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The prac tice of de tect ing and enu mer at ing all
oxidase-neg a tive, glu cose-fer ment ing-Gram-neg a tive
rods (i.e., the fam ily Enterobacteriaceae) is used to in di -
cate un san i tary or in ad e quate food pro cess ing con di -
tions. The ob jec tive of this interlaboratory col lab o ra tive
study was to eval u ate and com pare the meth ods de -
scribed in Stan dard Methods for the Ex am i na tion of
Dairy Prod ucts (SMEDP) and the Com pen dium of
Methods for the Mi cro bi o log i cal Ex am i na tion of Foods
(Com pen dium) with a com mer cial prod uct, the 3MTM

PetrifilmTM Enterobacteriaceae Count Plate, for the re -
cov ery of Enterobacteriaceae in foods. Six foods—ched -
dar cheese, milk, flour, frozen pre pared meals, frozen
broc coli, and nut pieces—were an a lyzed for
Enterobacteriaceae by 12 col lab o rat ing lab o ra to ries. For 
each food tested, the col lab o ra tors re ceived 8 blind test
por tions con sist ing of a con trol test por tion and 3 lev els
of in oc u lated test por tion, each in du pli cate. Each test
por tion was tested by the Petrifilm Enterobacteriaceae
Count Plate method as well as the SMEDP or Com pen -
dium meth ods. The pre ci sion es ti mates (re peat abil ity or
within-lab o ra tory vari a tion, and reproducibility or be -
tween-lab o ra tory vari a tion) were cal cu lated with stan -
dard sta tis ti cal tech niques.

D
e ter mi na tion of coliforms has tra di tion ally been used
in the food in dus try as an in di ca tor of un san i tary con -
di tions or in ad e quate pro cess ing. This method iden ti -

fies coliforms by their abil ity to fer ment lac tose with the pro -

duc tion of gas and acid; how ever, it does not de ter mine the
pres ence of all mem bers of the Enterobacteriaceae group. The
prac tice of de tect ing and enu mer at ing all fermentative
Gram-neg a tive or gan isms (i.e., the fam ily Enterobacteriaceae)
has be come more com mon in the food in dus try, es pe cially in
Eu ro pean coun tries. It is thought that enu mer a tion of a wider,
better-de fined group of or gan isms, such as
Enterobacteriaceae, rather than a more spe cific group like the
coliforms, will pro vide a more thor ough as sess ment of the
food (1). Enterobacteriaceae are enu mer ated by count ing
Gram-neg a tive rods which fer ment glu cose. Or gan isms are
enu mer ated re gard less of their abil ity to pro duce gas. Tra di -
tional meth ods for enu mer at ing Enterobacteriaceae use vi o let
red bile agar with glu cose (VRBG; 2).

The 3MTM PetrifilmTM Enterobacteriaceae (EB) Count
Plate is de signed for the enu mer a tion of Enterobacteriaceae in
foods. The prod uct con sists of a me dium op ti mized for the
growth of Enterobacteriaceae, yet in hib i tory to the growth of
Gram-pos i tive bac te ria. A pH in di ca tor, a dye to en hance the
vi su al iza tion of growth, and a cold-wa ter-sol u ble gel ling
agent are in cluded in the plate. Di luted test por tions are added
at a vol ume of 1.0 mL per plate. Pres sure ap plied to a plas tic
spreader placed on the over lay film spreads the test por tion
over a growth area of ap prox i mately 20 cm2. The gel ling agent 
is al lowed to so lid ify and the plates are then in cu bated.

A com par a tive study (3) dem on strated that the Petrifilm

EB plate pro vided re sults sim i lar to those of the ref er ence

method for enu mer a tion of Enterobacteriaceae. This re port

de scribes a col lab o ra tive study com par ing the Petrifilm EB

Count Plate method with the ref er ence meth ods de scribed in

Stan dard Methods for the Ex am i na tion of Dairy Prod ucts

(SMEDP; 4) and the Com pen dium of Methods for the Mi cro -

bi o log i cal Ex am i na tion of Foods (Com pen dium; 2). In ad di -

tion, ISO stan dard 7402 (5) was con sulted for guid ance on the

enu mer a tion of Enterobacteriaceae.
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Collaborative Study

Test Foods

The foods se lected for in clu sion in this study are listed in
Ta ble 1. Sin gle pro duc tion lots were ob tained from lo cal re tail
out lets. Back ground counts of Enterobacteriaceae in the prod -
ucts ob tained for the study were mon i tored and re corded.

Test Organisms

Six dif fer ent spe cies from the Enterobacteriaceae fam ily
were used in the study. Each was used to in oc u late a dif fer ent
food type (Ta ble 1). The or gan isms were stored at –70°C in
lab o ra tory me dium con tain ing 15% ster ile glyc erol. Working
cul tures were main tained on eosin meth y lene blue agar plates
and the inoculum was cul ti vated in nu tri ent broth (NB) and in -
cu bated at 37°C. Sta tion ary phase cul tures in NB were di luted
with di lu tion wa ter for in oc u la tion of the test prod ucts.

Inoculation of Foods

The pres ence of Enterobacteriaceae in these food prod ucts
in di cates post-pro cess con tam i na tion. There fore, the test por -
tions were pre pared by in oc u la tion with a wet sus pen sion of
cells for high-mois ture foods and a dry inoculum for dry food
prod ucts.

Ap prox i mately 4200 g ched dar cheese was ob tained from
sev eral re tail pack ages. The cheese was com bined through
grind ing and roll ing to achieve uni form ness, and then di vided
into 4 por tions; the first 3 por tions were in oc u lated (low, me -
dium, or high inoculum) and the 4th por tion served as an
uninoculated con trol. The inoculum was added to the test por -
tions with in ter mit tent grind ing. The in oc u la tion lev els dif -
fered by pow ers of 10 and were in the range of 10–100 cells/g
for the low, 101–1000 cells/g for the me dium, and
1001–10 000 cells/g for the high inocula.

Ap prox i mately 4200 mL pas teur ized milk were asep ti cally 
com bined and mixed. The prod uct was di vided into 4 por tions
and in oc u lated at the lev els de scribed for cheese.

Ap prox i mately 4200 g flour and 4200 g nut pieces were
ob tained and blended thor oughly. Each prod uct was then di -
vided into 4 por tions and in oc u lated ac cord ing to the method
de scribed for cheese.

Ap prox i mately 4200 g frozen meals and 4200 g frozen
broc coli were ob tained and thawed. Each prod uct was then
mixed thor oughly and di vided into 4 por tions and in oc u lated
ac cord ing to the method de scribed for cheese.

Preparation of Samples

In oc u lated and uninoculated test por tions were di vided
into ap prox i mately 60 g sam ples, which were each di vided in
half to form du pli cate subsamples. For each prod uct to be an a -
lyzed, du pli cate subsamples of the uninoculated con trol and
du pli cate subsamples of each of the 3 in oc u la tion lev els were
pre pared for each col lab o ra tor. Sam ples were pack aged in
leak-proof con tain ers, iden ti fied by prod uct date, anal y sis
date, and sam ple code. The sam ple code was a sin gu lar,
multidigited, ran dom ized num ber.

Shipment of Samples

Sam ples were shipped by over night car rier to ar rive the
day be fore ini ti a tion of anal y sis. The cheese, milk, frozen pre -
pared meals, and frozen broc coli were packed with ice packs
to main tain a tem per a ture of <7°C dur ing ship ment. The flour
and nut pieces were shipped at am bi ent tem per a ture. Upon ar -
rival, the sam ples were stored prop erly un til they were an a -
lyzed the fol low ing day. One prod uct type was shipped dur ing
each week of the study.
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Table 1. Foods and Enterobacteriaceae

Foods Organism

Cheddar cheese Escherichia coli ATCC 11775

Milk Proteus vulgaris ATCC 8427

Flour Klebsiella oxytoca U33

Frozen prepared meals Klebsiella pneumoniae ATCC 13883

Frozen broccoli Edwardsiella tarda ATCC 15947

Nut pieces Citrobacter freundii ATCC 8090

Figure 1. Flow diagram for Petrifilm, VRBG, and BGGB
methods.



Microbiological Analysis

Twelve lab o ra to ries an a lyzed the sam ples for
Enterobacteriaceae us ing the Petrifilm EB Count Plate
method, as well as the SMEDP and Com pen dium meth ods
(Fig ure 1). Eight sam ples for each of the 6 foods tested were
an a lyzed by the Petrifilm EB Count Plate method, the VRBG
plate method, and the 3-tube MPN method us ing bril liant
green glu cose bile (BGGB) broth (5). Be cause col lab o ra tors
re ceived blind sam ples, they were in structed to di lute all sam -
ples and plate the 10–1, 10–2, and 10–3 di lu tions onto each of
the Petrifilm and VRBG plates; the 3-tube MPNs in BGGB
were per formed on 5 di lu tions (10–1–10–5). The plates were
in cu bated at 37 ± 1°C for 24 ± 2 h; the BGGB tubes were in cu -
bated at 37 ± 1°C for 48 ± 2 h.

All red col o nies pro duc ing gas, re gard less of acid pro duc -
tion, were counted on the Petrifilm plates. All nongassing col -
o nies with yel low acid zones were also counted on the
Petrifilm plates. Counts were re corded at 24 ± 2 h. Deep-red
col o nies, with or with out an as so ci ated halo of pre cip i tated
bile salts, were counted af ter 24 ± 2 h on VRBG. Growth re -
sults were re corded for the BGGB tubes af ter 48 ± 2 h of in cu -
ba tion at 37 ± 1°C.

Statistical Analysis of Data

The col lab o ra tors re corded data for Petrifilm plate, VRBG
agar, and MPN anal y ses on data log sheets pro vided by the
Study Di rec tor. The data sheets were re turned by the col lab o -
ra tors to the Study Di rec tor for data anal y sis.

Petrifilm EB plates with 10–150 col o nies were se lected for
use in data anal y sis. If no plate had at least 10 qual i fy ing col o -
nies, the ex act raw count on the least di lute sam ple was re -
corded. If all the plates had counts >150, es ti mates were made
on the plates by count ing the num ber of col o nies in one or
more rep re sen ta tive squares, de ter min ing the av er age num ber
per square, and mul ti ply ing the av er age num ber by 20. If the
plates were too crowded for es ti mated counts, the count was
re ported as too nu mer ous to count (TNTC).

VRBG plates with 15–150 col o nies were se lected for use
in data anal y sis. If no plate had at least 15 deep-red col o nies,
the ex act raw count on the least di lute sam ple was re corded. If
all the plates had counts >150, an es ti mated count was re -
corded, if pos si ble; oth er wise, the count was re ported as
TNTC.

The base 10 log a rithms of the col ony counts and MPN in -
di ces were used for sta tis ti cal anal y ses un der the as sump tion
that the trans formed num bers would be nor mally dis trib uted
and of ho mo ge neous vari ance. In def i nite data val ues (e.g.,
<1.0, >5.0) and other noncountable or in es ti ma ble val ues
(e.g., TNTC) were treated as miss ing val ues in the anal y ses.
Re peat abil ity and reproducibility pre ci sion es ti mates were
cal cu lated ac cord ing to AOAC pro ce dures once out li ers were
de ter mined by the Cochran and Grubbs tests (6). Re peat abil ity 
vari ances were com pared by an F-ra tio test (7). Mean log10

counts were com pared by anal y sis of vari ance (7). For most
sta tis ti cal tests, a re sult ing value of p < 0.05 was taken to in di -
cate a sig nif i cant dif fer ence. How ever, for some tests, a sig nif -

i cant dif fer ence was in di cated by p < 0.01. For other tests, the
ac tual level of sig nif i cance was given.

AOAC Of fi cial Method 2003.01
Enu mer a tion of Enterobacteriaceae

in Se lected Foods

Petrifilm™ Enterobacteriaceae Count Plate Method

First Ac tion 2003

(Ap pli ca ble to enu mer a tion of Enterobacteriaceae or gan -
isms in ched dar cheese, milk, flour, frozen pre pared meals,
frozen broc coli, and nut pieces.)

See Ta bles 2003.01A and 2003.01B for the re sults of the
interlaboratory study sup port ing ac cep tance of the method.

A. Prin ci ple

Method uses bac te rial cul ture plates of dry me dium with
pH in di ca tor and cold-wa ter-sol u ble gel. Un di luted or di luted
test por tions are added to plates at 1.0 mL per plate. Pres sure
ap plied to plas tic spreader placed on over lay film spreads the
test por tion evenly over 20 cm2 growth area. Gelling agent is
al lowed to so lid ify, and plates are in cu bated for 24 ± 2 h at
37 ± 1°C and then counted.

B. Ap pa ra tus and Re agents

(a) Petrifilm Enterobacteriaceae (EB) Count
Plates.—Plates, avail able from 3M Mi cro bi ol ogy Prod ucts
(3M Cen ter, Bldg 260, St. Paul, MN 55144), con tain VRBG
nu tri ents, pH in di ca tor, cold-wa ter-sol u ble gel ling agent, and
tetrazolium in di ca tor dye.

(b) Plas tic spreader.—Pro vided with Petrifilm plates; has
smooth flat side de signed to spread test por tion evenly over
plate growth area.

(c) Pipets.—1.0 and 10.0 mL serological pipets with
0.1 mL grad u a tions. (Cal i brated 3M™ Elec tronic Pipettor and 
tips, or equiv a lent, may be used to de liver 1.0 mL.) Pipets
must ac cu rately de liver re quired vol ume. Do not use pipets to
de liver <10% of their to tal vol ume. For ex am ple, to de liver
1 mL, do not use pipet >10 mL; to de liver 0.1 mL, do not use
pipet >1 mL.

(d) Col ony coun ter.—Stan dard ap pa ra tus, Que bec Model, 
avail able from many sup pli ers, or one pro vid ing equiv a lent
mag ni fi ca tion and vis i bil ity.

(e) Di lu tion wa ter.—Pre pare stock so lu tion as fol lows:
Dis solve 34 g KH2PO4 in 500 mL wa ter, ad just to pH 7.2 with
1M NaOH (ca 175 mL), and di lute to 1 L with wa ter. Pre pare
buf fered wa ter for di lu tions by di lut ing 1.25 mL stock so lu tion 
to 1 L with boiled and cooled wa ter. Au to clave 15 min at
121°C.

(f) Ster ile so dium hy drox ide solution.—1M. Dis solve 40
g NaOH in wa ter and di lute to 1 L wa ter. Au to clave 15 min at
121°C.

(g) Blender.—High-speed (16 000–18 000 rpm) with
ster ile jar.

(h) In cu ba tor.—Main taining 37 ± 1°C.

(i) Bal ance.—2000 ± 0.1 g ca pac ity.
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C. Sam ple Prep a ra tion

Asep ti cally weigh 11.0 g unthawed test portion into
blender jar, B(g). Add 99 mL di lu tion wa ter, B(e), and blend at 
16 000–18 000 rpm for 2 min to ho mog e nize. If en tire test
sample is <50 g, weigh por tion of test sam ple and add di lu tion
wa ter to make 1:10 di lu tion. Adjust pH of di luted test por tion
to 6.5–7.5 with 1M NaOH, B(f), ca 0.1 mL/g test portion. Do
not use dil u ents con tain ing ci trate, bisulfite, or thiosulfate as
they can in hibit growth. Pre pare all dec i mal di lu tions with
90 mL di lu tion wa ter plus 10 mL from pre vi ous di lu tion. Mix
all di lu tions by shak ing 25 times through 30 cm arc in 7 s.

D. Anal y sis

Place dry Petrifilm EB plate, B(a), on flat sur face. Lift top
film and in oc u late 1 mL test sus pen sion onto cen ter of film
base. Care fully roll top film down onto inoculum. Dis trib ute
test por tion over 20 cm2 growth area with down ward pres sure
on cen ter of plas tic spreader de vice, B(b), flat side down.
Leave plate un dis turbed for min i mum of 1 min to per mit gel to 
so lid ify. In cu bate plates for 24 ± 2 h at 37 ± 1°C. In in cu ba tor,
place plates in hor i zon tal po si tion, clear side up, in stacks not
ex ceed ing 20 plates. Count plates promptly (within 2 h) af ter
in cu ba tion pe riod.

Count Petrifilm EB plates on stan dard col ony coun ter,
B(d), or other il lu mi nated mag ni fier. Count all red col o nies
pro duc ing gas re gard less of acid pro duc tion. Also count all
nongassing col o nies with yel low acid zones. Se lect plates
with 10–150 col o nies. If no plate has at least 10 qual i fy ing
col o nies, re cord the ex act raw count on the least di lute test

sus pen sion. If all the plates have counts >150, make es ti mates
on plates by count ing the num ber of col o nies in one or more
rep re sen ta tive squares, de ter min ing the av er age num ber per
square, and mul ti ply ing the av er age num ber by 20. If plates are
too crowded for es ti mated counts, re port the count as too nu -
mer ous to count (TNTC). Do not count col o nies on the foam
dam be cause they are re moved from the se lec tive in flu ence of
the me dium. Do not count ar ti fact bub bles that may be pres ent.

Ref.: J. AOAC Int. 86, 804–807(2003)

Results

Twelve lab o ra to ries par tic i pated in the study. The
Enterobacteriaceae counts for the test por tions are pre sented
in log a rith mic form in Ta bles 2–13. Re peat abil ity and
reproducibility stan dard de vi a tions (sr and sR), rel a tive stan -
dard de vi a tions (RSDr and RSDR), and re peat abil ity and
reproducibility val ues (r and R) of the meth ods are pre sented
in Ta bles 2003.01A and 2003.01B.

Cheese

The MPN log10 counts at the low level of in oc u la tion from
Laboratory 7 were iden ti fied by the Cochran and/or Grubbs
test(s) as out li ers and were elim i nated from the anal y sis. The
Petrifilm plate log10 counts at the high level of in oc u la tion
from Laboratories 5 and 6 were also iden ti fied by the Cochran
and/or Grubbs test(s) as out li ers and were elim i nated from the
anal y sis. At the high level of in oc u la tion, the MPN log10

counts from Laboratory 1 were iden ti fied as out li ers and were
elim i nated from the anal y sis.
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Table 2. Enterobacteriaceae log10 counts at control and low inoculation levels for cheese by Petrifilm EB Count Plate, VRBG
agar, and MPN methodsa

Lab

Control Low

PEB VRBG MPN PEB VRBG MPN

Ab Bb A B A B A B A B A B

 1 <1.000 <1.000 <1.000 <1.000 0.602 0.602 2.903 2.903 2.908 2.987 2.968 2.633

 2 <1.000 <1.000 <1.000 <1.000 2.968 2.633 3.049 2.996 3.114 2.929 3.380 2.968

 3 <1.000 <1.000 <1.000 <1.000 1.362 1.362 2.886 2.954 3.068 3.090 2.591 3.176

 4 <1.000 <1.000 <1.000 <1.000 1.968 1.633 2.924 2.869 2.857 2.898 3.380 2.968

 5 <1.000 <1.000 <1.000 <1.000 2.380 3.380 2.954 3.053 2.892 2.978 2.968 3.380

 6 <1.000 <1.000 <1.000 <1.000 1.362 1.362 2.954 2.903 3.033 3.149 3.041 3.176

 7  4.477 <1.000  4.301 <1.000 >5.041 4.380 3.845 3.000 3.188 3.124 4.380 4.380

 8 <1.000 <1.000 <1.000 <1.000 <0.447 <0.447 3.090 2.973 2.964 3.064 3.380 2.968

 9 <1.000 <1.000 <1.000 <1.000 3.380 2.380 2.898 2.785 2.982 2.940 2.968 2.380

10 <1.000 <1.000 <1.000  1.000 2.380 2.380 3.146 3.204 3.146 3.146 3.380 3.041

11 <1.000 <1.000 <1.000 <1.000 1.633 1.633 2.991 3.061 3.025 2.996 3.633 2.968

12 <1.000 <1.000 <1.000 <1.000 <0.447 <0.447 3.104 3.124 3.204 3.146 3.633 3.633

a Log10 Enterobacteriaceae count/g. PEB = Petrifilm Enterobacteriaceae Count Plate. VRBG = Violet red bile agar fortified with glucose. MPN = 
Most probable number.

b A and B = Duplicate test portions.
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Table 3. Enterobacteriaceae log10 counts at medium and high inoculation levels for cheese by Petrifilm EB Count Plate,
VRBG agar, and MPN methodsa

Lab

Medium High

PEB VRBG MPN PEB VRBG MPN

Ab Bb A B A B A B A B A B

 1 4.076 3.944 3.875 4.029 4.380 3.968 4.903 5.000 5.041 5.053 5.041 4.176

 2 3.954 4.104 4.176 4.097 4.380 3.875 4.929 4.982 5.423 5.064 5.041 5.041

 3 4.107 4.068 3.968 4.111 4.380 3.380 4.991 5.041 5.146 5.137 4.663 4.663

 4 3.973 3.991 3.929 3.944 4.663 3.968 4.924 4.968 4.857 4.892 >5.041 4.380

 5 3.845 4.045 3.869 4.104 3.633 4.380 5.146 4.690 4.732 5.149 4.663 5.041

 6 4.146 4.342 4.114 4.322 3.968 4.663 4.924 5.114 4.949 5.041 >5.041 >5.041 

 7 3.699 4.176 3.903 4.204 4.380 4.380 4.301 4.204 4.124 4.230 >5.041 >5.041 

 8 4.041 4.079 4.029 3.944 4.663 4.380 5.079 5.021 4.799 4.898 5.041 5.041

 9 4.146 4.176 4.053 4.072 3.968 4.380 4.898 4.869 4.886 4.681 4.663 4.663

10 4.380 4.176 4.086 4.029 4.380 4.380 5.000 5.045 5.134 5.037 5.041 4.663

11 4.021 4.140 4.079 4.064 4.176 4.380 4.914 4.991 4.919 4.959 4.663 5.041

12 3.973 4.158 4.114 4.301 3.968 4.380 5.100 5.049 5.164 5.100 5.041 5.041

a Log10 Enterobacteriaceae count/g. PEB = Petrifilm Enterobacteriaceae Count Plate. VRBG = Violet red bile agar fortified with glucose. MPN = 
Most probable number.

b A and B = Duplicate test portions.

Table 4. Enterobacteriaceae log10 counts at control and low inoculation levels for milk by Petrifilm EB Count Plate, VRBG
agar, and MPN methodsa

Lab

Control Low

PEB VRBG MPN PEB VRBG MPN

Ab Bb A B A B A B A B A B

 1 <1.000 <1.000 <1.000 <1.000 1.362 1.362 2.518 2.462 2.255 2.204 1.968 1.968

 2 <1.000 <1.000 <1.000  2.146 <0.477 0.602 2.230 2.322 1.301 2.792 0.954 1.176

 3 <1.000 <1.000 <1.000 <1.000 <0.477 <0.477 2.362 2.556 1.954 2.602 2.380 2.380

 4 <1.000 <1.000 <1.000 <1.000 2.380 2.380 2.505 2.447 2.415 2.146 2.380 2.380

 5 <1.000 <1.000  1.903  1.000 2.380 2.968 2.778 2.740 2.544 2.544 2.380 2.633

 6 <1.000 <1.000 <1.000 <1.000 1.362 1.362 2.462 2.477 2.613 2.380 2.380 2.380

 7  3.000 <1.000  3.763  1.903 2.380 1.362 2.716 2.672 2.505 2.771 >5.041 1.362

 8 <1.000 <1.000 <1.000 <1.000 1.633 <0.477 2.362 2.477 2.322 1.954 2.176 1.968

 9 <1.000 <1.000 <1.000 <1.000 >5.041 1.362 2.415 2.380 2.255 2.785 1.362 1.362

10 <1.000 <1.000 <1.000 <1.000 1.362 1.362 2.342 1.778 1.301 2.176 1.633 1.362

11 <1.000 <1.000 <1.000 <1.000 1.362 1.362 2.342 2.447 2.881 1.477 1.362 1.362

12 <1.000 <1.000 <1.000 <1.000 <0.477 <0.477 2.602 2.505 2.000 2.301 2.633 2.380

a Log10 Enterobacteriaceae count/g. PEB = Petrifilm Enterobacteriaceae Count Plate. VRBG = Violet red bile agar fortified with glucose. MPN = 
Most probable number.

b A and B = Duplicate test portions.
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Table 5. Enterobacteriaceae log10 counts at medium and high inoculation levels for milk by Petrifilm EB Count Plate, VRBG
agar, and MPN methodsa

Lab

Medium High

PEB VRBG MPN PEB VRBG MPN

Ab Bb A B A B A B A B A B

 1 3.342 3.279 3.146 3.255 2.633 2.845 4.342 4.342 4.079 4.146 3.968 3.176

 2 3.114 2.954 3.653 4.061 2.176 2.380 4.079 4.204 4.000 4.672 2.633 3.633

 3 3.342 3.477 3.322 3.477 2.380 2.380 4.415 4.544 4.342 4.113 2.380 3.968

 4 3.230 3.322 2.732 3.057 3.380 2.380 4.362 4.380 4.110 4.060 2.380 3.380

 5 3.491 3.491 3.362 3.643 3.176 3.380 4.518 4.415 4.361 4.568 >5.041 4.176

 6 3.176 3.322 3.447 3.415 2.380 2.633 4.279 4.505 4.301 4.462 2.968 3.380

 7 3.556 3.708 3.531 3.934 >5.041 3.380 4.756 TNTC 5.079 TNTC 2.380 >53041 

 8 3.204 3.518 2.903 3.230 3.633 3.633 4.398 4.342 4.041 4.113 4.176 5.041

 9 3.462 3.653 3.415 3.643 1.362 2.633 4.663 5.688 4.279 5.692 >5.041 3.968

10 3.114 3.230 3.176 3.000 1.968 2.380 4.009 4.204 3.663 4.041 3.380 2.380

11 2.903 3.204 2.518 2.982 1.362 1.361 4.176 4.041 3.869 3.812 1.361 1.362

12 3.301 3.322 2.653 2.996 3.968 3.041 4.518 4.279 4.143 3.944 3.968 3.968

a Log10 Enterobacteriaceae count/g. PEB = Petrifilm Enterobacteriaceae Count Plate. VRBG = Violet red bile agar fortified with glucose. MPN = 
Most probable number. TNTC = Too numerous to count.

b A and B = Duplicate test portions.

Table 6. Enterobacteriaceae log10 counts at control and low inoculation levels for flour by Petrifilm EB Count Plate, VRBG
agar, and MPN methodsa

Lab

Control Low

PEB VRBG MPN PEB VRBG MPN

Ab Bb A B A B A B A B A B

 1 2.771 2.851 3.602 3.176 2.968 2.968 2.886 2.964 3.415 3.398 3.322 2.633

 2 2.845 2.699 3.090 2.929 2.380 2.380 2.875 2.903 2.724 2.869 2.380 1.968

 3 3.279 2.919 2.996 2.934 1.968 1.968 3.362 3.255 3.415 3.519 1.968 2.380

 4 2.041 2.000 3.519 2.892 2.380 2.380 1.699 2.732 3.623 2.568 2.380 2.380

 5 2.833 2.623 3.362 3.982 2.968 2.845 2.477 2.653 3.580 3.322 2.633 1.968

 6 2.204 2.740 3.124 2.477 2.633 1.633 2.996 2.204 3.068 3.265 1.362 1.633

 7 3.146 2.279 2.903 2.845 2.633 2.380 2.954 3.146 3.061 2.771 2.380 2.380

 8 2.944 3.127 2.845 2.991 1.968 2.845 2.519 2.833 2.398 2.279 2.176 1.633

 9 2.613 2.716 2.602 2.845 1.633 2.633 2.643 2.898 2.681 2.875 1.633 2.633

10 2.716 2.908 2.633 2.875 2.663 3.041 2.447 3.146 2.398 3.288 2.380 2.380

11 2.785 2.342 2.771 2.255 2.845 1.362 2.519 2.431 2.398 2.230 1.845 2.380

12 2.663 2.778 2.954 2.944 2.633 2.380 2.653 2.431 2.869 2.833 1.968 2.968

a Log10 Enterobacteriaceae count/g. PEB = Petrifilm Enterobacteriaceae Count Plate. VRBG = Violet red bile agar fortified with glucose. MPN = 
Most probable number.

b A and B = Duplicate test portions.



810 SILBERNAGEL & LINDBERG: JOURNAL OF AOAC INTERNATIONAL VOL. 86, NO. 4, 2003

Table 7. Enterobacteriaceae log10 counts at medium and high inoculation levels for flour by Petrifilm EB Count Plate, VRBG
agar, and MPN methodsa

Lab

Medium High

PEB VRBG MPN PEB VRBG MPN

Ab Bb A B A B A B A B A B

 1 2.732 2.875 3.672 3.114 2.633 2.380 2.708 3.093 3.633 3.580 3.176 3.380

 2 2.380 2.973 2.732 3.188 1.633 3.380 2.968 3.068 3.041 3.322 3.380 3.633

 3 3.176 3.000 3.146 3.255 2.633 1.968 3.000 3.041 3.301 3.380 2.322 2.380

 4 2.398 2.903 3.146 3.204 2.380 2.845 2.799 2.204 3.380 3.079 2.380 2.968

 5 LA 2.568 3.491 3.398 3.380 2.968 3.114 2.699 3.708 3.602 3.968 2.968

 6 3.013 1.845 3.146 3.531 2.380 1.362 2.792 3.100 3.176 3.398 2.380 3.380

 7 3.643 3.301 3.708 3.000 1.362 1.362 3.447 3.301 3.279 3.342 3.176 3.380

 8 2.996 2.580 2.447 2.301 2.176 1.176 3.362 2.778 3.255 2.778 2.633 2.380

 9 2.978 2.908 3.121 2.785 2.176 1.633 2.863 2.672 3.068 2.322 1.968 1.968

10 3.602 2.778 3.544 2.903 2.380 2.380 2.699 2.792 2.771 2.863 2.380 3.041

11 2.415 2.447 2.176 2.491 1.633 1.633 2.380 2.964 2.342 3.146 2.633 4.380

12 2.623 2.973 2.903 3.124 2.633 2.380 2.820 2.591 3.193 2.763 2.633 1.968

a Log10 Enterobacteriaceae count/g. PEB = Petrifilm Enterobacteriaceae Count Plate. VRBG = Violet red bile agar fortified with glucose. MPN = 
Most probable number. LA = Laboratory accident.

b A and B = Duplicate test portions.

Table 8. Enterobacteriaceae log10 counts at control and low inoculation levels for frozen meals by Petrifilm EB Count Plate,
VRBG agar, and MPN methodsa

Lab

Control Low

PEB VRBG MPN PEB VRBG MPN

Ab Bb A B A B A B A B A B

 1 <1.000 <1.000 <1.000 <1.000 1.362 1.362 2.978 2.929 3.025 3.057 2.633 3.633

 2 <1.000 <1.000 <1.000 <1.000 1.362 1.362 2.699 2.447 2.255 2.342 2.633 1.591

 3 <1.000 <1.000 <1.000 <1.000 2.380 1.362 2.544 2.643 2.602 2.447 2.633 2.633

 4 <1.000 <1.000 <1.000 <1.000 1.362 1.362 2.591 2.672 2.447 2.491 2.380 2.380

 5 <1.000 <1.000 <1.000 <1.000 2.380 1.362 2.633 2.491 2.653 2.699 2.380 2.968

 6 <1.000 <1.000 <1.000 <1.000 1.362 1.362 2.591 2.176 2.415 2.114 2.633 1.633

 7 <1.000 <1.000 <1.000 <1.000 1.362 1.362 2.462 2.477 2.653 2.653 3.380 5.041

 8 <1.000 <1.000 <1.000 <1.000 <0.477 <0.477 LA 2.839 LA 2.869 LA 2.380

 9 <1.000 <1.000 <1.000 <1.000 <0.477 <0.477 2.690 2.477 2.556 2.301 2.380 1.968

10 <1.000 <1.000 <1.000 <1.000 1.362 1.362 2.602 2.663 1.778 2.255 2.380 2.633

11 <1.000 <1.000 <1.000 <1.000 1.362 1.362 2.568 2.643 2.505 2.613 2.380 3.041

12 <1.000 <1.000 <1.000 <1.000 <0.477 <0.477 2.633 2.505 2.568 2.716 2.322 2.633

a Log10 Enterobacteriaceae count/g. PEB = Petrifilm Enterobacteriaceae Count Plate. VRBG = Violet red bile agar fortified with glucose. MPN = 
Most probable number. LA = Laboratory accident.

b A and B = Duplicate test portions.
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Table 9. Enterobacteriaceae log10 counts at medium and high inoculation levels for frozen meals by Petrifilm EB Count Plate, 
VRBG agar, and MPN methodsa

Lab

Medium High

PEB VRBG MPN PEB VRBG MPN

Ab Bb A B A B A B A B A B

 1 3.959 3.881 3.875 3.851 3.633 4.380 4.806 4.820 3.839 3.681 >5.041 4.663

 2 3.398 3.580 3.076 3.220 2.380 1.362 4.447 4.544 3.869 3.813 1.362 3.591

 3 3.580 3.519 2.903 3.176 3.968 3.633 4.491 4.699 3.799 4.152 4.380 4.663

 4 3.699 3.591 3.146 3.398 3.875 3.633 4.519 4.431 4.021 4.170 4.380 3.380

 5 3.398 3.556 3.531 3.380 3.380 3.380 4.362 4.580 4.415 4.362 4.176 4.380

 6 3.362 3.322 3.079 3.146 3.380 2.380 4.114 4.041 3.833 3.881 3.875 3.591

 7 3.477 3.447 3.204 3.447 3.968 3.633 4.362 5.332 4.114 4.544 4.380 >5.041 

 8 3.568 3.556 3.301 3.672 3.633 3.380 4.477 4.531 3.903 4.342 3.968 3.968

 9 3.591 3.462 3.079 2.778 2.968 2.633 4.114 4.176 3.041 3.708 3.380 3.176

10 3.431 3.447 3.176 3.146 3.380 3.380 4.431 4.544 3.531 3.568 4.663 4.663

11 3.623 3.431 3.230 3.204 3.663 3.380 4.568 4.580 3.813 4.000 5.041 5.041

12 3.568 3.519 3.613 3.477 3.041 3.633 4.568 4.544 4.491 4.519 4.663 4.663

a Log10 Enterobacteriaceae count/g. PEB = Petrifilm Enterobacteriaceae Count Plate. VRBG = Violet red bile agar fortified with glucose. MPN = 
Most probable number.

b A and B = Duplicate test portions.

Table 10. Enterobacteriaceae log10 counts at control and low inoculation levels for frozen broccoli by Petrifilm EB Count
Plate, VRBG agar, and MPN methodsa

Lab

Control Low

PEB VRBG MPN PEB VRBG MPN

Ab Bb A B A B A B A B A B

 1  1.954 <1.000 2.431 1.477 1.633 1.362 2.380 1.845 2.881 2.415 2.633 1.968

 2 <1.000 1.301 <1.000 <1.000 0.602 0.954 1.477 1.000 1.000 <1.000 0.954 0.954

 3 <1.000 <1.000 1.602 <1.000 2.602 1.633 <1.000 1.699 1.477 1.000 1.633 2.176

 4 <1.000 <1.000 <1.000 <1.000 0.602 1.633 1.903 1.845 1.301 <1.000 <0.477 1.633

 5  1.301 1.000 1.000 1.301 1.362 0.954 1.000 1.699 1.000 1.301 1.633 1.845

 6  1.699 <1.000 1.903 1.301 1.362 1.362 <1.000 1.477 1.845 1.602 1.362 1.362

 7 <1.000 3.944 <1.000 3.000 0.602 >5.041 1.778 1.301 1.477 1.000 1.362 1.633

 8 <1.000 1.301 <1.000 <1.000 1.633 1.633 1.602 1.000 <1.000 <1.000 1.968 1.633

 9  1.477 2.000 1.778 1.477 1.362 1.633 1.954 2.431 1.602 2.255 1.362 1.968

10 <1.000 <1.000 <1.000 <1.000 0.602 0.602 1.301 1.602 1.301 <1.000 0.954 0.954

11  1.301 1.000 1.000 1.000 1.968 1.633 1.000 1.000 1.301 <1.000 1.845 0.602

12 <1.000 <1.000 <1.000 <1.000 1.362 1.176 1.778 2.114 <1.000 1.000 1.968 1.845

a Log10 Enterobacteriaceae count/g. PEB = Petrifilm Enterobacteriaceae Count Plate. VRBG = Violet red bile agar fortified with glucose. MPN = 
Most probable number.

b A and B = Duplicate test portions.
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Table 11. Enterobacteriaceae log10 counts at medium and high inoculation levels for frozen broccoli by Petrifilm EB Count
Plate, VRBG agar, and MPN methodsa

Lab

Medium High

PEB VRBG MPN PEB VRBG MPN

Ab Bb A B A B A B A B A B

 1 3.663 3.568 3.362 3.041 2.633 3.380 4.643 4.204 4.255 3.699 4.663 3.380

 2 2.531 2.740 1.602 1.301 1.362 0.602 3.301 3.505 2.176 2.633 1.633 1.968

 3 2.431 2.580 1.301 1.301 2.380 2.633 LA 3.568 LA 2.544 LA 2.875

 4 2.881 3.009 2.041 1.845 1.845 2.968 3.519 3.342 2.699 2.748 3.176 2.633

 5 2.415 2.633 2.342 2.079 1.968 2.380 3.342 3.643 2.477 3.681 3.633 2.968

 6 2.580 2.602 2.771 2.690 1.362 1.362 3.740 3.230 3.000 3.041 1.362 2.380

 7 2.820 2.380 2.633 2.204 2.380 3.380 3.447 2.602 3.875 2.000 >5.041 2.633

 8 2.477 2.301 1.602 1.000 2.968 2.380 2.643 2.380 <1.000 1.301 3.380 2.633

 9 2.491 2.724 1.602 2.000 1.968 1.362 3.491 3.898 3.176 3.380 2.968 2.380

10 2.114 2.114 1.477 2.000 0.954 0.954 3.204 3.279 2.556 2.041 1.362 0.954

11 2.342 2.342 2.580 1.845 5.602 2.380 3.029 2.732 2.839 2.362 2.633 2.633

12 2.914 3.093 1.778 1.903 2.380 2.633 3.903 4.362 2.898 3.061 3.633 3.633

a Log10 Enterobacteriaceae count/g. PEB = Petrifilm Enterobacteriaceae Count Plate. VRBG = Violet red bile agar fortified with glucose. MPN = 
Most probable number. LA = Laboratory accident.

b A and B = Duplicate test portions.

Table 12. Enterobacteriaceae log10 counts at control and low inoculation levels for nut pieces by Petrifilm EB Count Plate,
VRBG agar, and MPN methodsa

Lab

Control Low

PEB VRBG MPN PEB VRBG MPN

Ab Bb A B A B A B A B A B

 1 2.778 3.301 4.079 3.301 2.633 2.633 3.230 3.681 3.204 3.591 3.633 3.968

 2 — — — — — — — — — — — —

 3 2.681 2.279 2.431 2.204 2.380 2.633 3.204 3.415 2.845 3.826 3.380 4.663

 4 1.602 1.845 2.447 2.934 2.845 >5.041 2.322 3.415 3.204 4.049 2.591 >5.041 

 5 2.898 2.881 3.158 3.000 2.633 2.633 3.415 3.556 3.279 3.613 3.176 2.968

 6 2.813 2.756 2.771 2.903 3.380 2.380 5.152 4.505 5.310 4.964 4.380 4.380

 7 3.301 3.204 3.204 3.230 2.968 2.380 4.415 3.602 4.230 3.602 4.380 3.380

 8 — — — — — — — — — — — —

 9 3.079 3.531 3.114 2.857 2.968 2.633 3.799 2.778 3.833 3.176 3.380 3.380

10 2.519 2.301 2.716 2.672 2.380 2.380 3.491 4.143 3.362 4.170 2.633 3.380

11 2.699 2.716 2.623 2.362 2.380 2.380 2.973 3.045 2.991 3.033 3.633 2.380

12 2.826 2.724 3.079 2.699 2.633 3.380 2.949 2.851 3.104 2.934 3.380 2.968

a Log10 Enterobacteriaceae count/g. PEB = Petrifilm Enterobacteriaceae Count Plate. VRBG = Violet red bile agar fortified with glucose. MPN = 
Most probable number. — = Test portions did not arrive in time; laboratory did not participate.

b A and B = Duplicate test portions.



The mean log10 counts by the VRBG method were not sig -
nif i cantly dif fer ent from those by the Petrifilm plate pro ce dure 
for all lev els of in oc u la tion. The mean log10 counts by the
MPN pro ce dure were sig nif i cantly dif fer ent from those of the
Petrifilm plate method for all lev els of in oc u la tion with p-val -
ues of 0.04, 0.03, and 0.02, re spec tively.

The re peat abil ity vari ance of the Petrifilm plate method
was sig nif i cantly better (p < 0.01) than for the VRBG method
at the high in oc u la tion level and was not sig nif i cantly dif fer ent 
from the VRBG method for the me dium in oc u la tion level.
The re peat abil ity vari ance of the VRBG method was sig nif i -
cantly better (p < 0.01) than for the Petrifilm plate method for
the low level of in oc u la tion. The re peat abil ity vari ance of the
Petrifilm plate method was sig nif i cantly better (p < 0.05) than
for the MPN pro ce dure for the low level of in oc u la tion. For
the me dium and high lev els of in oc u la tion, the re peat abil ity
vari ance of the Petrifilm plate method was sig nif i cantly better
(p < 0.01) than for the MPN method.

Milk

At the low level of in oc u la tion, the Petrifilm plate log10

counts from Lab o ra tory 10 were con sid ered to be out li ers, i.e.,
they did not fit well with the rest of the data and were re moved
from the cal cu la tions of mean log10 counts, re peat abil ity stan -
dard de vi a tions, and reproducibility stan dard de vi a tions. Both
the Petrifilm plate log10 counts and the VRBG method log10

counts at the high level of in oc u la tion from Lab o ra tory 9 were
out li ers and were re moved be fore the mean log10 counts and the 
re peat abil ity and reproducibility vari ances were cal cu lated.

The mean log10 count of the Petrifilm plate method was not 
sig nif i cantly dif fer ent from that of the VRBG method at the
me dium level of in oc u la tion. The mean log10 counts of the
Petrifilm plate method were sig nif i cantly dif fer ent from those
of the VRBG method and MPN pro ce dure for all other lev els
of in oc u la tion. The Petrifilm plate mean log10 counts were
higher than those of the other meth ods.

The re peat abil ity vari ance of the Petrifilm plate method
was sig nif i cantly better (p < 0.01) than for the VRBG method
for the low and me dium lev els of in oc u la tion and was sig nif i -
cantly better (p < 0.05) for the high level of in oc u la tion. For
the low level of in oc u la tion, the Petrifilm plate method’s re -
peat abil ity vari ance was sig nif i cantly better (p < 0.05) than for 
the MPN method. For the me dium and high levels of in oc u la -
tion, the re peat abil ity vari ance of the Petrifilm plate method
was sig nif i cantly better (p < 0.01) than for the MPN method.

Flour

A sta tis ti cal dif fer ence be tween the mean log10 counts from 
the Petrifilm plate pro ce dure and those of VRBG method at
the low level of in oc u la tion did not ex ist. There was no sta tis -
ti cal dif fer ence be tween the mean log10 counts from the
Petrifilm plate pro ce dure and those of the MPN method at the
high level of in oc u la tion. For the low and me dium lev els of in -
oc u la tion, the Petrifilm plate log10 counts were higher, on av -
er age, than those of the MPN method. For the me dium and
high lev els of in oc u la tion, the VRBG log10 counts were
higher, on av er age, than those of the Petrifilm plate method.
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Table 13. Enterobacteriaceae log10 counts at medium and high inoculation levels for nut pieces by Petrifilm EB Count Plate,
VRBG agar, and MPN methodsa

Lab

Medium High

PEB VRBG MPN PEB VRBG MPN

Ab Bb A B A B A B A B A B

 1 4.863 5.255 4.839 5.190 >5.041 >5.041 TNTC 4.204 TNTC 4.114 >5.041 >5.041 

 2 — — — — — — — — — — — —

 3 LA 4.146 LA 4.033 LA 4.663 3.716 3.869 3.839 4.068 4.322 5.041

 4 2.929 TNTC 2.875 TNTC 2.968 >5.041 4.415 3.778 4.699 3.301 >5.041 >5.041 

 5 3.940 3.342 3.991 3.322 4.380 3.176 4.959 4.301 5.164 4.079 4.380 3.968

 6 3.602 4.785 3.903 4.886 3.380 3.380 4.914 4.690 4.978 4.851 4.380 4.380

 7 4.591 4.869 5.068 4.839 >5.041 5.041 5.149 TNTC 4.813 TNTC >5.041 >5.041 

 8 — — — — — — — — — — — —

 9 3.903 4.833 3.845 4.949 3.968 >5.041 3.613 3.785 3.643 3.447 3.176 0.602

10 TNTC 3.982 TNTC 3.756 3.968 2.968 3.869 TNTC 3.732 TNTC 3.380 4.380

11 3.748 3.908 3.763 3.826 3.968 2.968 3.908 3.792 3.892 3.699 3.968 3.633

12 3.785 3.041 3.778 3.255 4.663 3.968 4.477 4.000 4.230 3.903 4.663 3.380

a Log10 Enterobacteriaceae count/g. PEB = Petrifilm Enterobacteriaceae Count Plate. VRBG = Violet red bile agar fortified with glucose. MPN = 
Most probable number. TNTC = Too numerous to count. — = Laboratory did not participate. LA = Laboratory accident.

b A and B = Duplicate test portions.



The re peat abil ity vari ance of the Petrifilm method was sig -
nif i cantly better (p < 0.05) than for the MPN pro ce dure for the
uninoculated and high lev els of in oc u la tion.

Prepared Meals

Out liers were found in the MPN method at the low level of
in oc u la tion for Lab o ra tories 1 and 7, in the Petrifilm plate
method at the me dium level of in oc u la tion for Lab o ra tory 1, in
the Petrifilm plate method at the high level of in oc u la tion for
Lab o ra tory 7, and in the MPN method for Lab o ra tories 2 and 4.
These val ues were re moved be fore the mean log10 counts and
the re peat abil ity and reproducibility vari ances were cal cu lated.

The mean log10 counts by the Petrifilm plate pro ce dure were 
not sig nif i cantly dif fer ent from those of the VRBG method at
the low level of in oc u la tion. The log10 counts of the Petrifilm
plate pro ce dure were higher than those of the VRBG method,
on av er age, at the me dium and high lev els of in oc u la tion. The
mean log10 counts by the Petrifilm plate pro ce dure were not sig -
nif i cantly dif fer ent from those of the MPN method at the me -
dium and high lev els of in oc u la tion. The log10 counts of the
Petrifilm plate method were higher, on av er age, than those of
the MPN method at the low level of in oc u la tion.

The re peat abil ity vari ance of the Petrifilm plate method
was sig nif i cantly better (p < 0.05 and p < 0.01, re spec tively)
than that of the VRBG method for the me dium and high levels
of in oc u la tion. The re peat abil ity vari ance of the Petrifilm plate 
method was sig nif i cantly better (p < 0.01) than that of the
MPN method for all lev els of in oc u la tion.

Frozen Broccoli

The log10 counts at the low level of in oc u la tion from the
VRBG method from Laboratory 1 were iden ti fied by the
Cochran and/or Grubbs test(s) as out li ers and were elim i nated
from the anal y sis.

On av er age, the log10 counts by the Petrifilm plate pro ce -
dure were higher than those of the VRBG and MPN meth ods
at all lev els of in oc u la tion ex cept the low level where there
was no sta tis ti cal dif fer ence.

The re peat abil ity vari ance of the Petrifilm plate method
was sig nif i cantly better (p < 0.05) than that of the VRBG
method for the me dium and high lev els of in oc u la tion and was 
sig nif i cantly better (p < 0.01) than that of the MPN method for 
the me dium level of in oc u la tion.

Nuts

The log10 counts at the low level of in oc u la tion from the
VRBG method from Laboratory 5 were iden ti fied by the
Cochran and/or Grubbs test(s) as out li ers and were elim i nated
from the anal y sis.

A sta tis ti cal dif fer ence be tween the mean log10 counts of
the Petrifilm plate method and those of the VRBG and MPN
pro ce dures did not ex ist.

The re peat abil ity vari ance of the Petrifilm plate method
was sig nif i cantly better (p < 0.05) than that of the MPN pro ce -
dure for the low level of in oc u la tion. It was sig nif i cantly better 

(p < 0.01) than that of the MPN pro ce dure for the high level of
test por tions.

Recommendations

The mean log10 counts and the re peat abil -
ity/reproducibility pre ci sion es ti mates of the Petrifilm EB
Count plate method were sim i lar to those for the VRBG
method and better than those of the MPN method. There fore,
it is rec om mended that the Petrifilm EB Count plate method
be adopted First Ac tion for the enu mer a tion of
Enterobacteriaceae in ched dar cheese, pas teur ized liq uid
milk, flour, frozen pre pared meals, frozen broc coli, and nut
pieces.
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