
Food and Nutrition Sciences, 2011, 2, 618-627 
doi:10.4236/fns.2011.26087 Published Online August 2011 (http://www.SciRP.org/journal/fns) 

Copyright © 2011 SciRes.                                                                                  FNS 

Influence of the Backslopping Practice on the 
Microbial Diversity of the Lactococcus  
Population in a Model Cheesemaking 

Yann Demarigny1, Marion Dalmasso1, Aline Tonleu1, Véronique Rigobello1, Eric Beuvier2,  
Maï Huong Ly-Chatain1, Yvette Bouton3 
 

1Isara-Lyon, Agrapôle, Laboratoire de microbiologie alimentaire, Lyon, France; 2INRA-UR342 Technologie et Analyses Laitières, 
Poligny, France; 3Comité Interprofessionnel du Gruyère de Comté R & D Unit, Poligny, France. 
Email: ydemarigny@isara.fr 
 
Received May 10th, 2011; revised July 5th, 2011; accepted July 12th, 2011. 

 
ABSTRACT 

The objective of this work was to study the microbial diversity of natural whey starters (NWS), with a special focus on 
Lactococcus strains, during 10 successive days of backslopping. Each day, whey samples were enumerated for their 
Lactococcus, Enterococcus, Leuconostoc and Lactobacillus levels. The diversity and dynamics of the Lactococcus 
population in whey were investigated using phenotypic methods such as acidifying aptitude and enzymatic activities. 
Molecular approach using REP-PCR, ERIC-PCR, plamid profiles, phages and prophages research and PFGE was also 
applied. Lactococci were the main population in whey. Strains from raw milk were sub-dominant. Based on PFGE and 
phenotypic results lactococci in whey displayed a more heterogeneous phenotype and pulsotype which may reflect 
greater variations than previously observed within starter. No phages and prophages were spotted on. Plasmids did not 
seem to be exchanged from strain to strain. The backslopping practice seemed to allow the strains of the starter to ra- 
pidly acquire a specificity of their own. The changes observed presumed a slow adaptation of the strains to the “back- 
slopping environment”. The study of NWS diversity constitutes an important step for the comprehension of acidification 
defects that recurrently occur in cheesemaking technologies using the backslopping practice. 
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1. Introduction 

In cheesemaking technologies, the use of natural whey 
starters (NWS) is inherited from the ancient backslop- 
ping practice. It is still run through to process traditional 
farm-house goat cheeses—Rocamadour, Picodon—or 
some Swiss-type and hard cooked cheeses such as Par- 
migiano Reggiano and Comté. NWS are complex eco- 
systems. They are composed of a great number of lactic 
acid bacteria (LAB) split between several genera, species, 
subspecies and strains. The LAB originates mainly from 
previous cheese making operations but also from the 
plant environment and the raw milk microflora [1]. The 
use of NWS brings many technological advantages to the 
cheese. LAB contribute to the acidification and the for- 
mation of the curd. They also release numerous enzymes 
in the cheese core, favouring ripening and the develop- 
ment of desired organoleptic features [2,3]. Moreover the 

LAB metabolism is known to influence the cheese struc- 
ture—production of exopolysaccharides, proteolysis—or 
its biopreservation—production of antimicrobial sub- 
stances [4]. NWS are also depicted as phage infection 
resistant ecosystems [5]. 

It is difficult to cultivate NWS over several weeks. 
Cheese makers using backslopping have frequently to 
cope with acidification defects. This situation is gotten 
worse by the scarce number of published data on NWS. 
This is probably due to the complexity of NWS and to 
the fact that traditional scientific methods are not entirely 
appropriate to study these ecosystems [6]. Thus, it is 
necessary to acquire knowledge about NWS diversity in 
order to maintain the backslopping practice.  

Recently, a model of cheesemaking based on the back- 
slopping practice has been elaborated at the Isara-Lyon 
food microbiology laboratory. Based on the statistical 
analysis of the physico-chemical and microbial data, this 
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model has proven to be efficient for studying the back- 
slopping practice [7]. In this article, the microbial results 
collected in the 10 successive whey starters are presented 
and hypotheses are advanced to explain the microbial 
dynamic and diversity, with a special focus on Lacto- 
coccus. 

2. Materials and Methods 

2.1. Model Cheesemaking 

“Tomme de Savoie” type cheeses were made following 
the 10-day model cheesemaking technology as previ- 
ously described [7]. The principle of this model cheese-
making was as follows. First day, milk was inoculated 
with the starter (2%, v/v) made of equal ratios of three 
characterized lactic acid bacteria (LAB) strains—two 
Lactococcus lactis subsp. lactis (LL1 and LL2) and one 
L. lactis subsp. cremoris (LC). During the nine following 
days, the whey was used from one day to the other as 
NWS. The milk used was pasteurized and re-seeded with 
four identified LAB strains from the genera Lactococcus 
(L. lactis subsp. lactis), Enterococcus, Lactobacillus and 
Leuconostoc to mimic the contribution of the raw milk 
flora. These strains were added to a maximum final level 
of 4 log(cfu)/mL. The pasteurized milk seeded with these 
known raw milk LAB will be later designated in the text 
as “Re-seeded Model Milk” (RMM). All the strains 
added to the raw milks had been previously identified 
and characterized [7,8]. 

Each day, whey samples were collected for further 
microbiological analyses. 

2.2. Enumeration and Lactococci Isolation 

In the 10 whey samples, lactococci, enterococci, lactoba- 
cilli and leuconostocs were checked respectively on M17 
agar (30˚C, 24 h, aerobiosis, Biokar diagnostics, 60,000 
Beauvais, France), BEA agar (37˚C, 48 h, aerobiosis, 
Biokar diagnostics), FH agar [9] and MSE agar [10]. 
After enumeration, 16 to 20 isolates per whey were col-
lected on M17 agar, purified on the same medium and 
stored at −80˚C. A total of 184 presumed lactococci iso-
lates was collected in the 10 whey samples. 

2.3. Phenotypic Characterisation, Acidification  
Aptitude and Enzymatic Activities of  
Lactococci Isolates 

Salt resistance (40 g/L NaCl), growth at 15˚C and 37˚C, 
sugar fermentations and arginine dihydrolase capability 
were studied as described by Demarigny [11]. 

Isolates were all analysed for their acidification ability 
in milk according to Demarigny et al. [12]. The acidifi-
cation aptitude of the strains (dpH) is expressed in pH 
units. The results are reported as mean values expressed 

by all the strains isolated each day. 
Some lactococci were tested for several enzymatic ac-

tivities by means of APIZYM kit (Biomérieux, 69280 
Marcy l’Etoile, France). 

2.4. DNA Analysis 

2.4.1. Extraction of Total DNA 
From a single culture incubated at 30˚C for 24 h, total 
DNA was extracted by using the Nucleospin tissue kit 
(Macheray-Nagel, 67722 Hoerdt, France). 

2.4.2. PCR Amplifications, Gel Electrophoresis and  
Computer Analyses 

Specific fragments of the histidine operon were recovred 
using primers His1 and His2 (Sigma-Aldrich, Illkirch, 
France) [13]. Inter-Repetitive Extragenic Palindromic 
sequences were amplified by means of two 18-mer prim-
ers, Rep1R-Dt and Rep2-D (Sigma), as previously de-
scribed by Versalovic et al. [14]. PCR amplifications and 
gel electrophoresis were performed following the proce-
dure of Dalmasso et al. [8]. The band patterns were nor-
malized and processed using GelCompar 3.1 software 
(Applied Maths, Kortrijk, Belgium) as previously de-
scribed by Demarigny et al. [12]. To ensure reproducible 
REP-PCR results, total DNA from two strains was pre-
pared independently six times and essayed by REP-PCR. 
All profiles of a strain had similarity coefficient higher or 
equivalent to 80%. Primer sets ERIC1R/ERIC2 were also 
used for ERIC-PCR amplifications as previously de-
scribed by Depouilly et al. [15]. 

2.4.3. Pulsed Field Gel Electrophoresis (PFGE) and  
Computer Analyses 

Lactococcus strains were grown in M17 broth (Biokar 
diagnostics) supplemented with 0.5 mol·l−1 sucrose. The 
preparation of genomic DNA in agarose plugs was per-
formed as previously described by Bouton et al. [16]. 
Genomic DNA digestion was carried out with 25 U re-
striction endonuclease SmaI (Sigma) for 4h at 25˚C, in 
the buffer indicated by the supplier. Samples were elec-
trophoresed through 10 g·l−1 agarose (Sigma) with TBE 
buffer (Sigma) according to the conditions described by 
Murchan et al. [17]. Electrophoresis were performed in a 
CHEF-DR® III electrophoresis cell (Biorad). Staphylo-
coccus NCTC 8325 DNA fragments obtained after di-
gestion with SmaI were used as size standard. 

DNA fragments were visualized by UV illumination 
(312 nm) after ethidium bromide staining and photo-
graphed. 

2.4.4. Plasmid Extraction and Computer Analyses 
Plasmids were extracted from cells following the meth-
odology developed by O’Sullivan and Klaenhammer [18]. 
Gel electrophoresis was performed in an agarose gel 
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(0.7%) under the following conditions: 100 V for 4 h in 
Tris acetate EDTA buffer. Staining and analyses were 
then performed as indicated for PCR fragments. Accord-
ing to this technique, the size of the plasmids recovered 
did not exceed 35 kb. 

2.5. Phage and Prophage Research 

The presence of phages in the wheys was tested by 
means of the technique developed by Moineau et al. [19]. 
This methodology is aimed at the detection of the three 
main types of phages found in dairy products, C2, P335 
and 936. 

According to Brüssow [20], in dairy lactic acid bacte-
ria, prophages belong mainly to the P335 type. The PCR 
methodology applied to detect P335 prophages was the 
same as described by Labri and Moineau [21], with 
primers: P335A 5’-GAAGCTAGGCGAATCAGTAA-3’ 
and P335B 5’-GATTGCCATTTGCGCTCTGA-3’. The 
presence of the P335 sequence in the bacterial genome 
was checked by the appearance of a 196 kb fragment. 

2.6. Statistical Analysis 

Lactococci acidification aptitudes were compared per-
forming the dot box methodology. ANOVA, Newman- 
Keuls’ test and correlation were made with the STA-
TITCF software (5th version, Institut Techniques des 
Céréales et des Fourrages, 1995). 

3. Results 

3.1. Enterococci, Leuconostocs and Lactobacilli 

Enumeration results are presented on Figure 1. No leu-
conostocs were counted in the whey samples. When they 
were detected, enterococci levels ranged from 1 to 4 
log(cfu)·ml−1. They were inferior to the detection level— 
 

 

Figure 1. Cellular levels of lactococci (■), enterococci (■) 
and lactobacilli (□) in the 10 successive whey starter sam-
ples. The microflora detection level (▬) was 1 log(cfu)·ml−1. 

1 log(cfu)·ml−1—in wheys 3, 4, 5 and 7. No significant 
correlation was observed between the enterococci from 
RMM and their presence in wheys (r = 0.25). Lactoba-
cilli were also counted at low levels in whey. Their levels 
never exceeded 5.2 log(cfu)·ml−1. A weak correlation 
was observed between the lactobacilli levels in RMM 
and whey (r = 0.52). 

3.2. Enumeration Results and Phenotypic  
Identification of Lactococci Strains 

Lactococci prevailed on the other populations in whey. 
Their levels ranged from 8.15 to 9.32 log(cfu)·ml−1 as 
observed on Figure 1. M17 medium being not a specific 
medium, it implied the verification of the taxonomic 
status of the enumerated colonies. A total of 184 colonies 
was then isolated and characterized, that is 16 to 20 iso-
lates from day to day—around 30% of the colonies 
counted on a Petri dish. All the isolates were assigned to 
the Lactococcus genus. More precisely they displayed 
the phenotypic features of the subspecies L. lactis subsp. 
lactis. For example, they showed positive arginine dihy-
drolase capability and they were able to grow in a 40 
g·l−1 NaCl culture broth. They were also able to use both 
maltose and ribose. 

3.3. Genotypic Diversity of the Lactococcus  
Population in Whey 

To evaluate the diversity of the Lactococcus population 
in whey, the 184 isolates were analyzed by REP-PCR 
(Figure 2). No RMM lactococci were isolated, meaning 
that this population was only subdominant. The limit of 
detection for RMM lactococci was estimated by dividing 
the number of colonies sampled by the total count of 
colonies on the medium from which the isolates were 
recovered. It was obtained that the maximum level of the 
RMM population did not exceed a ratio of 1:7 of the total 
number. Besides, the majority of isolates (whey 2 to 
whey 10) exhibited a profile identical to the LL1 and 
LL2 starter strain (cluster 1). It is noteworthy that REP- 
PCR did not allow separating strains LL1 and LL2, al-
though they displayed different phenotypic features—in 
particular, acidification activity. Fifteen strains belonging 
to the cluster 1 were also tested by ERIC-PCR. They all 
displayed similar profiles even if some slight differences 
are visible, their similarity coefficient being higher or 
equivalent to 80% (Figure 3). It is interesting to note that 
the strains isolated from the first whey displayed a dif-
ferent REP profile. 

Twenty isolates covering the 9 REP-PCR clusters were 
randomly tested for the presence of a polymorphism in 
the histidine operon. It was observed that some of them 
such as strains L5 and L12, ave a band 200 pb larger g 
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Figure 2. Dendrogram drawn by UPGMA of correlation value of normalized REP-PCR patterns from lactococci obtained 
with primers Rep1R-Dt and Rep2-D. Each pattern is identified by a whey number indicating the strain origin and by a num-
ber between brackets refering to the number of strains which displayed this profile. Nine clusters from 1 to 9 are defined at a 
coefficient of similarity of 80%. LL: L. lactis subsp. lactis; LC: L. lactis subsp. cremoris; RMM: lactococci from re-seeded 
model milks. 
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Figure 3. Dendrogram drawn by UPGMA of correlation value of normalized ERIC-PCR patterns from lactococci obtained 
with primers ERIC1 and ERIC2. LL1 and LL2: L. lactis subsp. lactis; LC: L. lactis subsp. cremoris; L1 to L15: lactococci 
isolated from wheys and belonging to cluster 1 (REP-PCR). RMM1 and RMM2: strains from re-seeded model milk; NCTC 
8325: size standard. 
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than for the subspecies lactis. These results suggested 
that these strains belonged to the subspecies cremoris 
instead of the subspecies lactis as we had been able to 
observe it from the dendrogram (Figure 1, cluster 1). 
This observation was confirmed by PFGE analysis. 

An example of some Lactococcus strain patterns ob-
tained by PFGE is exposed on Figure 4. Except for 
strains RMM1, RMM2 and LC, all the strains belonged 
to the cluster 1 observed on Figure 2. Four groups (P1 to 
P4) can be observed. The first group included two RMM 
strains. Their SmaI patterns were clearly different from 
the other strains confirming the observations made before. 
Groups P2 and P3 included strains respectively related 
with starter strains LL2 and LL1. It is noteworthy that 
upholding the phenotypic tests, these two strains ap-
peared different. Strain LL2 presented a large DNA 
fragment near 262 kb replaced on the LL1 pattern by a 
210 kb fragment.  

L5 and L12 strains included in the cluster P4, pre-
sented indistinguishable SmaI pattern with LC starter 
strain. This result confirmed the PCR identification. L5 
and other associated isolates were assigned to the sub-
species L. lactis subsp. cremoris, although these strains 
displayed similar phenotypic and REP-PCR profiles with 
the subspecies L. lactis subsp. lactis. 

All these results show that the Lactococcus population 
of the whey seemed dominated by the three starter strains 
added the first day of cheese making, except for the 
strains isolated from the first whey. However, each 
population changed as a consequence of the backslop-
ping. For instance, L5 and L12 L. lactis subsp. cremoris 
acquired phenotypic features from the subspecies lactis. 

3.4. Plasmids Profiles 

The strains isolated from the different wheys and milks 
were compared on the basis of their plasmid profiles 
(Figure 5). Lactococci included from 4 to 7 plasmids, 
their size ranging between 3 and 25 kb. The method used 
did not allow getting back larger plasmids. Lactococcus 
strains originating from wheys or from the initial starter 
showed the same profile. Compared with RMM strains 
and enterococci, this profile was clearly different. It 
means that there was probably no plasmid exchange be-
tween the dominant strains and RMM strains or entero-
cocci. 

3.5. Phage and Prophage Research 

The presence of the phages C2, P335 and 936 was 
checked in the 10 successive wheys. They were never 
detected. The prophage P335 was searched in the ge- 
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Figure 4. PFGE patterns of several lactococci DNA digested with SmaI. The clusters are numbered from P1 to P4. LL1 and 
LL2: L. lactis subsp. lactis; LC: L. lactis subsp. cremoris; L1 to L12: lactococci isolated from wheys. RMM1 and RMM2: 
strains from re-seeded model milk; NCTC 8325: size standard. Running conditions were 200 V at 14˚C for 10 h with 5 - 15 s 
pulse time then for 13 h with 15 - 60 s pulse time. 
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Figure 5. Example of plamid patterns of lactococci and enterococci. Each Lactococcus strain was selected on the basis of the 
PFGE clutters. 
 
nome of the starter strains, one RMM strain and three 
lactococci coming from the wheys (L4, L5, L10). The 
results were always negative. 

3.6. Phenotypic Diversity of the Lactococcus  
Population in Whey Phage and Prophage  

Acidification aptitude of lactococci from the 10 succes-
sive NWS were presented in Figure 6. Each box is the 
mean of the acidification values of all the strains isolated 
each day. The results of the ANOVA test showed a sig-
nificant difference in time (p < 0.1%). The NWS could 
be classified into three groups according to the New-
man-Keuls’ test: 1 and 2 (a), 3, 4, 5, 6, 8, 9, 10 (b) and 7 
(c).The acidification capability of the lactococci strains 
seemed to decrease from day to day. In the first whey,  

 

 

Figure 6. Representation of the mean acidification aptitude 
of lactococci isolated each day from the 10 successive wheys. 
 mean value; ▬ median value; + single strain. Letters cor-
respond with the results of the Newman-Keuls’ test. 

mean dpH value was close to 1.75  0.11 whereas it was 
only equal to 1.14  0.40 in whey 7. This represented a 
50% loss compared with the aptitude of the initial starter. 
The Lactococcus population was consequently less and 
less acidifying as a consequence of the backslopping 
practice. Then, the acidification aptitude of lactococci 
increased again in wheys 8, 9 and 10 to settle around 
1.37  0.17.  

To complete these observations, other phenotypic fea-
tures were investigated. The enzymatic profiles of strains 
representative of the REP-PCR and PFGE clusters are 
displayed in Table 1. Compared with the starter strains 
(LL1, LL2 and LC), whey isolates did not display iden-
tical enzymatic activities. For example, L. lactis subsp. 
lactis L1, L2, L3 and L4 did not present β-galactosidase 
and valine arylamidase activities, and except for L1, 
C4-esterase activity. L. lactis subsp. cremoris L5 did not 
present valine arylamidase, C4-esterase and lipase activi-
ties. But, among the whey isolates, some differences 
were also observed confirming the former genotypic data. 
L1, L2, L3, L4 and L5 strains were all classified in the 
same REP-PCR cluster (cluster 1). However they did not 
display the same enzymatic profile. L1 strain possessed a 
C4-esterase whereas the other strains did not. As a gen-
eral observation and keeping in mind the relatively low 
number of enzymatic activities tested, whey isolates 
seemed to lose enzymatic activities rather than to acquire 
new ones. 

4. Discussion 

NWS inherited from the ancient backslopping practice 
are still employed around the world for traditional 
cheesemaking. They provide a wide range of techno   
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Table 1. Enzymatic profiles of some lactococci strains. LC: L. lactis subsp. cremoris; LL1/2: L. lactis subsp. lactis; RMM: 
strain from a re-seeded model milk; L1 to L5: lactococci from whey. 

 Ala Esb Elc Lid Lee Vaf Cyg Trh α-chi Acj Nak α-gll β-glm β-gun α-guo β-gup N-acq α-mr α-fus

LC + + + + + + - - - + + - - - + + - - - 

LL1/2 + + + - + + - - - + + - + - + + - - - 

RMM1 - - + - + - - - - + + - - - + - - - - 

L1 + + + - + - - - - + + - - - + + - - - 

L2 + - + - + - - - - + + - - - + + - - - 

L3 + - + - + - - - - + + - - - + + - - - 

L4 + - + - + - - - - + + - - - + + - - - 

L5 + - + - + - - - - + + - - - + + - - - 
 
aalkaline phosphatase; besterase (C4); cesterase lipase (C8); dlipase (C14); eleucine arylamidase; fvaline arylamidase; gcystine arylamidase; htrypsine; 
iα-chymotrypsine; jacid phosphatase; knaphtol-AS-BI-phosphohydrolase; lα-galactosidase; mβ-galactosidase; nβ-glucuronidase; oα-glucosidase; pβ-glucosidase; 
qN-acetyl-β-glucosaminidase; rα-mannosidase; sα-fucosidase. 
 
logical advantages for the dairy industry. Strangely, ex-
-cept in hard cheese technology, NWS are still unknown. 
This work was undertaken to monitor the evolution of a 
model NWS microflora during ten successive days, with 
a focus on the Lactococcus genus. The contribution of 
the raw milk LAB flora was also taken into account, a 
“reseeded-model milk” (RMM) being used every day. 
The Enterococcus population was low in whey. The cel-
lular levels never exceeded 4 log(cfu)·ml−1 and hovered 
around 2.6 log(cfu)·ml−1 most of the time. Lactobacilli 
formed a small group as well, their cellular levels never 
exceeding 5.1 log(cfu)·ml−1. These results are consistent 
with the observations made by Tormo et al. [22] and with 
our own former results. 

Lactococci were the dominant population in whey, 
their level reaching a stable value centred around 9.2 - 
9.3 log(cfu)·ml−1. This also tallies with our results [12]. 
Even if the Lactococcus population level was quantita-
tively stable, qualitative changes occurred. Indeed, al-
though no differences were noticed by REP-PCR, ERIC- 
PCR and plasmid extraction, the presence of different 
pulsotypes and phenotypic behaviour from NWS isolates 
suggested that the composition of the Lactococcus popu-
lation changed in time. On day 1 however, the dominant 
Lactococcus population was clearly different from the 
starter and from the other strains analysed after that. At 
that time, we cannot explain this observation. 

The REP-PCR technique was selected for its conven-
ience to discriminate lactococci strains according to their 
origin—RMM or initial starter [23]. No strains from 
RMM could be found in whey, although they could con-
stitute a sub-dominant group masked by the dominant 
lactococci population. Raw milk strains are known to 

possess exceptional rustic capabilities which allow them 
to interfere with starter strains [16] and to express their 
technological aptitudes during cheese ripening [24]. 
However, the low level of this “rustic” microflora in this 
work is perhaps the consequence of the experimental 
design, which led to underestimate their effective role. 
Corsetti et al. [25] showed that minor populations in 
sourdoughs—Enterococcus faecium and Pediococcus 
pentosaceus—were essential for the establishment of 
propitious conditions for the growth of Lactobacillus 
sanfranciscensis. In our study, it could be assumed that 
RMM lactococci may have contributed to the develop-
ment of other flora, even if their level was undetectable. 

If the REP-PCR technique was appropriate for the dis-
crimination between RMM and whey strains, it failed to 
depict the diversity of whey strains since most of the 
strains isolated from whey were identical to the L. lactis 
subsp. lactis starter strain (LL1 and LL2) used on the 
first day of cheesemaking. The use of PFGE and PCR 
identification allowed to reveal that a dominant part of 
the Lactococcus starter population also included L. lactis 
subsp. cremoris strains. The REP-PCR technique may 
therefore be inappropriate to study the lactococci diver-
sity in this ecosystem as previously observed by Turpin 
et al. [26]. These authors indicated that this technique 
should be used with more reliable methods. These ele-
ments showed the necessity of a polyphasic approach for 
studying complex ecosystems [27]. In particular, the use 
of two sets of primers was used successfully by De-
pouilly et al. [15] to discriminate strains from hard 
cooked cheeses. 

These results partially tally with those of Passerini et 
al. [28]. These authors indicated that MLST-PCR ap-
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proach was interesting to discriminate lactococci follow-
ing their ecotype. But among “domesticated” strains, the 
diversity was rather scarce compared with environmental 
(i.e. raw milk) strains. 

In this current study, L. lactis subsp. cremoris dis-
played phenotypic features of the lactis subspecies, a 
phenomenon already described by Salama et al. [29]. 
According to these authors, this could be possible via 
transducing phages in dairy environments. NWS could 
then be a suitable location for genetic exchanges between 
LAB strains. Indeed, the cheese model used in this study 
was built in such a way that no undesired contamination 
could happen [7]. Phages were searched, especially the 
types C2, P335 and 936, which are the most frequent 
phages encountered in dairy products [21]. They were 
never detected even if it is always possible that other 
phage types contaminate the whey. Moreover, phage 
P335 is known to be the most frequent prophage able to 
integrate the genome of lactococci [20]. It was not de-
tected any more. Based on these results, we can argue 
that there were probably no transduction phenomena 
during the 10 successive days of backslopping. 

The changes observed in the Lactococcus population 
occurred rapidly. On the second day, LC strains had al-
ready acquired lactis features whereas LL strains had lost 
some phenotypic features. For instance, strains LL1 and 
LL2 possessed valine aylamidase activity which was no 
more present among the strains isolated from the succes-
sive wheys. Scarce published data exist on rapid muta-
tions in bacteria such as those observed in this study. 
Massey et al. [30] described rapid definitive mutations in 
Salmonella in stress conditions. The whey acidity (pH < 
4.7) constituted a stress condition which could generate 
rapid mutations in lactococci strains during backslopping. 
The disappearance of some enzymatic aptitudes such as 
the β-galactosidase activity could also result from the 
loss of several plasmids by lactococci strains [31]. The 
study of acidification capabilities showed that strains lost 
progressively a part of their acidifying potential during 
the 7 successive days of backslopping. Acquisitions and 
losses of physiological abilities via plasmid tranferts in 
LAB have been extensively studied. For example, the 
transfer of antibiotic resistant genes via plasmid ex-
changes between Lactococcus, Enterococcus and Lacto-
bacillus strains in milk and during cheesemaking was 
reported by Kelly et al. [32]. Closeness appears to be an 
essential condition for genetic material exchanges be-
tween LAB. During cheese making, the whey certainly 
favour the connection between bacteria, since this 
“opened” liquid environment allows the movement of 
molecules and, possibly, of strains. In this case, we only 
observed losses of physiological abilities and no acquisi- 

tions. Moreover, we did not notice any plamid exchange 
among Lactococcus strains or between different genus, 
e.g. between enterococci and lactococci. However, the 
method used did not allow recovering large plasmids 
(>35 kb). Based on all these results, we propose a pro-
gressive selection of more adapted populations from day 
to day to explain phenotypic changes. This hypothesis 
was tested by Cretenet et al. [33]. These authors ob-
served that in a cheese matrix, L. lactis was submitted to 
several stress conditions, some being counteracted by 
multiple efficient strategies. Clearly, in our case, the 
bacteria may have slowly adapted to the “backslopping 
environment”. 

5. Conclusions 

This work constitutes a new step in the understanding of 
NWS diversity and brings new insights concerning its 
evolution in time. Indeed, our results—obtained in a 
model system—mean that NWS diversity does not only 
seem to depend on the great number of LAB that com-
posed them or on the multitude of possible strain sources. 
It also rests on the huge possibilities of adaptation of the 
strains that can occur during successive whey backslop-
ping, this phenomenon being itself controlled by the in-
fluence of environmental parameters. The specific role of 
the environment would be interesting to analyse as a 
validation of our hypothesis. Since it is difficult to show 
the generation of rapid mutations inside the genome of 
the Lactoccocus population, other methods would be also 
interesting to be tested (MLST, MLSA). 
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