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Abstract — The potentiality of FTIR spectroscopy for the identification of lactic acid bacteria
(LAB) used in the dairy industry was tested. For this purpose, spectra of different strains were
recorded using standardized conditions. These strains were spécebhcillus(12 species, 3 sub-
species)Lactococcug4 species, 3 subspeciekguconosto¢3 species, 3 subspecieg)eissella

(1 species) an8treptococcu$2 species) involved in the soft cheese indus®pectral libraries

were then established by statistical analysis. Reference strains were then tested on these libraries, and
100% of correct identifications were obtained at the genus and species level, 86% at the subspecies
level. Well-identified strains were included in libraries. Wild isolates 48) previously identified

by biochemical tests and RAPD method were then tested. We obtained 100% at the genus level and
69% at the species level of correlation between FTIR and other methods. Finally, spectra of reference
strains performed in other laboratories were tested with the same method, and the results tallied with
official identification in 100% of the cases at the genus level and in 41% of the cases at the species
level. These results concerning a few strains allow us to plan the development of a more complete
database for rapid identification of LAB.

FTIR spectroscopy / lactic acid bacteria / classification / identification

Résumé— Potentialités de la spectroscopie infrarouge a transformée de Fourier (IRTF) pour

la discrimination et I'identification de bactéries lactiques d’intérét laitier. La discrimination et
I'identification de souches de bactéries lactiques d’origine laitiere ont été étudiées par spectroscopie
IRTF. Les spectres de 28 souches de bactéries lactiques appartenant aukasobegillus

(12 especes, 3 sous-espedemjtococcugd especes, 3 sous-espedesiiconosto3 especes, 3 sous-
especesWeissella(1 espéce) ebtreptococcuf? especes) ont été enregistrés dans des conditions
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standardisées. Ces spectres ont permis d'établir des bibliothéques spectrales de référence auxquelles
ont été comparés de nouveaux spectres de souches de collection et de souches sauvages. L'identifi-
cation des souches de collection (5 espéces, 7 sous-especes) a été correcte dans 100 % des cas au niveau
genre et espéece, et 86 % au niveau sous-espéece. Les souches correctement identifiées ont été intro-
duites dans les bibliothéques. L'identification IRTF de 48 isolats a été corrélée a 100 % au niveau genre

et a 69 % au niveau espece avec les identifications biochimiques et les résultats de la RAPD (Random
Amplified Polymorphic DNA) préalablement obtenus. Enfin, les spectres de 17 souches de collec-
tion enregistrés par d'autres équipes ont été testés sur nos bases de données. Leur identification a été
correcte dans 100 % des cas au niveau genre et 41 % des cas au niveau espece. La spectroscopie IRTF
s’est donc avérée une méthode efficace pour la discrimination et I'identification des espéces étu-
diées. Les résultats obtenus nous permettent d’envisager le développement d’'une base de données plus
compléte pour l'identification des bactéries lactiques.

spectroscopie IRTF / bactérie lactique / identification / discrimination

1. INTRODUCTION and coryneform bacteria [1, 6, 31]. This
paper describes the use of FTIR spec-

The use of infrared spectroscopy to dif-troscopy to discriminate some dairy lactic
ferentiate bacteria has been studied sincgcid bacteria at different levels: genus,
the 1950’s [26, 29]. Unfortunately, due tospecies and subspecies. Until now, only
the weak performances of dispersive sped-actobacillusinvolved in breweries have
trometers, these kinds of studies ceased ireen studied by FTIR Curk et al. [3, 4]. We
the 1970’s. For about ten years, the devekstablished libraries of species involved in
opment of modern interferometric infraredthe soft cheese industiyactobacillus (Lb.),
spectroscopy, Fourier transform techniquekactococcus (Lc.), Leuconostoc (Ln.),
and efficient low-cost computers have giverWWeissella (W.and Streptococcus (Strep.)
a new impulse to this research field [12, 14[24]. This tool could be proposed for the
21-23, 32, 33]. characterization of such LAB for the rapid

Bacteria spectra are usually recorded ifcreening of strains isolated in these envi-

the mid-infrared. They are specific to one'onments and products.

bacterial strain and show the vibrational
characteristics of all the cellular compo-
nents: fatty acids, intracellular and mem-
brane proteins, polysaccharides, nucleic _ .
acids. Statistical treatment of spectral data_© oPtain reproducible data, we have set
allows discrimination between different gen-&1 €xperimental procedure relative to growth

era, species and even strains. That is whé}mditio”s’ sample preparation, and spec-
t

2. MATERIALS AND METHODS

more and more research teams are interestdg récording. Previous studies [3, 25, 34]
in FTIR characterization of bacteria [3, 4,12Ve shown that spectra were especially sen-

8,9, 13, 15, 18, 19, 28]. Lactic acid bacteri®!iVe t0 these parameters.
involved in the dairy industry are varied. It

is important to be able to identify and char- 5 1 strains and growth conditions
acterize them with rapid, reliable and cheap

methods, in the aim of controlling all the _ Type strains come from international

stages of fabrication. collections: ATCC, CNRZ, LMG, NCDO,
Our research team has performed differNCFB, or CIP. Fourteen strains lo&cto-
ent studies to identify lactic acid bacteriabacillus, six of Lactococcus five of
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Leuconostocone ofWeissellaand two of by biochemical tests (API 50 CHL) as
Streptococcuwrere studied, corresponding Lactobacillus(19 strains)Lactococcus

to usually used strains in the soft cheesé6 strains), anleuconostothree strains).
industry (Tab. I), according to Dellaglio For these strains, we had also RAPD results.

etal [8], Larpent et a[[16], and Novel [24]. — All the strains were grown for 24 +2 h
— Collection strains come from CNRZ 4y gjtferent liquid media, according to

collection: six strains dfactobacillus six of  gptimal growth conditions [27]: MRS [7],
Lactococcusfour ofLeuconostocand one  medium at 30 °C and 42 °C for mesophilic

of StreptococcugTab. II). and thermophilic lactobacilli respectively,

— Wild strains were isolated from “Pont MRS medium at 25 °C fdreuconostoend
I'Evéque” cheese by ADRIA Normandie Weissella M17 [30], medium at 30 °C for
and “Camembert” by LMA, University of LactococcusM17 medium at 42 °C for
Caen Basse-Norandie. They were identified Streptococcus

Table I. Lactic acid bacteria genera differentiation by discriminant analysis.
Tableau I. Différenciation des genres de bactéries lactiques par analyse discriminante.

Distance to classes

Strain Lactobacillus Lactococcus Leuconostoc Streptococcus Weissell
Lb. delbrueckii delbrueckii CNRZ 225T 0.4 11 15 1.8 3.3
Lb. delbrueckii lactis CNRZ 207T 0.6 13 17 2.2 35
Lb. delbrueckii bulgaricus CNRZ208T 04 0.9 1.2 19 3.7
Lb. helveticus CNRZ223T 0.4 0.8 1.4 1.3 3.0
Lb. plantarum ATCC 14917T 0.6 13 1.8 2.3 35
Lb. paraplantarum CIP 104668T 0.4 1.2 1.7 21 39
Lb. fermentum CNRZ209T 0.5 1.2 15 21 3.7
Lb. paracasei CNRZ 62T 0.3 0.7 14 1.7 3.0
Lb. acidophilus CNRZ 204T 04 0.9 14 1.6 3.9
Lb. rhamnosus CNRZ 212T 0.7 1.3 16 21 3.6
Lb. casei CNRZ 313T 0.5 1.0 1.9 2.0 4.4
Lb. zeae (ex rhamnosus) CIP 103253 04 11 13 18 35
Lb. brevis CNRZ 215T 0.4 0.7 11 1.4 3.6
Lb. pentosus LMG 10755T 0.4 1.2 11 1.8 3.0
Lc. plantarum NCDO 1869T 1.0 0.4 17 2.0 4.6
Lc. garvieae NCDO 2155T 0.9 0.4 1.7 18 3.9
Lc. lactis cremoris CNRZ 105T 0.7 0.2 1.6 1.2 4.7
Lc. lactis lactis CNRZ 142T 05 0.1 15 15 4.4
Lc. lactis lactis var diacetylactisNCFB 176T 0.6 0.1 19 1.7 4.8
Lc. raffinolactis NCFB 617T 1.3 0.3 24 1.9 5.6
Ln. lactis NCDO533T 1.6 2.2 0.5 1.8 24
Ln. pseudomesenteroides CIP 103316T 1.0 15 0.2 1.3 2.6
Ln. mesenteroides mesenteroided® 102305T 1.6 2.3 0.4 18 25
Ln. mesenteroides dextranicumCIP 102423T 1.4 1.8 0.3 16 24
Ln. mesenteroides cremoris ~ CIP 103009T 1.4 21 0.4 1.9 25
Strep. thermophilus NCDO573T 1.2 1.3 1.3 0.2 3.6
Strep. salivarius ATCC7073T 1.8 19 17 0.2 4.3

W. paramesenteroides CIP 102421T 3.2 45 2.2 3.8 0.1
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Table IlI. Identification of collection strains by FTIR.
Tableau Il. Identification de souches de collection par IRTF.

FTIR identification

Official name
Strain Genus Species Sub-species
Lb. delbrueckii bulgaricus CNRZ 10 Lactobacillus delbrueckii bulgaricus
Lb. delbrueckii bulgaricus CNRZ 1004 Lactobacillus delbrueckii bulgaricus
Lb. delbrueckii bulgaricus CNRZ 11 Lactobacillus delbrueckii bulgaricus
Lb. delbrueckii lactis CNRZ 700 Lactobacillus delbrueckii bulgaricus
Lb. helveticus CNRZ 34 Lactobacillus helveticus
Lb. helveticus CNRZ 241  Lactobacillus helveticus
Lc. lactis cremoris CNRZ 1454  Lactococcus lactis cremoris
Lc. lactis cremoris CNRZ 1458 Lactococcus lactis cremoris
Lc. lactis lactis var diacetylactis CNRZ 1453  Lactococcus lactis lactis var diacetylactis
Lc. lactis lactis var diacetylactis CNRZ 1456  Lactococcus lactis lactis var diacetylactis
Lc. lactis lactis CNRZ 1455 Lactococcus lactis lactis
Lc. lactis lactis CNRZ 261 Lactococcus lactis lactis

Ln. mesenteroides dextranicum CNRZ 1273 Leuconostoc mesenteroides dextranicum
Ln. mesenteroides dextranicum CNRZ 1275 Leuconostoc mesenteroides dextranicum
Ln. mesenteroides mesenteroide$CNRZ 1274  Leuconostoc mesenteroides mesenteroides
Ln. mesenteroides mesenteroide$CNRZ 1284  Leuconostoc mesenteroides dextranicum
Strep. thermophilus CNRZ 368 Streptococcus thermophilus

2.2. Sample preparation dow (13 mm (diametery 2 mm (thick)),
then dried for an hour at 50 °C.

Samples were prepared using a stan- For each strain, two cultures were pre-

dardized procedure: pared in similar conditions to take into

— Absorbance of bacterial cultures wasaccount cultural fluctuations [34]. Three
measured at 600 nm (UV) using a 1.6 cnsamples were studied for each culture to
length cell in a spectrophotometer (Specverify repeatability of the method. When
tronic 301, Milton Roy) to determine cul- spectra obtained with these two cultures
ture concentration for further dilutions.  were not satisfactory (see below Sects. 2.3

— Culture medium was removed by cenand 2.5), a third culture was performed.
trifugation at 4 000 r.p.m. for 10 min.

— Cells were washed twice with 4 mL of
saline solution (NaCl, 9-571), and cen-

trifuged in the same previous conditions. .
. . Bacterial spectra were recorded between

— The pellet was suspended in a defined 0o and 700 cmd using a FTIR spec-
volume of saline solution to obtain an adeygmeter (Nicolet 250, Nicolet Instrument,
gquate concentration for spectral measurerhermo-Optek) equipped with a KBr beam-
ments. The vqume.was calculated so thaéplitter and a DTGS detector. Sixty-four
a culture, characterized by a Q9= 0.7, jnterferograms were averaged per spectrum
is retrieved in SQIL. at a resolution of 4 cm. A background

— 5L of the concentrated bacteria wasspectrum was recorded with the ZnSe win-
deposited on a ZnSe (zinc selenide) window free of any sample. Each spectrum

2.3. Spectroscopic measurements
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results from the ratio of sample spectrunspectra of the database. Preliminary studies
and background spectrum and is registereshow that when spectra obtained with bac-
in absorbance units. All spectra were subteria from the same culture are compared,
mitted to a “quality test” (adapted from the result is generally superior to 99% simil-
Helm et al. [13]). After this test, validated itude. With spectra obtained from different
spectra were normalized to one absorbanaailtures of the same strain, more than 97%
unit using the amide | spectral band locateis commonly obtained. For the same species
at about 1 640 cm, and then included in or subspecies, the result is more than 95%.
the study. So we can validate an identification only if
the result of correlation with spectra of the

The required time from sample Prepara o rase is over 95%.

tion to spectrum is about 2 h.

istical hod 2.5. Elaboration of reference libraries
2.4. Statistical methods and strains identification
Two types of statistical methods were  Tq establish genera library (LAB library),
employed (one for discrimination, the otherthe following procedure was applied:

for identification), both applications of :
. : — Using SSM, spectra were selected only
Omnic TQ Analyst Software 1.2 (Nicolet when the similitude percentage was more

Instrument, Thermo-Optek): Discriminant
L than 99% between the three spectra of one
Analysis and Search Standards Method. culture, and more than 97% between the

— Discriminant Analysis (DAM) is a dis- nine spectra of one strain.
criminapion method. Spectra classes are pre- _ A DAM was prepared, with five classes
determined (one class corresponding t0 0ngyresponding to the five genera. Spectra
genus, species or subspecies). The chosegaiously selected were introduced as stan-

spectral region is specified. Bacteria spectrg5rds in their respective classes.
are introduced in their respective classes,

and then the software calculates the  FOF Lactobacillus two options were
Mahalanobis distances [17] between eacfi"0SeN:

spectrum and the center of its class. The dis- — According to Dicks et al. [9] and to
tances between each spectrum and cent®ftori et al. [20], we classified the strain CIP
of each other class are also calculated, artP3253 = ATCC 15820.6. rhamnosusas
allow us to determine the proximity of type strain oLb. zeae

classes. Besides, classes can be graphically— we have introduced the type strain
represented by scatter plot diagrams whosey. paraplantarunCIP 104668 described
axes are Mahalanobis distances to twg% Curk et al. [5], to verify the discrimina-

classes. Several spectral regions are testegbn of plantarum, paraplantarurandpen-
chosen in accordance to Naumann studiegsusspecies.

[23], to obtain the most discriminating 14 g4y the discrimination at the species
results. Classes are well discriminated if

intra-class distances are clearly lower thaand subspgmes level, we had to make new
inter-class distances foraries (with the_ same spectra) _Wlth one
' class corresponding to one species or one

— Search Standards Method (SSM) is aubspecies. Three species libraries were
comparison method. Spectra of the databasstablished: one fdractobacillus(14 type
are introduced. A spectral region is chosestrains corresponding to 12 species), one
for the comparison of spectra. When a nevfor Lactococcugsix type strains corre-
spectrum is proposed, the software detersponding to four species), and one for both
mines its similitude percentage with theLeuconostoandWeissellgsix type strains
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corresponding to four specieseuconos- according to several other teams [3, 11, 13],
toc andWeissellaare grouped in the same we found that discrimination was better with
library becausé&Veissellawas formerly combined windows than with an entire one.
known asLeuconostog2], and because Table | shows the average of the distances
Leuconostoclass is the nearest one fromobtained between the spectra of each type
Weisselleclass in our library. strain and the five classes. Figure 1 shows
In the same way, three subspecieBaftial results concerning distances to cen-

libraries were established: one faacto- (eF Of Lactococcusand Streptococcus
bacillus delbrueckiione forLactococcus classes. We can see in Table | that the aver-

lactis. and one folLeuconostoc mesen- 29€ distances between the spectra of one
teroid’es class (i.e. one genus) and the center of this

) . _class is clearly inferior to distances to other
For each library, several spectral regiong|asses. In spite of short distances, espe-

were tested, and the one giving the best digjqly petween_actobacillusand Lacto-
crimination was chosen. Table Ill summa-qccus a good discrimination is obtained
rizes data contained in the libraries. between genera. This is confirmed by Fig-
To identify a strain, SSM is performed ure 1 where we can see four separate clusters
using LAB genera library. First, the bestcorresponding thactococcus, Lactobacil-
discriminating spectral region at the genudus, LeuconostoandStreptococcusGraphic
level is used. Then, according to the genusepresentation proposed by TQ Analyst soft-
obtained, the best discriminating spectralvare does not allow us to see Weissella
region at the species level is set. And so ogroup which is at a Mahalanobis distance

for the subspecies level. superior to three fronstreptococcusind
Lactococcugroups.
For species libraries, spectral regions
3. RESULTS AND DISCUSSION were chosen as follows to obtain the best

discrimination between species:
—1500-1 200 crmt + 1 200-900 crrt +

The best discrimination between LAB 900-700 cm? for Lactobacilluslibrary
genera was obtained using DAM with the(Tab. V).
following spectral region: 1 500-1 200tm  — 1 200-900 cm for Lactococcudibrary
+ 1 200-900 crm + 900-700 cmt. Indeed, (Tab. V)

3.1. Type strains discrimination

Table Ill. Data contained in libraries.
Tableau Ill. Données contenues dans les bibliotheques.

Library Number of classes Number of Spectral region
spectra/database

Genera 5 genera 213 1 500—1 200/1 200-900/900—7¢00 cm

Lactobacillus 12 species 82 1 500-1 200/1 200-900/900-708 cm

Lactococcus 4 species 38 1 200-900 thn

Leuconostoc + Weissella 4 species 31 1 200-900/900-700¢m

Lb. delbrueckii 3 subspecies 19 1 500-1 200/1 200-900/900-768 cm

Lc. lactis 3 subspecies 21 1 200-900/900-700%cfirst derivative

Ln. mesenteroides 3 subspecies 15 1 200-900/900-700%cm
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Figure 1. Discrimination of 4 classes of LAB using discriminant analysis.
Figure 1. Discrimination de 4 classes de bactéries lactiques par analyse.

— 1 200-900 cr + 900—700 crm* for The type strains dfb. delbrueckii del-

. . brueckii, Lb. delbrueckii bulgaricuand
LeuconostoandWeisselldibrary (Tab. V1) Lb. delbrueckii lactisare separated on the

We can see in Tables IV, V and VI thatcombined windows: 1 500-1 200 cth
distances inside one class representing orie200-900 cm* + 900-700 cmt. We can
species vary between 0.1 to 0.9. Converselyiotice that the subspeciestisis as closed
distances between classes are from 1t bulgaricusas todelbrueckii.

(betweerlc. garvieaeandLc. lactig to 315 The type strains ofc. lactis lactis,
(betweenLb. plantarumandLb. rhamno- Lc. lactis cremorisandLc. lactis lactis var
sug. We can conclude that species are wellliacetylactiswere discriminated on the
discriminated. combined windows 1 200-900 ctn+
900-700 cmt. In this case, the discrimina-

Moreover, we can notice that the twogon \as improved by the use of first deriva-
specied.b. plantarumandLb. paraplan- e spectra.

tarumare well discriminated. Indeed, we

can see in Figure 2 that spectra of these o .o \roides | n. mesenteroides dextran-
species present differences, particularly i, and| n. mesenteroides cremoriere
two regions: (i) the band at 1 740Trohar-  giscriminated on the combined windows
acterizing CO stretching vibration of the 1 200-900 cmt + 900700 cmt.

ester functional groups of the phospholipids,
(ii) the region 1 200-900 crhcharacteriz-
ing oligo and polysaccharides COC an
COP stretching vibration, known to be selec-
tive at the species and strain levels [23].

The type strains ofn. mesenteroides

We obtain a good discrimination for the
dIhree subspecies libraries.

3.2. Validation with collection strains

For subspecies libraries, we can see the The spectra of 17 collection strains were
results in Tables VII, VIII and IX. recorded in the same previous conditions



Table IV. Lactobacillustype strains calibration.
Tableau IV. Calibration des souches typesldetobacilles

Distances to classes

[4%14

‘e 18 [plwy 'O

Name Strain acidophilus brevis casei delbrueckii fermentum helveticus paracasei paraplantarum pentosus plantarum rhamnosus zeae
Lb. acidophilus CNRZ 204T 0.45 104.35 181.20 69.01 87.92 29.54 57.45 168.48 4493  256.79  259.52 128.95
Lb. brevis CNRZ 215T 10442 052 46.92 26.07 90.79 10953 89.31 73.64 76.76 95.09 139.17 72.14
Lb. casei CNRZ 313T 181.14 46.80 0.40 93.50 222.62  208.03 75.90 31.23 90.81 89.59 156.19 30.23
Lb. delb.bulgaricus CNRZ 208T  68.83  25.86 93.67 0.57 85.65 67.17 73.68 128.57 7720 148.88  159.31 91.17
Lb. delb. delbrueckiiCNRZ 225T  69.28  25.77 93.07 0.55 86.20 67.78 73.66 128.18 7721 148,60 157.87 90.70
Lb. delb. lactis CNRZ 207T 69.21  26.67 94.28 0.61 66.77 67.64 74.23 128.72 77.40 149.22 159.68 91.70
Lb. fermentum CNRZ209T 87.94 90.75 222.70 86.16 0.48 54.67 181.16 243.86 155.38  302.23 183.93 243.45
Lb. helveticus CNRZ223T  29.23 109.15 207.77 67.14 54.33 0.15 91.47 211.99 92.49 29582 249.68 186.17
Lb. paracasei CNRZ 62T 57.28 89.04 75.76 73.56 180.94 91.58 0.26 77.26 26.32 174.56 212.86 35.05
Lb. paraplantarum CIP104668T 168.51 73.59 31.31 128.38 243.86 21233 77.47 0.48 62.78 80.72 238.08 48.93
Lb. pentosus LMG 107557 44.83 76.59 90.76 77.05 155.25 92.69 26.41 62.65 0.35 124.48 254.63 47.48
Lb. plantarum ATCC 14917T 256.74 9496 89.59 148.72 302.15 296.07 174.69 80.63 124.59.40 315.63 93.32

Lb. rhamnosus CNRZ 212T  259.77 39.34 156.49 159.04 184.15 250.23 213.30  238.30 25498 315.98.70 206.58

Lb. zeae CIP 103253 129.07 72.18 30.40 91.18 24354 186,59  35.35 49.02 47.70 96.49 206.066
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Table V. Lactococcusype strains calibration.
Tableau V. Calibration des souches types de Lactocoques.

Distances to class

Strain garvieae plantarum raffinolactis lactis
Lc. garvieae NCDO 2155T 0.4 80.9 21.8 12.4
Lc. plantarum NCDO 1869T 81.1 0.6 42.4 717
Lc. raffinolactis NCFB 617T 22.0 42.4 0.5 19.2
Lc. lactis lactis var diacetylactis NCFB 176T 12.3 71.5 19.0 0.3
Lc. lactis lactis CNRZ 142T 12.8 71.1 19.0 0.7
Lc. lactis cremoris CNRZ 105T 12.5 72.1 19.3 0.4

Table VI. LeuconostoandWeissellaype strains calibration.
Tableau VI. Calibration des Leuconostoc et d¥gissella

Distances to class

Strain Ln. lactis  Ln. mesenteroides Ln. pseudomesenteroides W. parameseteroides
Ln. lactis NCDO 533 0.5 51.8 76.8 38.6
Ln. mesenteroides  CIP 103009T 51.4 0.9 48.6 17.9
Ln. mesenteroides  CIP 102423T 52.3 0.7 49.0 17.6
Ln. mesenteroides  CIP 102305T 52.2 0.9 49.4 18.0
Ln. pseudomesenteroid€dP 103316T 76.7 48.8 0.4 54.0
W. paramesenteroidesCIP 1024241T 38.4 17,3 53.9 0.3

and tested by SSM, using the spectrativity of each species, and so to improve the
regions determined in Section 3.1. Resultfollowing results.

are presented in Table II. Collection strains

are correctly identified in 100% of the cases o .

at the genus and species levels and in 86% of 3.3. Identification of wild LAB

the cases at the subspecies level according to ) o )
official nomenclature. Forty eight wild isolates dfactobacil-

The identification at the subspecies Ievelus’ LactococcusandLeuconostoavere

. ; o . ested in our libraries. Comparative results
is not optimal (86%). It would be certainly 5o esented in Table X. FTIR identification
improved by the introduction of a greater

. , *=Lof wild strains tallies with previous identi-
variety of strains of the same subspecies ifation (RAPD or biochemical methods)

the database. It is a fact that information, 1009 of the cases at the genus level.
concerning subspecies is more difficult to

point out, and perhaps more efficient statis- FOr species level, a few discrepancies
tical treatments [10] could give better resultswere observed:
All the well identified strains were then  — One strain identified tbb. caseiby

included in previous libraries for the fol- biochemical tests and RAPD has been iden-
lowing studies, to increase the representdified to zeae by FTIR.
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Lb. paraplantarum

Absorbance

T

Lb. plantarum
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Figure 2. FTIR spectra ofb. plantarumandLb. paraplantarum
Figure 2. Spectres IRTF deb. plantarumandLb. paraplantarum

Table VII. Lb. delbruekckisubspecies calibration.
Tableau VII. Calibration des sous-espedds delbrueckii

Distances to class

Strain bulgaricus delbrueckii lactis
Lb. delbrueckii bulgaricus CNRZ 208T 0.66 25.73 14.73
Lb. delbrueckii delbrueckii CNRZ 225T 25.55 0.47 12.64
Lb. delbrueckii lactis CNRZ 207T 14.61 12.71 0.54

— One strain identified tbb. acidophilus very close to each other, so it is difficult to
by RAPD tests has been identified by FTIRsay which method (FTIR or RAPD) gives
to another thermophilic specidsh. del- the right result. Therefore, with our method,
brueckii bulgaricus Lb. pentosuandLb plantarumare well dis-

o N criminated ¢ = 124 , Tab. IlI).
— Four strains identified tob. plantarum

by RAPD were identified thb. pentosus  — One strain identified tbb. plantarum
by FTIR. These species are known to bdy RAPD was characterized by a peculiar
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Table VIII. Lc. lactissubspecies calibration.
Tableau VIII. Calibration des sous-espedes lactis.

Distances to class

Strain lactis cremoris lactis diacetyl. lactis lactis
Lc. lactis cremoris CNRZ 105T 0.75 2.80 2.74
Lc. lactis lactis var diacetylactis NCFB 176T 2.80 0.75 3.97
Lc. lactis lactis CNRZ 142T 2.74 3.97 0.75

Table IX. Ln. mesenteroidesubspecies calibration.
Tableau IX. Calibration des sous-espedes mesenteroides

Distances to class

Strain mesenteroides cremoris dextranicum
Ln. mesenteroides mesenteroidédlP 102305T 0.67 43.13 3.45
Ln. mesenteroides cremoris CIP 103009T 43.14 0.67 25.82
Ln. mesenteroides dextranicum CIP 102423T 3.45 25.82 0.67

Table X. FTIR identification of wild strains.
Tableau X.ldentification IRTF des souches sauvages.

Biochemical identification RAPD identification IRTF identification
Lb. paracase{10)* Lb. paracase{10) Lb. paracase{10)
Lb. caseil) Lb. casei1) Lb. zead1)
Lb. plantarum(7) Lb. plantarum(6) Lb. plantarum(2)
Lb. pentosu$4)

Lb. plantarum 1) Lb. helveticugl)
Lb. acidophilug1) Lb. delbrueckii(1)
Lc. lactis lactig(26) Lc. lactis lactig(26) Lc. lactis lactig(18)

Lc. lactis/plantarum?2)
Lc. lactis/garvieae?6)
Ln. lactis(1) Ln. lactis(1) Ln. lactis(1)
Ln. mesenteroidg®) Ln. mesenteroidg®)

* Number of strains.

profile compared to the other strains of the_c. lactisas to another clasgdrvieaeor
species. This strain was identified toplantarum).
Lb. helveticuby FTIR.

— Eight strains identifietb Lc. lactis lac- In conclusion, we obtained for 33 out of
tis by RAPD were not well discriminated 48 strains (69%) the same identification as
by FTIR. These strains were as close t&RAPD or phenotypic tests.
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These results could probably be improvedye can suppose that strain CNRZ 205 and
by the introduction of new strains in theCNRZ 442 are in this case.
classes where there are not yet collection _ 1,0 strains ofb. paracasehave been
strains [b. plantarum, Lb. pentosus, andjyentified toLb. zeae It is a fact that
Lc. garvieag. Besides, RAPD results are \ianajanobis distances between the type
questionable, according to the fact that thi trainsparacaseiandzeaeis not very sig-
method is not known as an identificationpificant (Tab. IV). To discriminate these
method, but as a comparison method. Morespecies more efficiently, it would be neces-

over, phenotypic methods are known tasay 1o determinate another spectral region.
often be uncertain for the identification at  ~ Strains CNRZ 211 and CNRZ 73

the subspecies level. (Lb. plantarun) have been identified as
Lb. paraplantaruma new species described
3.4. Identification of spectra by Curk etal. [3], from strains aib. plan-
from other laboratories tarumdifficult to discriminate fronlb. pen-
tosus.lt is possible that CNRZ 73 will be
in the future reclassified d$. paraplan-
lt(glrum, if this result is confirmed by other
methods. Conversely, for CNRZ 211, iden-
tical to ATCC 14917 and type strain of
lantarumspecies, we must conclude that if
e two strains are really the same, the dif-

To confirm the reproducibility of the
method, 80 bacteria spectra corresponding
17 collection strains (Tab. XI) performed
by Lefier in two other laboratories (INRA in
Poligny, France, and Hannach Researc
Institute in Scotland) were tested with our, . i s
libraries. The spectra were recorded on tw erences in experimental conditions pro-

different spectrometers (Nicolet spectrom- okes discrepancies of the spectra. These
P P .two results have to be confirmed by the

eter in France and Mattson spectrometer i . : :
Scotland). They were transmitted to our Iab—Pe cording of spectra in the standardized con

oratory by e-mail. The identification was ditions previously described.
performed using the method previously

described. The results of the spectra iden-

tification are presented in Table XI. They 4. CONCLUSION
agree with the official nomenclature at the

ghenera level Im 1??% of t?ehcases, and ac\tbility of FTIR to discriminate and identify
t eospemes evel for 7 of the 17 straing pg"inyoived in the cheese industry. Our
(41 A))._Neverthgless, several results havﬁreliminary results indicate a good dis-
to be discussed: crimination at the genus and species level,
— For strains NCFB 2774NCFB 363"  even at the subspecies level. The best spec-
and CNRZ 62, we obtained for half of the tral regions have been determined for each
spectra the correct identification, and forgenus. The spectral database elaborated
the other half another species. To improvellows us to identify new strains, with a
these results, more spectra of these straig®od percentage of correct results:

The aim of this work was to specify the

have to be tested. — 100% at the genus and species level
— Strains CNRZ 205 and CNRZ 442for collection strains,
(Lb. rhamnosushave been identified as — 100% at the genus level and 69% at the

Lb. zeaeThe new specidd. zeadas been species level for wild isolates.

described by Dicks et al. [9] from atypical ~ The discrepancies between FTIR identi-
strains ofLb. rhamnosusndLb. caseilt fication and official nomenclature have been
is quite likely that other strains of these twodiscussed according to recent taxonomical
species may be classifiedlib. zeaespecies. changes. Results must be improved by



Table XI. Identification of spectra from different origin.
Tableau XI. Identification de spectres d’'origine différente.

Official name

FTIR identification

Strain Genus Species Sub-species
Lb. brevis CNRZ 324 Lactobacillus brevis

Lb. paracasei CNRZ 320 Lactobacillus zeae

Lb. pentosus *NCFB 363 T = LMG10755T Lactobacillus pentosus/paraplantarum

Lb. paracasei CNRZ 383 Lactobacillus casei

Lb. paracasei CNRZ 62T Lactobacillus casei/paracasei

Lb. paracasei CNRZ 763 Lactobacillus zeae

Lb. plantarum CNRz 211 Lactobacillus paraplantarum

Lb. plantarum CNRZ 73 Lactobacillus paraplantarum

Lb. rhamnosus CNRZ 205 Lactobacillus zeae

Lb. rhamnosus CNRZ 442 Lactobacillus zeae

Lb. rhamnosus CNRZ 212 Lactobacillus rhamnosus

Lb. acidophilus *NCFB 1748 T=CNRZ 204 T Lactobacillus acidophilus

Lb. rhamnosus *NCFB 243 T=CNRZ212T Lactobacillus rhamnosus

Lb. paracasei ssp. tolerans *NCFB 2774 T Lactobacillus casei/paracasei

Lb. delbrueckii ssp. delbrueckii *NCFB 213 T=CNRZ225T Lactobacillus delbrueckii delbrueckii
Lc. lactis ssp. cremoris CNRZ 105T Lactococcus lactis lactis
Lc. lactis ssp. lactis CNRZ 142 T Lactococcus lactis lactis

elI210€q Plok 2noe| Jo ApNis Y|L1d
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recording spectra of new strains to increasF]
the representation of each species. The great-
est interests of the method are its speed, its
easinessanditscheapness.ThesetmeecHﬁ]lL
acteristics are especially interesting in the
dairy industry where strains have to be fol-
lowed during all the processes. Identification
of spectra received from other teams byg9]
e-mail is possible, nevertheless, the more
standardized the experimental conditions,
the better the results of identification.
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