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Abbreviations

Media

ALOA Agar for Listeria according to Ottaviani & Agosti
APW 2% Alcaline peptone water, 2 % NaCl

BA Blood agar

BcsA Bacillus cereus selective agar

BEA Bile esculin agar

BGA Brilliant green agar

BGLB Brilliant green lactose bile broth

BP Baird-Parker agar

BPW Buffered peptone water

BS Bromthymol blue saccharose agar

CBC Oxoid Brilliance™ Bacillus cereus agar

CIN Cefsulodin irgasan novobiocin agar

Compact Dry EC Compact Dry™ E. coli and coliforms

Compact Dry ETB Compact Dry™ Enterobacteriaceae

Compact Dry ETC Compact Dry™ Enterococcus

Compact Dry TC Compact Dry™ Total Count

COMPASS COMPASS® Enterococcus agar

CT-SMAC Cefixime tellurite sorbitol MacConkey agar

DG18 Dikloran glycerol agar

DRBC Dikloran Rose-Bengal chloramphenicol agar

EC E. coli broth

ENT Slanetz & Bartley Enterococcus agar

HEA Hektoen enteric agar

IA Iron agar

ISA Iron sulphite agar

ITC Irgasan ticarcillin potassium chlorate broth

KEAA Kanamycin esculin azide agar

LMBA Listeria monocytogenes blood agar

LSB Lauryl sulphate broth

LTLSB Lactose tryptone lauryl sulphate broth

mCCDA Modified charcoal cephoperazone deoxycholate agar
mCP Membrane Clostridium perfringens agar

MKTTn Muller-Kauffmann tetrathionate/novobiocin broth
MPCA Milk plate count agar

MRB Modified Rappaport broth

MRS de Man, Rogosa and Sharpe agar

MRS-aB de Man, Rogosa and Sharpe agar with amphotericin
MRS-S de Man, Rogosa and Sharpe agar with sorbic acid
MSRV Modified semi-solid Rappaport-Vassiliadis enrichment media
mTSB Modified tryptone soya broth
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MYP

OCLA

OGYE

OPSP

PAB

PDA
PALCAM
Petrifilm AC
Petrifilm CC
Petrifilm Disk
Petrifilm EB

Petrifilm EC/CC

Petrifilm LAB
Petrifilm RAC
Petrifilm REC
Petrifilm SEC

Petrifilm Staph

PEMBA

PSB

PCA

RPFA

SFA

RVS
Saubouraud
SC

SFP

SMAC

SP

SSDC

TBX

TCBS

TGE

TEMPO AC
TEMPO BC
TEMPO CAM
TEMPO CC
TEMPO EB
TEMPO EC
TEMPO RYM
TEMPO STA
TEMPO YM
TGE

TS

TSA

TSC

Mannitol egg yolk polymyxin agar

Oxoid Brilliance™ Listeria agar

Oxytetracyclin glucose yeast extract agar
Oleandomycin, Polymixin, Sulphadiazine, Perfringens agar
Perfringens agar base

Potato dextrose agar

Polymyxin acriflavine lithium chloride ceftazidime aesculin mannitol agar
3M™ Petrifilm™ Aerobic Count

3M™ Petrifilm™ Coliform count

3M™ Petrifilm™ Staph Express Disk

3M™ Petrifilm™ Enterobacteriaceae

3M™ Petrifilm™ E. coli/Coliform count

3M™ Petrifilm™ Lactic acid bacteria

3M™ Petrifilm™ Rapid Aerobic Count

3M™ Petrifilm™ Rapid E. coli/Coliform count
3M™ Petrifilm™ Select E. coli

3M™ Petrifilm™ Staph Express

Polymyxin pyruvate egg yolk mannitol bromothymol blue agar
Peptone sorbitol bile salts broth

Plate count agar

Baird-Parker agar with rabbit plasma fibrinogen
Sugar-free agar

Rappaport-Vassiliadis Soy peptone broth
Saubouraud chloramphenicol agar

Sulphite cycloserine agar

Shahidi-Ferguson Perfringens agar

Sorbitol MacConkey agar

Salt Polymyxin broth

Salmonella/Shigella sodium deoxycholate calcium chloride agar
Tryptone bile X-glucuronide agar

Thiosulphate citrate bile salts sucrose agar
Tryptone glucose extract agar

TEMPO® Aerobic count

TEMPO® Bacillus cereus

TEMPQO® Campylobacter

TEMPO® Coliform count

TEMPO® Enterobacteriaceae

TEMPO® E. coli

TEMPO® Rapid Yeast/Mould

TEMPO® Coagulase-positive staphylocci
TEMPO® Yeast/Mould

Tryptone glucose extract agar

Tryptose sulphite agar

Tryptic soya agar

Tryptose sulphite cycloserine agar
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TSBY
XLD
VRB
VRBG
YGC

Organisations

AFNOR
AOAC
IDF

ISO
NMKL
NordVal
SLV

Tryptone soya broth with yeast extract
Xylose lysine deoxycholate agar

Violet red bile agar

Violet red bile glucose agar

Yeast extract glucose chloramphenicol agar

French National Standardization Association
AOAC INTERNATIONAL

International Dairy Foundation

International Organization for Standardization
Nordic Committee for Food Analyses

NordVal International - NMKL
Livsmedelsverket/Swedish Food Agency, Sweden
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Analyses in this PT round

Quantitative analyses
Aerobic microorganisms, 30 °C
Psychrotrophic microorganisms
Enterobacteriaceae

Escherichia coli

Presumptive Bacillus cereus
Coagulase-positive staphylococci
Lactic acid bacteria

Clostridium perfringens

Anaerobic sulphite-reducing bacteria
Aerobic microorganisms in fish products, 20-25 °C
H,S-producing bacteria in fish products
Yeasts

Moulds
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Method

Reporting of results and method information

It is the responsibility of the individual participants to correctly report results according to the
instructions. Incorrectly reported results, for example results reported for the wrong sample, cannot be
correctly processed. Incorrectly reported results are as a general rule excluded but may — after manual
assessment by the Swedish Food Agency in each individual case — still be included and processed.

According to EN ISO/IEC 17043, for which the proficiency testing (PT) programme is accredited, it is
mandatory for the participants to report method information for all analyses. This method information
is sometimes contradictory or difficult to interpret. For example when participants state a medium that
is not included in the standard method they refer to, or when manual comments by the participant
contradict the reported method information. In such cases, the reported method information provided by
the participants is generally used in method comparisons “as it is”. Alternatively, method data that are
difficult to interpret may be excluded or added to the group “Other”, together with results from methods
and media that are only used by 1-2 participants.

Outliers

For analyses where more than 20 participants have reported results, outliers are identified with statistical
methods. Values that after log;o transformation do not belong to a strictly normal distribution are for this
purpose identified as outliers with Grubbs’ test modified by Kelly [1]. When fewer than 20 participants
have reported results, as well as in some individual cases, subjective adjustments are made to set outlier
limits based on prior knowledge of the samples contents.

Assigned value and measurement uncertainty

Results reported by participants as “> value” are not evaluated. Results reported as “< value” are treated
as zero (negative result).

Normally, mean values and standard deviations are provided for all analytical parameters with
quantitative results. For analyses with fewer than 20 reported results, the median is provided instead of
the mean value. Normally, for method groups with fewer than 5 results, only the number of false results
and outliers are provided.

Outliers and false results are not included in the calculations of mean values and standard deviations.

The assigned value (mpr) is the arithmetic mean value of the participants’ results. The standard
uncertainty (upr) of the assigned value is calculated as the standard deviation (spr) divided by the square
root of the number of correct results (n):

Spr
Upr = ﬁ
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/-scores

To allow comparison of the results from different analyses and samples, results are transformed into
standard values (z-scores). Z-scores are calculated as:

Xiab — Mpr
Z -_—e,e—_———

Spr

where X 18 the result of the individual participant.

Z-scores for individual analyses are shown in Annex 2 and can be used as a tool by participants when
following up on the results. For quantitative analyses, a z-score is either positive or negative, depending
on whether the participants result is higher or lower than mpr.

In evaluations of the analytical results, the following guidelines can be used:

|z| <2 indicates that the result is acceptable

2<l<3 indicates a warning that the result may be deviating, and might motivate an action in the
follow-up process
indicates that the result is regarded as deviating and should lead to an action in the follow-

|z| >3
up process

Table legends

N number of participants that reported results for the analysis

n number of participants with satisfactory result (false results and outliers excluded)
mpr  assigned value, mean value in logjo cfu ml! (false results and outliers excluded)
SPT standard deviation (false results and outliers excluded)

upr standard uncertainty of the assigned value (false results and outliers excluded)
F number of false positive or false negative results

< number of low outliers

> number of high outliers

J results deviating more than 1 s from m, or unusually many deviating results.

Figure legends

o results within the interval of acceptance
H outlier

| false negative result

%

value outside the x-axis scale
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Results

General outcome

Samples were sent to 167 participants; 39 in Sweden, 113 in European countries, and 15 outside of
Europe. Of the 153 participants that reported results, 95 (62 %) provided at least one result that received
an annotation. In the previous PT round with similar analyses (April 2021) the proportion was 69 %.

Individual results are listed in Annex 1 and on the website: https://www2.slv.se/absint. Z-scores for

individual results are listed in Annex 2.

Table 1. Composition of the test material and proportion of deviating results (N: number of reported results, F: false positive
or false negative, X: outliers)

% participants with
. 0 annotations
[ ] 1 annotation
[C] 2 annotations
B >2 annotations

Microorganisms

4% 2%

4% 0%

8% 2%

22% 27%
30%
60%
72% 69%

Bacillus cereus

Cladosporium cladosporioides

Escherichia coli

Kluyveromyces marxianus

Lactobacillus plantarum
Staphylococcus xylosus

Aeromonas hydrophila

Clostridium bifermentans

Escherichia coli

Hafnia alvei
Lactobacillus plantarum
Staphylococcus aureus

Clostridium perfringens
Hanseniaspora uvarum
Serratia marcescens
Shewanella putrefaciens
Staphylococcus aureus

Analysis Target NP x areet N F x oreet N F X
organism organism organism

’:fgr::i':m";'cgrg', c Al 147 0% 1% All 148 0% 3% ; ’;Z::f"e"s 148 0% 3%

Psychl.’otrophlc micro- All 15 ) _ Al 15 7% 0% S. putrefaciens 15 13% 0%

organisms S. aureus

Enterobacteriaceae E. coli 126 0% 1% f, L(.IOIIIIIEI' 127 1% 2% S. marcescens 127 11% 3%

E. coli E. coli 103 7% 3% E.coli 103 0% 5% - 104 2% 0%

Presumptive B. cereus B. cereus 108 4% 8% (5 CLIEE) . 108 6% 0% [ CIIEE) 108 3% 0%

(A. hydrophila) (S. marcescens)

ft‘;ji‘claosgggs't“’e (S. xylosus) 95 2% 0% S.aureus 94 1% 7% S.aureus 94 15% 1%

Lactic acid bacteria L. plantarum 49 2% 2% L.plantarum 49 0% 4% (S.aureus) 48 23% 0%

C. perfringens - 47 0% 0% (C. bifermentans) 47 28% 0% C. perfringens 47 6% 4%

ﬁ::teer:i’:' SRRk 57 0% 0% C bifermentans 55 2% 2% C.perfringens 55 4% 0%

Aerobic microorg. in S. putrefaciens

(il predings All 20 0% 0% Al 20 0% 0% S. aureus 20 0% 10%

H2S-prod. bacteria in . .

T e s - 19 5% 0% H.alvei 19 0% 0% S. putrefaciens 19 - -

Yeasts K. marxianus 123 2% 5% - 123 2% 0% H.uvarum 124 0% 5%

Moulds C. cladosporioides 121 7% 5% - 121 2% 0% - 120 6% 0%

- no target organism or no value; microorganism = main target organism; (microorganism) = false positive before confirmation

[] The results are not evaluated
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https://www2.slv.se/absint

Aerobic microorganisms 30 °C

Sample A

The strains of B. cereus, L. plantarum, E. coli and S. xylosus were present in the highest concentrations
and were thus the main target organisms.

One low outlier was reported.

Sample B

The strains of E. coli, L. plantarum and A. hydrophila were present in the highest concentrations and
were thus the main target organisms.

Four low outliers were reported.

Sample C

The strains of S. putrefaciens and S. aureus were present in the highest concentrations and were thus the
main target organisms.

Two low and three high outliers were reported.

General remarks

Most participants followed either NMKL 86:2013, ISO 4833-1:2013 or used 3M Petrifilm AC. The
withdrawn NMKL 86:2006 and ISO 4833:2003 were used by eleven and five participants, respectively.

Both NMKL 86:2013 and ISO 4833-1:2013 are based on incubation on PCA or MPCA at 30 °C for
72 h. Users of Petrifilm AC can use different times/temperatures, depending on the method validation.
For example, AOAC® prescribes incubation at 35 °C for 48 h while AFNOR prescribes 30 °C for either
48 h or 72 h, depending on which product that is analysed. ISO 4833-1:2013 was last reviewed by ISO
in 2019 and remains current. An amendment with a clarification on the scope of the method is available
(ISO 4833-1:2013/Amd 1:2022).

The majority of the participants incubated on PCA, but Petrifilm AC was also common. Incubation on
MPCA was mainly done by laboratories within the dairy industry. Incubation on TSA was mainly done
by users of a company-specific method. A few participants used TEMPO AC, which is based on MPN
(Most Probable Number). With this method, the sample is incubated in a card that contains different-
sized wells. A substrate in the medium emits fluorescence when hydrolysed by the microorganisms. The
number of microorganisms is determined statistically by the number and size of the fluorescing wells.

Comment: One participant followed ISO 13559/IDF 153 (contaminating microorganisms). Since the
participant incubated on PCA, the results were still included in the evaluation.
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Table 2. Results from analysis of aerobic microorganisms, 30 °C.

Sample A Sample B Sample C

)\ ] ] S F < >| N ] ] S F < >| N ] ] S F < >
All results 147 146 440 0.21 0 1 O 148 144 459 0.13 0 4 0 148 143 408 0.13 0 2 3
PCA 70 69 436 022 01 0 70 67 458 011 0 3 0 70 67 406 011 0 2 1
Petrifilm AC 31 31 449 015 0 0 0 32 32 463 014 0 0 O 32 30 4.18 015 0 0 2
MPCA 18 18 435 012 0 0 O 18 17 460 013 0 1 O 18 18 403 006 0 O O
TSA 10 10 447 020 0 O O 10 10 451 013 0 0O O 10 10 403 012 00O
TEMPO AC 8 8 459 020 0 0 0 8 8 461 015 0 0 0 8 8 408 011 0 0 O
TGE 4 4 = = 000 4 4 = = 000 4 4 = = 00O
Petrifilm RAC 2 2 - = 000 2 2 = = 000 2 2 = = 00O
BA 1 1 - - 000 1 1 - - 000 1 1 - - 00O
CompactDry TC 1 1 - - 000 1 1 - - 000 1 1 - - 00O
Other 2 2 = = 000 2 2 = = 000 2 2 = = 00O
A 60 Aerobic microorganisms, 30 °C A 60 Aerobic microorganisms, 30 °C
[ without remark @ pca
50 |- []  Falsenegative [~~-""7"7-trtrioimTmemmommoosomesmoeooo 50 |- B Petrifilm AC oo
. H  outlier L a.40 . g QAS';CA 4 a.40
S A [ 3 40 B TEMPOAC |7
] @ W TGE
B30 | 5 30| O Ppetrifilm RAC
5 5 L
o K1 [J  Compact Dry TC
E 0 b E ! ] other
2 2
0 0 et
0 T T - 0 T T =
2 25 3 35 2 25 3 35
Iogw cfuml™ Iogm cfuml™
B 60 Aerobic microorganisms, 30 °C B 6o Aerobic microorganisms, 30 °C
1459 1459
0 T 0 T
E 40| S £
g 8
B30 oo s
2 2
£ 3
2 E]
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C Aerobic microorganisms, 30 °C
60

10 I ————————————

Number of results

-1
log cfuml
glo
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Psychrotrophic microorganisms

Sample A

The strains of B. cereus, L. plantarum, E. coli and S. xylosus were present in the highest concentrations
and were the main target organisms. In the quality control at the Swedish Food Agency (ten days
incubation on PCA at 6.5 °C), no colonies were detected. In previous tests of the same sample, a larger
than expected variation was found among the results, which meant that the requirements for
homogeneity were not met.

In total, 13 positive results and two zero results were reported. The two zero results were reported by
participants that incubated at 6.5-7 °C.

Due to the varying results in the quality control, the results for sample A are not evaluated, and no z-
scores are calculated for the analysis.

Sample B

The strains of E. coli, L. plantarum and A. hydrophila were present in the highest concentrations and
were thus the main target organisms.

One false negative result was reported.

Sample C
The strains of S. aureus and S. putrefaciens were target organisms.

Two false negative results were reported.

General remarks

In total, 15 participants reported results. Eleven of these (73 %) incubated on PCA. Petrifilm AC, MPCA
and Long & Hammer agar were used by two, one and one participants, respectively.

The methods used by the participants differ considerably in the incubation conditions. Users of NMKL
86:2013 typically incubated for 10 days at 6.5 °C, but 20 h at 17 °C followed by 3 days at 7 °C was also
used. For psychrotrophic microorganisms in milk, ISO 6730:2005/IDF 101:2005 stipulates incubation
at 6.5 °C. The other method for milk, ISO 8552:2004/IDF 132:2004, instead estimates the number of
psychrotrophic microorganisms in a rapid method based on incubation at 21 °C. Both of these have been
replaced by ISO 17410:2019, which stipulates 6.5 °C as the primary incubation temperature. Two
participants followed NMKL 74:2000, which has been replaced by NMKL 86:2013.

The low number of participants makes it difficult to see if the false negative results are due to using a
specific method, medium or incubation. The results are therefore difficult to evaluate. The majority of
the methods could however be divided into three groups. In general, 21 °C was used with 24 h
incubation, and 6.5 °C with 10 days incubation. 17 °C / 7 °C was normally used with incubation for 20 h
at 17 °C, followed by 3 days at 7 °C.
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Table 3. Results from analysis of psychrotrophic microorganisms

All results
17 and 7 °C,

Sample Al Sample B Sample C

20 h + 3 days3

6.5 °C, 10 days

15 °C, 5 days
22 °C, 3 days

1 The results for sample A are not evaluated
2 Median

N n Med? s F < >IN n Med?
15 0 420 151 - - - 15 14 3.72
0 - - - - - 5 5 361
4 0 - - - - - 4 4 -
21°C, 24 h 4 0 - - - - - 4 3 _
1 0 - e 1 1 -
1 0 - - - - -1 1 -

2 Includes one participant that used 20 °C for 20 h followed by 7 °C for 3 days.

Number of results

Number of results

Number of results

10

10
D Without remark
gl ] Falsenegative [
W outlier
6 o]
4 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
2 P
*
0 T T T T
1 1.5 2 2.5

10

1 15 2

Psychrotrophic microorganisms

O Positive results
[0 zeroresults

T T T T T
25 3 35

-1
log_ cfuml
10

Psychrotrophic microorganisms

1 Med=3.56
N
1‘ T T T T I 1 T ﬂ
1 1.5 2 25 3 3.5 4 4.5 5

-1
log, cfuml
g10
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Number of results

Number of results

Number of results

s F < >IN n Med? s F < >
044 1 0 0 15 13 356 048 2 0 O
023 0 0 0 5 4 - - 1 00
- 0 0 0 4 4 - - 0 0O
= 1 00 4 3 = = 1 00
= 00 0 1 1 = = 0 0 O
- 00 0 1 1 - - 0 0O
0 Psychrotrophic microorganisms
[  17and7°C,20h+3 days
g | E  65°C10days |
[l 21°c24h
B 15°C 5days
W 22°C 3days
6 0 e ]
4 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
2 USSR
OI T T T T ’_I
1 15 2 2.5 3 35
Iogmcfuml'1
0 Psychrotrophic microorganisms
8 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
6 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
4 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
2 [
0 T T T T
1 15 2 2.5 3 35 4 45 5
Iogmcfuml'1
0 Psychrotrophic microorganisms
8 ool
<35
{ Med =3.56
4 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
ZH ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
0\ T T T T
1 15 2 25 3 35 4 45 5
Iag10 cfuml™
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Enterobacteriaceae

Sample A

The strain of E. coli was target organism. On VRBG, it forms typical red/purple colonies surrounded by
a bile salt precipitation zone. The strain is oxidase-negative.

One low outlier was reported.

Sample B

The strains of E. coli and H. alvei were target organisms. On VRBG, they form typical pink/red colonies
with a bile salt precipitation zone. In the Swedish Food Agency’s quality control on VRBG, small
colonies without a precipitation zone were also observed. Upon confirmation, these were oxidase-
positive, and they were therefore not considered as Enterobacteriaceae. They are instead assumed to be
A. hydrophila, which is also present in the sample.

Two low outliers were reported, as well as one false negative result.

Sample C

The strain of S. marcescens was target organism. On VRBG, it may form smaller colonies that are
surrounded by a less prominent bile salt precipitation zone.

Two low and two high outliers were reported, as well as 14 false negative results.

The false negative results were mainly correlated with the use of Petrifilm EB. Of the 34 participants
that used Petrifilm EB, 11 (32 %) reported a false negative result.

General remarks

Enterobacteriaceae are Gram-negative and oxidase-negative bacteria that ferment glucose with the
production of acid by-products. On VRBG they therefore form pink/red colonies, with or without a bile
salt precipitation zone. The appearance is similar on Petrifilm EB, which also includes a colour indicator
for acid by-products and a plastic film for detection of gas production.

Most participants followed either NMKL 144:2005 (40 %) or a method with Petrifilm EB (27 %), while
the ISO methods (various versions) were used by 21 %. ISO 21528-2:2017 is based on colony-count,
while ISO 21528-1:2017 is based on MPN. The latter method is recommended when the expected level
of Enterobacteriaceae is lower than 100 cfu g

The number of users of [SO 21528-2:2017 was higher compared to the withdrawn ISO 21528-2:2004
(14 and 6 participants, respectively). In contrast, six participants followed the withdrawn ISO
21528-1:2004, while only one had adopted the new ISO 21528-1:2017. The reported results from the
different ISO methods were similar.

NMKL 144:2005 stipulates confirmation of presumptive colonies with an oxidase test. ISO
21528-2:2017 stipulates confirmation of presumptive colonies with both an oxidase test and with a test
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for glucose fermentation. Here, the majority of the partcipants that performed a confirmation test

specified that it consisted of an oxidase test.

Table 4. Results from analysis of Enterobacteriaceae.

Sample A Sample B Sample C

All results 126 125 3.60 0.15 0 1 0 127 124 4.07
NMKL 144:2005 51 50 361 016 0 1 0 51 50 4.04
3M Petrifilm 34 34 363 011 0 0 O 34 33 4.16
ISO 21528-2:2017 14 14 359 0.11 0 0 0O 14 14 4.08
TEMPO 8 8 364 011 0 0 0O 8 8 4.13
ISO 21528-1:2004 5 5 364 011 0 0 0O 6 6 4.02
ISO 21528-2:2004 6 6 355 013 0 0 0O 6 6 4.02
Internal method 3 3 - - 000 3 3 -
Nordval 034 2 2 - - 000 2 2 -
ISO 21528-1:2017 1 1 - - 000 1 1 -
Other 2 2 - - 000 2 1 -
A Enterobacteriaceae A
50 50
[ without remark 43.60
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019 1 2 0 127 109 2.65 0.17 14 2 2
020 0 1 0O 51 49 267 020 0 O 2
013 0 1 0 34 23 266 010 11 0 O
014 0 0 O 14 13 259 018 1 0 O
011 0 0 0 8 8 271 010 0 0 O
011 0 0 O 6 5 264 012 1 0 O
022 0 0 0O 6 6 257 023 0 0O
- 000 3 2 - - 0 10
= 000 2 1 = = 1 00
= 000 1 1 = - 0 0O
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Escherichia coli

Sample A

The strain of E. coli was target organism. On TSA/VRB, it forms typical dark red colonies surrounded
by a red precipitation zone. In the Swedish Food Agency’s quality control no other colonies were
observed on TSA/VRB. The strain of E. coli produces both gas and indole in LTLSB. It is also positive
for B-glucuronidase.

One low and two high outliers were reported, as well as seven false negative results. The false negative
results do not appear to be correlated with any specific method or medium.

Sample B

The strain of E. coli (not identical to that in sample A) was target organism for the analysis. On
TSA/VRB, it forms typical dark red colonies surrounded by a red precipitation zone. The strain is
positive for indole production and B-glucuronidase activity, and it produces gas in LTLSB.

Four low and one high outliers were reported.

Sample C
No target organism was present in the sample.

Two false positive results were reported.

General remarks

In total, 35 % of the participants used a method based on 3M™ Petrifilm™. NMKL 125:2005 and ISO
16649-2:2001 were in comparison used by 26 % and 16 % of the participants, respectively. A few of
the participants that followed NMKL 125:2005 and ISO 16649-2:2001 used media other than those
stipulated by the respective standards, for example Petrifilm EC/CC or Brilliance EC/CC. 16649-2:2001
was last reviewed by ISO in 2019, and remains current. NMKL 125 is scheduled for revision, and the
new version will likely be more similar to ISO 16649-2.

ISO 7251:2005 and NMKL 96:2009 were used by two and one participants, respectively. ISO 7251 is
an MPN-based method for the detection E. coli. NMKL 96 is also based on MPN, and is adapted for
analysis of coliform bacteria, thermotolerant coliform bacteria and E. coli in fish and seafood. ISO
7251:2005 was last reviewed by ISO in 2019, and remains current.

The definition of E. coli differs between the methods. ISO 16649-2:2001 defines E. coli as bacteria that
form typical blue (i.e. f-glucuronidase positive) colonies on TBX, with no additional confirmation.
Petrifilm EC/CC and Petrifilm SEC are also based on media that detect E. coli B-glucuronidase. Further,
the plastic film in these media facilitates detection of gas production due to lactose fermentation. In
comparison, NMKL 125:2005 describes the analysis of both thermotolerant coliform bacteria and
E. coli. Thermotolerant coliform bacteria are defined as those that form typical dark red colonies
surrounded by a red precipitation zone on VRB, and that also produce gas as a result of lactose
fermentation. Thermotolerant coliform bacteria that also produce indole are considered to be E. coli.
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In general, confirmation appears to have been performed when required by the method. For
example, 81 % of the participants that followed NMKL 125:2005 performed a confirmation test.

Altogether, the results from the different methods and media were similar. The only notable difference
was that the results for TBX were somewhat lower compared to other media, though the difference
was within one standard deviation. Similar differences have been observed in several previous PT
rounds, and can therefore be considered normal.

Due to method differences, incubation was either at 41.5-44 °C (51 %) or at 35-37 °C (49 %). The mean
values, and the number of false results and outliers did not differ notably for the two temperature groups,
for any of the samples.

Table 5. Results from analysis of Escherichia coli.

Sample A Sample B Sample C
N ]

m__ s F <
All results 103 93 355 028 7 1 2 103 98 397 021 0 4 1
Petrifilm EC/CC 24 22 356 029 2 0 O 24 24 402 019 0 0 O 24 22 - - 2 - -
TBX 19 18 339 025 1 0 O 19 18 376 020 0 1 O 19 19 - - 0 - -
Petrifilm SEC 15 14 363 025 0 0 1 15 14 398 021 0 1 O 15 15 - - 0 - -
TSA/VRB 14 12 368 009 2 0 O 14 14 408 016 0 O O 14 4 - - 0 - -
TEMPO EC 7 7 364 033 0 0 0O 7 6 407 021 0 1 0 7 7 - - 0 - -
VRB 6 5 367 035 1 0 0 6 6 395 021 0 O O 6 6 - - 0 - -
Rapid'E.coli 2 5 5 345 043 0 0 0 5 5 398 015 0 0 0O 5 5 - - 0 - -
Brilliance EC/CC 3 2 - - 1 00 3 3 - - 0 00 3 3 - - 0 - -
TSA/VRBG 3 3 = = 0 00 3 3 = = 0 00 3 3 - - 0 - -
Other 7 5 - - o011 7 5 - - 011 8 8 - -0 - -
A Escherichia coli A Escherichia coli
40 40
[} Without remark = Petrifilm EC/CC
[]  False negative 1355 B TBX 1355
30 |- M Outlier  frree 30 |- O PetrifilmSEC | ... ...
2 ] [  TSA/VRB
H ml El Bl TEMPOEC
2 o = VRB
“ Y Rapid'E.coli2
g 20 o g 20 U Bri’ﬁiance EC/CC
2 E-1 [J  TSA/VRBG
g § O Other
z z
10 [;remmmme e [ T
[ E— | B
1 1.5 2 2.5 1 1.5 2 2.5
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Presumptive Bacillus cereus

Sample A

The strain of B. cereus was target organism, but the strains of E. coli, L. plantarum and S. xylosus
that are present in the sample may also form colonies on BA. In the Swedish Food Agency’s quality
control on BA, the strain of B. cereus formed typical colonies surrounded by a zone of haemolysis. On
BcsA, it formed typical blue colonies surrounded by a precipitation zone.

Nine low outliers were reported, as well as four false negative results. Participants that used Compact
Dry X-BC appear to be over-represented among the deviating results. In at least one instance this was
(according to the participant) correlated with the appearance of atypical white colonies on the Compact
Dry X-BC plates. Still, previous correspondence with other participants (that have reported accepted
results for the particular strain of B. cereus) indicate that it is capable of forming typical blue colonies
on Compact Dry X-BC.

Sample B

No target organism was present in the sample. Several strains in the sample may however form colonies
on BA. A. hydrophila and S. aureus may form atypical colonies also on BesA, which could explain the
presence of false positive results.

Seven participants reported a false positive result.

Sample C

No target organism was present in the sample. S. aureus and S. marcescens may sometimes form
atypical colonies on BcsA. At the Swedish Food Agency, colonies were observed on BA — when
transferred to BesA they however displayed an atypical morphology and did not have a blue colour.

Three participants reported a false positive result.

General remarks

Most participants followed either NMKL 67:2010 (42 %) or ISO 7932:2004 (30 %). The new NMKL
67:2021 — which replaces NMKL 67:2010 — was in contrast only followed by five participants (5 %).
With NMKL 67:2021, primary incubation on BcsA is followed by confirmation on BA. With ISO
7932:2004, primary incubation on MYP is followed by confirmation on BA. An amendment is available
for the ISO method (ISO 7932:2004/Amd 1:2020). It contains optional tests, including for PCR detection
of cytK genes.

On BA, B. cereus forms large, irregular grey colonies, surrounded by a distinct zone of haemolysis. On
BcesA, presumptive B. cereus form bluish colonies that are surrounded by a blue zone of precipitation,
due to lecithinase activity on egg yolk present in the medium. On MYP, presumptive B. cereus form
large pink colonies that are normally surrounded by a zone of precipitation, again as a consequence of
lecithinase activity.
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Compact Dry X-BC was used by six participants. The chromogenic and selective agents in this medium
cause B. cereus to form blue/green colonies, whereas other bacteria normally form white colonies. For
sample A, two false negative results and two low outliers were reported by users of this method.
Somewhat lower results are not unexpected for Compact Dry X-BC compared to the reference method
ISO 7932:2004, and is mentioned in both the NordVal 045 and MicroVal 2011-LR41 validations. It has
also been seen in previous PT rounds by the Swedish Food Agency, for example when the same strain
of B. cereus was included in PT Food April 2021 and PT Food October 2021. Slightly lower results for
Compact Dry X-BC can therefore be considered normal. False negative results should however be of
concern for the affected laboratories.

The chromogenic medium CBC was used by seven participants. CBC contains the substrate X-Gluc,
which is cleaved by B. cereus B-glucuronidase. Colonies of B. cereus are therefore white with a
blue/green centre on this medium. Similar to Compact Dry X-BC, relatively many low outliers were
reported for CBC in sample A. Whether this is a random occurrence or possibly due to differences in
the method/medium itself is difficult to determine.

Table 6. Results from analysis of presumptive Bacillus cereus.

m Sample A Sample B Sample C

N ] ] S F < >| N n ms F < >| N n ms F < >
All results 108 95 439 017 4 9 0 108 102 - - 7 - - 108 105 - - 3 - -
MYP 20 19 440 015 0 1 0 19 19 - - 0 - - 19 18 - -1 - -
BA 15 11 446 017 1 3 0 16 13 - - 3 - - 16 15 - -1 - -
BA - BcsA 16 15 441 016 0 1 0 16 16 - - 0 - - 16 15 - -1 - -
BA - MYP 11 11 445 014 0 0 0 11 11 - -0 - - 11 11 - -0 - -
MYP - BA 8 7 448 019 1 0 O 8 8 - - 0 - - 8 8 - - 0 - -
CBC 7 5 433 014 0 2 O 7 7 - -0 - - 7 7 - -0 - -
Compact Dry X-BC 6 2 = = 2 2 0 6 5 = = i = = 6 6 - -0 - -
BcsA - BA 6 6 442 015 0 0 O 6 6 - - 0 - - 6 6 - - 0 - -
TEMPO BC 5 5 = = 0 0O 5 5 - -0 - - 5 5 - -0 - -
Other 14 14 = = 0 0 0 14 11 - -3 - - 14 14 - -0 - -
A 30 Presumptive Bacillus cereus A 30 Presumptive Bacillus cereus
(] Without remark L1439 ] MYP L1439
25 |- []  False negative [~ """""""-rrtrimisemeenes [ 25 |- EH BA g
" W outlier i g :ﬁ > BMcss
T 3 207 B MP>BA |
o o | e
B L % 15| a compact PV XBC L
2 2 [ TeEmpoBC
e 0 ] E 1w} O other L
=z 4
S 2 LS 2 sy 5
0 —‘ T T - T 0 I T T -
1 15 2 25 1 15 2
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Coagulase-positive staphylococci

Sample A

No target organism was present in the sample. The coagulase-negative strain of S. xylosus was however
present as a false-positive organism for the analysis. In the Swedish Food Agency’s quality control on
RPFA, it formed atypical colonies without a precipitation zone.

Two false positive results were reported.

Sample B

The strain of S. aureus was target organism. On RPFA, it forms typical colonies surrounded by a
precipitation zone.

Five low and two high outliers were reported, as well as one false negative result. Three of the five low
outliers were reported by participants that used TEMPO STA. The other two results reported by users
of TEMPO STA were also low, though within the acceptance limits.

Sample C

The strain of S. aureus was target organism. At the Swedish Food Agency, the growth of S. aureus on
RPFA was in one test slow and notably not all colonies had a typical appearance and/or a distinct
precipitation zone after 48 h incubation at 37 °C. Extended incubation for 72 h allowed typical colonies
to form on the plates. In follow-up analyses, typical colonies appeared on RPFA after 48 h.

One low outlier was reported, as well as 14 false negative results. Thirteen of the false negative results
were from participants that used BP without RPF. All of the 13 participants performed some kind of
confirmation. The false negative results could not be attributed to the use of a particular confirmation
test. Tube coagulase test, slide coagulase test, VITEK, RPFA, and Oxoid Dryspot Staphytect Plus were
all represented as confirmation methods used by the participants that reported false negative results.

General remarks

Most participants (45 %) followed NMKL 66:2009. Other major methods were 3M™ Petrifilm™
(15 %), ISO 6888-1:1999 (13 %) and ISO 6888-2:1999 (6 %). Both of the ISO methods are now
withdrawn and replaced by ISO 6888-1:2021 and ISO 6888-2:2021, respectively. One participant
followed the MPN-based ISO 6888-3:2003, which is adapted for use when low numbers of stressed
coagulase-positive staphylococci are expected.

With NMKL 66:2009 incubation is done on BP and/or RPFA. In comparison, ISO 6888-1:2021
stipulates surface spreading on BP, whereas 6888-2:2021 stipulates the use of RPFA. On BP, S. aureus
form characteristic convex, shiny colonies that have a grey/black colour due to reduction of tellurite in
the medium. The colonies are usually surrounded by a clear zone, due to proteolysis of egg yolk in the
medium (lecithinase activity). An opaque halo may also form near the colony, due to precipitation
caused by lipase activity. With BP, colonies are usually confirmed by a positive result in a coagulase
test. With RPFA, the coagulase activity is instead tested directly in the medium. Petrifilm Staph is based
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on a modified Baird-Parker agar. It also contains a chromogenic indicator that causes S. aureus to form
red/purple colonies.

Taken together, the results were for the most part similar for BP, RPFA and Petrifilm Staph, in all three
samples. The mean value was slightly lower for Petrifilm Staph in sample B, but this has been seen also
in previous PT rounds and can be considered normal.

TEMPO STA, Compact Dry™ X-SA, Brilliance™ Staph 24 and EASY Staph® were only used by a
small number of participants, which makes them difficult to evaluate. One participant used BA, in
combination with StafChrom.

In total, 73 % of the participants stated that they performed some kind of confirmation test. Overall,
most participants performed a tube coagulase test, though users of Petrifilm Staph mainly used Petrifilm
Disk for the confirmation. Traditionally, confirmation of coagulase-positive staphylococci is by
detection of extracellular or bound coagulase (tube coagulase test and slide coagulase test, respectively).
Another common confirmation is a latex agglutination test. This is based on latex particles coated either
with fibrinogen or with IgG that binds to protein A on the bacterial cell surface. Antibodies targeted
against polysaccharides on the bacterial cell surface are also used in variations of this test. Confirmation
with Petrifilm Disk is based on detection of extracellular DNase, which is produced by the majority of
coagulase-positive S. aureus, but also by the coagulase-positive staphylococci S. intermedius and
S. hyicus. Toluidin blue O in the disks visualises DNase activity as a pink zone around the colonies.

Table 7. Results from analysis of coagulase-positive staphylococci.

Sample A Sample B Sample C

N F
94 79 3.93 0.12 14

All results 95 93 - - 2 - - 94 8 344 010 1 5 2 10
BP 45 44 - - 1 - - 44 43 345 009 1 0 O 44 31 393 011 13 0 O
RPFA 22 22 - - 0 - - 22 19 344 013 0 1 2 22 21 39 008 0 1 O
Petrifilm Staph 15 14 - - 1 - - 15 15 340 008 0 O O 15 15 387 008 O O O
TEMPO STA 5 5 - -0 - -5 2 - - 0 3 0 5 5 39 029 0 0 O
Compact Dry X-SA 3 3 - -0- - 3 2 - - 010 3 2 - - 1 0O
Oxoid Brilliance Staph24 2 2 - - 0 - - 2 2 - - 000 2 2 - - 0 0O
EASY Staph® 1 1 - -0 - - 1 1 - - 000 1 1 - - 0 0O
Other 2 2 - -0 - - 2 2 = = 000 2 2 = = 0 0O
B " Coagulase-positive staphylococci B " Coagulase-positive staphylococci
[  without remark 1 O sp
D False negative 3.44 E RPFAfI h l 3.44
i Petrifilm St
o 30 |- B outlier | oo o 30 |- g T;:\;IIPIOmST;ap rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
3 ] B  Compact Dry X-SA
§ § M Oxoid Brillicance Staph 24
B 20 f 5 20 E EASYStaph | Wl
2 2
£ 3
2 2
10 |--mmmm e 6
0 \- \- -\ T T
1 1.5 2 2 1 1.5 2 2.5 3 3.5 4 4.5 5
Ithwcfuml'1
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Lactic acid bacteria

Sample A

The strain of L. plantarum was target organism. In the Swedish Food Agency’s quality control on
MRS-aB, it formed typical shiny round white colonies. The strain is Gram-positive and catalase-
negative. The strains of B. cereus and S. xylosus may form small colonies on MRS-aB. They can
however be distinguished with a catalase test.

One low outlier was reported, as well as one false negative result.

Sample B

The strain of L. plantarum (not identical to that in sample A) was target organism. In the Swedish Food
Agency’s quality control on MRS-aB, it formed typical round white colonies. The strain is catalase-
negative.

Two low outliers were reported.

Sample C
No target organism was present in the sample.

Eleven false positive result were reported. These are likely due to detection of S. aureus. Strains of
S. aureus have in previous PT rounds formed small colonies on MRS and MRS-aB. In the initial quality
control at the Swedish Food Agency, small transparent colonies were observed on MRS-aB at a
concentration of 3.85 logio cfu ml™!. In the subsequent confirmation these were catalase positive, and
they were therefore not considered as lactic acid bacteria.

Five of the 11 false positive results (45 %) were from participants that performed a confirmation.

General remarks

Most of the participants followed NMKL 140, either NMKL 140:2007 (27 %), or the older NMKL
140:1991 (6 %). The older method prescribes spreading onto MRS-S, whereas the new method
prescribes MRS-aB. In comparison, ISO 15214:1998, which was used by 16 % of the participants, uses
a pour-plate method with MRS. ISO 15214:1998 was reviewed by ISO in 2021, and remains current.
The number of users of Petrifilm LAB continues to increase, and the method was here used by 21 % of
the participants. Two participants stated ISO 7889/IDF 117:2003, which is a method for characteristic
microorganisms in yoghurt at 37 °C.

On both MRS-S and MRS-aB, lactic acid bacteria normally form 1.5-2 mm large grey-white colonies.
On Petrifilm LAB, lactic acid bacteria form red colonies. The plates also facilitate distinction between
gas producing (heterofermentative) and non-gas producing (homofermentative) lactic acid bacteria.

Lactic acid bacteria constitute a heterogeneous group of microorganisms, and therefore have different
optimal medium, pH and incubation conditions. For example, MRS-aB (pH 6.2) is a less selective
medium that allows the growth of a more wide range of lactic acid bacteria. This may however also
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result in the appearance of more false positive colonies compared to the more acid media MRS and
MRS-S (pH 5.7). Such differences between media and incubation conditions underline the importance
of performing a confirmation test in uncertain cases, especially when using a less selective medium.

Both the ISO and the NMKL methods recommend confirmation of uncertain colonies. Lactic acid
bacteria are Gram positive and normally catalase-negative. Confirmation was here performed by roughly
half (49 %) of the participants. Usually, it consisted of a catalase test or microscopy. Overall, the use of
a confirmation test does not appear to have had an impact on the result.

Table 8. Results from analysis of lactic acid bacteria.

m Sample A Sample B Sample C

_
All results 361 012 1 1 O 424 011 0 2 O
MRS 21 19 358 013 1 1 0O 21 19 422 o009 O 2 O 20 15 - - 5 - -
Petrifilm LAB 10 10 364 007 O O O 10 10 424 o010 0 O O 10 7 - - 3 - -
MRS-aB 6 6 356 006 0 O O 6 6 426 010 0 O O 6 4 - - 2 - -
Rogosa 5 5 362 009 0 0 0 5 5 427 018 0 0 O 5 5 - - 0 - -
TEMPO LAB 5 5 367 015 0 0 O 5 5 432 012 0 O O 5 5 - - 0 - -
MRS-S 1 1 - - 000 1 1 - - o000 1 1 - - 0 - -
Other 1 1 - - o000 1 1 - -  o0o0O0 1 O - -1 - -
A Lactic acid bacteria A Lactic acid bacteria
25 25
[0 without remark 1361 = yRSfI e 1361
alse negative trifi
of| g e g I e
@ @ - Rogosa
S S B TEMPO LAB
I B it [ IMEREEREEEEEEEEEEEEREE g 15| WM OMRSS |
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Clostridium perfringens

Sample A
No target organism was present in the sample.

All 47 results were correct negative.

Sample B

No target organism was present in the sample. It did however contain a strain of C. bifermentans, which
is false positive for the analysis. It can be distinguished from C. perfringens after confirmation, for
example since C. bifermentans is motile.

Thirteen participants reported a false positive result. The reported concentrations indicate that the false
positive results are due to detection of C. bifermentans.

Sample C
The strain of C. perfringens was target organism.

Two low outliers were reported, as well as three false negative results.

General remarks

Most participants followed either NMKL 95:2009 (64 %) or ISO 7937:2004 (26 %). One participant
followed the older NMKL 95:1997 and two participants stated that they analysed according to NMKL
56:2015 (Sulphite-reducing Clostridia). ISO 7937:2004 was reviewed by ISO in 2015 and remains
current. It is however scheduled to be replaced by ISO 15213-2 (”Enumeration of Clostridium
perfringens by colony-count technique”), which is currently under development. No obvious differences
could be seen in the results from the different methods.

In line with ISO 7937:2004 and NMKL 95:2009, the majority (89 %) of the participants reported the
use of TSC. On TSC, C. perfringens form black colonies after anaerobic incubation at 37 °C. The media
ISA, SC and mCP were used by two, one and one participant, respectively. Comparisons with TSC are
difficult to make — due to the low number of users of these media — but TSC has by some been
recommended for the analysis of C. perfringens in food samples [2, 3].

Two common methods for confirmation of C. perfringens are motility test and test for lactose
fermentation; C. perfringens is non-motile and forms acid and gas as a consequence of lactose
fermentation. C. perfringens can also be confirmed since it forms a double haemolytic zone upon
anaerobic incubation on BA. In total, 88 % of the participants stated they performed some kind of
confirmation. Common confirmation methods were motility test, test for lactose fermentation, test for
haemolysis on BA, and test for absence of growth in aerobic conditions.

C. perfringens normally grows both at 37 °C and at 44 °C. Here, the majority of the participants (91 %)
incubated at 37 °C, while only a few (9 %) incubated at 44 °C. It is therefore difficult to say if the choice
of incubation temperature had an impact on the outcome, but it does not appear to be the case.
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Table 9. Results from analysis of Clostridium perfringens.

30

Sample A Sample B Sample C

All results 47 47 - - 0 - - 47 34 - - 13 - - 47 42 272 027 3 2 O
NMKL 95:2009 30 30 - - 0 - - 30 23 = ° 7 - - 30 29 276 027 1 0 O
1SO 7937:2004 2 12 - - 0 - - 12 10 - - 2 - - 12 9 261 028 1 2 O
NMKL 56:2015 2 2 - - 0 - - 2 1 = ° 1 = = 2 2 = = 0 0 O
NMKL 95:1997 1 1 - - 0 - - 1 0 = ° 1 = = 1 0 = = 1 0 O

Other 2 2 - - 0 - - 2 0 - - 2 - - 2 2 - - 0 0 O

" Clostridium perfringens C 1 Clostridium perfringens

[ Without remark 1272 [E  NMKL95:2009 1272
10 |- [ Falsenegative [~ -""7"---m-mimimimmmeoeoemmmeeoeooood 10 |- E  1S07937:2004 [ ----rcensrerenss s
M outlier — ] NMKL56:2015
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Fl B Fl 8 [0 other [T
2 2
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2 2
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z 2
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Anaerobic sulphite-reducing bacteria

Sample A
No target organism was present in the sample.

All results were correct negative.

Sample B
The strain of C. bifermentans was target organism. It forms black colonies on ISA.

One low outlier was reported, as well as one false negative result.

Sample C
The strain of C. perfringens was target organism.

Two false negative results were reported.

General remarks

The majority of the participants (63 %) followed a version of NMKL 56. However only 18 % followed
the current NMKL 56:2015. Instead, most participants still followed either NMKL 56:2008 (44 %) or
the considerably older NMKL 56:1994 (4 %). ISO 15213:2003 was used by 18 % of the participants.
This was last reviewed by ISO in 2015, and remains current. It is however scheduled to be replaced by
ISO 15213-1 ("Enumeration of sulphite-reducing Clostridium spp. by colony-count technique”), which
is currently under development. Two participants followed ISO 7937:2004 (”Horizontal method for the
enumeration of Clostridium perfringens”), which will be replaced by the future ISO 15213-2
(Enumeration of Clostridium perfringens by colony-count technique”). No obvious differences in
results between the methods could be identified.

Both NMKL 56:2015 and ISO 15213:2003 prescribe pour-plate methods with ISA, which was
consequently the medium most frequently used by the participants (42 %). With ISA, black colonies
(possibly surrounded by a black zone) are considered as sulphite-reducing bacteria. The black colour of
the colonies comes from iron sulphide, which is formed as a precipitate of Fe*" in the medium, and H>S
that is produced by the reduction of sulphite. Growth of anaerobic bacteria that only produce hydrogen
(and not H,S) may sometimes result in a diffuse and unspecific blackening of the medium.

In addition to ISA, participants reported using TSC (25 %), SFP (16 %), TS (5 %) and PAB (4 %). These
media are often used when identifying C. perfringens, and it should therefore be mentioned that for that
purpose, colonies should be confirmed using the methods in for example NMKL 95. Use of these media
did however not cause any obvious problems here.

REPORT BY THE SWEDISH FOOD AGENCY — DNR. 2022/01012 31



Table 10. Results from analysis anaerobic sulphite-reducing bacteria.

Sample A Sample B Sample C

0.28
0.31
0.33
0.26

All results 57 0

NMKL 56:2008 24 24 - - O

NMKL 56:2015 100 10 - - O
1SO 15213:2003 10 10 - - 0 - - 10

0

0

0

0

- - 24 24

Internal method

NMKL 56:1994

N B N OO O ©

6 6

ISO 7937:2004 2 2 - -
2 2
3 3

Other

B Anaerobic sulphite-reducing bacteria
16 |- [0 Without remark [--------=n--mmmmmmmm e
[]  False negative
W outlier [T
2
§ 12 [
L
«
o
T 8 |
-3
3
E
z
7
0 —‘ T T T . T
0 0.5 1 15 2
-1
Ioglo cfuml
C Anaerobic sulphite-reducing bacteria
T
{266
2
§ R e I T
- N Y I
k]
g
K-
€
=]
4

-1
log. cfuml
glo

32

3.18
3.13
3.28
3.20
3.24

Number of results

Number of results

16 |- [ NMKL56:2008 |------vm-mmmmemommmmmmme e
B NMKL56:2015
] 150 15213:2003
- Internal method

12 p B 150 7937:2004
O  NMKL56:1994
D Other

8 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
e

F < >

1 1 0 55 53 266 034 2 0 O

0 0 0 24 23 273 034 1 0 O

1 0 0 10 10 279 022 0 O O

0 1 0 10 10 249 039 0 0 O

015 0 0 0 6 6 263 020 0 O O
000 2 2 - - 0 0 O

0 00 1 1 = = 0 0 O

0 00 2 1 = = 1 00

Anaerobic sulphite-reducing bacteria

-1
log. cfuml
10

Anaerobic sulphite-reducing bacteria

REPORT BY THE SWEDISH FOOD AGENCY —DNR. 2022/01012



Aerobic microorganisms in fish
products, 20-25 °C

Sample A

The strains of B. cereus, L. plantarum, E. coli and S. xylosus were present in the highest concentrations
and were thus the main target organisms.

No outliers or false negative results were reported.

Sample B

The strains of E. coli, L. plantarum and A. hydrophila were present in the highest concentrations and
were thus the main target organisms

No outliers or false negative results were reported.

Sample C

The strains of S. putrefaciens and S. aureus were present in the highest concentrations and were thus the
main target organisms.

One low and one high outliers were reported.

General remarks

Nineteen of the 20 participants followed the method for aerobic microorganisms and specific spoilage
organisms in fish and fish products, NMKL 184:2006. This prescribes a pour-plate method with IA,
which was consequently the medium most frequently used by the participants (95 %). One participant
followed NMKL 96:2003, which is similar to NMKL 184:2006 when it comes to total aerobic count.
The participant however incubated in LSB, which is not correct. NMKL 96:2003 has also been replaced
by NMKL 96:2009 (”Coliform bacteria, thermotolerant coliform bacteria and E. coli”’) which refers to
NMKL 184:2006 for the analysis of total aerobic count in fish and seafood.

Table 11. Results from analysis of aerobic microorganisms in fish products, 20-25 °C.

m Sample A Sample B Sample C

All results 20 20 439 020 0 0 O 20 20 445 016 0 0O O 20 18 412 014 0 1 1
NMKL 184:2006 19 19 438 020 O O O 19 19 444 016 O 0 O 19 17 413 014 0 1 1
NMKL 96:2003 1 1 = = 000 1 1 = = 000 1 1 = = 00O

1 Median
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H,S-producing bacteria in fish
products

Sample A

No target organism was present in the sample. In the Swedish Food Agency’s quality control, only white
colonies were observed on [A.

One false positive result was reported.

Sample B
The strain of H. alvei was target organism. It forms black colonies on IA.

No outliers or false negative results were reported.

Sample C
The strain of S. putrefaciens was target organism.

During quality control at the Swedish Food Agency the parameter did not fulfil the requirements for
homogeneity, and a larger than usual distribution of the results could thus be expected. No values have
therefore been considered as outliers. Participants that reported zero results are however encouraged to
consider repeating the analysis.

The results for sample C are not evaluated, and no z-scores are calculated for the analysis.

General remarks

Nineteen of the 20 participants followed the method for aerobic microorganisms and specific spoilage
organisms in fish and fish products, NMKL 184:2006. This prescribes a pour-plate method with IA, on
which H,S-producing bacteria form black colonies. One participant followed NMKL 96:2003
(”Bacterial examinations in fresh and frozen seafood”), which includes the analysis of H,S-producing
bacteria. This participant however incubated in LSB, which is not correct. NMKL 96:2003 has also been
replaced by NMKL 96:2009 which refers to NMKL 184:2006 for the analysis of total aerobic count and
specific spoilage organisms in fish and seafood.

Table 12. Results from analysis of H,S-producing bacteria in fish products.

All results 19 18 - -1 - -19 19 357 015 0 0 0 19 0 3.28 1.11 - - -
NMKL 184:2006 18 17 = -1 - - 18 18 358 016 0 O 0 18 O 335 115 - - -
NMKL 96:2003 1 1 = -0 - - 1 1 = = 000 1 O = = = = =

1 The results for sample C are not evaluated

2 Median
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Yeasts and moulds

Sample A

The strain of K. marxianus was target organism for the analysis of yeasts, and the strain of
C. cladosporioides was target organism for the analysis of moulds.

For yeasts, three low and three high outliers were reported, as well as three false negative results.
For moulds, one low and five high outliers were reported, as well as nine false negative results.

Five of the participants used TEMPO YM, which gives a combined result for yeasts and moulds. This
is too few participants to perform a statistical analysis. The results for TEMPO YM are instead evaluated
based on the sum of the assigned values for yeasts and moulds (my = 2.24 and my = 1.81 logo cfu ml”,
respectively), and the pooled standard deviation of the method in the Swedish Food Agency’s PT during
2017-2021 (stempo = 0.31).

For TEMPO YM, results between mym % 2 stempo are considered acceptable, which corresponds
to results between 1.77 and 2.99 logio cfu ml ™.

Sample B
No target organism was present in the sample, neither for yeasts nor for moulds.
For yeasts, two false positive result were reported.

For moulds, two false positive result were reported.

Sample C

The strain of H. uvarum was target organism for the analysis of yeasts. No target organism was present
for the analysis of moulds.

For yeasts, six low outliers were reported.

For moulds, seven false positive results were reported.

General remarks

In essence, the same participants analysed both yeasts and moulds, and they generally used identical
methods for both parameters. The methods mainly consisted of NMKL 98:2005, ISO 6611:2004 / IDF
94:2004 and 3M™ Petrifilm™, but ISO 21527-1:2008 / ISO 21527-2:2008 was also used by a few
participants. One participant followed [SO 7954:1987 (”General guidance for enumeration of yeasts and
moulds”), which has been replaced by ISO 21527-1:2008 and ISO 21527-2:2008.

With NMKL 98:2005, participants mainly used either DRBC and/or DG18. With ISO 6611:2004 / IDF
94:2004, which describes the enumeration of yeasts and moulds in milk and milk products, participants
instead mainly used YGC. ISO 21527-1:2008 and ISO 21527-2:2008 stipulate the use of DRBC and
DG18, respectively. In general, DRBC is recommended for food with water activity a,, > 0.95 (e.g. fresh
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fruit, vegetables, meat and milk products) while DG18 is recommended for food with ay < 0.95 (e.g.
dried fruit, dried meat, grains and nuts).

Outliers and false results were for the most part evenly distributed between the main methods and media
that were used. Though there could be a small over-representation of outliers and false results for
moulds, by participants that used Petrifilm YM.

As discussed above, five participants used TEMPO YM, in one instance in combination with Petrifilm
YM. The results from these five participants have for practical reasons still been included in the
statistical analysis, and in tables and figures in this report. There, they may (inaccurately) appear as
outliers and/or false results. Results from TEMPO YM are however specifically — and only —
evaluated according to the limits provided above for sample A.

Table 13. Results from analysis of yeasts.

Sample A Sample B Sample C
KRR NS e R SR

m
v
m
v

All results 123 224 015 3 3 3 124 118 331 022 0 6 O
YGC 36 34 225 018 0 O 2 36 36 - - 0 - - 37 37 329 025 0 O O
DRBC + DG18 18 18 225 010 0 O O 18 88 - - 0 - - 18 18 340 020 0 O O
DG18 15 14 222 012 1 0 0 15 4 - -1 - - 15 12 335 018 0 3 O
Petrifilm YM 11 9 223 009 0 1 1 11 1 - - 0 - - 11 10 324 012 0 1 O
Petrifilm RYM 9 9 216 010 0 0 O 9 9 - - 0 - - 9 9 319 025 0 0 O
DRBC 9 7 231 014 0 2 0 9 9 - -0 - - 9 7 341 026 0 2 O
OGYE 5 5 227 011 0 0 O 5 5 - -0 - - 5 5 341 019 0 0 O
TEMPO YM 5 3 = = 2 00 5 5 - - 0 - - 5 5 = = 0 0 O
Saubouraud 3 3 - - 0 0 0 3 3 - -0 - - 3 3 - - 0 0O
Other 12 12 = = 0 0 0 12 17 - -1 - - 12 12 = = 0 0 O
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Table 13. Results from analysis of moulds.
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Outcome of the results of individual
participants - assessment

Reporting and evaluation of results

The results of all participants are listed in Annex 1, together with the minimum and maximum accepted
values for each analytical parameter. Results that received a remark (false results and outliers) are
highlighted in yellow, with bold font.

Participants are not grouped or ranked based on their results. The performance of an individual
participant can be broadly assessed by the numbers of outliers and false results, and by the z-scores.

Information on the results processing and recommendations for follow-up work are given in the Scheme
Protocol [4].

Samples for follow-up analyses can be ordered at:

Box plots and numbers of deviating results for each participant

Box plots are based on the z-scores listed in Annex 2, and give a comprehensive view of the performance
of each participant. The range of z-scores is indicated by the size of the box and, for most participants,
by lines and/or circles above and beneath the box. A small range of values, centred around zero, indicates
that the results of the individual participant are in general close to mpr for the different analyses. For
each participant, the number of false results and outliers are also listed in the tables below the box plots.

Outliers are included in the figures after being calculated to z-scores in the same way as for other results.
Correct resu