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Selective Enumeration
of Bifidobacteria in Dairy
Products: Development
of a Standard Method

Foreword

This issue of the Bulletin presents the Development of a Standard Method for the Selective Enumera-
tion of Bifidobacteria in Milk and Milk Products, produced by a project group set up for the purpose
within the IDF/ISO Joint Action Team (JAT) on lactic acid bacteria and starters.

IDF is most grateful to the members of the project group (Dorthea Ellekaer, Wolfgang Kneifel and
Ulrike Zitz, Yasuhisa Shimakawa and Koichiro Sonoike, Vojtech Rada, Cristina Alvarez Fernandez,
Paul Simpson, Sally Miller, Karlheinz Friedrich and all the co-workers) for their relentless effort in pro-
ducing this report, as well as to the JAT and all laboratories and institutions supporting the work.

As bifidobacteria play an important role as probiotic microorganisms in fermented dairy prod-
ucts, this Bulletin will no doubt be of major interest to all concerned with the microbiclogy of such
products.

Christian Robert
Director General
March 2007
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Preface

After a series of trials a Draft standard for the methodology of bifidobacteria enumeration in dairy
products has been developed. This work constituted a considerable and comprehensive task over the
past three years, and was possible thanks to the good cooperation of the project team “bifidobacte-
rial enumeration method” and the support of the IDF/ISO Joint Action Team on Lactic Acid Bacteria
in general.

The team also took some effort with regard to the trial planning and the statistical evaluation.
Prof. Weiss and Prof. Wilrich from Germany contributed a lot to this. Overall the development of the
standard was a very instructive experience for all parties involved. Hence we came up with the idea
to report this useful experience in a paper, which would fit into the scope of the IDF Bulletin and
which describes all the important details of such an «enterprise» in the form of a roadmap. We also
think that the information given in the paper can be helpful for future methodological standardisation
procedures in dairy microbiology.

Wolfgang Kneifel

Project leader, bifidobacterial enumeration method

Head of Food Quality Assurance Division

Department of Food Science and Technology

BOKU - University of Natural Resources and Applied Life Sciences
Muthgasse 18

A-1190 Vienna

Austria
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Selective Enumeration of Bifidobacteria in

Dairy Products: Development of a Standard Method
U. Zitz!, W. Kneifel!, H. Weiss? and P.-Th. Wilrich3

Abstract

Bifidobacteria play an important role as probiotic microorganisms in fermented dairy products. De-
pending on the individual properties of the strains as well as on their density in the product and the
survival conditions in the human intestinal tract, several beneficial effects have been demonstrated
for certain bifidobacteria in numerous studies. In this context, selective viable count and bacterial
viability have been identified as key criteria for determining the quality of probiotic products. Hence,
defined viable count threshold levels for probiotic products are under discussion for implementation.
Usually, culture methods are used for routine examination of these products. As far as bifidobacterial
enumeration is considered, several methodologies have been proposed during the last two decades,
however, with limited applicability due to laborious procedures and/or lacking selectivity. According
to experience, the accompanying microfiora often negatively influences the discrimination among the
different groups of bacteria contained in a product. On this account, a project team within the IDF
“Lactic acid bacteria” group of experts has addressed this task and elaborated a procedure for bifido-
bacterial enumeration, which is easy to perform and of high selectivity. In cooperation with experts
in statistical planning and evaluation of analytical methods, this project has led to a Draft standard
method, which has undergone several phases of testing, evaluation and modification. This report
describes in detail, how the method was developed step by step and assessed for its performance
based on selectivity, reproducibility and repeatability. It can be exemplarily used as a roadmap for
developing a microbiological standard method.

1 Survey of literature and methodologies for the enumeration
of bifidobacteria

During the last three decades considerable activities were focused on research topics and product
development in the probiotic area. There is some growing evidence on the beneficial role of probiotics
in the human gut and several effects have been demonstrated in vitro and in vivo [Holzapfel et al.,
1998; Holzapfel and Schillinger, 2002]. This development has stimulated the emergence of a growing
number of probiotic dairy products, which have gained increasing popularity among the consumers.
Due to their strain-specific properties and physiological nature, bifidobacteria have been widely used
in fermented milk products, also in combination with other lactic acid bacteria such as Lactobacil-
lus delbrueckii subsp. bulgaricus, L. casei, L. acidophilus and Streptococcus thermophilus. Besides
Bifidobacterium animalis, also selected strains of B. bifidum, B. breve, B. infantis, and B. longum
are candidates applied as probiotics [IDF-"Bifido”-Guideline, 1999]. Although there has been some
uncertainty regarding the taxonomy of the different bifidobacterial species, recent studies have dem-
onstrated that representatives of B. lactis and B. animalis obviously constitute two clearly separated
sub-groups [Mayer et al., 2003; Masco et al., 2004]. Today, Bifidobacterium animalis spp. lactis can
be detected in at least 58 probiotic products worldwide [Masco et al., 2005].

To be able to assure a defined quality of probiotic products with certain health benefits, the de-
mand for an official regulation on the basis of the Codex Standard for Fermented Milks (2003) is
highly desirable. At the time of consumption, a targeted population of at least 106 CFU/g product
probiotic microorgranisms is under discussion [CODEX STAN 243-2003].

In order to be able to assess such products, reliable methods for the selective detection and
enumeration of bifidobacteria are needed. On the other hand, the producer guarantees a certain
microbial density in the yogurt during its entire shelf-life period. Depending on their universal use as
well as on their easy applicability, plate count methods are still preferred for quality control of dairy
products [Hartemink et al., 1996]. Various bifidobacteria enumeration media of varying selectivity
have been proposed during the last years. It has also been shown that the accompanying microflora

1 Food Quality Assurance Division, Department of Food Science & Technology
BOKU - University of Natural Resources and Applied Life Sciences, Vienna

2 Institute for Biometrics and Data Processing, Free University Berlin

3 Institute for Statistics and Econometrics, Free University Berlin



Bulletin of the International Dairy Federation 411/2007 - Selective Enumeration of Bifidobacteria in Dairy Products:
: Development of a Standard Method

is a criterion of crucial relevance in the applicability of the method.

The aim of a group of experts within IDF was to identify and validate a suitable medium, which
allows the selective detection and enumeration of the different species of bifidobacteria used in
dairy products. In this context, products containing high quantities of other lactic acid bacteria
should also be covered. It is evident from the literature that larger differences in the magnitude of
the product flora may lead to the inability to count bifidobacterial colonies. Moreover, some strains
of bifidobacteria are partially inhibited on media hitherto proposed like NPNL-MRS [Dave and Shah,
1996, Pacher and Kneifel, 1996]. Other key issues for the suitability of the method under practi-
cal conditions are its inexpensiveness and easy application. Hence, time-consuming media prepa-
ration procedures were not to be considered. Although the so-called Bif-agar medium enables a
proper and selective enumeration of a wider spectrum of bifidobacteria [Pacher and Kneifel, 1996],
its relatively complicated preparation limits its use for routine purposes. In Table 1, an updated
overview on agar-media for bifidobacterial enumeration is given, taking into account the mainly
used different agar-bases as well as several combinations of supplements conferring selectivity.

Table 1. Survey of agar media

Medium Supplements Type Reference
DeMan Rogosa - Basic DeMan et al., 1960
Sharpe

Cystein-HCl, LiCl,

IDF-Guideline -

MRS agar (N) sodium propionate Flective Group E104, 1999
Cystein-HCI, Lactulose,
sheep’s blood,
“Bif"-Medium vitamin-mixture, Selective Pacher and Kneifel, 1996
human milk whey,
antibiotic mixturef
BSM (Bifidobac- 3 :
. ; Cystein-HClI, . Leuschner et al., 2003
ter/u_m selective Mupirocin Selective Simpson-et al.; 2004
MRS medium) _
MRS-X-a-Gal X-a-Gale Elective Chevalier et al., 1991
.Dave and Shah, 1996
. Vinderola Reinheimer 1999
NPNL-MRS NPNb, LiCl Selective Roy, 2001,
Tharmaraj and.Shah, 2003
Van de Casteele, 2005
; . : " Vinderola Reinheimer 1999
MRS-LP LiCl, sodium propionate Elective Van de Casteele et al., 2005
' i Antibiotic mixtured, TTC : Ao
BIM-25 modified iodoacetic acid Selective Silvi et al., 1996
Tryptone Phytone X .
Yeast Basic Scardovi, 1986
S R Rada and Petr, 2000
TPY TPY-MUP Mupirocin Selectwe Vikova et al., 2004
TPY-NPNL NPN, LiCl Selective  Zhoddusi and Robinson,
; Includes: Cystein-HCl, Sonoike et al., 1986
T0S propionate sodium propinate, Elective Jap. Ass. Fermented Milks,
TOS agar medium TOS-S¢ 2000
TOS-NPNL LiCl, NPNP Selective Wijsman et al., 1989
Glucose-Blood- Basic Mitsuoka et al., 1965
Liver
; X Teraguchi et al., 1978
L b 12
B NPNL Agar LiCl, NPN Selective Laroia and Martin, 1991
BL-0OG Oxgall, Gentamycin Selective Lim et al., 1995
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Reference

Medium Suppléments Type =
t;"cet;'sceys“”e' - Basic Blaurock, 1939
LCL -
LP Sodium propionate, LiCl Elective Lapierre et al., 1992
Reinforced Clo- . - .
stridial Medium - Basic Hirsch and Grinsted, 1954
Antibiotic mixtured, .
BIM-25 TTC, iodoacetic Acid Selective Munoa and Pares, 1988
Antibiotic mixtures,
RCM AMC Agar TTC, jodoacetic Acid Selective Arroyo et al., 1994, 1995
LiCl, sodium:propionate
ledc Agar modi- LiCl, sodium propinate Elective Payne et al.,;, 1999
RCPB pH 5 Prussian Blue Elective Rybka Kaiasapathy 1996
Columbia Agar . G .
Base (CAB) Includes: Cystein-HCl Basic Beerens, 1991
mCAB, Columbia o
Propionic Acid-Me- Cz’:t?c')?“?gijd Elective Beerens, 1990
CAB dium prop
LnO(;QB Plus raffi- LiCl, sodium propinate Elective Roy et al., 1997
DP Dicloxacillin, propionic acid Selective Bonaparte, 1997
nglgf‘mgs-Chalgren - Basic Wilkins and Chalgren, 1976
WCA NPNL-Agar LiCl, NPN® Selective Rada and Koc, 2000
Mupirocin-Agar Mupirocin Selective Rada and Koc, 2000
Mupirocin . Rada et al,, 1999
m.Wea glacial acetic acid Selective Rada and Petr, 2000
Rogosa agar = Basic Rogosa et al;,1951
Rogosa Sodium propionate, LiCl, . Samona and Robinson,
RMS Neomycin, Paramomycin - Selective 1991 '
. i Includes:
RB Raffinose-Bifido- LiCl, propionate Elective Hartemink et al., 1996

bacterium agar

raffinose

2 X-a-Gal = 5- bromo 4-chloro-3-indolyl-alpha-D- galactopyranosnde

®.NPN = Neomycin, Paromomycin, Nalidixic acid
¢ TOS-S = Transglalactosylated Oligo Saccharides

¢ Antibiotic mixture = Nalidixic acid, Polymyxin B sulphate, Kanamycm sulphate

¢ Antibiotic mixture = Nalidixic acid, Polymyxin B
f Antibiotic mixture = Aztreonam, NalldIXIC acid, Netilmycin; Paromomycin sulphate
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2. The development of a method for bifidobacteria enumeration
- an IDF task

2.1 Former activities

Within International Dairy federation (IDF) a group of experts (lactic acid bacteria E 104) was in-
volved in the development and the standardisation of a useful method to enumerate bifidobacteria.
For this purpose, a joint action team was established to address this subject.

Based of the monography of Rasic (1990), Prof. R. Negri had already initiated this task. Unfor-
tunately, no suitable selective agar-medium could be found. However, in 1999, a “Guideline for
the Enumeration of Bifidobacteria in Fermented Dairy Products” was published as a position paper
(IDF).

2.2 Current activities

In 2002, a new IDF-working group was established under the chairmanship of Dorthea Ellekaer. Tak-
ing into consideration recent methodological developments, a second initiative was taken to seek
opportunities for an applicable standard method, and Prof. W. Kneifel was nominated as a group
leader.

Based on the study of Rada and Koc (2000), Mupirocin (MUP) was discovered as a selective agent
suppressing the growth of commonly used lactic acid bacteria. Since this antibiotic did not influence
bifidobacterial growth, it could be considered as a relevant compound for a selective medium. Subse-
quently, the selectivity of MUP was confirmed in a series of tests carried out by eight laboratories of
the IDF working group in 2003. Experiences were collected on the growth properties of a representa-
tive number of bifidobacterial reference strains and isolates. In addition, the growth performance of
the typical yogurt microflora (S. thermaophilus, L. delbrueckii spp. bulgaricus) as well as of mesophilic
cultures (e.g. L. lactis), and of L. acidopbhilus, L. casei and L. rhamnosus were examined. As a result
of these trials, the selectivity of MUP as a supplement could be confirmed. Among the microorgan-
isms considered only the bifidobacteria were able to tolerate the MUP supplement.

Based on these findings, it was decided to identify an elective basic medium, which can be easily
prepared. TPY-Agar [Scardovi, 1986] served as basal medium for bifidobacteria in the presence of
MUP. Collaborative tests were carried out in 2004 to screen the growth performance of seven selected
bifidobacterial cultures (B. animalis, B. breve, B. longum, B. sp.). TPY medium with and without MUP
was used. It could be shown that the MUP-supplement did not interfere the growth of the bacterial
strains.

Although most of the bifidobacterial strains grew on TPY, parallel efforts were made by the Japa-
nese members of the action team to investigate the potential of TOS (transgalactosylated oligosac-
charide mixture) propionate agar, which had originally been developed by the Japanese Association
of Fermented Milks and Fermented Milk drinks, under the chairmanship of Dr. Toshiki Morichi [Expert
Group on Selective Enumeration of Bifidobacteria, 2000]. Already in 1993, the selective utilisation of
TOS had been studied [Tanaka et al., 1983]. These authors have described the ability of eight strains
of bifidobacteria to be stimulated by this oligosaccharide. The trials performed by the members of
the IDF team revealed that most strains exhibited bigger colonies on TOS-propionate than on TPY
agar. Thus it was agreed that TOS propionate agar is highly suited. A third collaborative IDF-trial
was carried out examining three commercially available probiotic yogurt products also containing S.
thermophilus and L. acidophilus. Six laboratories used the TPY-MUP agar in comparison with the TOS-
MUP agar. It was further decided, based on earlier findings, to use the pour plate method instead
of the surface spread technique, since a higher precision was obtained. In conclusion, the third trial
clearly showed that faster individual growth, bigger bifidobacterial colonies and higher colony counts
resulted on TOS-MUP than on TPY-MUP medium.

3 Strategy and performance of collaborative trials

As the TOS-MUP medium yielded optimum performance, a series of additional tests were carried out
by the central laboratory BOKU, Vienna to continue with the methodological developments. Emphasis
was placed on the steps of media preparation and sample handling. These activities led to the final
collaborative trial which was performed in 2005 and 2006.
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3.1 Preparatory phase and establishment of study design

One of the most important steps during the planning phase was to create an applicable study design,
and also to assure that all participating laboratories possess the qualification to apply the method on a
comparable level. It is a pre-requisite for performing collaborative trials to estimate the actual margin
of uncertainty of each laboratory reflecting the performance level of each analyst. The performance
of each participating analyst was assessed based on ISO Standard 14461-1 / IDF 169-1 (test series
“phase A" see also 3.1.3). Reliable plate count results are only obtained if homogeneity of the sample
material (e.g., yogurt), exactness of the dilution steps and proper techniques of inoculation and count-
ing are ensured. Another very important criterion is to guarantee the independence of the analyses. For
this purpose, coded counting of the colony counts according to given randomization plans is advisable.

In the light of the above -mentioned requirements, the following steps, indicated in note form,
were to be considered in the preparatory phase for the development of the standard method:

e Recruitment of qualified partner laboratories and organisation of the collaborative trial: To estab-
lish a commitment among participating partners; to assess analysts for his/her performance; to
instruct each laboratory to strictly follow the defined procedure (SOP) and to document each devia-
tion from the SOP (Counting of the plates according to randomization plans, data collection of all
colony counts produced by all partners, careful documentation of all activities, involved/responsible
persons, parameters, etc.).

e Selection of probiotic milk products: To define the quality and quantity of samples containing bi-
fidobacteria, relevant lactobacilli and S. thermophilus cultures reflecting the spectrum of cultures
used worldwide.

e Homogeneity of the products

e Finding suitable transport conditions: To guarantee that no changes occur in the sample material
during shipment and storage until the day of investigation (stability of the products); transporta-
tion mode and shipment logistics; suitable sample packaging; time and temperature conditions; to
simulate transportation under model conditions. to identify and clarify possible problems

e Assessment of methodological parameters of the method in pre-trials: To define the required qual-
ity parameters and to certify their fitness of purpose according to CODEX STAN 243-2003 [Masco et
al., 2005]. The following criteria are to be included:

- Proven linearity within the targeted working range

- Ruggedness of the method expressed as significant influencing factors

- Repeatability of the method

- Stability of the method
o Definition of experimental design and project plan for the final collaborative trial: To be able to de-

tect various sources of variances, the use of a hierarchical study plan is recommended; to estimate
the work load under practical conditions including the time-schedule to carry out the trials.

The documents listed underneath were helpful for the preparation as well as for the performance of
the collaborative trials: ISO 707/ IDF 50C:1997, I1SO 6887-1:1999, ISO 7218:1996, ISO 7889/ IDF
117:2003, ISO 8261/ IDF 122:2001 and the IDF-"Bifido"-Guideline, 1999; IDF Standard 135B:1991,
IDF Standard 128A:1999, ISO 14461-1/ IDF 169-1:2005, ISO 14461-2/ IDF 169-2:2005, ISO 5725-
1:1994, ISO 5725-2:2002, ISO 5725-3:2001.
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3.1.1 Participants

The laboratories listed in Table 2 were members in the final IDF-bifidobateria collaborative trial.

Table 2. Participating laboratories and analysts

Responsible

European Laboratories ; : Person(s) Analyst(s)
Bundesforschungsanstalt fiir Ernéihrung und Lebensmittel, Abteilung .
Mikrobiologie, Kiel, Germany G: Engel N..Résch
Sjl::kstlan Hansen A/S, R&D Dept. of Applied Biotechnology, Harsholm, Den- D. Ellekaer G.G. Hansen
CNR - ISPA Sede di Milano, Milano, Italy R. Lodi, M. Brasca
! ! M. Brasca k
Czech University of Agriculture, Prague, Department of Microbiology, Nutri-
tion and Dietetics, Prague, Czech Republic V- Rada E. Vikova
Danone S.A., Investigacién y Desarollo, Barcelona, Spain C. Alvarez C. Alvarez
Danone Vitapole, Analytical Support Division, Palaiseau, France 8. Thompson K. Bertrand,
! ! ! . J.M. Prostak
Degussa BioActives Deutschland, Bénen, Germany K. Holtmann \. Firnrohr
Milchwirtschaftliche Lehr- und Untersuchungsanstalt Krefeld, Landwirt- : U Héckl U Hackl
schaftskammer NRW; Krefeld, Germany " :
Milchwirtschaftliche Lehr- und Untersuchungsanstalt Oranienburg e.V.,
Oranienburg, Germany B. Bartel R. Lukowsky
S K.Friedrich, .
MUVA Kempten, Qualitéts- und Laborzentrum, Kempten, Germany M. Seidl C. Schiitze
. " X 3 W. Sybesma,

Nestlé PTC Konolﬁngen, Technology. Center, Konolfingen, Switzerland S Knippenberg D. Lusuardy
Teagasc Moorepafk, Moorepark Food Research Centre, County Cork, Ireland P. Simpson P. Simpson
Tierdrztliche Hochschule Hannover, Zentrum fiir Lebenéwissenschaften, G. Klein, B. Ahlfeld
Institut fiir Lebensmittelqualitat und -sicherheit, Hannover, Germany C. Bonaparte :
University of Natural Resources and Applied Life Sciences, Vienna W. Kneifel U. Zitz
(BOKU), Department of Food Science and Technology, Division of Food Quality T e e

X i U. Zitz I. Gretner
Assurance, Vienna, Austria
University of Verona, Dipartimento Scientifico e Tecnologico, F. Dellaglio, M. Marzotio
Verona, Italy M. Marzotto !

oo Responsible

Laboratques in Japan and New Zealand Person Analyst
Fonterra Innovation Palmerston North, Palmerston North, New Zealand S. Miller L. Ward
Meiji Dairies Corporatlon, Division of Research and Development, Food Tech- H. Kamikado Y. Tsujimato
nology Research Institute, Kanagawa, Japan
Morinaga Milk Industry Co., Ltd., Analytical Research Center, Chemical & Y. Yano Y. Yano

Microbiological Inspection Section, Kanagawa-pref., Japan

Kyodo Milk Industry Co., Ltd., Research Laboratories, Tokyo, Japan

M. Matsumoto

M. Matsumoto

Snow Brand Milk Products Co., Ldt., Techhology and Research Institute,
Kawagoe, Saitama, Japan

Y. Seto

E. Mochiduki

Yakult Central Institute for Microbiological Research, Tokyo, Japan

Y. Shimakawa

Y. Shimakawa

“Twentythree analysts from 21 laboratories participated in the collaborative trial leading to 23 datasets. For

reasons of simplification these datasets were treated like individua! laboratories.
** Central laboratory
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3.1.2 Samples

Each of the samples originated from the same lot. For test series “phase B” (see 3.1.3), a probiotic
spray-dried infant milk powder containing bifidobacteria was selected (Nestlé, Konolfingen, Swit-
zerland). For “phase C” (see 3.1.3), a selection of probiotic yogurt products containing different
bifidobacterial species and strains was used. In this context, the market relevance for Europe and
Japan was considered. The European yogurts originated from different dairy companies (in alpha-
betical order: Danone, Vienna, Austria; NOEM AG, Baden, Austria; Zott GmbH & Co KG, Mertingen,
Germany). Each sample was coded according to a given study plan (Figures 3 and 4). Samples were
packaged by the central laboratory in Europe (BOKU, Vienna) and shipped to the partners taking into
account the stability results of the transport simulation tests (3.1). All yogurts were shipped under
comparable conditions at a temperature between 0°C and +4°C, in accordance with ISO Standard
7218:1996. A second centre for sample distribution was established in Japan (Yakult, Tokyo), also
ensuring shipment conditions under analogous conditions (“phase C” test series, for details see
3.1.3). A survey of all samples is presented in Table 3.

Table 3. Samples used in the collaborative trial; 1-6: yogurts; 7: infant milk formula

Samples ; i Description : : Type Code

1 Commercial European probiotic yogurt containing B.animalis (BB12®), fliquid AB
~L.acidophilus (LA5®), S.thermophilus : q ’

2 Commercial European probiotic yogurt containing B.animalis (Digestivum Arm C.D
essensis), L.delbrueckii subsp.bulgaricus, S.thermophilus !

3 Commercial European probiotic yogurt containing B.animalis, L.casei liquid EF
(belactiva 3), S.thermophilus 9 '

4 Commercial Asian probiotic yogurt containing B.breve (SBR3212), L.casei liquid AB
(AST-8), S.thermophilus q /

5 Commercial Asian probiotic yogurt containing B.longum (SBT2928), firm c. D
L.gasseri, L.delbrueckii subsp.bulgaricus, S.thermophilus !

6 Commercial Asian probiotic yogurt containing B.animalis (BBiz®), firm EF
L.acidophilus, S.thermophilus 4

7 Commercial probiotic infant milk formula containing B.animalis (BB12®) bowder K, L, N

3.1.3 Study design for the “IDF-Bifido”- collaborative trial

A graphical survey of the studies performed is shown in Figure 1. The “IDF-Bifido”- collaborative
trial was carried out in 3 phases. Starting with the assessment of the analyst performance of all
participating analysts in December 2005 (phase A), phases B and C were performed with probiotic
products, throughout ensuring that the same analysts be involved. After sample examination (phases
B and C) the data were collected and statistical analyses carried out to calculate the precision
parameters of the method.
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Figure 1. General structure of the working programme; SOP = standard operation procedure

3.1.3.1 Phase A

It was agreed among all partners to assess the analyst performance using the so-called “half-frac-
tion” mode, in accordance with ISO Standard 14461-1 / IDF 169-1. For this purpose, the culture
technique with a pre-grown strain of Lactobacillus (e.g. L. casei or L. delbrueckii subsp. bulgaricus)
in MRS broth was applied and pour plates with MRS-medium were produced followed by anaerobic
incubation for 48 hours at 37°C (Fig. 2). The colony counts (coded plates) obtained were registered
in data entry forms.

B T v G~ sz ff RSt

Figure 2. Study plan of analyst performance assessment [ISO 14461-1 / IDF 169-1:2005] - Phase A

3.1.3.2 Phase B

A commercially available infant milk formula (spray-dried powder) containing bifidobacteria was
used, as this low-water-activity product guarantees a constant viable count level even during long-
distance transportation. This sample was delivered to all participating analysts (for explanation see
also footnote to Table 2). According to the hierarchical study plan, three sample units were subjected
to analysis, followed by the preparation of two sub-samples. Two dilutions series of each sub-sample
were prepared. The study protocol of phase B is shown in Fig. 3.
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*} platos are coded by an independent person
before counting 11

Figure 3. Study plan of Phase B (examination of infant milk powder containing bifidobacteria)

3.1.3.3 Phase C

Owing to the fact that the stability of the viable count in the samples can only be guaranteed if short
distance shipping is facilitated under cooled conditions, two regional centres (Europe, Asia-Pacific)
were defined. Both centres chose three locally relevant yogurts with different bifidobacterial strains.
The homogeneity of these yogurt products was tested in preceding trials. Simulation of transporta-
tion at different temperatures and duration was made in order to find out optimum packaging and
shipment conditions, thereby avoiding changes in the viable counts of the products. The examination
of the yogurt products was agreed to be performed on a fixed date. Two sub-samples of each selected
product were analysed (Fig. 4).

Model:
1 person examines

i 6 samples on

Yogurt the same day

sample i (12 subsamples,

/ - A [ X 96 plates/person/day)
sub—éénfplé sub-sam'pile B1 B2
A A
Procedure:
O O D4 O O D4 2 sub-samples per sample unit by weighing 10,0g to 90,09

dilute using declmal dilution steps (D4-D7)

Apply pour-piate methed, transfer 1 mi per plate,
O O b5 O O D5 medium: TOS + MUP with 2 replicate plates”) per dilution

1 decimal dilution series

O O ba O O be Anaeroble Incubatlon for 72 h at 37 °C

O O b7 O O D7 *} plates are coded by an Independent person

before counting 1!

Figure 4. Study plan of Phase C (examination of probiotic yogurts)

3.1.3.4 Statistical evaluation

Using the data from phase A statistical analysis was performed with a software programme devel-
oped by the Institute for Biometrics and Data Processing (http://web.fu-berlin.de/glp-analyse/).
Based on this calculation, the mastery of this method by each analyst was evaluated.

The hierarchical structure of the study phases B and C enabled the assessment of each partici-
pating laboratory based on descriptive argumentation. This aided in the verification of the validity
of the datasets and possible deficiencies could be identified. It was decided to proceed according to
following steps:

e Data collection of the randomized colony counts of all partners

e Decoding of all colony count results

e Determination of the reliability of colony counts of paraliel plates and subsequent dilution steps ac-
cording to ISO 14461-2 / IDF 169-2

e Exclusion of outlier data

e Calculation of the weighted arithmetical mean values of CFU s counted for all dilution steps within
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the countable range

o Calculation of the logarithms there from

o Merging of all logarithmic values of each phase (phase B and C) each into a separate Excel-data-
file

e Performance of statistical tests to assess the consistency between and within all laboratories
(Mandel’s h and Mandel’s k statistics), application of the classical [ISO 5725-2] as well as the
robust mode [Wilrich, 20071].

o Detection of sources of additional deviations based on variance component analyses according to
I1SO 5725-3

s Evaluation of the laboratory results, aiming at finding explanations for non-conformities, decision
on the considering or non-considering the involved laboratories

e Preparation of diagrams depicting the individual results of both study phases.

e Performance of the one-way Analysis of Variance

e Calculation of the Intra- and Inter laboratory precision data, repeatability r, reproducibility R, con-
sidering the classical [ISO 5725-2] as well as the robust mode [Wilrich, 2007].

e Calculation of the precision data for each product

e Calculation of collective precision data for similar product groups

e Final discussion

3.2 Results and Discussion
3.2.1 Phase A - Analyst Performance

For each participating analyst randomized colony counts were subjected to statistical analysis. Based
on variance component analysis, the overall variance was found to be acceptable and the individual
variation reflecting typical parts of the procedure was used to trace variabilities. Fig. 5 shows the
results of this evaluation.

1.2

1 Critical limit

08
B Variance fotal

08 £ Residual

Variances

04

o 10

Ideal value -
only random
variation

=

CECETLLQFAEINIPRIEERL PR

s

Laboratory

Figure 5. Analyst performance assessment of involved laboratories — Phase A; the numbering
of the laboratories does not correspond with the order appearing in Tab 2

It could be demonstrated that all laboratories were capable of meeting the requirements. This lead
to the assumption that all analysts worked on a comparable level of qualification. None of the total
variances exceeded the critical value of 1. Most of the residual variances, including the variance
component of the parallel plates, were predominantly found around an ideal level of 0,25. Variances
may have their sources in the pouring technique as well as in visual counting, and are to be seen in
addition to the existing random variation. Higher differences observed with some laboratories may
be caused by outliers or slight irregularities of the procedure.

3.2.2 Phase B - Examination of a probiotic infant milk formula

This phase of the ring-trial was performed by 23 laboratories according to 3.1.3.2. The product was
provided and shipped by Nestlé (Switzerland). The TOS-medium originated from Yakult Pharmaceu-
ticals (Japan), Li-Mupirocin was from GlaxoSmithKline (UK).

Raw data were verified according to the ISO Standard 14461-2 / IDF 169-2, and the reliability of
the colony counts of parallel plates as well as of subsequent ten-fold dilution steps was assessed.
Data exceeding the limits of agreement were excluded before the calculation of the logarithms of the
weighted arithmetical mean values.

In Fig. 6 the variability of the mean values is shown with reference to all participating laborato-
ries. The graphical consistency technique was applied to evaluate the individual laboratories. The
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Mandel’ s h and k statistics indicates that some laboratories produced some deviating results. Pos-
sible sources of error were located by using hierarchical variance analyses of noticeable data sets
(Table 4). Based on this method, non-conformities could be identified and subsequently discussed
with the laboratories.

Table 4. Exemplary data of variance component analyses expressed as their individual
contributions of variances (examination of the infant milk formula)

: 1 g A4 15 6
Laboratory - g - — - = :

: variance. % variance % variance % variance % -variance %
Sample 0,038 66,2 0,071 93 0,069 92,6 0,018 88,1 0,000 0
Sub-sample 0,016 27,7 0,003 4,3 0,000 .0 20,000 0 0,000 0
Error 0,004 6,1 0,002 2,7 0,006 7.4 0,002 11,9 0,002 -~ 100

It is evident from Figures 6 and 7 that the findings from two laboratories (13 and 14) were differing
from the others and thus led to higher standard deviations (Fig. 7). However, as far as the consist-
ency between the laboratories is considered (Mandel™s h values in Fig. 6), these two laboratories
fitted well into the community, albeit their within-laboratory consistency (Mandel’s k values in Fig.
6) markedly differed from the others. We could not trace a systematic error because there were only
minor differences between the Mandel’s h values.
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Figure 6. Mandel' s h and k values calculated from the mean values obtained for infant milk formula

containing bifidobacteria (robust analysis according to [Wilrich, 2007]) - Higher variances are marked
with arrows. The numbering of the laboratories does not correspond with the order appearing in Tab 2
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To detect the sources of additional variances, a variance component analysis was performed. a-
b6,

i
ble 4, the results of the laboratories with significant deviations are shown in comparison with L
where definitely no additional deviations occurred.

Variances due to the “sample” were identified to be highest at laboratory 13. However, this was not
due to inhomogeneities of the sample material, since this property had been monitored throughout
the ring-trial. The reason was more likely resulting from deviations in the sample treatment, e.q.,
during the preparation of sub-samples. Nevertheless, the preparation of dilutions and parallel plates
as well as counting of the colonies basically did not influence too much the variance components for
most of the laboratories. Laboratory 6 had variations within the parallel plate components only. This
is also visualized by the calculated random error. However, both “error-values” were low (0,002),
demonstrating that these laboratories are well trained to apply this technique. This was in agree-
ment with the results of the analyst performance assessment. Based on these findings, the following
reasons were identified in cooperation with laboratory 13.

Deviating from the original protocol, the trials were carried out on two subsequent days and the
working order of sample treatment was not according to the protocol. Obviously, the same explana-
tion might have been valid for laboratory 14.

Marked deviations were also observed with the results from laboratory 1. It could be verified that
differing sample treatment led to the variations.

3.2.3 Phase C - Examination of selected probiotic yogurts

These trials were performed at two centres and with different yogurt products of local sig-
nificance (for details see 3.1.3.3). Both test series were run under analogous conditions. Raw
data assessment as well as statistical analysis were carried out at the European centre, in co-
operation with the Institute for Biometrics and Data Processing. Seventeen laboratories par-
ticipated in the European study, while six laboratories were coordinated by the Japanese centre.
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Figure 8. Mandel s h and k values calcufated from the mean values obtained for all probiotic
yogurts containing bifidobacteria (robust analysis according to [Wilrich, 2007]) ~ Higher
variances are marked with arrows, The numbering of the laboratories does not correspond with
the order appearing in Tab 2

The results of the yogurt ring test are shown in Figure 8. In this graph, the consistency between and
within the laboratories is demonstrated based on the Mandel s h and the Mandel s k statistics. Al-
most all laboratories were within the given limits and exhibited comparable patterns of results. Nega-
tive h value deviations were allocated to the findings of laboratories 2 and 23. These were probably

R

of systematic nature and not caused by additional within-variances. Regarding the Kk values, most
of the laboratories exhibited comparable variances, meeting the corresponding limits. If the results
from the European laboratories (1 - 17) are considered only, a significantly higher within-laboratory
variance (Mandel s k values) is evident when including the results of Lab 1. In analogy to the find-

ings in Phase B, it was assumed that the deviation again resulted from some non-conformities in the

14



Bulletin of the International Dairy Federation 411/2007  Selective Enumeration of Bifidobacteria in Dairy Products:
Development of a Standard Method

procedure. The results obtained from the Asian laboratories (18 - 23) exhibited a higher within-labo-
ratory variance when including the results of Lab 21 and Lab 22.

Table 5. Variance component analysis of yogurt 2, exemplarily shown for the European laboratories.

i 5 [
Laboratory
variance % variance % variance %
Sample 0,010 39,5 0,000 0 0,000 0
Error 0,015 60,5 0,004 100 0,008 100

The variance component analyses results of the European laboratories showed a relatively high
sample variance component if the results obtained for yogurt 2 at laboratory 1 were considered (see
Table 5). Inhomogeneities of the sample lot were checked and not evident. This information was also
supported by the low variance components detected with laboratories 5 and 6. Laboratory 1 pro-
duced results with a variance of 0.01 log CFU/g, possibly resulting from deviations from the protocol.
The higher variance component identified as “errdr” fraction includes all deviations resulting from the
whole procedure (sample dilution, counting of the plates). In Lab 1 this value (0,015) was somewhat
higher than in the other labs.

Table 6. Variance component analyses of yogurt 5, exemplarily shown for the Asian laboratories.

21 22 18
Laboratory
variance % variance % variance %
Sample 0,032 93,1 0,023 85,5 0,002 98,1
Error 0,002 6,9 0,004 14,5 0,000 1,9

Variance component analyses of the results obtained in the Asian laboratories for yogurt 5 (see Table
6) differed from those of yogurt 2 of the European centre. The largest variance component assigned
to the “sample” could be explained as a lot-dependent inhomogeneity. The between-laboratory con-
sistency among the laboratories (Mandel s h values) was acceptable, with the following exception:
considering all products tested, the values of laboratory 23 were lower than of the others. Laboratory
23 (located in Europe) also analyzed the samples disseminated in the Asian region. However, owing
to the long distance, the samples had to be shipped on dry ice and this was different from the other
shipment conditions. For this reason, deviating results were expected.

In Figure 9, individual results are shown whereas the different yogurts are marked in different pat-
terns. It is evident from the graphs that within the European centre higher deviations are only located
at laboratory 1 (yogurt 2). Within the Asian centre the laboratories 21 and 22 had higher deviations
only with yogurt 5.
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Figure 9. Bifidobacterial counts [fog CFU / g] of probiotic yogurts - Results and corresponding standard deviations with
reference to the different centres, yogurts 1-3 were examined by laboratories 1-17 (Europe), yogurts 4-6 by laboratories 18-
23 (Asia) - Higher deviations are marked with arrows. The numbering of the laboratories does not correspond with the order
appearing in Tab 2
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3.2.4 Precision data

Repeatability and reproducibility limits were determined using the results of the examination of infant
milk powder containing bifidobacteria as well as of six different probiotic yogurt products containing
different bifidobacterial strains. The viable count levels of the bifidobacteria in the selected products
were found to be similar to other products marketed worldwide [Masco et al., 2005] being in accord-
ance with the Codex Standard regulation [CODEX STAN 243-2003].

Taking into account the results from phases B and C, the standard deviations of the repeatability
and of the reproducibility were calculated according to the classical [ISO 5725-2] as well as the robust
analysis approach [Wilrich, 2007]. All variations reflecting practical conditions were considered.
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Figure 10. Repeatability (r) and reproducibility (R) expressed as standard deviations calculat-
ed by classical and robust methods with reference to all samples (for product details see Tab 3)

In Figure 10, the precision data are summarized for each probiotic product. Corresponding robust
variation data can be seen in Table 7. The repeatability expressed as standard deviation was quite
similar within the liquid products and also within the firm products, with the exception of yogurt 5,
which exhibited irregularities due to inhomogeneity. Hence it was excluded from the final calculation
of the precision data according to the type of product (Tab. 8). Based on the similarities, combined
precision data were defined characterising each product type.

Table 7. Precision data, expressed as repeatability limit (r) and reproducibility limit (R) as well
as their standard deviations (s, s, respectively) calculated by robust method with reference to
different product types (for product details see Tab 3)

Sample Type Datasets 8, B, r R
1 liquid 17 0,041 0,081 0,115 0,227
2 firm i7 0,065 0,139 0,182 0,389
3 liquid i7 0,044 0,192 0,123 0,538
4 liquid 6 0,042 0,143 0,118 0,400
5 firm 6 0,194 0,194 0,543 0,543
& firm 6 0,076 0,104 0,213 0,291
7 powder 23 0,079 0,189 0,221 0,529

Table 8. Precision data combined for each product type

Type S, €, ¥ R
collective collective (log CFU/g) (log CFU/g)
liquid 0,042 0,139 0,12 0,39
firm 0,071 0,144 0,20 0,40
powder 0,079 0,189 0,22 0,53
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The differences observed can be of diverse origin: It is known that the texiure of a yogurt may influ-
ence the viable count of a fermented milk product. This effect may be due to incomplete pipetting or
residues on the glassware, in particular with set-style and creamy products. Moreover, steps of sam-
ple preparation before dilution (e.g., a powdered sample has to be dissolved and reconstituted) may
also bear sources of variation and cause differing individual results. It is, therefore, of importance to
strictly follow a given procedure if such deviations are to be avoided. After incubation of the inocu-
lated plates, the size and appearance of the colonies may also influence the counting. In particular,
pin point colonies usually may cause under-estimation of the counts. The reason for appearing as pin
point colonies may be found in the specific nature of the individual microorganisms, but also in the
mode of incubation. For example, anaerobic jars may produce colonies differing in size from those
obtained by incubation in an anaerobic cabinet. Furthermore, “running colonies® with haloes can be
observed with some strains, especially when jars are used. Another influence on colony performance
may be exerted by different atmospheric conditions. Sample inhomogeneities are lot-specific and
also depend on the status of the shelf-life of a yogurt. In this context, syneresis can be a source of
irregular distribution and density of the bacteria in the product. Last but not least, the analyst can
be identified as being responsible for deviating results, especially when the procedure is not strictly
followed.

4 Conclusions

In general, the results of the ring test have demonstrated a successful application of the developed
method, which is recornmended to be subjected to standardisation. However, further practical steps
will be needed to accomplish this. The availability of the medium and of the supplements is of crucial
importance, before a standard method can be approved [ISO / IDF Standard, Draft-Version 1].

The study has also shown that besides a series of pre-trials where experience on the method
as well as on the investigators can be collected, a comprehensive preparation phase is necessary
for planning, discussing and establishing a useful analytical design for the collaborative trials. The
statistical approach is of high relevance from the very beginning, since depending on the field of ap-
plication, the quality parameters of the method need to be defined. Another important criterion is
the proper selection of the sample material for collaborative trials. In addition, the documentation of
all relevant details throughout the trials is a pre-requisite for being able to optimize the procedure
and to solve emerging problems. The methodological developments and the collaborative trials have
shown that not only the ripeness of the method influences the outcome but also the integration of
the participating laboratories and persons in the whole development process.
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DEVELOPMENT OF A
ABSTRACT

Bifidobacteria play an important role as probiotic microorganisms
in fermented dairy products. Usually, culture methods are used for
routine examination of these products. As far as bifidobacterial enu-
meration is considered, several methodologies have been proposed
during the last two decades, however, with limited applicability due
to laborious procedures and/or lacking selectivity. According to expe-
rience, the accompanying microflora often negatively influences the
discrimination among the different groups of bacteria contained in a
product. On this account, a project team within the IDF “Lactic acid
bacteria” group elaborated a procedure for bifidobacterial enumera-
tion and a draft standard method. This report describes in detail, how
the method was developed and assessed for its performance based
on selectivity, reproducibility and repeatability. It can be used as a
roadmap for developing a microbiological standard method.

Keywords: Bifidobacteria, probiotics, dairy products, colony count
technigue, collaborative trials, standardization
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