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a b s t r a c t

This study aimed to develop a selective culture media to enumerate bifidobacteria in fermented milk and
to assess this medium when used with Petrifilm� AC plates. For this purpose, Bifidobacterium spp.,
Lactobacillus spp. and Streptococcus thermophilus strains were tested to verify their fermentation patterns
for different carbohydrates. All bifidobacteria strains were able to use raffinose. Based on these char-
acteristic, a selective culture medium was proposed (Raffinose-Propionate Lithium Mupirocin, RP-MUP),
used with Petrifilm� AC plates, and was used to enumerate bifidobacteria in fermented milk. RP-MUP
performance was assessed by comparing the results with this medium to reference protocols and cul-
ture media for bifidobacteria enumeration. RP-MUP, whether used or not with Petrifilm� AC, presented
similar performance to TOS-MUP (ISO 29981), with no significant differences between the mean bifi-
dobacteria counts (p < 0.05) and with high correlation indices (r ¼ 0.99, p < 0.05). As an advantage,
reliable results were obtained after just 48 h of incubation when RP-MUP was used with Petrifilm� AC,
instead of the 72 h described in the ISO 29981 protocol.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction Tomonitor populations of bifidobacteria, food industries require
Probiotics are defined as “live microorganisms which when
administered in adequate amounts confer a health benefit on the
host” (FAO, 2001, 2006). The genus Bifidobacterium has been
highlighted in this context, including several species with proven
probiotic activity which are often added to fermented milk
(Tamime, 2002). After the addition of a probiotic culture to a food, it
is necessary that the population be monitored to ensure that its
minimum concentration is maintained throughout the shelf life of
the product, which ensures its functionality (Shah, 2000).

Many culture media have been developed for the selective
enumeration of bifidobacteria, being basically composed of the me-
dium de Man, Rogosa & Sharpe (MRS) supplemented with different
antimicrobial compounds or their combinations (Dave and Shah,
1996; Leuschner et al., 2003; Lima et al., 2009). In 2010, the Interna-
tional Organization for Standardization published ISO 29981, a pro-
tocol for the enumeration of bifidobacteria in fermented milk which
employs a culture medium containing transgalactosilated oligosac-
charide (TOS) and lithiummupirocin as an inhibitor (ISO, 2010).
x: þ55 31 3899 1457.
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methodologies that, besides using selective culturemedia, have fast
and practical execution. In this regard, the Petrifilm� system (3M
Microbiology, St. Paul, MN, USA) represents a viable alternative and
is routinely used with dairy products. Petrifilm� Aerobic Count
(AC) plates have been used with selective agents for the enumer-
ation of different groups of lactic acid bacteria and bifidobacteria
(Gonçalves et al., 2009; Miranda et al., 2011; Nero et al., 2006;
Ortolani et al., 2007).

Jasson et al. (2010) described the need for standardization and
performance testing of alternative methods for the enumeration of
microorganisms such as bifidobacteria in foods. Therefore, this
study aimed to develop a culturemediumbased onTOS-MUP and to
evaluate its use with Petrifilm� AC. The performance was assessed
for the selective enumeration of bifidobacteria in fermented milk.
2. Material and methods

2.1. Microorganisms

Microorganisms, culture media for storage and recovery, and
the incubation conditions used in this study are described in
Table 1. All microorganisms weremaintained in their culture media
supplemented with 20% glycerol (v/v) at �20 �C. At the moment of
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Table 1
Microorganisms used in this study and culture media used for purification and growth conditions.

Genus Species Specificationa Culture media, stockb Culture mediab, purification Incubation

Bifidobacterium e CIRMBIA 1387 MRS, L-cysteine (0.5 g/L) MRS-ABC:Dicloxacillin (0.5 mg/L),
lithium chloride (1.1 g/L),
e L-cysteine (0.5 g/L)

37 �C, 72 h,
anaerobiosis (GasPak)e CIRMBIA 1394

animalis CIRMBIA 1388
animalis CIRMBIA 1389
animalis CIRMBIA 1390
animalis CIRMBIA 1392
animalis subsp. animalis CIRMBIA 1335
animalis subsp. lactis Bb12, Chr. Hansen
animalis subsp. lactis CIRMBIA 1340
animalis subsp. lactis BI-07, Du Pont
lactis subsp. lactis SAB 440A, Clerici-Sacco
longum CIRMBIA 1391
longum CIRMBIA 1395
longum subsp. longum LGM P-17500, CSL

Lactobacillus acidophilus SAB 440A, Clerici-Sacco MRS MRS, pH 5.2 37 �C, 48 h
acidophilus ATCC 4356
acidophilus LA-5, Chr. Hansen
brevis ATCC 367
casei CIRMBIA 667
casei CIRMBIA 767
casei CIRMBIA 769
casei CIRMBIA 771
casei subsp. alactosus CCT 1376
casei subsp. casei CCT 1465
casei subsp. rhamnosus CCT 0842 MRS MRS, pH 5.2 37 �C, 48 h
casei subsp. rhamnosus CCT 5835
casei subsp. rhamnosus CCT 6645
paracasei CCT 0566
paracasei CCT 7501
delbrueckii subsp. bulgaricus Yo-Mix, Du Pont
delbrueckii subsp. delbrueckii CCT 3744
delbrueckii subsp. lactis ATCC 4797
fermentum ATCC 23271
fermentum ATCC 9338
helveticus ATCC 12046
leichmanii ATCC 7830
paracasei subsp. paracasei ATCC 335
plantarum ATCC 10012
plantarum ATCC 8014
rhamnosus ATCC 7469
rhamnosus ATCC 9595

Streptococcus thermophilus SAB 440A, Clerici-Sacco M17, lactose 5 g/L M17, lactose 5 g/L 37 �C, 24 h
thermophilus Yo-Mix, Du Pont
thermophilus ST066, Clerici-Sacco

a CIRMBIA: Centre de ressources biologiques dédié aux bactéries d’intérêt alimentaire culture collection, INRA, Rennes, France; ATCC: American Type Culture Collection,
Manassas, VA, EUA, CCT: Fundação André Tosello culture collection, Campinas, SP, Brazil; Christian Hansen A/S, Hørsholm, Denmark; Du Pont, Palo Alto, CA, USA; Clerici-Sacco
Group, Cadorago, Italy; CSL: Centro Sperimentale del Latte, Zelo Buon Persico, Itaty.

b MRS: Man, Rogosa & Sharpe (BectoneDickson and Company e BD, Franklin Lakes, NJ, USA); L-cysteine (SigmaeAldrich Co., St. Louis, MO, USA); M17 (Oxoid Ltd.,
Basingstoke, England); dicloxacillin (SigmaeAldrich); lithium chloride (Merck KGaA, Darmstadt, Germany); GasPak (BD).
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use, aliquots of stored cultures were streaked in their culture media
added to bacteriological agar (Oxoid Ltd., Basingstoke, England;
15 g/L) and incubated as outlined in Table 1. Isolated colonies of
each microorganism were then transferred to growth media and
incubated (Table 1) until they reached turbidity similar to scale 1
MacFarland, which corresponds to approximately 3 � 108 colony-
forming units per mL (CFU/mL). These cultures were used in the
experiments described in the following sections.
2.2. Carbohydrate fermentation patterns

One milliliter aliquots of the cultures were centrifuged at
14,000 � g with subsequent removal of the supernatant and sus-
pension of the bacterial pellet in 1 mL of 0.85% NaCl solution (w/v).
Bromocresol purple broth (BectoneDickson and Company, Franklin
Lakes, NJ, USA) was prepared and supplemented with solutions of
different carbohydrates (fructose, glucose, lactose, maltose,
mannitol, melibiose, raffinose, rhamnose, sucrose, sorbitol and
xylose, all from SigmaeAldrich Co., St. Louis, MO, USA), to obtain 11
different culture media with a final concentration of 20 g/L for each
carbohydrate. The pH was adjusted to 7.0 with 1 N NaOH.

One hundred microliter aliquots of each supplemented broth
were distributed into wells of microtiter plates and then inoculated
with 10 mL of each microorganism culture. The sets were incubated
at 37 �C for 72 h under anaerobic conditions (GasPak EZTM Gas
Generating Container Systems, BD), with the change in color of the
culture medium (purple to yellow) indicating the ability of the
inoculated microorganism to ferment the added carbohydrates.
This experiment was conducted in duplicate.

The results were grouped considering the genera tested by
calculating the frequencies of microorganisms able to ferment
different carbohydrates added to the culture medium.
2.3. Performance of culture media for selective enumeration of
bifidobacteria

All bacterial cultures were ten-fold diluted in 0.85% NaCl (w/v)
to a concentration of approximately 102 CFU/mL. Then, the selected
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dilutions were pour-plated in duplicate in the following selective
culture media:

U TOS-MUP: TOS-Propionate agar base (Merck KGaA, Darm-
stadt, Germany) supplemented with lithium mupirocin so-
lution (MUP, Merck, 50 mg/L) (ISO, 2010);

U RP-MUP: culture medium proposed as an alternative for
enumeration of bifidobacteria, comprising a culture medium
called Raffinose-Propionate base broth (RP) supplemented
with bacteriological agar (Oxoid, 15 g/L) and MUP solution
(Merck, 50 mg/L). For preparation of the RP broth, the TOS-
Propionate broth had its TOS component substituted by
raffinose to a final concentration of 5 g/L.

U MRS-NNLP: MRS agar (BD) supplemented with filter-
sterilized (Millex 0.22 mm, Millipore, Bedford, MA, EUA)
solutions of nalidixic acid (SigmaeAldrich, 15 mg/L),
neomycin sulfate (Calbiochem, San Diego, CA, EUA, 100 mg/
L), lithium chloride (Merck KGaA, Darmstadt, Germany, 3.0 g/
L), paromomycin sulfate (SigmaeAldrich, 200 mg/L), and L-
cysteine hydrochloride (SigmaeAldrich, 0.5 g/L) (Dave and
Shah, 1996);

U MRS-ABC: prepared as described in Table 1 (Christian-
Hansen, 2005);

As a control for the populations of Bifidobacterium spp., Lacto-
bacillus spp. and Streptococcus thermophilus, the same dilutions
were pour-plated in duplicate in MRS-C, MRS and M17 agars,
respectively. MRS-NNLP, MRS-ABC, TOS-MUP, RP-MUP and MRS-C
plates were incubated at 37 �C for 72 h in anaerobiosis (GasPak
EZ �, BD), and MRS and M17 plates were incubated at 37 �C for
48 h. After incubation, the colonies formed in each culture medium
were counted and the results expressed as CFU/mL.

For each microorganism, the counts obtained in the selective
culture media were converted into proportional values using as
reference the counts obtained in the control culture media. These
values were grouped according to the genera of the tested micro-
organisms and compared using ANOVA and Tukey test to verify
significant differences (p < 0.05) using the software XLSTAT
2010.2.03 (Addinsoft, New York, NY, USA).
2.4. Evaluation of RP-MUP associated with Petrifilm� AC plates
(3M Microbiology) for selective enumeration of bifidobacteria in
fermented milk

Reconstituted skimmed milk (RSM) was prepared by adding
skimmed milk powder (Molico, Nestlé Brazil, São Paulo, SP, Brazil)
to sterile distilled water (100 g/L), subjecting the mix to heat
treatment (90 �C for 5 min), and then cooling to 41 �C before using
the milk to produce the following fermented milk:

U FM 01: yoghurt produced with YoMix starter culture (Du
Pont, Palo Alto, CA, USA, composed of S. thermophilus and
L. delbrueckii subsp. bulgaricus) and Bb12 (Chr. Hansen,
Hørsholm, Denmark, Bifidobacterium animalis subsp. lactis);
Table 2
Relativemean counts of Bifidobacterium spp., Lactobacillus spp. and Streptococcus thermoph
anaerobiosis for 72 h.

Group n Control MRS-ABC MRS-NN

Bifidobacteria 11 100.0a 94.68a 61.81b

Lactobacilli 26 100.0a 59.97b 10.68c

Streptococci 3 100.0a 41.71a,b 0.0b

n¼ number of strains; Control: MRS-C for bifidobacteria, MRS for lactobacilli, M17 for stre
indicate statistical differences in the respective line (Tukey test, p < 0.05). F ¼ ANOVA, d
U FM 02: fermented product produced with the cultures ST066
(Clerici-Sacco Group, Cadorago, Italy, S. thermophilus),
Lactobacillus casei subsp. casei (CCT 1465) and Bb12 (Chr.
Hansen, B. animalis subsp. lactis);

U FM 03: fermented product produced with the cultures ST066
(Clerici-Sacco, S. thermophilus), Lactobacillus rhamnosus
(ATCC 7469) and Bb12 (Chr. Hansen, B. animalis subsp. lactis);

U FM 04: fermented product produced with SAB 440A starter
culture (Clerici-Sacco, composed of S. thermophilus, Lacto-
bacillus acidophilus and B. lactis subsp. lactis).

The commercial starter cultures used (YoMix, ST066, SAB 440A
and Bb12) were prepared according to the instructions of the
manufacturers; after fermented milk production, the bifidobacte-
rium final concentrations ranged from 106 (SAB 440A) to 109 CFU/g
(Bb12). Cultures of L. casei subsp. casei CCT 1465 and L. rhamnosus
ATCC 7469 were inoculated in the fermented milk to obtain final
concentrations of approximately 106 CFU/g. After inoculation of the
RSM, aliquots of 200 mL of each of the products were distributed
into sterile flasks, incubated at 42 �C for 4.5 h and then stored at
4 �C. The fermentedmilk preparations were produced and analyzed
in triplicate.

Samples from fermented milk were collected immediately after
production and again after 15 and 28 days of production. Each
sample was serially diluted on the decimal scale with one-quarter
strength Ringer solution (Merck) and two dilutions were selected
and pour-plated in duplicate on TOS-MUP, RP-MUP, MRS-NNLP and
MRS-ABC agars, prepared as described above. Additionally, the
same samples were ten-fold diluted using RP-MUP broth and the
same previously selected dilutions were plated in triplicate on
Petrifilm� AC (3MMicrobiology). All plates were incubated at 37 �C
for 72 h under anaerobic conditions (GasPak EZ �, BD). The Pet-
rifilm� AC plates were incubated for 24, 48 and 72 h. After incu-
bation, the colonies formed were counted and the results for each
fermentedmilk were expressed as CFU/g. The counts obtainedwere
converted into log10 and compared by analysis of variance and
Tukey test to check for differences between the various culture
media and incubation periods evaluated (p< 0.05). The values were
subjected to linear regression to check the correlation between
counts (p < 0.05) using the software XLSTAT 2010.2.03 (Addinsoft).
3. Results and discussion

3.1. Carbohydrate fermentation profile

All tested Bifidobacterium spp. strains were able to ferment
glucose, lactose, raffinose and sucrose. According to Scardovi
(1986), only B. bifidum, B. cuniculi and B. minimum are unable to
ferment raffinose among representatives of the genus Bifidobacte-
rium; however, these species were not included in this study.
Scalabrini et al. (1998) demonstrated the ability of Bifidobacterium
spp. to ferment raffinose naturally present in a water soluble soy-
bean extract. Zavaglia et al. (1998) tested the ability of bifidobac-
teria isolated from feces to use different carbohydrates, and
ilus usingMRS-ABC, MRS-NNLP, TOS-MUP and RP-MUPmedia. Incubation at 37 �C in

LP TOS-MUP RP-MUP ANOVA

86.75a,b 86.51a,b F(4,50) ¼ 4.888, p ¼ 0.002
0.0c 0.0c F(4,125) ¼ 79.020, p < 0.0001
0.0b 0.0b F(4,10) ¼ 6.822, p ¼ 0.006

ptococci; * Analysis of Variance (ANOVA). Relative mean counts with different letters
f ¼ degrees of freedom, p ¼ significance level.



Table 3
Means (�standard deviation) of counts of bifidobacteria inoculated into fermented milk obtained by different culture media and incubation times.

Fermented milk n TOS-MUP RP-MUP Petrifilm� AC associated to RP-MUP ANOVAa

24 h 48 h 72 h

FM 01 9 8.37 � 0.07a 8.43 � 0.11a 8.39 � 0.09a 8.38 � 0.08a 8.34 � 0.08a F(4,37) ¼ 0.543, p ¼ 0.705
FM 02 9 8.55 � 0.08a 8.54 � 0.09a 8.61 � 0.03a 8.53 � 0.09a 8.55 � 0.11a F(4,37) ¼ 0.844, p ¼ 0.507
FM 03 9 8.59 � 0.08a 8.58 � 0.07a 8.58 � 0.09a 8.49 � 0.10a 8.51 � 0.08a F(4,32) ¼ 2.407, p ¼ 0.070
FM 04 9 5.98 � 0.07a 5.98 � 0.05a 5.78 � 0.05b 6.00 � 0.08a 5.97 � 0.07a F(4,37) ¼ 12.39, p < 0.001
Total 36 7.85 � 1.12a 7.84 � 1.12a 7.81 � 1.24a 7.83 � 1.09a 7.82 � 1.11a F(4,158) ¼ 0.006, p ¼ 1.0

a Analysis of Variance (ANOVA). Mean counts with different letters indicate statistical differences in the respective line (Tukey test, p < 0.05). F ¼ ANOVA, df ¼ degrees of
freedom, p ¼ significance level.

Fig. 1. Dispersion of counts of bifidobacteria inoculated in fermented milks and ob-
tained by plating on selective culture media (TOS-MUP, Merck, and RP-MUP), incu-
bated at 37 �C for 72 h under anaerobic conditions (GasPak, BD).
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observed that raffinose was not fermented by most isolates of
B. bifidum. Roy et al. (1997) developed a selective medium for
bifidobacteria (RAF 5.1) whose carbon source was raffinose, and
were able to selectively enumerate cultures of Bifidobacterium spp.
in cheese, including B. bifidum.

Considering the other microorganisms examined, only one
strain of Lactobacillus (L. acidophilus, SAB 440A) was able to ferment
raffinose. The ability of L. acidophilus to ferment raffinose was
demonstrated by Gueimonde et al. (2004), although this charac-
teristic varies with the strain evaluated (Kandler and Weiss, 1986).
Among the carbohydrates tested, raffinose had better performance
as an enriching agent in culture media for the selection of
A

Fig. 2. Dispersion of counts of bifidobacteria inoculated in fermented milks and obtained by
and 72 h under anaerobic conditions (GasPak, BD). A: comparison between counts at 24 an
bifidobacteria, and was considered for this purpose in the later
stages of the study.

3.2. Performance of culture media for selective enumeration of
bifidobacteria

The proportions of counts of each genera of microorganisms in
the selective culture media with comparisons to their respective
controls are presented in Table 2. Except for MRS-NNLP, all culture
media evaluated for counting Bifidobacterium spp. presented no
significant differences compared to control in MRS-C (p > 0.05).
Considering the data for Lactobacillus spp., all culture media
showed significant differences compared to control in MRS
(p< 0.05), indicating their potential selectivity; however, only TOS-
MUP and RP-MUP demonstrated a total absence of counts for cul-
tures of this genus. Strains of S. thermophilus showed no counts on
MRS-NNLP, TOS-MUP and RP-MUP and, despite having lower scores
on the MRS-ABC compared to control in M17, this difference was
not significant (p > 0.05).

MRS-ABC was developed for the selective enumeration of Bifi-
dobacterium spp. in dairy products (Christian-Hansen, 2005). One
of its principal selective agents is dicloxacillin, which has been
described as a substance with potential use in selective culture
media for the enumeration of bifidobacteria at concentrations
ranging between 2 and 4 mg/L (D’Aimmo et al., 2007; Sozzi et al.,
1990). However, in MRS-ABC, dicloxacillin is originally added at a
concentration of 0.5 mg/L, which may explain the low selectivity of
the culture medium with respect to Lactobacillus spp. and
S. thermophilus (Table 2). Lima et al. (2009) modified the concen-
tration of dicloxacillin in MRS-ABC to 2 mg/L and observed
adequate selectivity for Bifidobacterium spp.

Although it is described as a culture medium usually used for
the enumeration of bifidobacteria, MRS-NNLP allowed deficient
development of colonies of such microorganisms while allowing
B C

plating on Petrifilm� AC (3M Microbiology) with RP-MUP, incubated at 37 �C for 24, 48
d 48 h, B: 24 and 72 h, C: 48 and 72 h.
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Fig. 3. Dispersion of counts of bifidobacteria inoculated in fermented milks and obtained by plating on TOS-MUP (Merck), RP-MUP, and Petrifilm� AC (3M Microbiology) with RP-
MUP, incubated at 37 �C for 24, 48 and 72 h under anaerobic conditions (GasPak, BD). Graphs on the left side: counts obtained by TOS-MUP and Petrifilm� AC with RP-MUP after
24 h (A), 48 h (B) and 72 h (C). Graphs on the right side: counts obtained by RP-MUP and Petrifilm� AC with RP-MUP after 24 h (D), 48 h (E) and 72 h (F).
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the formation of colonies of other species of lactic acid bacteria
(Darukaradhya et al., 2006; Dave and Shah, 1996; Lim et al., 1995;
Miranda et al., 2011; Moriya et al., 2006). These shortcomings of
MRS-NNLP were also observed in this study (Table 2), reinforcing
the limitations on its use as a medium to be considered for moni-
toring bifidobacteria in fermented milk.

TOS-MUP and RP-MUP were the only culture media that did not
enable colony formation by Lactobacillus spp. and S. thermophilus,
indicating their selective potential for Bifidobacterium spp. in mixed
cultures with these microorganisms (Table 2). Only B. animalis
subsp. animalis CIRMBIA 1335 showed no colony formation in these
two media. TOS-MUP was developed from a collaborative study
(IDF, 2007) which determined its inclusion as a selective medium
for Bifidobacterium spp. in ISO 29981 (ISO, 2010). Mupirocin is its
selective agent, and has been used in different culture media used
for the isolation and enumeration of bifidobacteria (Leuschner
et al., 2003; Rada, 1997; Simpson et al., 2004; Turroni et al., 2009).

Besides mupirocin, TOS-MUP contains TOS obtained by the
transformation of lactose by the enzyme b-galactosidase. Obtaining
this compound requires specific equipment (ISO, 2010; Toba et al.,
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1985) and therefore the use of raffinose as an alternative source of
carbohydrate has been proposed, due to previously obtained re-
sults. RP-MUP was then developed, and showed performance
similar to TOS-MUP for the selective enumeration of Bifidobacte-
rium spp. (Table 2).

3.3. Evaluation of RP-MUP associated with Petrifilm� AC plates
(3M Microbiology) for the selective enumeration of bifidobacteria in
fermented milk

The mean counts obtained for bifidobacteria with different
culture media and incubation times are shown in Table 3. Only the
counts of bifidobacteria obtained from FM 04 in Petrifim� AC
associated with RP-MUP after 24 h of incubation were significantly
lower than the others (p < 0.01). Counts of bifidobacteria obtained
in other media and at different incubation times showed no sig-
nificant differences (p > 0.05). These results indicate that the pro-
posed alternative protocols for the enumeration of bifidobacteria in
fermented milk (RP-MUP and RP-MUP associated with Petrifilm�
AC plates with incubation for 24, 48 and 72 h) showed no signifi-
cant differences when compared to the results obtained by
following the ISO 29981 protocol, which uses TOS-MUP.

The equivalence between counts on TOS-MUP and RP-MUP can
be confirmed by the distribution of the data presented in Fig. 1. The
correlation parameters presented indicate the equivalence of these
culture media for the enumeration of bifidobacteria in fermented
milk.

An advantage of the Petrifilm� system is a reduction in the in-
cubation time needed to obtain the final results. Themean counts of
bifidobacteria obtained in this system associatedwith RP-MUP after
different incubation times (24, 48 and 72 h) showed no significant
differences between them; Fig. 2 shows the distribution of the data.
Although all correlation coefficients are considered excellent
(r ¼ 0.99), the additional correlation parameters indicate de-
ficiencies of equivalence when the counts obtained at 24 h are
considered (a, slope; and b, intercept). Additionally, the colonies
formed after 24 h of incubation in Petrifilm�AC associatedwith RP-
MUP tended to be of a reduced size, making them difficult to count
properly. The need for an incubation time greater than 24 h for the
appropriate enumeration of lactic acid bacteria and bifidobacteria in
Petrifilm� AC combined with selective culture media has been
described in similar studies (Miranda et al., 2011; Nero et al., 2008).

Finally, Fig. 3 shows the distribution of the counts for bifido-
bacteria in fermented milk obtained by conventional methods of
enumeration using TOS-MUP and RP-MUP compared with the re-
sults obtained by Petrifilm� AC associated with RP-MUP, after 24,
48 and 72 h of incubation. Again, it can be seen that although the
correlation coefficients for all comparisons are considered excellent
(r ¼ 0.99), the additional correlation parameters tend to approach
the ideal value (a ¼ 1.0, b ¼ 0.0) as the incubation time with Pet-
rifilm� AC increased from 24 to 72 h.

These analyses demonstrate the equivalence between TOS-MUP
and RP-MUP culture media, as well as the possibility of combining
them with Petrifilm� AC plates to obtain reliable counts of bifi-
dobacteria in fermented milk. In this context, the use of the Pet-
rifilm� system is an advantage to the food industry for its ability to
obtain results in less time than described in ISO 29981 (ISO, 2010),
and with greater convenience for implementation of the analyses,
as well as preparation and disposal of laboratory material (Jasson
et al., 2010).

4. Conclusions

Considering these results, raffinose was identified as the only
carbohydrate fermented exclusively by all strains of Bifidobacterium
spp. evaluated, and just for a single L. acidophilus strain. This result
led to the development of an alternative culture medium for the
enumeration of bifidobacteria, RP-MUP, which showed similar
selectivity to TOS-MUP and better performance than MRS-NNLP
and MRS-ABC. Finally, the association of RP-MUP with Petrifilm�
AC plates permitted the selective enumeration of bifidobacteria in
fermented milk, obtaining final results in less time than the pro-
tocol described in ISO 29981, This represents a viable alternative to
the food industry for monitoring these products.

Acknowledgments

The authors thank CAPES, CNPq and FAPEMIG.

References

Christian-Hansen, 2005. L. acidophilus, L. casei and Bifidobacteria in Fermented Milk
Products e Guidelines. In: Method for Counting Probiotic Bacteria, pp. 1e8.

D’Aimmo, M.R., Modesto, M., Biavati, B., 2007. Antibiotic resistance of lactic acid
bacteria and Bifidobacterium spp. isolated from dairy and pharmaceutical
products. Int. J. Food Microbiol. 115, 35e42.

Darukaradhya, J., Phillips, M., Kailasapathy, K., 2006. Selective enumeration of
Lactobacillus acidophilus, Bifidobacterium spp., starter lactic acid bacteria and
non-starter lactic acid bacteria from Cheddar cheese. Int. Dairy J. 16, 439e445.

Dave, R.I., Shah, N.P., 1996. Evaluation of media for selective enumeration of
Streptococcus thermophilus, Lactobacillus delbrueckii ssp. bulgaricus, Lactobacillus
acidophilus, and bifidobacteria. J. Dairy Sci. 79, 1529e1536.

FAO, 2001. Health and Nutritional Properties of Probiotics in Food Including Powder
Milk with Live Lactic Acid Bacteria. Food and Agriculture Organization of the
United Nations & World Health Organization, Córdoba, Argentina, p. 34.

FAO, 2006. Probiotics in Food: Health and Nutritional Properties and Guidelines for
Evaluation. FAO Food and Nutrition Paper. World Health Organization & Food
and Agriculture Organization of the United Nations.

Gonçalves, M.M., Freitas, R., Nero, L.A., Carvalho, A.F., 2009. Enumeration of starter
cultures during yogurt production using Petrifilm� AC plates associated with
acidified MRS and M17 broths. J. Dairy Res. 76, 229e233.

Gueimonde, M., Delgado, S., Mayo, B., Ruas-Madiedo, P., Margolles, A., de los Reyes-
Gavilán, C.G., 2004. Viability and diversity of probiotic Lactobacillus and Bifi-
dobacterium populations included in commercial fermented milks. Food Res.
Int. 37, 839e850.

ISO, 2010. ISO 29981jIDF 220. Milk Products e Enumeration of Presumptive Bifi-
dobacteria e Colony Count Technique at 37 Degrees. International Organization
for Standardization.

Jasson, V., Jacxsens, L., Luning, P., Rajkovic, A., Uyttendaele, M., 2010. Alternative
microbial methods: an overview and selection criteria. Food Microbiol. 27, 710e
730.

Kandler, O., Weiss, N., 1986. Genus Lactobacillus. In: Bergey’s Manual of Systematic
Bacteriology, vol. 2, pp. 1063e1065.

Leuschner, R.G.K., Bew, J., Simpson, P., Ross, P.R., Stanton, C., 2003. A collaborative
study of a method for the enumeration of probiotic bifidobacteria in animal
feed. Int. J. Food Microbiol. 83, 161e170.

Lim, K.S., Huh, C.S., Baek, Y.J., 1995. A selective enumeration medium for bifido-
bacteria in fermented dairy products. J. Dairy Sci. 78, 2108e2112.

Lima, K.G.d.C., Kruger, M.F., Behrens, J., Destro, M.T., Landgraf, M., Franco, B.D.G.d.M.,
2009. Evaluation of culture media for enumeration of Lactobacillus acidophilus,
Lactobacillus casei and Bifidobacterium animalis in the presence of Lactobacillus
delbrueckii subsp bulgaricus and Streptococcus thermophilus. LWT e Food Sci.
Technol. 42, 491e495.

Miranda, R.O., Neto, G.G., de Freitas, R., Fernandes de Carvalho, A., Nero, L.A., 2011.
Enumeration of bifidobacteria using Petrifilm� AC in pure cultures and in a
fermented milk manufactured with a commercial culture of Streptococcus
thermophilus. Food Microbiol. 28, 1509e1513.

Moriya, J., Fachin, L., Gândara, A.L.N., Viotto, W.H., 2006. Evaluation of culture media
for the counts of Bifidobacterium animalis in the presence of yoghurt bacteria.
Braz. J. Microbiol. 37, 516e520.

Nero, L.A., Beloti, V., Barros, M.A.F., Ortolani, M.B.T., Tamanini, R., Franco, B.D.G.M.,
2006. Comparison of Petrifilm Aerobic Count plates and de Man-Rogosa-Sharpe
agar for enumeration of lactic acid bacteria. J. Rapid Methods Autom. Microbiol.
14, 249e257.

Nero, L.A., Rodrigues, L.d.A., Viçosa, G.N., Ortolani, M.B.T., 2008. Performance of
Petrifilm Aerobic Count plates on enumeration of lactic acid bacteria in fer-
mented milks. J. Rapid Methods Autom. Microbiol. 16, 132e139.

Ortolani, M.B.T., Vicosa, G.N., Beloti, V., Nero, L.A., 2007. Screening and enumeration
of lactic acid bacteria in milk using three different culture media in Petrifilm�
Aerobic Count plates and conventional pour plate methodology. J. Dairy Res. 74,
387e391.

Rada, V., 1997. Detection of Bifidobacterium species by enzymatic methods and
antimicrobial susceptibility testing. Biotechnol. Tech. 11, 909e912.

Roy, D., Mainville, I., Mondou, F., 1997. Selective enumeration and survival of bifi-
dobacteria in fresh cheese. Int. Dairy J. 7, 785e793.

http://refhub.elsevier.com/S0740-0020(13)00231-1/sref1
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref1
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref1
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref1
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref2
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref2
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref2
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref2
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref3
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref3
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref3
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref3
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref4
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref4
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref4
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref4
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref5
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref5
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref5
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref6
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref6
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref6
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref7
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref7
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref7
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref7
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref7
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref8
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref8
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref8
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref8
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref8
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref9
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref9
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref9
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref9
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref9
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref9
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref10
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref10
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref10
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref11
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref11
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref11
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref12
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref12
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref12
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref12
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref13
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref13
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref13
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref14
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref14
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref14
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref14
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref14
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref14
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref14
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref15
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref15
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref15
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref15
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref15
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref15
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref16
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref16
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref16
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref16
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref17
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref17
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref17
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref17
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref17
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref18
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref18
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref18
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref18
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref19
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref19
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref19
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref19
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref19
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref20
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref20
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref20
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref21
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref21
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref21


R.O. Miranda et al. / Food Microbiology 39 (2014) 96e102102
Scalabrini, P., Rossi, M., Spetolli, P., Matteuzzi, D., 1998. Characterization of Bifido-
bacterium strains for use in soymilk fermentation. Int. J. Food Microbiol. 39,
213e219.

Scardovi, V., 1986. Genus Bifidobacterium. In: Wilkins, W. (Ed.), Bergey’s Manual of
Systematic Bacteriology, pp. 1418e1434. Baltimore.

Shah, N.P., 2000. Probiotic bacteria: selective enumeration and survival in dairy
foods. J. Dairy Sci. 83, 894e907.

Simpson, P.J., Fitzgerald, G.F., Stanton, C., Ross, R.P., 2004. The evaluation of a
mupirocin-based selective medium for the enumeration of bifidobacteria from
probiotic animal feed. J. Microbiol. Methods 57, 9e16.

Sozzi, T., Brigidi, P., Mignot, O., Matteuzzi, D., 1990. Use of dicloxacillin for the
isolation and counting of Bifidobacteria from dairy products. Lait 70, 357e361.
Tamime, A.Y., 2002. Fermented milks: a historical food with modern
applicationsda review. Eur. J. Clin. Nutr. 56, S2eS15.

Toba, T., Yokota, A., Adachi, S., 1985. Oligosaccharide structures formed during the
hydrolysis of lactose by Aspergillus oryzae b-galactosidase. Food Chem. 16, 147e
162.

Turroni, F., Foroni, E., Pizzetti, P., Giubellini, V., Ribbera, A., Merusi, P., Cagnasso, P.,
Bizzarri, B., de’Angelis, G.L., Shanahan, F., van Sinderen, D., Ventura, M., 2009.
Exploring the diversity of the bifidobacterial population in the human intestinal
tract. Appl. Environ. Microbiol. 75, 1534e1545.

Zavaglia, A.G., Kociubinski, G., Pérez, P., De Antoni, G., 1998. Isolation and charac-
terization of Bifidobacterium strains for probiotic formulation. J. Food Prot. 61,
865e873.

http://refhub.elsevier.com/S0740-0020(13)00231-1/sref22
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref22
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref22
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref22
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref23
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref23
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref23
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref24
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref24
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref24
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref25
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref25
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref25
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref25
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref26
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref26
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref26
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref27
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref27
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref27
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref27
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref28
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref28
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref28
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref29
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref29
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref29
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref29
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref29
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref30
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref30
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref30
http://refhub.elsevier.com/S0740-0020(13)00231-1/sref30

	Development of a selective culture medium for bifidobacteria, Raffinose-Propionate Lithium Mupirocin (RP-MUP) and assessmen ...
	1 Introduction
	2 Material and methods
	2.1 Microorganisms
	2.2 Carbohydrate fermentation patterns
	2.3 Performance of culture media for selective enumeration of bifidobacteria
	2.4 Evaluation of RP-MUP associated with Petrifilm™ AC plates (3M Microbiology) for selective enumeration of bifidobacteria ...

	3 Results and discussion
	3.1 Carbohydrate fermentation profile
	3.2 Performance of culture media for selective enumeration of bifidobacteria
	3.3 Evaluation of RP-MUP associated with Petrifilm™ AC plates (3M Microbiology) for the selective enumeration of bifidobact ...

	4 Conclusions
	Acknowledgments
	References


