chromatography of the intra-
cellular fraction of P freudenreichii subsp
freudenreichii CIP 103026 led to the elu-
tion of 3 main fractions presenting este-
rase activities (fig 2). The first fraction, elut-
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Unit of esterase activity5,----------------------------~----,

4

3

2

o
CIP 103026 CIP 103027 CIP 103028 CIP 103029 DSM 4900

Strains

Fig 1. Esterase activity of intracellular fractions of dairy Propionibacterium species. A unit of specifie
esterase activity was defined as the change of 0.1 unit absorbance (540 nrn) per min and per mg bac-
terial proteins. Symbols : _acetate-~Na; P22Ipropionate-aNa; E::::::I butyrate-aNa.
Activités estérasiques des fractions intracellulaires d'espèces de bactéries propioniques laitières. Une
unité d'activité spécifique était définie par la variation de 0, 1 unité d'absorbance (540 nm) par min et
pour 1 mg de protéines microbiennes. Symboles : _ acetate-f3Na; P22I propionate-aNa; [;;ZJ buty-
rate-aNa.

ed at 0.19 moJol-l NaCl, was strongly ac-
tive on acetate-Bbla and propionate-uNa,
with respective activity values of 0.074 and
0.160 U, whereas only a slight activity of
0.004 U was found on butyrate-aNa. A
second fraction which was only active on
butyrate-aNa, was eluted at 0.25 mol-I-l
NaCI. Finally, the third fraction, which was
strongly active on the 3 substrates, ap-
peared at 1 moJol-l NaCI.

DISCUSSION

ln this study, using the API ZYM system
Propionibacteria were revealed to be ac-

tive on many substrates with various speci-
ficities depending on substrates. The use
of this technique has been recommended
by Arora et al (1990) for assessment of
bacterial enzymatic potential. No evidence
of the esterase system localization couId
be found, even if activities seemed to be
stronger in intracellular fractions.

Esterase systems have already been
described in many bacterial species (Mori-
chi et al 1968; Harper et al, 1980; El Soda
et al, 1986a,b; Kamaly et al, 1988; Bhow-
mik and Marth, 1990; Khalid et al, 1990;
Tsakalidou and Kalantzopoulos, 1992).
Only a few studies on esterase of dairy
Propionibacterium species can be found in
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Fig 2. lon-exchange purification stage of intraceliular fraction of P freudenreichii subsp freudenrei-
chii CIP 103026. Esterase activity was tested using acetate-Bbla, propionate-aNa and butyrate-
aNa. A unit of esterase activity was defined as the change in 0.1 unit absorbance (540 nm) par min.
Séparation des différentes activités estérasiques, par chromatographie d'échange d'ions, de la frac-
tion intracellulaire de P freudenreichii subsp freudenreichii CIP 103026. Les activités estérasiques
étaient testées sur acétate-f3Na, propionate-aNa et butyrate-aNa. Une unité d'activité estérasique
était définie comme le changement de O.1 unité d'absorbance par min.
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the literature. In 2 short congress ab-
stracts, El Soda et al (1984) and Ezzat et
al (1992) mentioned esterase activity re-
spectively in P freudenreichii and P ecidi-
propionici, but unfortunately without any
detail. Oterholm et al (1970b) suggested
the existence of both an esterase and a li-
pase in P freudenreichii subsp shermanii,
but finally concluded that these 2 activities
were only due to a true lipase. Neverthe-
less, esterase activity has not been re-
searched systematically.

The intracellular fraction activities of
Propionibacterium showed various sub-
strate specificities. This has already been
described in other bacterial species (El
Soda et al, 1986a; Bhowmik and Marth,
1990; Khalid et al, 1990). El Soda et al
(1986b), working on strains of Lactobacil-
lus helveticus, L bulgaricus, L lactis and L
acidophilus found different patterns of ac-
tivity depending on the chain length sub-
strates, even for strains of the same spe-
cies. L helveticus CNRZ 303 and CNRZ
223 had decreased activity with rising
chain length, whereas CNRZ 243 showed
the opposite trend; the highest activity was
shown by CNRZ 244 on propionate nitro-
phenyl derivatives. Those 2 trends were
found in the 5 strains of Propionibacterium
of this study. Moreover, El Soda et al
(1986a) and Bhowmik and Marth (1990)
pointed out the importance of the substrate
structure: lactobacilli preferentially hydro-
Iyzed p-nitrophenyl derivatives rather than
o-nitrophenyl derivatives. Thus, differences
between specific activity values must be in-
terpreted with care. Estimation of the este-
rase potential of a strain (before industrial
use, for example) should at least be made
on more than one substrate.

Activities on substrates from acetate to
caprate were found when using API ZYM
systems. However, these activities couId
not be confirmed quantitatively in intracel-
lular fractions. Under our operating condi-
tions, substrates such as valerate-Bbla

were not easily soluble, resulting in opales-
cent solutions which are not usable in a
colorimetric method. Thus, esterase sys-
tems of Propionibacterium may be more
extended. The adsorbed substrate in the
API ZYM system is probably more effi-
cient, but esterase activity must normally
act on substrate in solution. In order to sol-
ubilize longer chain length substrates,
some authors enhance the acetone con-
centration in the medium. But this tech-
nique very often leads to a loss of enzyme
activity. Gomori (1953) has suggested the
use of 1,2-propanediol ta better solubilize
the long fatty acid derivatives. Using this
technique was successful for myristate-
aNa but failed for palmitate-aNa and stear-
ate-Bbla, which gave unstable opalescent
solutions. Unfortunately no activity was re-
vealed with the myristate solution with P
freudenreichii subsp freudenreichii CIP
103026 intracellular fraction. The use of
microemulsions to reveal esterolytic (or lip-
olytic) activity on substrates with a chain
length > 5 carbons seems ta be a very
useful method, even if this technique is still
difficult to handle (Haering et al, 1987).

The complexity of the esterase system
was demonstrated using PAGE separa-
tion, but on the 5 tested species, only 3
different patterns were shawn. Strains of
P freudenreichii had different patterns from
those of P thoenii/P jensenii and P scidi-
propionici. The subspecies shermanii and
freudenreichii could not be distinguished,
neither could be strains of P thoenii or
P jensenii. However, esterase electropho-
retic patterns remain a useful tool to differ-
entiate Propionibacterium species. This
has already been pointed out in the litera-
ture for other bacterial species (Lund,
1965; Goullet, 1977). Morichi et al (1968)
were able to distinguish different species
of streptococci and other lactic acid bacte-
ria by this mean. El Soda et al (1986a, b)
and Kamaly et al (1988) also highlighted
the usefulness of this technique to c1assify
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strains of Laetobaeillus and Streptoeoe-
eus.

Species of Propionibaeterium can be
differentiated by electrophoresis of their to-
tal proteins (Baer, 1987), but this tech-
nique is very difficult to handle because of
the complexity of the patterns obtained.
The revelation of their enzyme activities at-
ter electrophoresis could be useful, but not
totally discriminant in the identification of
propionibacteria after the systematic study
of a higher number of strains. Neverthe-
less, it has been shown that some esteras-
es are active only on a few substrates.
This is in accordance with Tsakalidou et al
(1992): Laetoeoeeus laetis subsp laetis
ACA-DC 128 showed 2 estèrases when
using acetate-aNa, but 3 when butyrate-
aNa was used. Thus, it would be more reli-
able to check the identity of Propionibaete-
rium with acetate, propionate and butyrate
naphthyl derivatives. In this study we did
not try to show potential variation in activi-
ty between a and 13 naphthyl derivatives.
This will be carried out on the purified en-
zymes.

No activity was found when longer
chain length substrates were used. But, as
emphasized Morichi et al (1968), this does
not mean that esterases are inactive on
these substrates. Longer substrates may
have difficulty in reaching the enzyme in
the polyacrylamide gel.

The partial purification of the intracellu-
lar fraction of P freudenreiehii subsp freu-
denreiehii CIP 103026 yielded 3 esterases
which were differentiated by their elution
time and their substrate specificity. These
results agree with the esterase electropho-
retie pattern: the first eluted esterase was
strongly active on acetate-Btsa and propio-
nate-aNa, as was the electrophoretic este-
rase El. The second was only active on
butyrate-aNa, as was the electrophoretic
esterase E3 and the third was active onto
the 3 substrates as was esterase E2. How-
ever, a longer elution gradient must be ap-

plied to attempt a possible separation of
the last esterase which was eluted at
1 mol-I-l NaCI into different fractions. Nev-
ertheless, the current separation enabled
us to independently study these 3 main
esterase activities.

The proportion of free fatty acids other
than propionic and acetic acids found in
Swiss cheese is very similar to that of fatty
acids in milk fat (Langler and Day, 1966).
This suggests the existence of a Iipolytic
breakdown of milk fat, mainly of microbial
origin, for cheeses made with pasteurized
milk in which the natural lipase of the milk is
destroyed. Apart from the use of esterases
in identification, it seems important to fur-
ther study their number, their substrate
specificity and their activity level. These
points appear essential for a better under-
standing of propionibacteria, one of the
main ripening flora of this type of cheese.
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