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Development of Lactobacillus plantarum LL441
and its plasmid-cured derivatives in cheese

Received: 10 June 2002 / Accepted: 12 February 2003 / Published online: 2 April 2003
� Society for Industrial Microbiology 2003

Abstract A wild Lactobacillus plantarum strain and two
of its plasmid-cured derivatives were separately used as
adjunct cultures in the manufacture of a Gouda-like
traditional Spanish cheese. The wild strain, LL441, har-
bours seven plasmids and produces a lantibiotic-like
bacteriocin. The LL441-B2 derivative has lost plasmids
of 40 and 80 kb and the bacteriocin-producing capability.
The LL441-B11 derivative has lost in addition a 70 kb
plasmid encoding active a- and b-galactosidases. All three
strains could be used as adjunct cultures as none of the
technological and biochemical parameters of the cheeses
was affected. Both the wild-type and the two derivatives
were recovered from experimental cheeses up to 30 days
after manufacture at similar rates of nearly 20%. Thus,
the phenotypic traits under examination were not essen-
tial for L. plantarum to grow into the cheese matrix.
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Introduction

Mesophilic lactobacilli constitute the majority of non-
starter lactic acid bacteria (NSLAB) in most ripened
varieties of cheese. The dominant NSLAB species can be
either homofermentative (Lactobacillus plantarum,
L. casei, L. paracasei and L. rhamnosus) or heterofer-
mentative (L. brevis and L. fermentum) [3, 4, 13]. The
technological role played by these bacteria in the mat-
uration of cheeses is not well understood. They all dis-
play diverse enzymatic activities that might accelerate or
improve the development of cheese flavour during aging

[7, 10, 11, 14]. However, heterofermentative lactobacilli
have frequently been associated with undesirable fla-
vours and other defects [10, 12]. The beneficial effects of
adjunct cultures could also be based upon direct or
indirect competition with undesirable bacteria [7, 12].

Mesophilic lactobacilli are capable of growing to high
cell densities under the restrictive conditions of the curd
(low Eh, low pH, limiting carbohydrates). Typical num-
bers range from 107 to 109 cfu g–1 within a few weeks
post-manufacture [3]. Possible substrates for growth of
NSLAB include residual lactose, citrate, fatty acids,
glycerol, lactate, amino acids, nucleic acids and lysed
starter cells [7]. Several authors have reported that the
growth rate of NSLAB decreases as the fat content of the
cheese is reduced [7, 11], which suggests that glycopro-
teins associatedwith themilk-fat globulemembrane could
be the sugar supplier. Moreover, most lactobacilli species
possess glycoside hydrolases (a- and b-galactosidases,
a- and b-galactosaminidases, N-acetyl-a-D-neuramini-
dase, etc.) able to release sugars from glycoproteins [16].

In this paper we report on the use of a L. plantarum
strain and two of its plasmid-cured derivatives as ad-
junct cultures in cheese. The wild strain (LL441) har-
bours seven plasmids, produces a lantibiotic-like
bacteriocin [9] and possesses functional copies of plas-
mid-encoded a- and b-galactosidase genes [6]. The
LL441-B2 derivative has lost the bacteriocin-producing
ability, while LL441-B11 has lost the bacteriocin and
both plasmid-encoded galactosidases and, consequently,
the capacity to ferment raffinose and melibiose [6]. Their
suitability as adjunct cultures and their capability to
multiply in cheese were investigated.

Materials and methods

Bacterial strains, media and culture conditions

L. plantarum cells were grown statically at 30�C in MRS broth
(Biokar Diagnostics, Beauvois, France). To prepare adjunct cul-
tures, cells were grown in MRS, then washed twice with a saline
solution (0.9%).
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Manufacture and sampling of cheese

Four batches of Peñamellera cheese were manufactured from
pasteurised cow’s milk according to traditional technology [8], with
Ezal MA011 (Texel, France) as a starter. Samples were taken
according to standard procedures [2].

Biochemical and microbiological analyses

Some biochemical and microbiological parameters were analysed in
milk, curd and cheeses of 3, 7, 15 and 30 days. Total solids, fat,
NaCl, pH, titratable acidity, protein, total nitrogen, non-casein
nitrogen and non-protein nitrogen were determined following
standard methods [2].

For microbial analysis, 10 g of each cheese sample was
homogenized in 90 ml 2% (w/v) sterilized sodium citrate at 45�C
for 1 min in a Colworth Stomacher 400 (Seward, London, UK).
Ten-fold dilutions were prepared in sterile 0.1% peptone water and
plated on specific medium in duplicate.

Total bacterial counts

Total bacterial counts were determined on plate count agar (PCA;
Biokar) containing 10 g l–1 skimmed milk powder (Oxoid, Bas-
ingstoke, UK) after incubation at 30�C for 72 h.

Lactococci

Lactococci were enumerated on M17 agar (Biokar). The medium
was supplemented with 40 lg ml–1 nalidixic acid (Sigma, St. Louis,
Mo.) for counts involving milk and curd samples. Incubation was
at 30�C for 48 h.

Lactobacilli

Lactobacilli were counted on MRS agar (Biokar), pH 5.4, after
72 h of incubation at 30�C in anaerobic jars with an enriched CO2

atmosphere (Anaerocult C; Merck, Darmstadt, Germany).

Enterobacteriaceae and coliforms

Violet red bile lactose (VRBL) agar (Biokar) was used to enu-
merate both Enterobacteriaceae ssp. and coliforms, using the
pour-plate and overlay technique. Incubations were for 24–48 h
at 30�C.

Enterococci

Enterococci were scored after 24 h of incubation at 44�C in KF
agar (Adsa-Micro, Barcelona, Spain) containing 10 g l–1 triphe-
nyltetrazolium chloride.

Staphylococci

Dilutions were plated on Baird-Parker agar (Biokar) and incubated
for 24 h at 37�C. Black colonies with or without egg yolk clearing
were recorded.

Yeasts and moulds

Dilutions of milk and cheese samples were plated on chloramphe-
nicol glucose agar (CGA) (Merck) and incubated for 5 days at
25�C.

Carbohydrate fermentation profiles

Carbohydrate fermentation profiles were determined by the API 50
CHL system (bioMérieux, Montalieu-Vercieu, France) according
to the manufacturer’s instructions.

Antimicrobial activity

Cross-antagonistic activities were assayed by an agar spot test [9],
using Lactobacillus sakei CECT 906 (Spanish Type Culture Collec-
tion, University of Valencia, Burjasot, Spain) as an indicator strain.

Plasmid typing

Plasmid DNA from Lactobacillus ssp. strains was isolated by the
method of Anderson and McKay [1] and electrophoresed in 0.75%
agarose gels in 89 mol l–1 TBE.

Results and discussion

The development of the main microbial populations in
milk, curd and experimental cheeses during manufacture
and ripening of the four batches of Peñamellera cheese
are shown in Table 1. Milk was not of high quality;
counts of total aerobic bacteria after pasteurisation were
close to 4.5·104 cells ml–1. Enterobacteriaceae and coli-
forms were among the dominant bacteria in pasteurised
milk (�3.5·103 cells ml–1). Lactobacilli counts in milk
were around 2.0·102 ml–1. In experimental cheeses, ad-
junct cultures were added at around 1.0·105 cells ml–1.
Lactococci, present at 2.5·102 cells ml–1 in milk, rose to
more than 5.0·108 cells ml–1 in curd after addition of the
starter.

The greatest number of bacteria in all Peñamellera
cheeses was seen at day 3. Similar data have been de-
scribed for traditional cheese elsewhere [5]. Total counts
in PCA coincided with numbers of lactococci through-
out the ripening stage (Table 1). After lactococci, lac-
tobacilli (NSLAB) formed the most numerous
population, with numbers reaching their maximum be-
tween days 3 and 7, depending on the batch. The
development of NSLAB in all four batches was similar
and differences were not statistically significant (not
shown). The development of all other populations
examined (coliforms, enterococci, staphylococci, and
yeasts and moulds) was similar for all batches. However,
in trials with adjunct cultures, they reached maximum
numbers later and the final values were somewhat lower
than in the control cheese.

The NSLAB composition of control and experimen-
tal batches was followed in several ways. Representative
strains were subjected to the API system to obtain their
carbohydrate fermentation profiles and to check for
melibiose and raffinose fermentation. Since plasmid
profiles of all strains under assay were known [6], plas-
mid content was frequently used to monitor NSLAB
components. Bacteriocin production in solid medium
was used to follow up the evolution of L. plantarum
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Table 1 Evolution of counts
(log10 cfu g–1) of the main
microbial populations during
manufacture and ripening of
the four batches of Peñamellera
cheese. NSLAB Non-starter
lactic acid bacteria

aC Control cheese, without any
added adjunct culture; 1, 2, 3
experimental cheeses elaborated
with Lactobacillus plantarun
LL441 wild-type strain, L.
plantarum LL441-B2, and L.
plantarum LL441-B11 as ad-
junct cultures, respectively
bAverage of the four samples
from each trial

Microbial groups Triala Milkb Curd Cheese sample (ripening time)

3 days 7 days 15 days 30 days

Total aerobic counts C 4.20 8.50 9.43 9.28 9.18 8.98
1 8.70 9.08 9.02 9.04 8.80
2 8.88 9.32 9.43 9.15 8.90
3 8.52 9.48 9.40 9.02 8.78

Lactococci C 2.47 8.52 9.45 9.20 9.18 8.70
1 8.68 9.40 9.13 8.99 8.90
2 8.70 9.40 9.32 9.15 8.92
3 8.40 9.49 9.37 9.32 9.02

Lactobacilli (NSLAB) C 2.00 3.21 8.07 8.25 7.98 8.04
1 4.89 8.30 8.25 8.11 7.69
2 4.94 7.57 8.18 7.94 7.27
3 5.15 7.78 8.01 7.93 7.28

Enterococci C 1.60 2.51 6.33 5.18 5.40 5.66
1 2.63 5.60 5.36 4.78 5.67
2 2.60 5.52 5.00 4.70 5.70
3 2.87 5.45 5.04 4.84 5.70

Staphylococci C 1.28 1.98 6.60 3.91 4.77 4.18
1 2.04 3.34 3.78 4.68 4.18
2 2.35 4.05 3.83 4.24 3.99
3 2.53 3.86 4.25 4.10 4.29

Coliforms C 2.40 3.92 6.60 5.20 5.60 4.33
1 4.63 5.77 4.86 5.91 4.41
2 4.13 5.15 5.18 5.77 4.24
3 4.41 5.42 5.02 5.78 3.99

Yeast and moulds C 1.70 2.46 6.43 5.49 5.60 5.43
1 2.34 5.57 4.86 5.91 4.41
2 2.36 5.25 5.72 5.38 5.89
3 2.26 5.10 5.94 5.54 5.21

Table 2 Relevant biochemical
parameters of milk, curd and
experimental cheeses during
ripening. TS Total solids, NPN
non-protein nitrogen

aTrial conditions as in Table 1

Microbial groups Triala Milkb Curd Cheese sample (ripening time)

3 days 7 days 15 days 30 days

pH C 6.59 6.71 5.66 5.25 5.32 5.42
1 6.68 5.37 5.26 5.22 5.27
2 6.71 5.59 5.41 5.33 5.30
3 6.64 5.26 5.15 5.17 5.15

Fat (%) C 3.65 13.5 24.5 29.5 27.5 29.5
1 16.0 25.5 26.0 28.0 29.5
2 15.0 25.5 26.0 27.0 27.5
3 15.0 24.0 25.0 27.0 28.5

NaCl (g/100 g) C 0.12 1.02 1.28 1.07 1.91 1.02
1 1.37 1.54 1.25 1.66 1.76
2 1.25 1.65 1.04 1.06 1.78
3 1.14 0.95 0.90 1.15 1.23

TS (%) C 11.36 33.47 52.59 55.62 58.18 62.57
1 35.98 54.40 57.20 57.20 61.93
2 35.61 54.83 56.38 58.18 61.43
3 36.16 51.74 54.54 57.94 62.01

Protein (%) C 3.02 11.71 22.27 23.44 24.61 26.75
1 14.70 22.46 23.77 23.84 25.07
2 14.37 22.78 23.47 24.39 25.11
3 13.09 21.48 22.65 22.72 25.53

Total nitrogen (%) C 0.473 1.184 3.491 3.675 3.859 4.193
1 2.305 3.521 3.727 3.737 3.960
2 2.252 3.572 3.679 3.824 3.936
3 2.053 3.368 3.550 3.562 4.003

NPN (%) C 0.021 0.046 0.134 0.162 0.181 0.235
1 0.042 0.151 0.126 0.165 0.189
2 0.039 0.134 0.155 0.210 0.263
3 0.032 0.148 0.157 0.200 0.191
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LL441 in cheese [9]. Plasmid profiles of NSLAB from
the control cheese were unrelated to those displayed by
the adjunct strains, indicating that no cross-contamina-
tion occurred. Using LL441 as the starter adjunct,
around 25% of the NSLAB isolates produced antimi-
crobial substances on day 3. All producing isolates
proved to be LL441 after examination of their plasmid
content. This strain was isolated as part of the dominant
NSLAB of a traditional cheese [9]. Thus, it was not
surprising that L. plantarum LL441 could multiply well
in cheese. Nonetheless, other adventitious NSLAB lac-
tobacilli multiplied as well and accounted for 75% of the
total at this time. It was previously reported that
the bacteriocin produced by LL441 is not active against
L. plantarum and L. casei strains [9]. Therefore, this
property, which is thought to be a factor of competition
in certain habitats [15], is not a selective advantage
against the commonest NSLAB species. Percentages of
LL441 during ripening were 21% at day 7, 19% at
day 15, and 20% at day 30. Thus, they were maintained
at a similar level throughout the whole ripening period.
Similar percentages of dominance were also seen for
strains LL441-B2 (average 18%) and LL441-B11 (aver-
age 23%). This further demonstrated that bacteriocin
production in LL441 was not implicated in dominance
of this strain in the cheese environment. From these
results, we concluded that the genetic material lost by
the LL441 derivatives was neither involved in growth
nor in maintenance of these strains in cheese. Thus, the
plasmid-encoded a- and b-galactosidases (and the bio-
chemical machinery to use raffinose and melibiose that
was lost) were either bypassed or are not essential for
growth in this medium.

The chemical and biochemical parameters of milk,
curds and cheeses are given in Table 2. Small differences
were detected among trials for some parameters. Fluc-
tuations in salt content might be caused due to unequal
distribution of salt (as the curd is manually salted) [5].
Fat, total solids, protein, total nitrogen and non-protein
nitrogen contents were nearly identical in all samples.
Differences similar to those in Table 2 were obtained
with replicates of the same sample. Large differences
between control and experimental trials were not ex-
pected, since the ripening period of the cheese (30 days)
is too short for differences in proteolysis to be appreci-
ated, as has been repeatedly reported [7, 8, 13]. The
textural and sensory characteristics of all trials were
evaluated by hedonistic analysis and no significant dif-
ferences were observed between control and experi-
mental cheeses (data not shown).

In conclusion, L. plantarum LL441 and its derivatives
can be used with confidence as adjunct cultures, because
they do not affect manufacture and ripening parameters
of Peñamellera cheese. However, under the conditions
used in this work (a high initial NSLAB population and

a short ripening time), their use did not lead to detect-
able improvement of textural or flavour attributes.
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