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Abstract

Lactococcus lactis subsp. lactis bv. diacetylactis strains are often used as starter cultures by the dairy industry due to their
production of acetoin and diacetyl, important substances that add buttery flavor notes in dairy products. Twenty-three L. lactis
subsp. lactis isolates were obtained from dairy products (milk and cheese) and dairy farms (silage), identified at a biovar level,
fingerprinted by rep-PCR and characterized for some technological features. Fifteen isolates presented molecular and phenotyp-
ical (diacetyl and citrate) characteristics coherent with L. lactis subsp. lactis bv. diacetylactis and rep-PCR allowed the identifi-
cation of 12 distinct profiles (minimum similarity of 90%). Based on technological features, only two isolates were not able to
coagulate skim milk and 10 were able to produce proteases. All isolates were able to acidify skim milk: two isolates, in special,
presented high acidifying ability due to their ability in reducing more than two pH units after 24 h. All isolates were also able to
grow at different NaCl concentrations (0 to 10%, w/v), and isolates obtained from peanut and grass silages presented the highest
NacCl tolerance (10%, w/v). These results indicate that the L. lactis subsp. lactis bv. diacetylactis isolates presented interesting
technological features for potential application in fermented foods production. Despite presenting promising technological
features, the isolates must be assessed according to their safety before being considered as starter cultures.

Keywords Lactic acid bacteria - Diacetyl - Starter culture - Technological potential

Introduction Besides their fermentation abilities, some L. lactis strains

are able to ferment citrate and produce diacetyl and acetoin,

Lactococcus lactis is a lactic acid bacteria (LAB) of particular
interest in the dairy industry due to its technological potential as
starter culture, being used to produce fermented milks and rip-
ened cheeses [1, 2]. Different L. lactis subspecies are described
and two, lactis and cremoris, have special interest for being
usually associated with fermentation processes and, therefore,
being the target of many studies aiming the isolation and char-
acterization of promising and novel starter cultures [2—6].
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desirable flavor compounds in specific ripened cheeses: these
strains are referred as L. lactis subsp. lactis bv. diacetylactis [3,
71]. These strains can convert citrate to aroma compounds (C4)
and carbon dioxide, substances that improve the organoleptic
characteristics of fermented foods [8]. Moreover, diacetyl is
an essential component of many dairy products, since it deter-
mines a creamy and buttery aroma when present at low con-
centrations, and it is responsible for typical characteristics of
specific cheeses, such as Camembert, Cheddar, and Emmental
[2, 9]. Based on these features, L. lactis subsp. lactis bv.
diacetylactis is often mixed with other LAB during cheese
production, at an usual ratio of 20% of the whole starter cul-
ture population [1, 10, 11]. Besides conferring these organo-
leptic features, diacetyl is also considered to be an antimicro-
bial compound that enhances product safety [12, 13].
Laroute et al. [6] explain that aroma-producing strains with
potential use in the dairy industry must be screened to deter-
mine their citrate-depleting potential. This characteristic can
be assessed by studying the strains’ growth in a Kempler and
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McKay (KMK) medium, followed by a study of their acetoin
and diacetyl production using the Voges-Proskauer reaction.
Besides this phenotypical approach, PCR can also be used to
detect genes related to citrate pathway and to characterize the
mosaic structure of the histidine biosynthesis operon, what is
specific for each Lactococcus species and biovar [14—16].

This study aimed to present a comprehensive characteriza-
tion of L. lactis subsp. lactis isolates obtained from dairy
products (milk and cheese) and dairy farms (silage) by using
phenotypical and molecular methods to identify bv.
diacetylactis strains and to characterize some of their techno-
logical features (lactofermentation, proteolysis, acidifying
ability, and NaCl resistance), aiming the selection of promis-
ing and potential starter cultures that could be used by the
dairy industry.

Material and methods
Lactococcus lactis subsp. lactis isolates

Twenty-three L. lactis subsp. lactis isolates were obtained
from the bacteria culture collection at InovalLeite
(Laboratory of Milk and Dairy Products, Universidade
Federal de Vigosa) and included in this study. The isolates
were obtained from different samples and ecosystems, all re-
lated to dairy production: raw milk, raw milk cheeses
(Amazonas, Brazil and Maraj6 Island, Brazil) and dairy farm
silages (peanut and grass). All isolates were previously iden-
tified as L. lactis by sequencing of the 16S rRNA, and further
subspecies-specific PCR assays which targeted L. lactis
subsp. lactis [17, 18].

Identification of L. lactis subsp. lactis bv. diacetylactis

The selected strains were cultured in de Man, Rogosa, and
Sharpe (MRS) broth (Oxoid Ltd., Basingstoke, England) at 30
°C for 18 h. Then, 1 mL aliquots of the cultures were centrifuged
at 14,000xg for 2 min at room temperature, and the cell pellets
were subjected to DNA extraction using the Wizard Genomic
DNA Purification Kit (Promega, Madison, W1, USA). A PCR
assay was conducted to identify the specific region of the histi-
dine biosynthesis operon for bv. diacetylactis isolates, using
primers LhisSF (5'-CTTCGTTATGATTTTACA-3') and
Lhis6R (5'-AATATCAACAATTCCATG-3'), as described by
Beimfohr et al. [15]. PCR conditions were (1) 2 min at 93 °C,
(2) 30 cycles of 30 s at 94 °C; 90 s at 46 °C and 2 min at 72 °C,
and (3) final extension of 5 min at 72 °C. The obtained PCR
products were analyzed on 1.5% (w/v) agarose gels, stained
using GelRed (Biotium Inc., Hayward, CA, USA) and visual-
ized using a transilluminator LPIX (Loccus Biotecnologia, Sao
Paulo, SP, Brazil), in order to detect a 934-bp PCR product, as
typical for bv. diacetylactis [15].
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Isolates were also characterized by their ability to ferment
citrate and produce diacetyl. Aliquots of the obtained cultures
were streaked onto Kempler and McKay agar and incubated at
30 °C for 48 h; isolates that presented blue colonies were
considered as citrate-fermenting [16, 19]. Diacetyl production
was assessed by transferring 1 mL aliquots of the cultures to
sterile skim milk (10% w/v, Nestlé, Sao Paulo, SP, Brazil),
followed by incubation at 30 °C for 24 h; then, 1 mL aliquots
of the obtained cultures in milk were added to 0.5 mL of «-
naphthol (1% w/v) and KOH (16% w/v) and incubated at 30
°C for 10 min: diacetyl production was indicated by the for-
mation of a red ring at the top of the tubes [20].

L. lactis subsp. lactis bv. diacetylactis ATCC 13675 and
L. lactis subsp. cremoris ATCC 19257 were used as positive
and negative controls, respectively [15]. Isolates that present-
ed the specific 934 bp band after PCR amplification, diacetyl
production, and citrate fermentation were identified as
L. lactis subsp. lactis bv. diacetylactis, and then subjected to
rep-PCR fingerprinting and characterized for some technolog-
ical features, as described below.

Rep-PCR fingerprinting

Rep-PCR was performed according to Dal Bello et al. [21]
using a single primer (GTG)s; (5-GTGGTGGTGGTGGTG-
3"). PCR reactions contained 12.5 uL of Go Taq Green Master
Mix 2x (Promega), 50 pMol of the primer, 2 uL of DNA (50
ng/uL), and ultra-pure PCR water (Promega) to a final volume
of 25 uL. PCR conditions were (1) 5 min at 95 °C, (2) 30
cycles of 30 s at 95 °C; 30 s at 40 °C and 8 min at 65 °C, and
(3) final extension of 16 min at 65 °C. PCR products were
analyzed in 2% (w/v) agarose gels for 6 h at a constant voltage
of 75V, in 0.5 x Tris/Borate/EDTA buffer (TBE). Gels were
stained using GelRed (Biotium) and recorded using a transil-
luminator LPIX (Loccus). The fingerprints were analyzed
using BioNumerics 6.6.11 (Applied Maths, Kortrijk,
Belgium). The similarities among profiles were calculated
using the Pearson correlation, and a dendrogram was con-
structed using the Unweighted Pair Group Method with
Arithmetic Mean (UPGMA).

Technological features of L. lactis subsp. lactis bv.
diacetylactis

Isolates identified as L. lactis subsp. lactis bv. diacetylactis
were subjected to phenotypic assays to characterize some of
their technological features. Before each assay, the isolates
were cultured in MRS (Oxoid) at 30 °C for 18 h and centri-
fuged at 14,000xg for 2 min (4 °C). After discarding the su-
pernatant, the cell pellets were suspended in NaCl 0.85% (w/v)
until a turbidity similar to McFarland tube 1, corresponding to
approximately 3 x 10° CFU/mL. The obtained cultures were
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used in the assays described below, which were conducted in
three independent repetitions.

Lactofermentation patterns were assessed by inoculating
0.1 mL aliquots of the isolate cultures into 10 mL of skim
milk (10% w/v, Nestlé), followed by incubation at 30 °C for
24 h. Based on the formed clot characteristics, the
lactofermentation patterns were described using an empirical
analysis and classified as: uniform, uniform with presence of
serum, uniform and fragile (appearance), broken with pres-
ence of serum, and absence of clot.

A screening assay was conducted to identify the extracel-
lular proteolytic activity of the isolates, as described by
Franciosi et al. [20]. Two uL aliquots of bacterial cultures
were spotted onto the surface of a Plate Count Agar (PCA,
HiMedia, Mumbai, MH, India) enhanced with skim milk
(10% w/v, Nestlé), and incubated at 30 °C for 4 days; pre-
sumed proteolytic activity was indicated by a clear zone
around the colonies. Pseudomonas fluorescens 07A [22] was
considered as positive control.

Isolates that presented presumed proteolytic activity in the
screening assay were subjected to sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) to confirm
this feature. Isolate cultures in exponential growth phase were
inoculated (1%, v/v) in UHT skim milk, incubated at 30 °C for
24 h, and treated for SDS-PAGE as described by Adams et al.
[23], with some modifications: the cultures were acidified to pH
4.6 with HC1 (3 M) and centrifuged at 10,000xg for 15 min at 4
°C; then, the pellets were resuspended to the original volumes
in 0.5 mM Tris-HCI buffer, pH 9.0 and diluted 1:20 (v/v) in
Milli-Q water: 20 pL aliquots were mixed in 5 puL of sample
buffer 5x (1% (w/v) SDS, 5% (v/v) 2-mercaptoethanol, 20% (v/
v) glycerol, 0.2 M Tris—HCI pH 6.8, 0.05% (w/v) bromophenol
blue and heated at 90 °C for 5 min. The treated cultures were
then subjected to a SDS-PAGE with 12% polyacrylamide [24]
in a Mini-Protean® Tetra System (BioRad, California, CA,
USA). Proteins were stained with 0.01% Coomassie Brilliant
Blue R-250 solution. As in the screening assay, P. fluorescens
07A was considered as the positive control [22], and non-
inoculated UHT milk as negative control: clearer «- and f3-
casein related bands were indicative of proteolytic activity,
when compared to negative control [22].

The acidifying ability of L. lactis subsp. lactis bv.
diacetylactis isolates was assessed by adding culture aliquots
to skim milk (10% w/v, Nestlé), followed by incubation at 30
°C for 24 h. pH values were measured at the time of inocula-
tion (TO), then after 6 (T6), 12 (T12), and 24 h (T24) of
incubation using a digital pHmeter (Hanna Instruments, Sao
Paulo, SP, Brazil). Based on the cultures’ abilities to acidify
milk pH after 6, 12, and 24 h, the tested isolates were catego-
rized into 3 main groups: (I) high acidifying ability—more
than 2 pH units decrease; (II) medium acidifying ability—
pH decrease of 1.5 to 2.0 pH units; and (III) low acidifying
ability—Iless than 1.5 pH units decrease [25].

Finally, resistance to NaCl was assessed as described by Dal
Bello et al. [S]. Two uL aliquots of the selected isolates were
transferred to 188 puL of MRS broth (Oxoid) prepared with
different concentrations of NaCl (0, 2, 4, 6, 8, and 10%, w/v),
previously distributed into 96-well microtiter plates. In each
prepared microtiter plate, 2 blank wells with only 190 uL of
MRS broth (Oxoid) were prepared for each NaCl concentra-
tion. The microplates were then incubated in Multiskan™ GO
Microplate Spectrophotometer (Thermo Fisher Scientific,
Madison, WI, USA) at 30 °C, agitated for 24 h, and measured
for optical density (OD) of cultures every 30 min (A = 650 nm).
Mean values of OD readings were plotted in graphs in order to
demonstrate the growth curves of L. lactis subsp. lactis bv.
diacetylactis isolates at different NaCl concentrations.

Results and discussion

Among the 23 selected L. lactis subsp. lactis isolates, 17 pre-
sented 934 bp PCR products amplification (Table 1), typical
for bv. diacetylactis according to Beimfohr et al. [15]. Based
on the adopted phenotypical assays, 17 isolates were shown to
be able to ferment citrate and 20 were able to produce diacetyl
(Table 1). BUF1 showed a typical PCR result for bv.
diacetylactis but it was not able to ferment citrate or produce
diacetyl, whereas SBR3 was only unable to produce diacetyl.
Conversely, LVTC8MRS and Q1C4 did not present positive
PCR results, although they were able to ferment citrate and
produce diacetyl. Q13C4 was able to produce diacetyl even
though it did not present a typical PCR result for bv.
diacetylactis (Table 1). Despite only phenotypical assays be-
ing usually considered for bv. diacetylactis identification [4,
26, 27] in the present study, we associated this approach with a
bv-specific PCR assay for this purpose. In this sense, we were
able to identify isolates that present both the genetical and the
phenotypical features that characterize L. lactis subsp. lactis
bv diacetylactis: based on these criteria, 15 isolates were iden-
tified as bv. diacetylactis (Table 1). According to Siezen et al.
[28], strains that can utilize citrate and stimulate the produc-
tion of acetoin and diacetyl present an interesting phenotypic
trait for potential use in the dairy industry. Diacetyl production
is usually described as a common feature of L. lactis subsp.
lactis [5, 20, 29, 30] being strain-dependent and particularly
associated with bv. diacetylactis [7, 11]; the acetoin/diacetyl
pathway is essential for the production of compounds that
result in the buttery aroma in some cheeses [31]. Therefore,
the ability to produce diacetyl must be also considered as an
important criterion for identification of isolates as bv.
diacetylactis. However, these phenotypical characteristics
must be associated to a molecular approach, as a PCR assay,
targeting a specific mosaic structure of the histidine biosyn-
thesis operon that is typical for L. lactis subsp. lactis bv.
diacetylactis [15].
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Table1 Molecular and phenotypic characterization of L. lactis subsp. lactis isolates targeting the identification of L. lactis subsp. lactis bv. diacetylactis
Isolate Sample origin Identification protocol! Identification

PCR? citrate diacetyl
LVA2.1 Cow milk + + + L. lactis subsp. lactis bv. diacetylactis
LVA2.2 Cow milk + + + L. lactis subsp. lactis bv. diacetylactis
LVA2VACA Cow milk + + + L. lactis subsp. lactis bv. diacetylactis
LCAl Goat milk + + + L. lactis subsp. lactis bv. diacetylactis
LCA2 Goat milk + + + L. lactis subsp. lactis bv. diacetylactis
LCA4 Goat milk - - -
LCAS Goat milk + + + L. lactis subsp. lactis bv. diacetylactis
BUF1 Buffalo milk - -
LVTC8MRS Cream milk (cow) - + + -
QlC2 Artisanal cheese (Amazon) - - + -
QlC4 Artisanal cheese (Amazon) — + +
QICS Artisanal cheese (Amazon) + + + L. lactis subsp. lactis bv. diacetylactis
Q1C7 Artisanal cheese (Amazon) + + + L. lactis subsp. lactis bv. diacetylactis
QIC10 Artisanal cheese (Amazon) + + + L. lactis subsp. lactis bv. diacetylactis
Q4C8 Artisanal cheese (Amazon) + + + L. lactis subsp. lactis bv. diacetylactis
Q5Co6 Artisanal cheese (Amazon) + + + L. lactis subsp. lactis bv. diacetylactis
Q6C2 Artisanal cheese (Amazon) - - - -
QI13C4 Artisanal cheese (Marajo) - - + -
Q15C3 Artisanal cheese (Marajo) + + + L. lactis subsp. lactis bv. diacetylactis
SAM12 Peanut silage (dairy farm) + + + L. lactis subsp. lactis bv. diacetylactis
SBR1 Grass silage (dairy farm) + + + L. lactis subsp. lactis bv. diacetylactis
SBR3 Grass silage (dairy farm) + - + -
SBR4 Grass silage (dairy farm) + + + L. lactis subsp. lactis bv. diacetylactis

! Identification protocol described in the Material and methods section; 2 PCR product of 934 bp was indicative as typical of L. lactis subsp. lactis bv.
diacetylactis, as described by Beimfohr et al. [15]; Results: +, positive; —, negative

Based on rep-PCR profiles, isolates identified as L. lactis
subsp. lactis bv. diacetylactis were selected and grouped con-
sidering a 90% of similarity or above (Fig, 1). The 15 isolates
were grouped in 12 profiles, and the groups formed showed
low homology to each other, indicating a high diversity
among the strains of L. lactis subsp. lactis bv. diacetylactis.
There were no profiles with more than two similar isolates,
and the maximum homology was found between isolates
QI1C5 and Q1C10 that shared 94.6% of homology: both were
isolated from artisanal cheeses from the Amazon region.
LVA2.1 and LCAS were isolated from cow and goat milk,
respectively, presented a 91.9% similarity. LVA2VACA (cow
milk) and LCA2 (goat milk) isolates shared 91.5% of similar-
ity. Q5C6 isolate, obtained from artisanal cheese from the
Amazon region, showed low similarity (41.1%) in relation
to the other milk strains. Q15C3 was obtained from an arti-
sanal cheese from Maraj6 Island and presented 88.8% of ho-
mology with Q4CS8, isolated also from an artisanal cheese
(Amazon); this result can indicate a potential similarity among
artisanal cheeses isolated from different regions. It was
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expected that isolates obtained from dairy products, like milk,
cheese, and cream, would present a higher genetic similarity
when compared to isolates obtained from non-dairy products,
such as silage; in such conditions, bacterial strains are subject-
ed to gene losses, mutations, and acquisitions that allow them
to adapt to these new habitats [6, 28]. Regarding the isolates
obtained from silage samples, SBR1 and SBR4 were grouped
together and shared 80.3% of similarity, while SMA12 pre-
sented the lowest similarity to the other silage-isolates (62.4%,
Fig. 1). The particular genetic profiles of SAM12 and Q5C6
(Fig. 1) can indicate their potential as novel strains to be ex-
plored as starter cultures in the dairy industry, leading to fur-
ther assays to assess their technological potential.

The technological features of the isolates identified as
L. lactis subsp. lactis bv. diacetylactis are presented in
Table 2 (lactofermentation, proteolysis, and acidifying ability)
and in Fig. 2 (growth at different NaCl concentrations). From
all evaluated isolates, only 2 did not present coagulation abil-
ities, a feature evidenced by the lack of clot formation in skim
milk (Table 2). Milk coagulation is the first stage of cheese
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Fig. 1 Schematic representation of the obtained Rep-PCR profiles of 15
Lactococcus lactis subsp. lactis bv. diacetylactis obtained from different
dairy related samples (source). The similarity analysis was performed

production, determined by the destabilization of casein mi-
celles and leading to curd formation; this stage can occur
due to the activity of coagulant enzymes and/or due to the
activity of bacterial strains that will release lactic acid. Lactic
acid reduces pH and increases the milk coagulation through
serum expulsion, and also inhibits the growth of microorgan-
isms [32]. The obtained results indicate the potential use of the
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Key Source
|| | LVA2VACA Cow milk
| ||| LCA2 Goat milk
||| | SBR4 Grass silage
Q4Cs8 Artisanal cheese (AM)
‘ \ Q15C3 Artisanal cheese (Marajo)
|| || LVA22  Cow milk
| SBR1 Grass silage
| ||| SAM12 Peanut silage
| Q1C5 Artisanal cheese (AM)
‘ ‘ ‘ Q1C10 Artisanal cheese (AM)
| || Qic7 Artisanal cheese (AM)
| || Q5C6 Artisanal cheese (AM)
[T ]| LCAS Goat milk
‘ | LVA2.1 Cow milk
|| ] | LCA1 Goat milk

using the Pearson correlation and the Unweighted Pair Group Method
with Arithmetic Mean (UPGMA) method (tolerance 5%)

characterized isolates as coagulant agents during cheese
production.

Extracellular proteolysis is considered as the most impor-
tant biochemical event in cheese production because it leads to
the development substances that are either important for flavor
or act as aroma precursors [33]. In this study, 13 isolates pre-
sented clear zones around their colonies when grown in milk-

Table 2 Technological properties of isolates identified as L. lactis subsp. lactis bv. diacetylactis
Isolate Lactofermentation Proteolysis pH Acidifying potential group2
Milk-agar SDS-PAGE! TO T6 T12 T24 T6-TO T12-TO T24-T0
LVA2.1 Uniform + 6.70 6.40 6.03 6.01 1T I I
LVA2.2 Uniform + 6.70 6.19 5.96 5.78 i it I
LVA2VACA Broken with serum + - 6.70 5.98 5.53 4.96 I it I
LCALI Uniform + - 6.70 6.26 6.06 517 I 11 I
LCA2 Uniform + - 6.70 6.37 5.80 5.66 11 11 11
LCAS Uniform + + 6.70 5.99 5.64 5.38 I I I
QICS Uniform with serum + + 6.70 5.88 5.45 4.54 I 11 1
Ql1C7 Uniform + + 6.70 6.28 6.17 6.13 1L 1 i
QIC10 Uniform + + 6.70 6.25 6.07 5.79 I it i
Q4C8 Uniform with serum + + 6.70 591 5.37 4.66 i it I
Q5C6 Uniform with serum + + 6.70 6.23 5.87 545 I it i
Q15C3 Broken with serum + + 6.70 6.13 5.61 491 I i I
SAM12 Absence of clot - NC 6.70 6.33 6.22 591 it i it
SBR1 Absence of clot - NC 6.70 6.33 6.22 591 il il il
SBR4 Uniform and fragile + + 6.70 6.33 6.12 6.04 I I I

!'Protocol was performed according Adams et al. [23] and Laemmli [24]; ? Classification of abilities to acidify milk as described by Psoni et al. [25];

Results: +, positive; —, negative; NC, non conducted
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Fig. 2 Growth curves of L. lactis subsp. lactis bv. diacetylactis isolates at different concentrations of NaCl. Growth in: black circle, 0% NaCl; white
circle, 2% NaCl; black square, 4% NaCl; white square, 6% NaCl; black triangle, 8% NaCl; upper-case delta, 10% NaCl
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agar, indicating their proteolytic potential; the ability to hydro-
lase casein was confirmed for 10 isolates as observed by SDS-
PAGE (Table 2). Isolates from silage samples did not present
proteolytic activity, except for the SBR4 strain (Table 2); this
can be considered an unexpected result, as this activity would
not be necessarily required in this original niche (Table 2).
These results were similar to those recorded for several
L. lactis subsp. lactis isolates obtained from dairy-related sam-
ples [5, 20, 30]. Nomura et al. [4] described the proteolytic
activity in L. lactis subsp. lactis strains obtained from
fermented vegetables and cheese, though no proteolytic activ-
ity was observed with the bv. diacetylactis strains. Herreros
et al. [34] analyzed L. lactis subsp. lactis and L. lactis subsp.
lactis bv. diacetylactis isolated from Armada cheese (a
Spanish goat’s milk cheese), and low proteolytic activity
was recorded. Extracellular proteolytic activity is an essential
property for starter cultures: LAB proteolytic system allows
their optimal growth in milk due to the consumption of caseins
and peptides, leading to the development of texture, aroma,
and flavor in cheese during fermentation and ripening [35,
36]. Nevertheless, it is of great importance to assure a well-
balanced breakdown of caseins by the strains that can be con-
sidered as starter cultures in a dairy product, once excessive
proteolysis may develop some undesirable attributes in
cheese, as low viscosity and high bitterness [37, 38].

Despite presenting different profiles at 6, 12, and 24 h, all
L. lactis subsp. lactis bv. diacetylactis isolates were considered
as able to acidify skim milk at 30 °C (Table 2). A rapid drop in
pH is crucial during cheese production because it contributes
to changes in cheese texture and helps to control the develop-
ment of undesirable microorganisms; two out of the 15 iso-
lates lowered milk pH by more than 1.25 pH units, but only
after 24 h (Q1C5 and Q4CS8, Table 2). Studies have shown that
most strains of L. lactis are initially slow in acid production [5,
20, 39], as observed for the high acidifying isolates described
in this study (Table 2). Herreros et al. [34] presented a similar
acidification capacity of L. lactis subsp. lactis and bv.
diacetylactis strains, that showed a pH drop to 4.2 after 24 h
of incubation. L. lactis subsp. lactis bv. diacetylactis strains
are globally used as starter cultures that present the citrate and
acetoin/diacetyl pathways regulated and expressed at low pH
[40]. Isolates obtained from dairy-related samples were char-
acterized as capable to reduce pH at different levels after 24 h
of incubation, while isolates obtained from silage were cate-
gorized as low acidifiers (less than 1.5 pH units after 24 h)
(Table 2): this result demonstrates that the dairy-related iso-
lates are more adapted to a dairy environment than silage-
related isolates, allowing their proper use as starter cultures
due to the acidification potential in dairy matrices. Cavanagh
et al. [27] showed that non-dairy strains of L. /actis would be
unsuitable for use as starters, as they are unable to reach the
desired pH. However, because these strains are capable of
growing in milk without the use of supplements, they can be

considered as non-starter adjunct cultures due to their abilities
in producing citrate and diacetyl. Although most of the tested
isolates were initially slow acidifiers (after 6 and 12 h), most
acid production increased later, after 24 h; at this time, 33.3%
of'the isolates were categorized as belonging to classes I and II
(Table 2). Class I1I strains with low acidification profiles may
contain technological characteristics suitable for adjunct cul-
tures to be used in the production of certain types of cheese
[27, 29]. Therefore, the variable acidifying activity indicates
that this feature is strain-dependent: based on the recorded
genetic profiles, Q1C5 and Q1C10 were highly similar
(94.6%, Fig. 1), but presented different acidifying abilities
(Table 2). This demonstrates how genetically similar isolates
may present different technological characteristics. According
to Wouters et al. [41], wild lactococci are usually characterized
as less acidifying than commercial strains.

The NaCl tolerance assay revealed that all the bv.
diacetylactis isolates were able to grow even at the highest
concentrations assessed (Fig. 2). All isolates showed excellent
growth in NaCl concentrations up to 4%. Six strains showed
low growth at 8% and 10% NaCl. Isolates obtained from silage
samples showed a high tolerance to NaCl (up to 10%), and
presented a similar growth behavior in all NaCl concentrations.
As observed for acidifying potential, growth at NaCl concen-
trations can be considered as a strains specific-feature: even
isolates that shared a high genetic similarity (Fig. 1) presented
different growth profiles at different NaCl concentrations (Fig.
2). The ability of a starter culture to adapt and survive in various
salt concentrations (including high concentrations) is extremely
important during cheese production. Some L. lactis subsp.
lactis tested by Perin et al. [30] were able to grow in NaCl at
10% (w/v), while Dal Bello et al. [5] were unable to identify
growth of LAB strains inoculated in culture media added with
NaCl at concentrations higher than 6% (w/v). Nomura et al. [4]
reported that all of the L. lactis subsp. lactis strains grew well in
a culture medium with NaCl at 6.5% (w/v), and identified poor
growth by some cremoris and bv. diacetylactis strains. The salt
tolerance of certain Lactococcus isolates taken from cheese
may also reflect an adaptation to the cheese environment (2 to
10% NaCl for different Caciocavallo varieties), and strains iso-
lated from cheeses with the lowest salt content have low salt
tolerance [33].

Despite the L. lactis subsp. lactis bv diacetylactis being
characterized as promising starter cultures due to their techno-
logical features, prior to their potential use by the food or dairy
industry, they must be assessed regarding their virulence traits.
Lactococcus strains may harbor a number of virulence-related
genes, that can confer to them some important pathogenic
features (hemolysis, DNAse, lipolysis, among other features),
which can pose as a risk for consumers; even not being
expressed, such virulence-related genes can be transferred to
non-pathogenic strains in the gut and be expressed [29,
42-45]. Associated to the virulence features, the isolates must
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be assessed according to their antibiotic resistance profiles:
pathogenic and resistant strains can represent a challenge for
proper treatment, and the genetic elements that confers such
resistance can be transferred to other bacteria in the human gut
[29, 44, 46]. Finally, LAB are known as capable of producing
biogenic amines, important nitrogenous compounds formed
due to the decarboxylation of amino acids that can accumulate
in fermented dairy products and cause toxicological effects in
consumers [30, 44, 47, 48].

Conclusions

Based on the obtained data, we were able to identify L. lactis
subsp. lactis bv diacetylactis isolates and to characterize their
technological potential, allowing propose their use as starter
cultures in the food industry after a deep analysis of their
safety for application.

Funding information CNPq, CAPES (financial code 001), FAPEMIG,
and CIRM-BIA for the concession of reference strains.
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