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Abstract - The dairy industry has recently prepared probiotic products containing, in addition to the
specifie yoghurt cultures, Laetobacillus acidophilus and bifidobacteria. Identification of the species
and enumeration of the micro-organisms are easier for yoghurt cultures than for probiotic products
containing Laetobaeil/us delbrueekii subsp. bulgarieus, Streptoeoeeus thermophilus, bifidobacte-
ria and Laetobaeil/us acidophilus. A new method has been developed using the commercially avai-
lable HHD agar, which provides a morphological differentiation of colonies and a counting of single
species on the same plate. Results obtained with HHD are very close to those obtained by the use of
media specifie for each strain (MRS, MRS at pH 5.4, MRS + dicloxacillin, MI17). Instead of using many
selective culture media, only one culture medium was used with saving of material and perfor-
mance rapidity allowing the method to be applied to the routine controls of the probiotic products.
© InralElsevier, Paris
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Résumé - Méthode pour le dénombrement  différencié de cultures mixtes de bactéries lactiques
thermophiles et de bifidobactéries en utilisant un seul milieu de culture. L'industrie laitiere a récem-
ment mis au point des produits probiotiques qui contiennent, en plus des cultures pour yaourt, Lae-
tobaeil/us acidophilus et des bifidobactéries. L'identification des espéces et le dénombrement micro-
bien sont plus faciles pour les cultures de yaourt que pour les produits probiotiques qui contiennent
Laetobaeil/us delbrueekii subsp. bulgarieus, Streptoeoeeus thermophilus, bifidobactéries et Laeto-
baeil/us acidophilus. Ce travail décrit une nouvelle méthode qui utilise seulement le milieu de cul-
ture HHD agar afin de différencier la morphologie des colonies et de dénombrer chaque espece sur
la méme boite. Les résultats du dénombrement microbien sur le milieu HHD agar sont trés simi-
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laires & ceux qui ont été obtenus avec des milieux spécifiques pour chaque espéce (MRS, MRS a pH

5,4, MRS + dicloxacillin,

M 17). L'usage de l'agar HHD en remplacement de plusieurs milieux offre
des avantages tels qu'une économie de matériels et une rapidité de dénombrement,
aux contrdles de routine des produits probiotiques.

et peut s'appliquer
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1. INTRODUCTION

In the dairy industry, starters of mixed
cultures are used, among which the well-
known yoghurt culture, mixture of Lacto-
bacillus delbrueckii subsp. bulgaricus and
Streptococcus thermophilus. The introduc-
tion of probiotic micro-organisms is concer-
ned with the manufacturing of new products
containing, in addition to specifie yoghurt
cultures, Lactobacillus acidophilus and/or
bifidobacteria [2, 4,11-14].

Since the products are prepared from
many strains, they require a selective enu-
meration of different microbial species.
While specifie yoghurt microfiora is easily
identified by an officially recognized IDF
method [8], for cultures different from yog-

hurt bacteria, the identification is quite dif-
ficult.
For counting L. acidophilus, the ECA

medium (Esculin-Cellobiose Agar), as des-
cribed by Hunger [6] and Lapierre [15], can
not be applied because sorne strains are
esculin-negative, ~ Hence, several culture
media based on modifications of MRS Agar
[3], replacement of glucose with trehalose
(MRS Agar with trehalose) [15] and use of
maltose (modified MRS Agar) [5], have
been tested but in these media, bifidobac-
teria also grow. Pedersen [18] describes a
MRS Agar supplemented with bile that is
able to inhibit the growth of yoghurt micro-
fiora and bifidobacteria. LA Agar [12]
medium is specifically used for products
containing L. acidophilus and bifidobacteria
but it has been shown not to be selective for
high contents of streptococci and other lac-
tobacilli [18].

For the selective identification of bifido-
bacteria, a large number of media are also
used [I, 17, 19, 20], such as MRS + dicloxa-
cillin [22], Modified Selective Rogosa Agar
[21], MGLP Agar [24], TOS Agar Medium
[25], NPNL Medium [23] according to the
IDF [9]. It was observed that the selectivity
of these media is generally antibiotic-related
and cell recoveries are low. Furthermore,
many of them are not commercially avai-
lable.

A method already developed for the dif-
ferential enumeration of homofermentati ve
and heterofermentative lactic acid bacteria
provides the morphological differentiation of
colonies in HHD Agar medium [16]. The
differentiation of species is based on the use
of a limited amount of fructose, as the only
source of carbohydrates, and on the Brorn-
cresol green, as an indicator. The species
are recognizable from the different colour, as
it was observed by MacDonald [16], and
from the shape, appearance and sizes of the
colonies.

The aim of this study is to determine the
suitability of the HHD Agar medium for the
detection and the specifie enumeration of
S. thermophilus, L. delbrueckii subsp. bul-
garicus, L. acidophilus and bifidobacteria
on the same plate.

2. MATERIALS AND METHODS

2.1. Pure cultures

Lactobacillus acidophilus LA land K8, Lac-
tobacillus delbrueckii subsp. bulgaricus Lb 170,
Lb187 and Lbl, Streptococcus thennophilus S62
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and YS 18 were obtained from Centro Speri-
mentale dei Latte, Zelo B. Persico (Ml) ltaly.

Bifidobacterium infantis Bi |, Bifidobacte-
rium longum BII 0, Bifidobacterium breve Bbr8
were obtained from Prof. V. Scardovi, Ist. Miero-
biologia, Univ. di Bologna, Italy.

Ali strains were stored freeze-dried in a refri-
gerated room. S. thermophilus was cultured in
sterilized milk +0.1 % yeast extract, inoculated
at 1%, incubated for 3 h at 42 "C, L. delbrueckii
subsp. bulgaricus in sterilized milk + 0.1 % yeast
extract, inoculated at 1 %, incubated for 5 h at
42 "C, and L. acidophilus and bifidobacteria cul-
tures in sterilized milk + 0.5 % glucose + 1 %
yeast extract, inoculated at 1 % and incubated
for 15 h at 37 OC. Pure cultures were analysed
once or several times starting from a fresh culture.

2.2. Mixed cultures

Yoghurt: 10 samples.

Probiotic fermented milk containing S. ther-
mophilus, L. delbrueckii subsp. bulgaricus, L. aci-
dophilus and bifidobacteria spp. or sorne of them:
15 samples.s

Freeze-dried probiotic products containing
S. thermophilus, L. delbrueckii subsp. bulgari-
eus. L. acidophilus and bifidobacteria spp. or
sorne of them: 19 samples.

2.3. Media

HHD (dehydrated: Lactie Acid Bacteria Dif-
ferentiai Broth. Cod MI 086 from HI Media
Laboratories Pvt Limited, Bombay - 400 086,
India) from MacDonald et al. [16].

Ali ingredients, except for Tween 80 were
dissolved by heating, then Tween 80 was added;
the medium was sterilized in an autoclave at
121°C for 15 min. Just before use, the medium
was melted and distributed in plates of 90 mm
diam (12 mL/plate) and left to solidify. The plates
were maintained in laminar flows for drying for
20 min.

The following commercially available media
were used as reference: MRS Agar (DIFCO) for
L. acidophilus [3]; MRS Agar (DIFCO) at pH 5.4
for L. delbrueckii subsp. bulgaricus (!DF Stan-
dard 117A [8]); MRS Agar (DIFCO) Dicloxa-
cillin (Sigma) for bifidobacteria [22]; M 17 Agar
(DIFCO) for S. thermophilus [8].

2.4. Procedure

FortY sampi es were analysed for each micro-
bial species. To perform the analysis, samples
were diluted 1:10 with peptone/saline solution
and homogenized in Stomacher for 1 min 30 s;
then decimal dilutions were prepared [10]. Ino-
culation in HHD was carried out by spreading
0.1 mL of the decimal dilutions to the surface of
each plate. Incubation occurred anaerobically at
37 "C for 3 days in Gas Pak with COz and Hz
atmosphere.

Enumerations in control medium were car-
ried out by the pour plate method of 1 mL of
dilution and incubated at 37 "C for 48 h in M 17
Agar for S. thermophilus and anaerobically in
GasPak at 37 "C for 72 h for other culture media.

After incubation, colonies were counted in
ail media and in HHD by separating the species
through the different morphology of the colo-
nies both with the naked eye and at stereosco-
pic microscopy Wild-M8 (Leitz) (oculars 10 x,
lens 5-50 x) and expressed as CFU (Colony-For-
ming Unitsj-g ",

The results were confirmed by examining
under the microscope (Zeiss oculars 10 x, lens
100 x) the square root of colonies on the plates.

2.5. Photos

Photos of colonies were made with stereo-
scopie microscopy in a dark room with a Minolta
X-300S camera, with film for artificiallight 160
ASA at the tungsten with mieroscopic magnifi-
cation 120 x.

2.6. Statistical analysis

After logarithmie transformation of the results
to normalize the distribution, the statistical ana-
lyses were perfomed according to the IDF [7]
using the software Lotus 1-2-3. The regression
equation y = ax + b was calcuJated, where y refers
to counts on reference medium and X to those
on HHD medium. The accuracy of y was esti-
mated by syx the residual standard deviation of
the regression, Counts of both media were com-
pared using Students t-test applied to dm/(sin 12),
where dmis the mean of d =y - x, sdis the stan-
dard deviation of d and n the number of samples.
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3. RESULTS AND DISCUSSION

3.1. Colony morphology on reference
media

The colonies of bifidobacteria in MRS
Agar, MRS Agar at pH 5.4 and MRS Agar
Dicloxacillin  were of white-cream col our,
of lenticular shape with regular sides. Colo-
nies of L. delbrueckii subsp. bulgaricus in
MRS Agar or in MRS Agar at pH 5.4 were
circular or trilobate, of white-cream colour
with an external tluffy ring which may be
examined under the stereoscopie microscope
or with a magnifier. This ring was not found
in the colonies of L. acidophilus that are
much more irregular shaped than those of
L. delbrueckii subsp. bulgaricus.

Colonies of S. thennophilus in M 17 Agar
as weil as in MRS Agar were white-cream
coloured, lenticular, with regular sides. The
colonies were recognizable from those of

lactobacilli and bifidobacteria since they
were very small in this second culture
medium.

For the enumeration of specifie yoghurt
cultures, these media allow a good selecti-
vitYand are generally applied without pro-
blems as reference test.

3.2. Colony morphology on UUD Agar
medium

The different strains of the same species
showed a similar morphology on HHD,
while the 4 species under examination had a
clearly different morphology. Only S. ther-
mophilus exhibited 2 different morpholo-
gies which were both weil recognizable.

Colony morphology of the 4 species on
HHD Agar medium is shown infigures 1-5.
Colonies of S. thermophilus appeared as fol-
lows: type 1) generally small, circular,
smooth and almost transparent (figure 1);
type 2) circular, convex and dark green
coloured (figure 2).

Colonies of bifidobacteria were similar
in size to those of S. thermophilus, but they

appeared translucent, convex like a drop of
water (figure 3). Colonies of L. delbrueckii
subsp. bulgaricus were large, of irregular
shape, with tlat surface, regular bright green
with internai undulatory streaking (figure 4).
Colonies of L. acidophilus were large, of
irregular shape, convex and pyramid sha-
ped surface, light brown with a small central
spot of dark green colour (figure 5).

Mixed cultures of different species are
shown infigure 6. It was observed that the
morphology of the colonies was typical for
each species and was still weil recognizable
when cultures developed together.

The medium did not maintain its origi-
nal colour but changed from blue to green,
green-yellow and yellow depending on the
development of acidifying colonies on the
plate. This is due to the bromcresol green
that has a pK value of 4.6.

Sizes of colonies varied depending upon
the number of colonies developed on the
plate: bifidobacteria and S. thermophilus
generally were of similar sizes, while L. del-
brueckii subsp. bulgaricus as weil as L. aci-
dophilus were larger than the others.

The use of HHD medium allowed the 4
different species to be distinguished even
though the colonies showed a difference of
4-5 orders of magnitude: the colonies of the
most dominant species built a carpet from
which the subdominant colonies stand out
and could be easily distinguished.

3.3. Comparison of counts on UUD
agar and reference media

Counts on HHD and refence media were
very weil correlated for the 4 species (table 1).
Moreover, values of sd were very close to
the corresponding values of sy x (standard
deviation from the regression), which shows
the similarity of results with both methods
[7]. However, counts on HHD were slightly,
but significantly  higher than those on
reference media for the 4 species, as indi-
cated by the t values (table 1). HHD medium,
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Figure 1. Morphology of colonies of Strepto-
coccus thermophilus - type |, made with ste-
reoscopie microscopy (120 x magnification).

Figure 1. Morphologie des colonies de Strepto-
coccus thermophilus - type 1, faites par micro-
scopie stéréoscopique (grossissement x 120).

Figure 3. Morphology of colonies of bifidobac-
teria, made with stereoscopie microscopy (120 x
magnification).

Figure 3. Morphologie des colonies de bifido-
bactéries, faites par microscopie stéréoscopique
(grossissement  x 120).

Figure 2. Morphology of colonies of Strepto-
coccus thermophilus - type 2, made with ste-
reoscopie microscopy (120 x magnification).

Figure 2. Morphologie des colonies de Strepto-
coccus thermophilus - type 2, faites par micro-
scopie stéréoscopique (grossissement x 120).

Figure 4. Morphology of colonies of Lactoba-
cil/lus delbrueckii subsp. bulgaricus, made with
stereoscopie microscopy (120 x magnification).

Figure 4. Morphologie des colonies de Lacto-
bacil/us delbrueckii subsp. bulgaricus, faites par
microscopie  stéréoscopique  (grossissement X
120).

Figure 5. Morphology of colonies of Lactoba-
cil/us acidophilus, made with stereoscopie micro-
scopy (120 x magnification).

Figure 5. Morphologie des colonies de Lacto-
bacil/us acidophilus, faites par microscopie sté-
réoscopique (grossissement X 120).
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Figure 6. Morphology of colonies of mixed cul-
tures, made with stereoscopie microscopy (120 x
magnification). A. Streptococcus thermophilus
type 1. B. Streptococcus thermophilus type 2.
C. Bifidobacteria. D. Lactobacillus delbrueckii
subsp. bulgaricus. E. Lactobacillus acidophilus.

Figure 6. Morphologie des colonies des cultures
mixtes faites par microscopie stéréoscopique

(grossissement  x 120). A. Streptococcus ther-
mophilus type 1.B. Streptococcus thermophilus
type 2. C. Bifidobacteria. D. Lactobacillus del-
brueckii subsp. bulgaricus. E. Lactobacillus aci-
dophilus.

which is not a selective medium, allowed in
particular a better recovery of L. acidophilus
(+0.19 log) and bifidobacteria (+ 0.15 log).

4. CONCLUSIONS

The main advantage of the method is the
use of only one culture medium to enume-
rate S. thennophilus, L. delbrueckii subsp.
bulgaricus, L. acidophilus and bifidobacte-
ria in mixed cultures containing these spe-
cies in different amounts with consequent
performance rapidity, savings of material
and economie profit.

The commercially available HHD Agar
medium can be applied for the enumeration
of these 4 species in the routine controis of
dairy and probiotic products.
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