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Summary - A total of 16 mesophilic homofermentative lactobacilli were isolated from Xynotyri, a
traditional Greek cheese. Identification of strains was performed by phenotypic methods and by
SDS-polyacrylamide gel electrophoresis of whole-cell proteins; strains were found to belong to the
Lactobacillus plantarum species. Peptidase and esterase activities were detected spectrophotome-
trically and electrophoretically in the cell-free extracts of the strains, using synthetic substrates. The
proteolytic activity of whole cells in milk, as weil as the proteolytic activity of cell-free extracts on whole
bovine casein were examined. Slqnitlcant differences within the species were observed, allowing the
selection of technologically interesting strains.

Lactobacillus plantarum / taxonomy / enzyme activity

Résumé - Souches de L plantarum isolées à partir d'un fromage grec traditionnel. À partir d'un
fromage traditionnel grec, nous avons isolé 16 souches de lactobacilles thermophiles homofermen-
taires. L'identification des souches a été faite par leurs caractères phénotypiques ainsi que par élec-
trophorèse en SOS polyacrylamide des protéines totales. Les souches appartenaient aux différentes
espèces du Lactobacillus plantarum. Nous avons aussi étudié leur activité peptidasique et estérasique
par spectophotométrie et par électrophorèse de l'extrait cellulaire des souches avec des substrats
synthétiques. L'activité protéolytique des cellules dans le lait, ainsi que de l'extrait des cellules sur la
caséine totale de vache a été étudiée. Des différences significatives entre les souches ont été obser-
vées, permettant une sélection selon leur intérêt technologique.
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INTRODUCTION

Mesophilic lactobacilli constitute most of
the non-starter lactic acid bacterial popula-
tion in many varieties of cheese. These
microorganisms typically gain entrance
through post-pasteurization contamina-
tion, but may also constitute part of the raw
milk flora and survive pasteuriza-
tion (Chapman and Sharpe, 1981; Turner
et al, 1986). Mesophilic lactobacilli repre-
sent one of the few lactic acid bacteria
groups capable of growing to high cell den-
sities under the selective conditions of
cheese ripening (Iow Eh, low pH, limited
carbohydrate). They can utilize metabolites
such as lactate, amine acids, ribose and
N-acetylamino sugars as a nutrient source
more effectively than other starter or non-
starter lactic acid bacteria. This may partial-
Iy explain their dominance du ring ripe-
ning (Thomas, 1987).

Nevertheless, the exact role played by
lactobacilli during cheese maturation is still
not fully understood. Several groups have
undertaken different kinds of approaches in
order to evaluate the metabolic activities of
lactobacilli and their potential significance
during cheese ripening (Law et al, 1976;
El Soda et al, 1981). Lactobacillus planta-
rum has been isolated in large numbers
from ripening cheeses (Tzanetakis et al,
1987; Tzanetakis, 1990; Tzanetakis and
Litopoulou Tzanetaki, 1992). However, the
knowledge of its proteolytic and lipolytic
system is rather limited (Oterholm et al,
1972; El Soda et al, 1983; De Giori et al,
1985; El Soda et al, 1986a,b,c; Broome
and Hickey, 1990a,b; Khalid and Marth,
1990; Peterson et al, 1990).

Xynotyri cheese is a traditional Greek
cheese prepared from ewe's or goat's milk
with the use of naturally dominating micro-
flora. No data are available concerning the
influence of mesophilic lactobacilli on the
quality of Xynotyri cheese, as weil as their
level and growth kinetics. The objectives of
this study were to isolate strains of Lacto-
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bacillus plantarum (L plantarum) from tra-
ditional Xynotyri cheese and to charac-
terize them by screening for proteolytic and
lipolytic activities. This might serve as a ba-
sis for the selection of representative
strains to be used in subsequent studies on
cheese ripening.

MATERIALS AND METHODS

Preparation of Xynotyri cheese

Fresh milk (ewe's or goat's) is mixed in 1:1 ratio
with milk obtained the previous evening, which
was stored at approximately 10°C. To the milk
mixture (fat content 4.5-5%, acidity 35-40 °0)
Iiquid rennet is added (5 ml per 100 kg milk).
After coagulation for 20 h at 8-10 oC, the curd is
cut in cubes (1-2 cm), rested for 6 h and then
drained through a cheese c1oth. The next day the
curd is knitted, salted and packed in cans. The
cheese is consumed either as fresh cheese or
as ripened cheese after 3 months.

Isolation and identification of strains

Ali strains were originally isolated from Xynotyri
cheese by standard microbiological procedures
for the detection of lactic acid bacteria. They
were deposited in the ACA-OC Collec-
tion (laboratory of Oairy Research, Agricultural
University of Athens). The phenotypic identifica-
tion was perlormed according to Sharpe and
Fryer (1965), Sharpe (1979), and Kandler and
Weiss (1986). Carbohydrate fermentation was
determined using the API 50 CHl gal-
le ries (BioMerieux, Vercieu, France). Strains
were stored at -30 oC in MRS broth (De Man et
al, 1960), containing 15% glycerol.

Preparation of the cel/-free extracts

Strains were subcultured twice in MRS broth.
Final growth was perlormed in MRS broth (1%
inoculum), at 30°C. Early stationary phase
cells (16 h) were collected from the growth me-
dium by centrifugation (12 000 g, 10 min, 4 OC).
The pellet obtained was washed three times with
0.05 mol/l Tris-HCI butter (pH 7.0), containing
0.1 mol/l NaCI. Subsequently, it was resus-
pended in 0.05 mol/l Tris-HCI butter (pH 8.0),
containing 2 mg/ml lysozyme, and incubated for
2 h at 37 oC. The supernatant obtained after cen-
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trifugation (12000 g, 15 min, 4°C) was desig-
nated as the cell-free extract.

Measurement of peptidase
and esterase activities

For the detection of peptidase activities five sub-
strates were used: Iysine-, leucine-, phenyla-
lanine-, N-acetyl-alanine- and a-glutamic acid-4-
nitroanilide (Sigma, St-louis, USA). For the
screening of esterolytic enzymes five 4-nitrophe-
nol derivatives were used: 4-nitrophenyl-ace-
tate (C2), -butyrate (C4), -caproate (C6), -capry-
late (C8) and -caprate (C10) (Sigma, St louis,
USA). For the qualitative detection of enzyme
activities, cell-free extract (25 ut.) and substrate
solution (25 Ill; 10 rnmort, in methanol) were in-
cubated in 200 III 0.05 mol/l phosphate butt-
er (pH 7.0), at 30°C (microtiter plate assay).
Alter 30 and 60 min the intensity of the yellow
colour against the blank measurement was vis-
ually recorded on a scale from 1 to 4. Sub-
sequently quantitative enzyme tests were per-
formed for ail cell-free extracts scoring higher
than 1 on this scale. Cell-free extract (50 ilL) and
substrate solution (50 Ill; 10 mmol/l in meth-
anol) were incubated in 400 III0.05 mol/l phos-
phate butter (pH 7.0), at 30°C. The activity was
spectrophotometrically assayed at 410 nm by
measuring the degree of substrate hydrolysis. A
unit (U) of enzyme activity was defined as the
amount of enzyme producing 1 urnol 4-nitroa-
niline or 4-nitrophenol (E410 = 8800 and 7660 l
mol:' crrr ' respectively) permin. Specificactivity
was defined as the number of units per mg of
protein. The Bio-Rad Protein Assay Reagent
kit (Bio-Rad laboratories, Munich, Germany)
was used for the determination of protein, with
bovine serum album in as standard.

Polyacrylamide gel electrophoresis

SOS-PAGE (laemmli, 1970) (10% acrylamide
gels; 0.025 mol/l Tris-0.19 mol/l glycine butter,
pH 8.3) was used to obtain the protein finger-
prints of the strains tested. Phosphorylase
b (92500), bovine serum albumin (67000), egg
albumin (45 000), and carbonic anhy-
drase (29 000) were used as molecular mass
markers.
Post-electrophoretic detection of the enzyme ac-
tivities was performed using Iwo ditterent elec-
trophoretic systems: 1) under the same condi-
tions as before (laemmli system), but in the
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absence of SOS and 2-mercaptoethanol; and 2)
electrophoresis on a 7% polyacrylamide
gel (continuo us system), without SOS and 2-
mercaptoethanol, in 0.1 mol/l phosphate butt-
er (pH 7.2) (Cooper, 1981). In both cases, activ-
ity was detected directly on the gel (Miller and
Mackinnon, 1974; Harper et al, 1980). In the
case of peptidases Iysine- and leucine-[3 -naph-
thylamide were used as substrates and Fast
Gamet GBC as colour compound; in the case of
esterases the a-naphthyl esters of acetate and
butyrate were used as substrates, with Fast Red
TR as colour compound.

Determination of proteolytic activity

Strains were grown in 10% sterile skim milk (1%
inoculum), at 30 -c: samples were taken alter 3
and 6 days, and mixed with an equal volume of
12% TCA solution. Alter 15 min at room tem-
perature, the 6% TCA soluble fraction was sep-
arated by centrifugation (12 000 g, 5 min) and
the amino acids/peptides produced were deter-
mined usiriq the o-phthaldialdehyde method
(Church et al, 1983). Results were expressed in
l-glycine equivalent (mmol/l). The sediment
was dissolved in 8 mol/l urea and subjected to
polyacrylamide gel electrophoresis, in the
presence of urea (Andrews, 1983).

Three strains were tested for proteolytic activity
on whole bovine casein. Casein solution (50 Ill;
10 mg/ml) and 50 IIIcell-free extract were incu-
bated in 100 III 0.25 mol/l Tris-HCI butter (pH
6.8) at 37 oC. The reaction was stopped (alter 24
and 48 h) by 200 III 12% TCA. Alter 15 min at
room temperature, the 6% TCA soluble fraction
was separated by centrifugation (12 000 g,
5 min). Sediment as weil as supematant ob-
lained were subjected 10 Ihe same analysis as
described above.

RESULTS AND DISCUSSION

Identification of strains

The phenotypic characteristics of the iso-
lates are shown in table 1. It is obvious that
the phenotypic characteristics of the 16 iso-
lates were more than 90% in agreement
with those described by Kandler and
Weiss (1986) for the L plantarum species,
which is the predominant lactobacillus spe-
cies in Greek traditional cheeses (Tzaneta-
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kis et al, 1987; Tzanetakis, 1990; Litopou-
lou-Tzanetaki and Tzanetakis, 1992; Tza-
netakis and Litopoulou-Tzanetaki, 1992).
The SOS-PAGE analysis confirmed the
phenotypic identification. The identification
of strains was performed by visual compa-
rison of their electrophoretic patterns. Ali
strains possessed similar strong bands
with the same mobility, and only in some
cases a few faint bands were different (fig
1a, b). L plantarum ACA-OC 142 was used
as reference strain; this was previously i-
dentified phenotypically as weil as by the
SOS-PAGE technique (Tsakalidou et al,
1994). The protein profiles of the strains
tested were identical with the electrophore-
tic pattern of the reference strain (fig 1c).

Peptidase and esterase activifies

Using the microtiter plate assay, none of
the strains showed high activity on
phenylalanine-, N-acetyl-alanine- and a-
glutamic acid-4-nitroanilide (peptidases) or
on 4-nitrophenyl-caproate (C6), -capry-
late (C8) and caprate (C10) (esterases).
Therefore, only Iysine- and leucine-4-ni-
troanilide as weil as 4-nitrophenyl-acetate
and -butyrate were used for the spectro-
photometrie determination of peptidase and
esterase activities respectively (table Il).

According to the results obtained from the
spectrophotometric detection, ail strains
were more active on lysine-4-nitroani-
lide (hydrophilic and basic character), than
on leucine-4-nitroanilide (hydrophobie
character). Strains ACA-OC 271,274,280,
283 and 288 displayed the highest pepti-
da se activities; they ranged from 146 to 198
U/g on lysine-4-nitroanilide and from 42 to
64 U/g on leucine-4-nitroanilide. Absence
of activity on phenylalanine-4-nitroanilide
might be due to the hydrophobie character
of the substrate, while no activity on a-glu-
tamic acid-4-nitroanilide is due to its hydro-
philic but acidic character. Nevertheless,
Peterson et al (1990) reported that cell-free
extracts of L plantarum displayed higher
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Fig 1. SDS-polyacrylamide gel electrophoresis
(10% acrylamide, 25 mmol/L Tris-0.19 mol/L gly-
cine, pH 8.3) of the cell-free extracts from the
AGA-DG Lactobacillus plantarum strains. Lanes:
1, Molecular mass markers (92, 67, 45 and 29
kDa).a.Lanes:2,269;3,270;4,271;5,274;6,275;
7,276; and 8, 278. b. Lanes: 2, 279; 3, 280; 4, 282; 5,
283; 6, 284; 7, 285; and 8, 287. c. Lanes: 2, 288; 3,
290; 4, 271; 5, Lacfobacillus plantarum reference
strain 142; 6, 276; 7, 280; 8, 284; and 9, 287.
Électrophorèse sur SOS polyacrylamide (10% ac-
rylamide, 25 mmollL Ttts-û, 19moVL glycine, pH
8,3) de l'extrait cellulaire des souches de Lactoba-
cillus plantarum AGA-DG. 1 : Marqueurs de
masse moléculaire (92, 67,45 et 29 kOa). a)
2: 269; 3: 270 ; 4 : 271 ; 5 : 274 ..6 : 275 ; 7 :
276 et 8 : 278. b) 2 : 279 ; 3 : 280 ; 4 : 282 ; 5 :
283; 6 : 284 ; 7: 285 et 8: 287. c) 2 : 288 ; 3 :
290 ; 4 : 271 ; 5 : Lactobacillus plantarum
souche de référence 142 ; 6 : 276 ; 7 : 280 ;
8 : 284 et 9 : 287.
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Table 1. Phenotypic characteristics of the 16
Lactobacillus plantarum strains.
Caractères phénotypiques de 16 souches
de Lactobacillus plantarum.

Characteristics Kandler Present
and Weiss study

(1986)

Growth at 15 -c + +
Growth at 45 -c a +
C02 from glucose
Arginine hydrolysis
Esculine hydrolysis + +
Acid from gluconate + 4 +,12-
Amygdaline + +
O-Arabinose a +
Cellobiose + +
Lactose + +
Maltose + +
Mannitol + +
O-Mannose + +
Melezitose a +
Melibiose + +
O-Raffinose + 14 +,2-
Rhamnose
Ribose + +
Salicine + +
Sorbitol + 4 +,12-
Saccharose + +
Trehalose + 15 +,1-
O-Xylose a

(a): Variable reaction according to Sharpe (1979).

specifie activity towards hydrophobie di-
peptides as compared to hydrophilic dipep-
tides and 4-nitroaniline derivatives. Very
low hydrolysis of N-acetyl-alanine-4-nitroa-
nilide might be an indication that the strains
lacked endopeptidase activity. According to
El Soda et al (1983), the intracellular pep-
tidase system of L plantarum consisted of
aminopeptidase and dipeptidase activities,
while no carboxypeptidase or endopepti-
dase activities were present. Similar results
have also been reported (Broome and
Hickey, 1990a).

Low esterase activities were determined
with 4-nitrophenyl-acetate and -butyrate.
Between the two substrates no consider-
able differences were observed. Strains
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ACA-DC 271,274 and 288 showed the hi-
ghest esterase activities. These ranged
from 66 to 83 U/g on 4-nitrophenyl-acetate
and from 29 to 44 U/g on 4-nitrophenyl-bu-
tyrate. Previous studies on the lipolytic sys-
tem of L plantarumshowed that this is weak
and specifie towards short chain fatty acids.
According to Fryer et al (1967), L planta-
rum lipase is close to the cell surface and
so readily released. Singh et al (1973) clai-
med that the species possessed an endo-
cellular lipase, which can hydrolyse tributy-
rin extensively but tripalmitin and triolein
only sparingly. Similar results have been
also reported (Oterholm et al, 1968; El
Soda et al, 1986b). El Soda et al (1986a)
used 2- and 4-nitrophenyl derivatives of fat-
ty acids as substrates for the detection of
esterolytic activities in L plantarum, and re-

Table Il. Peptidase and esterase activities (Ulg)
of the 16 Lactobacillus plantarum strains.
Activité peptidasique et esterasique (Vlg) de 16
souches du Lactobacillus plantarum.

Strain Lys-AP Leu-AP C2-ES C4-ES

AC A-OC 269 114
ACA-OC 270 138
ACA-OC 271 198
ACA-OC 274 168
ACA-OC 275 117
ACA-OC 276 137
ACA-OC 278 133
ACA-OC 279 138
ACA-OC 280 168
ACA-OC 282 124
ACA-OC 283 152
AC A-OC 284 50
AC A-OC 285 123
ACA-OC 287 106
ACA-OC 288 146
ACA-OC 290 51

36 28
39 0
64 83
53 73
32 26
38 13
36 33
38 0
42 18
32 6
47 3
9 20

32 9
25 29
42 66
11 14

32
5

44
30
29
19
35
3

25
6
o

19
12
20
29
39

Lys-AP, L-lysine-4-nitroanilide; Leu-AP, L-leucine-4-
nitroanilide; C2-ES: 4-nitrophenyl-acetate; C4-ES, 4-
nitrophenyl-butyrate.
Values are the mean of three experiments; standard
error less than 0.05.
Valeurs moyennes de trois essais; erreur: moins
de 0,05.
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ported that the rate of hydrolysis decreased
with the increase in the number of carbon
atoms (from C2 to C5); L plantarum strains
showed inability to hydrolyse 2- and 4-nitro-
phenyl-caproate (C6) and -caprylate (C8).
These data are in agreement with the re-
sults obtained in the present study.

Histochemical staining after disconti-
nuous electrophoresis (pH 8.3) revealed
no peptidase bands, when Iysine- or leu-
cine-f-napbmytamide were used as subs-
trates; this might be due to the alkaline pH
of the electrophoretic system. Peptidase
activities could only be detected on the
one-gel electrophoretic system (pH 7.2);
almost ail strains gave one ill-defined, dif-
fuse band with Rf = 0.33 for both subs-
trates. This band was stronger in the case
of ACA-OC 271 and 274 strains. On the
contrary, histochemical staining gave ac-
tive esterase bands on the discontinuous
system (pH 8.3) for both a-naphthyl-ace-
tate and -butyrate, with Rf = 0.22 and
Rf = 0.42 respectively. After prolonged in-
cubation of the gels in the staining solution,
three more weak bands were observed for
acetate, in the case of ACA-OC 271 and
274 strains (Rf = 0.60, 0.70, 0.84).

Proteolytic activity

The proteolytic activity of the strains wh en
grown in skim milk was generally very low.
Even after 6 days of incubation, no degra-
dation of milk casein was observed electro-
phoretically. The concentrations of the free
amino acids/peptides determined in the 6%
TCA soluble mate rial were also very low.
Only three strains, ACA-OC 274, 284 and
288 showed proteolytic activity under these
conditions (table III). For this reason the
cell-free extracts of these strains were tes-
ted for their ability to hydrolyse whole bo-
vine casein in aqueous solution. After a 48-
h incubation, the free amino acid level was
higher than in the case of milk casein
hydrolysis (table III) and casein degrada-
tion was detectable after electrophoresis.
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Table III. Milk case in and whole bovine case in
hydrolysis by three Lactobacillus plantarum
strains, determined in amine acid equivalent in
the 6% TGA soluble material. Results are
expressed as L-glycine (mmol/L)
L 'hydrolyse de la caséine du lait et de la caseine
bovine totale par 3 souches du Lactobacillus
plantarum. Les valeurs sont exprimées en
equivalent en aminoacides solubles dans le
TCA 6%. Les résultats sont exprimées
en mmollL de L-glycine.

Milk Whole bovine
casein

Strain 3 days 6 days 24 h 48 h

AGA-DG 274 0.52 0.86 3.40 4.16
AGA-DG 284 0.79 1.10 1.36 2.48
AGA-DG 288 0.62 0.92 5.00 6.80

Values are the mean of three experiments; standard
errer less than 0.05.
Valeurs moyennes de trois essais; erreur: moins de
0,05.

Ali three strains hydrolysed ~-casein more
easily than œ-casein (fig 2). Whole cells of
strain ACA-OC 284, which showed the 10-
west peptidase activities (table Il), hydroly-
sed milk casein more readily than the whole
cells of strains ACA-OC 274 and 288, which
belonged to the group of strains with the
higher peptidase activities. On the contrary,
the cell-free extracts of strains ACA-OC
274 and 288 attacked whole bovine casein
more easily th an the cell-free extract of
strain ACA-OC 284. This is an indication
that the latter strain possessed a cell-wall
associated proteinase; its low hydrolysis
rate on whole bovine casein might be due to
its instability under the ceillysis conditions.

According to El Soda et al (1986c),
L plantarum possessed an induced cell-
wall associated proteinase, but this activity
was lower than that of L casei. De Giori et
al (1985) claimed that L plantarum strains
showed greater activity on casein at 15 and
45 "C, and in pH range between 5.60 and
6.20. Khalid and Marth (1990) reported that
L plantarum preferentially degraded ~-ca-
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Fig 2. Urea-polyacry1amidegel electrophoresis (12%
acrylamide, 25 mmol/L Tris-0.19 mol/L glycine,
pH 8.3) of whole bovine casein after incubation
with cell-free extracts of the ACA-OC Lactoba-
cillus plantarum strains. Lanes: 1, 28410 h; 2,
284124 h; 3, 284148 h; 4, 274/0 h; 5, 274/24 h; 6,
274/48 h; 7, 288148 h; 8: 288124, 9: 28810.
Électrophorèse sur gel d'urée-polyacryla-
mide (12% acrylamide, 25 mmollL Tris-O,19
mollL glycine, pH 8,3) de la caséine bovine après
incubation avec l'extrait cellulaire des souches
de Lactobacillus plantarum AGA-DG. 1 : 28410h ;
2:284124h; 3:284148h ;4:27410h; 5:274124h;
6 : 274148 h ; 7 : 288148 h ; 8 : 288124 h ; 9 :
28810 h.

sein of milk, whereas as,-casein was par-
tially hydrolysed by some strains; similar
results on the proteolytic activity of L plan-
tarum have been also reported (El Soda et
al, 1983; Broome and Hickey, 199üb). Re-
sults presented in the present work confir-
med these data.

From the ove rail study it is obvious that
the L plantarum strains examined in the
present study, displayed rather low pepti-
dase, esterase and proteinase activities.
Nevertheless, two out of the 16 strains tes-
ted, namely strains AGA-DG 271 and 274
showed considerable peptidase as weil as
esterase activities. Strain AGA-DG 284 dis-
played proteolytic activity, obviously due to
a cell-wall associated proteinase. These
findings indicate the potential contribution
of L plantarum in the ripening changes of
cheese and may serve as a basis for the
selection of representative strains to be used
in subsequent studies on cheese ripening.
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