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1» INTRODUCTION
1)In tho past year three in s titu tes  were charged with 

an in vestiga tion  about the growth o f Salmonellae and 
E .c o li  in raw minced meat ( 4 ) »  This in vestiga tion  was 
carried out in connection w ith former experiments (2 
As our in tention  was to carry out th is  in vestiga tion  
independently in each laboratory, at the same time, i t  
was necessary that tho methods used were s u ff ic ie n t ly  
exact and the resu lts  roproducable.
For th is  reason we examined the b a c te r io lo g ica l coun
tin g  methods to be employed to determine th e ir  accuracy 
and the p o s s ib il ity  o f obtain ing the same resu lts  in the 
three labora tories»
During these experiments we found that, although we used 
the same methods, the resu lts  o f the three labora tories  
d if fe re d  f a i r l y  w idely , when we counted the number o f bac
te r ia  in commercial raw minced meat. To find  out what were 
the reason(s) fo r  the va ria tion s in the resu lts , wo car
ried  cut th is  in vestiga tion .

At f i r s t  we counted the number o f bacteria o f pure cultu
res in liq u id  media and o f mixtures o f pure cultures in 
liq u id  media.

1 )y Central In s titu te  fo r  N u trition  and Food Research, Meat 
Department (Contraed. In stitu u t voor Voedingsonderzoek 
T.N.O ., afd. Vleosproducton), Z e is t,

National In s titu te  o f Public Health, (R ijk s in s titu u t 
voor do Volksgezondheid),
U trecht, the Netherlands,

Research Station fo r  the Butcher's Trade, (S tich tin g  Proef
station  voor het S la g e rs b ed r ijf),
U trecht, the Netherlands.



A fte r  that v/e used a more complicated systems minced meat, 
prepared under sep tic conditions, mixed w ith one, two or 
three species o f bacteria .
F in a lly  v/e counted the number o f bacteria  in the most com
p lica ted  systems commercial raw minced meat, mixed w ith two 
species o f  bacteria .

For the counting we used the p late count and the surface 
drop methods. In th is way i t  was possib le to compare these 
two methods. A fte r  each count we calcu lated the mean value 
and the standard dev ia tion .
We conluded that we had a very good agreement when the stan
dard deviations lay  between 0.00 and 0.10, the agreement was 
good with standard deviation  between 0.11 and 0.20, moderate 
between 0,21 and 0 . 3 0  and in s u ffic ien t when the standard de
v ia tion  was 0.31 and higher.

2. EXPERIMENTAL

2.1 The preparation o f minced meat under aseptic conditions

From a piece o f meat o f about 2 kg, the outside (about 
1 cm) was removed w ith a s t e r i le  (flam ed) kn ife .
The inner side was out into smaller pieces on a s t e r i le  
tray and minced a s ep tic a lly  w ith a s t e r i le  meat mincer,

2.2 Preparation o f the samples

Before the examination, the samples were mixed. The liqu id  
samples were mixed by shaking, the minced meat samples were 
a s ep tica lly  mixed w ith a s te r i le  fo rk  on a s t e r i le  tray.

2.5 g Minced meat was a sep tica lly  scoured with 2.5 g ste
r i l e  sand and 25 ml peptone saline solution in an s t e r i le  
mortar. The content o f the mortar was poured into a s te r i
le  tube. A fte r  s e t t l in g  fo r  15 minutes, the liqu id  la yer could 
be used fo r  fu rther d ilu tion s .

2.3 Preparation  o f the d ilu tion s

Suitable d ilu tion s  (1 s10) were made in the fo llow in g  way.
One ml was pipetted into a tube, f i t t e d  w ith 9 ml peptone 
saline solu tion . The content o f the tube was mixed by v i 
gorously r o l l in g  the tube between the hands.
Before 1 ml was taken fo r  the next d ilu tion  tho liq u id  was 
sucked up and down three times with a s t e r i le  1 m l-p ipette .

2.4 Methods fo r  counting bacteria

2.4.1 P la te count method (Koch)

One ml o f  the d ilu tion  was poured into a P e tr i dish and 
mixed w ith 1 5  -  20 ml o f tho molten medium (about 5 0°C ).



2.5*3 VRM-agar (v io le t  red. t i l e  mannitol agar),
according to Mossel ( 5 )

41»5 g Difco-Bacto V io le t  Red B ile  Agar and 
10 g d-mannitol

were d issolved in 1000 ml o f d is t i l le d  water and 
heated to 100°C, The agar was used immediately.

2 . 5.4 Endo_agar (4 -agar)

40 g lactose and 
10 g sodium sulphite

were d issolved in 52 ml o f d is t i l le d  water at 100 0 
fo r  45 minutes. A fte r  coo lin g  20 ml o f a 10$ alcoho
l i c  solution o f fuchsin was added.
Ten ml o f th is  solution was added to 400 ml o f te e f  
troth  agar (2 $ )  at 50°C. The agar was kept at th is  
temperature t i l l  the agar was poured into the dishes. 
Instead o f agar o f th is  composition D ifco—Bacto Endo 
Agar was also used.

2.5.5 ^ Z ag a£ ( B r i l l ia n t  green phenol red agar),
according to Christensen — Kauffmann*

32 ml o f a phenol red solu tion ,
1 ml o f  a B r il l ia n t  green solution and 

32 ml o f a saccharose lactose solution 
were mixed with 800 ml o f molten te e f  tro th  agar1 
(50°C ). The agar was d ir e c t ly  poured into the Pe
t r i  dishes.

The solutions were prepared as follows?

Phenol red solutions
1 g Phenol red was d issolved  in 460 ml o f d is 
t i l l e d  water and 40 ml o f 0.1 mol.NaOH.
The solution was kept fo r  2 - 3  days at 37 C, 
shaking occasiona lly .
A fte r  f i l t r a t io n  the solution was s te r i lis e d  
fo r  20 minutes at 125°C.

B r il l ia n t  green solutions

5 g B r il l ia n t  green (according to Griibler) 
was d issolved in 1000 ml o f d is t i l le d  water, 
kept fo r  some days at room temperature, sha
king occasiona lly .

Saccharose lactose solutions

8 g Saccharose and 8 g lactose were d issolved  
in 32 ml o f d is t i l le d  water and s te r ilis e d  fo r  
45 minutes at 100 C.

Beef tro th  agars

0 .y/o Saline and 0.2$  3\Ta„HP0.2aĉ  were added to te e f 
tro th . The pH was adjusted with FaOH at 7»4«
2$  Agar was added and the te e f  broth agar was ste
r i l is e d  fo r  20 minutes at 120°C.



2.6 CALCULATIONS

We calculated the logarithm o f each ind ividual count 
o f the number o f bacteria  o f one species in a sample. 
A ll fu rther ca lcu lations were carried out w ith these 
logarithms.
Then we calcu lated the mean value o f the correspon
ding observations.
To determine the va ria tion  o f the observations, we 
calcu lated the standard dev iation , when there were 
three or more corresponding obervations, according 
to : ,_________________

r j ~  = standard deviation

x. = logarithm o f the individual counts

-  = mean value x
N = number o f observations

3. RESULTS

3* 1 The counting o f bacteria  in liqu id  media

This part o f our in vestiga tion  consisted o f f iv e  ex
periments. The f i r s t  two experiments were the coun
tin g  o f pure cultures o f S .typhi murium and E .c o li.
In the th ird and fourth experiment wo counted the num
ber o f S .typh i murium and E .c o l i , in mixtures o f these 
bacteria . At the la s t  experiment o f th is  part a third 
species o f bacteria  was introduced, namely, Enxerococci. 
We counted independently the three species in mixtures.

A l l  pure cu ltures and mixtures in beef broth wore made 
by one o f the in s titu tes  and carried to the other in
s titu tes  in ch illed  containers (distance between the 
in s titu tes  about 3 km). The examination o f the samples 
in the three in s titu tes  started at the same time.
In a l l  experiments the surface drop method was used; 
in the experiments 2 and 3? two o f the three in s titu tes  
also used the p late count method. The resu lts  o f these 
experiments are given in the tables 1 - 5 °

The f iv e  experiments included 44 counts w ith three or 
more observations (in d iv idu a l counts). The fo llow in g  
resu lts  were obtained with these counts?
-  in 18 cases there was a very good agreement,
-  in 10 cases there was a good agreement,
-  in 9 cases there was a moderate agreement and
-  in 7 cases was there in s u ffic ie n t  agreement.

x



-  6 -

The counting o f puro cultures and mixtures o f “bacteria 
in liq u id  media presented no d i f f ic u lt ie s .

I t  appears fu rther that;

-  there were only small d iffe ren ces  “between the counts 
o f the three in s titu tes  (mean d iffe ren ce  0 . 1 0 ) j

-  there was only a small d iffe ren ce  between the re
su lts w ith the two counting methods (mean d iffe ren ce
0.03)5

-  there were only small d iffe ren ces  between the counts 
on the four d if fe r e n t  media (moan d iffe ren ce  0 . 1 0 ) .

As the use o f VKSI-agar had no advantage over the use 
o f  Undo agar, only the la t te r  was employed thencefor
ward. With the surface drop method i t  was eas ier to 
see the d iffe ren ce  between the d if fe r e n t  kinds o f co
lon ies  5 so we used only th is method from then on.

3.2 Tho counting o f bacteria  in minced meat, prepared under 
aseptic cond itions.

Before we counted tho number o f bacteria in commercial 
raw minced meat wo used minced meat prepared under asep
t ic  conditions in one o f the in s titu tes . In th is  way we 
lim ited  the in fluence o f the many bacteria  normally pre
sent in commercial minced meat. The second part o f our 
in vestiga tion  consisted o f three experiments.

In the f i r s t  experiment the minced meat was mixed with 
pure cultures o f S .typhi murium, in the second expert— 
ment S .o c li  was also added and in the third experiment 
a th ird species o f bacteria was introducedsStaph.albus. 
A l l  these species o f bacteria  were counted independent
ly  at the same time. The resu lts  o f these experiments 
are given in the tables 6- 8 .
Those throe experiments included 29 counts w ith three 
or more observations (in d iv idu a l counts). With these 
counts we obtained the fo llow in g  resultss

-  in 8 cases there was a very good agreement,
-  in 1 6  cases there was a good agreement,
-  in 2 cases there as a moderate agreement and
-  in 3 cases there was in s u ffic ie n t  agreement.

Tho counting o f mixtures o f pure cultures o f bacteria  
w ith minced meat, prepared under aseptic conditions, 
gave no d i f f ic u l t i e s .

3.3 The counting o f bacteria  in commercial  raw minced moat.

The third part o f our in vestiga tion  was the most com
p lica ted . The bacteria  present in commercial min
ced meat (bought in a normal butcher’ s shop in U trecht) 
were introduced.



3.3.1 Coun ting_without_precuations_

In the f i r s t  and second experiment o f th is  part 
we had taken no specia l precautions. In the f i r s t  
experiment the minced meat was mixed w ith a pure 
culture o f S, typhi murium or E .c o l i  ̂ in the second 
experiment the minced meat was mixed w ith mixtures 
o f these two species o f bacteria . The resu lts  o f 
these experiments are given in the tables 9 and 10,
The two experiments included 23 counts w ith three 
or more observations (in d iv idu a l counts). With the
se counts we obtained the fo llow in g  results?

-  in only 2 cases there was a very good agreement,
-  in 13 cases there was a good agreement,
-  in 2 cases there was a moderate agreement and
-  in 6 cases (26$) there was in s u ffic ien t agree

ment.

I t  appears that counting the number o f bacteria in 
commercial minced, meat is  surrounded by mere, d i f f i 
cu lt ie s  than counting the number o f bacteria  in l i 
quid media and in minced moat prepared under aseptic 
conditions.

3.3 ,2 Counting in one room_with the same_media_

I t  seems that i t  was the way the co-workers o f the 
three in s titu tes  carried out the work that caused 
these in fe r io r  resu lts .
We decided therefore to carry out the next experi
ments in one laboratory-room. In th is way i t  was 
possib le fo r  the co-workers o f the three in s titu tes  
to make an acurate comparising th e ir  respective ways 
o f going about the work, Also the same media fo r  the 
countings were used.
The re su lt o f th is experiment is  given in table 11.
I t  appears that now there was a very good agreement. 
In th is experiment we again used the two counting 
methods. We obtained a very good agreement between the 
surface drop method and the p late count method.

The fo llow in g  experiments were a l l  carried out in the 
same room. In addition we decided that the countings 
should be done twice . The resu lts  are given in the 
tables 12 and 13s

-  in 5 cases there was a very good agreement,
-  in 13 cases there was a good agreement,
-  in no cases was there a moderate agreement and
-  in only 2 cases was there in s u ffic ien t agreement.

The counting o f the number o f bacteria  in commercial 
raw minced meat was possib le , provided that counting 
methods were the same in a l l  d e ta ils  and the same me
d ia  were used.
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In our fu rther in vestiga tions we counted the number 
o f bacteria  in our lab ora tor ies , but we always used 
the same media and a completely inden tica l counting 
method. The agreement was usually good or very good.

4. DISCUSSION

I t  appears, from our in ves tiga tion , that the coun
tin g  o f  the number o f bacteria  in one sample by d i f 
fe ren t in s titu tes  did not always give the same re
su lts .

So long as on ly samples, w ith a few known species o f 
bacteria , were examined, there were not many d i f f i 
cu lt ie s . With the counting o f the number o f bacteria  
in pure cultures and mixtures o f pure cultures in l i 
quid media and in a sep tica lly  prepared minced meat, 
mixed with one, two or throe species o f bacteria, we 
always obtained a good agreement between the in d iv i
dual counts.
Bat i f ,  as in commercial raw minced moat, a great num
ber o f unknown bacteria  was introduced, the counting 
o f tho number o f Salmonellae and E .c o li by three labo
ra to r ie s  independently was not so easy. In the f i r s t  
two experiments w ith commercial minced meat we got 
in fe r io r  resu lts  compared with former experiments.
When wo carried out the next experiments in one room, 
i t  appeared that there were small d iffe ren ces  between 
the techniques o f the ccs-workers o f tho three in s t i
tutes.
There wore small d iffe ren ces  ins scouring tho samples, 
mixing the d ilu tion s , p lacing tho drops on tho surface 
o f tho P e tr i dishes and the preparation o f the media.

When we used exactly  the same methods, as described in 
chapter 2, we obtained better resu lts .

Prom our in vestiga tion  we drew the fo llow in g  ccnclusi— 
onss

When a b a c te r io lo g ica l in vestiga tion  is  carried out by 
two or more in s t itu tes , or when an in vestiga tion  o f an 
in s titu te  is  repeated or completed by another in s t itu te , 
i t  is  necessary that both experiments, with specia l re
gard to the counting methods and the media, be carried  
out in the-same way in a l l  parts.
Only in th is  way they can obtain comparable resu lts .
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Summary

A comparative in vestiga tion  on the counting o f Salmo
n e llae and B .c o li in tho same samples was carried out 
hy throe in s titu tes .
Good agreement was obtained with tho counting o f  bac
te r ia  in liq u id  samples (pure cu ltu res) and in minced 
meat, prepared under aseptic conditions and mixed with 
pure cultures o f bacteria .
Counting the number o f bacteria  in commercial minced 
meat gave good resu lts  only whon a l l  d e ta ils  o f the 
counting method were carried  out in the same way, and 
whon tho media used were prepared exactly  in the same 
way. Complete s im ila r ity  in the methods was obtained 
by working in one laboratory room.

Résumé

Une recherche comparative cencornant le  dénombrement 
do Salmonellae et B .col i  dan3 le s  mêmes échantillons 
fu t  ré a lis é e  par tro is  in s titu ts .
Une bonne analogie é ta it  obtenue avec le  dénombrement 
des bactéries dans le s  échantillons liqu ides  (b o illon s  
de cu ltu re) e t dans viandes hachées, préparées dans des 
circonstances aseptiques et mêlées avec bouillons de cul
ture.
Le dénombrement des bactéries dans viandes hachées com
m erciales donnent seulement des bons résu lta ts , s i tous 
le s  d é ta ils  do la  méthode pour le  dénombrement é ta ien t 
f a i t  de la  même manière e t le s  media préparé à la  même 
manière, éta ien t u t i l is é .  Une analogie complète fu t  ob
tenu seulement, après t r a v a i l le r  dans une sa lle  de labo
ra to ire .

In d re i verschiedenen Institu ten  wurden vergleichende 
Keimzählungen mit Salmonol la e  und E .c o li ausgeführt.
Eine gute Übereinstimmung wurde bei Keimzählungen von 
Reinkulturen in flü ss igen  Medien a rz io h lt  und in Hack
fle isch -P roben , d ie  unter aseptischen Umständen bere i
te t ,  mit Reinkulturen gemischt wurden.
Keimzählungen in normalem Verkauf-Hackfleisch führten 
nur dann zu vergleichbaren Resultaten wenn d ie Technik 
der Zählmethoden mit grösster Genauigkeit auf einander 
abgestimmt und d ie  verwendeten Nährboden in ganz g le ich er 
Weise h e rg e s te llt  wurden# Eine gute Übereinstimmung wur
de auszerdem e r z ie h lt  wenn d ie Untersuchenden in einem 
Raume a rbe ite tten .



Table 1. Counting o f  the number o f bacteria , in 3 samples o f 
pure cu ltures o f S .typhi murium and E .c o l i , by ' the 
surface drop method on d if fe r e n t  media by three in
s titu te s  (A, B and C).

sample organism medium lo g  counts/ml, oounted by mean value
—

A B c ( l o g ) -----

1
p rs =3 ra rsjssarsrs =s s  — — =s =

S.typhi murium E—a. - 7.75 7.62

BP-a. 7.40 7.70 7.51 7.54 + 0.20

TGY-a. 7.23 7.78 7.57

VKEM-a. - — 7.28

2 S.typh i murium E—a. 8.78 8,66 8.99

BP-a. 9.04 - 8.92 8.91 + 0,14

TGY-a. 8.95 8,8 6 8.96

VREM-a. — 9.02

3 E .c o li E—a. 8.85 7.72 7,40

TGY-a. 8.85 7,82 7.18 7.86 + 0.71

VRM-a. 7.23
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Table 2. Counting o f the number o f bacteria , in 4 samples o f 
pure cultures o f S .typhi murium and E .c o l i , by the 
surface drop method and the p late count method on d i f 
fe ren t media by three in s titu tes  (JL, B and C ).

Sa®plo organism method medium lo g  coun ts/ml, counted by mean valuo
A B c ( lo g )

— C2r-i=tr3 = ss=s =“3 r= rs = = n ra ra catz a a rs rs rs rz zs rscs Ti £
21 S.typhi murium Surface E—a. 8.60 8 . 1 5

drop BP-a. 8.11 8.51 8.30 8.32 + 0,2H
TGY-a. 8,30 8.75 8.00

VRBI-a. 8.18

plate E-a. 1 — 8.11
count BP-a. - - 8.23 8.08 + 0,20

TGY-a. . 8.20 - 8.04
VREM-a* 8.20

! .■........
7.70

22 S.typhi murium Surface E-a. 8*73 8.90 8 . 8 5
drop BP-a* 1! 8*83 8.92 9 .O8 8 . 9 0  + 0 , 1 1

TGY-a. 8 . 7 8 8.92 9.00
VRBM-a. j — 9.00

— ----------—
plate 3—a. | — - 8.88
count BP-a. | - — 8.95 8 . 8 4  + 0,09

TGY-a. | 8,70 - 8 . 9 0
VRBM-a. 8.70 8 . 8 9

23 E. c o l i surface E-a. 8.70 8.66 8 . 0 4 '

drop TGY-a. !
8.78

I
8.36 8.08 8 . 4 5  + 0.38 

_______________

p late f— - 7.28
count TGY-a. 8 . 7 8 - 7.46 ! 7 . 8 0  + 0 . 7 9

VRBM-a. 8 . 7 8 6 . 7 0 I
.
J_______________

24 E .c o li Surface
—

E—a. 8 . 8 5 8 . 8 7 9 #00 I
drop TGY-a, 8.90 8.86 8 . 9 5 j 8 . 9 0  + 0.06

VRBM-a. j 8 . 9 5

p late E—a. — — 9 . 0 0 l1i _
count TGY-a. 8 . 8  5 - 8 . 9 6 1 8 . 9 2  + 0 . 0 7

¡VRBM-a.

1

8 . 8 5 8 . 9 5 j
i



Table 3 Counting o f  the number o f bacteria , in 3 samples o f
mixed cultures o f S .typh i murium and E .co li .  by the 
surface drop method and the p late count method on d i f 
fe ren t media by three in s titu tes  (A, B and C ).

sample method medium ! organisms lose counts/ml, counted by j mean value
|counted A B ._ [lo g l_ .

31 surface BP-a. i Salm. 8.57 8.45 ) 8.51 + 0.10
drop 2~ ’cl©|Salm. - 8.63 8.40 )

E—a* i E ,c o li - 6.95 7.04 7.00
VRSi-a, jSalm. + E .c o li - - 8.43
TGY-a. Salm. + E .c o li 8.65 8.52 8.53 + 0.11

plate BP-a« Salm. 8.08 — 8.66 8.33 + 0. 2.9
count E—a. Salm. 8.26 t-4

E-a. Salm. + E .c o li r-» — 8.38 )
VRBl-a. Salm. + E .c o li 8.08 - 8.14 8.25 + 0.18

TGY-a. Salm. + E .c o li 8.14 - 8.49 )
"""• ««a =5=3=3=3=253=3 == =353 =55353 =3=313 =3 53 ~3 =3 =3 =3 53 =3 53 = 53 = =3= =0=3=3 53=3=3 53=3=3 =1=3=3=3=3=3=353=3 =S*E3=3 =3 =3 =353=3 =33 =3=3 53 53=3=3=3 53=3 53 =55=

32 surface BP-a. Salm. - 7.04 6.95' 7.00 + 0.05
drop E-a. Salm. - 7.00

E .c o li - 8.72 8.54 8,63
VRM-a. Salm. + E .c o li - - 8 . 4 8  )

TGY-a. Salm. + E .c o li *-* 8.79 8.23 ) 8 . 5 0  + 0 . 2 8

plate BP-a. Salm. 8.97 - 8.-60 8 . 8 5  + 0 . 2 2
count E-a. Salm. 8 . 9 8 —

E-a. E .c o li 9.04 — — -
E—a. Salm. + E .c o li - - 8 . 3 8  )

VREM—a« Salm. + E .c o li 8 . 8 7 - 8 . 4 0  ) 8 . 6 3  + 0.29
TGY-a. Salm. + E .c o li 9.00 8 . 4 8  J

33 surface EP-a. Salm. 7.11 7.04 ] 7.08 + 0.08
drop E—a« Salm. - 7.14 7.04 )

E—a. E .c o li - 6.82 6.74 6 . 7 8
VRM-a. Salm. + E .c o li - — 7.28 ]

TGY-a. Salm. + E .c o li 7.34 7.23 ) 7.28 + 0.05

plate BP-a. Salm. 7.14 mm 7.-11 ) 7 * 00 4̂ 0 • 21
coumfc E—a. Salm. 6 . 7 6 — -  ) -

E-a. E. c o l i 7.04 - —
E—a. Salm. + E .c o li - 7 . 1 4  )

VRM-a. Salm. + E .c o li 6.20 - 6.81 6.94 + 0.43
TGY-a.

_______

Salm. + E .c o li 7.46

1
7.11 )



z ^

Table 4 » Counting o f the number o f bacteria? in 5 samples o f
mixed cu ltures o f S .typhi murium and E .o o l i , by the 
surface drop method on d if fe r e n t  media by three in s t i
tues ( A? B and C ).

sample!medium organismg | lo g  counts /ml, counted by mean value
I counted A --B- i  C (lo g )

41 BP-a. Salm. 7.23 7.43 7.41 ) 7.39 + 0 . 0 9
E-a. Salm. 7.36 7.34 7.48 )
3*“ a,» E .c o li 7.90 7.85 7.70 7.82 + 0.10

VRBl-a. Salm. + E .c o li - — 7.95
TGY-a. Salm. + E .c o li 8.00 8.08 8.00 8.01 _+ 0.06

42 BP-a. Salm. 6 . 7 2 7.14 7 . 3 0  ) 7.25 + 0.33
Ew-ar Salm. 7.48 7.48 7 . 7 0  )
B*a. E .c o li 7.62 7.79 7 . 7 8 7 . 7 3  + 0 . 1 0

VRBM-a. Salm. + E .c o li f-* "" 7 . 8 7
TGY-a. Salm. + E .c o li 7.90 7.85 7 . 8 8 7 . 8 8  + 0 . 0 2

43 BP-a. Salm. 8.36 8.62 8.60 ) 8 . 5 8  + 0 . 1 0
E^a. Salm. 8.60 8.60 8.60 ) ✓
E^a. E .c o li 7.20 7.63 7.48 7»44 ¿ 0 .2 2

VHBi-a. Salm. + E .c o li j - 8 . 6 1  ;
TGY-a. Salm. + E .c o li 8.54 8 . 7 O 8.66 ) 8 . 6 3  + 0 . 0 7

44 BP-a« Salm.

:

6.95 7.34 7*36 ) 7 . 5 0  + 0.46
E-a. Salm. 8.30 7.48 7.60 )
E—a. E .c o li 8.80 8.63 8.82 8,75 + 0 . 0 9

VREM-a. Salm. + E .c o li _ — 8.89 )
TGY-a. Salm. + E .c o li 8 . 6 4

!
-4

8.74 8.80 ) 8.77 + 0 . 1 0

45 BP-a. Salm. 8 . 0 4 8.18 8 , 4 0  ) 8 . 2 4  + 0.16
E-a. Salm. 8.12 8.20 8 . 4 8  5
S^a. E .c o li 9 . 0 4 8.86 8 . 7 8 8 . 8 9  + 0 . 1 3

VEBM-a. Salm. + E .c o li i - 8.86 )
TGY-a.

I
Salm. + E .c o li j

______________- 4

9.04
ItI

__________________

8.95 8.93 )
!

8.95 + O.O7



Table 5. Counting o f the number o f bacteria } in 2 samples 
o f mixed cultures o f S .typhi murium, E .c o li  and 
Enterococci, by the surface drop method on d i f 
fe ren t media by three in s titu tes  (As B and C).

sample medium organisms
counted

I loir counts /ml, counted by mean value
A B c (lo g )

51 BP-a.

arsrarararaxairsra----r=---------

Salm. 6.67 7.34 7 . 5 6  } 7.17 + 0 . 3 1
E—a. Salm. 7.23 7.23 7 . 0 0  )

Era. E .c o li 8.08 8.14 8.00 8 . 0 7  + 0 . 0?

VRM-a. Salm. + E .c o li - - 8.20 -

TGY-a. Total count 8.53 8.32 8.30 8.38 + 0.12

TGY-a. Enderococci — 7.74 7.78 7.76

52 BP-a. Salm. 8.18 8 . 2 6 8.08 ) 8.32 + 0.22
E-a. Salm. 8.40 8.30 8.70 )

B-a. Ee c o l i 9.18 8.74 8.90 8.94 + 0.22

VRM-a. Salm. + E .c o li - - 8.92 -

TGY-a. Total count 9.20 8.90 8.91 9 . 0 0  + 0.17

TGY-a. Enterococci

_______________ .__i

7.65

__________



Table 6. Counting o f the number o f bacteria, in 2 samples 
o f minced, meat, prepared under aseptic conditions 
and mixed w ith pure cultures o f S« typhi rnurium, 
using the surface drop method by three in s titu tes  
(A, B and C) .

sample meaium ; lo g  counts /ml, countod by
! J

mean value
A B

n ( io g)_.

61 EP-a. j 
E-a. | 

TGY-a. j

3.92 j
3.92 
3.80 ;

3-62
3.58
3.65

3.85
i 3.75
I 5.38 1)
•I

3 . 7 6  + 0 . 1 2

i

62
■

B P -a. 6.63 1 6.57 6 . 6 5 ! |
E-a. 6.66 ! 6 . 7 I j 6 . 6 3 6 . 6 5 + 0 . 0 5

TGY-ao ! 6.60 j 6.71 ! 6 , 7 1 !
i

----------------  — ------------- -------------------- ------------

1) This number is  leaved out ox account

Table 7. Counting o f the number o f bacteria , m 2 samples 
o f minced meat, prepared under aseptic conditions 
and mixed w ith pure cultures o f S .typhi murium and 
E .c o l i ,using the surface drop method by throe in
s titu te s  ( A, B and C ) •

sample medium
i

organisms
counted

i losr counts/ml, counted by mean value 
( lo g )A B

I
c

71 BP-a. 
E-a, 
E—a, 

TGY-a.

Salm.
Salm.
E. n o li
Salm, + S .c o li

6.49 
60 76 
5,08 
6,74

6,45
6.56
5.20
6.61

6.58 ) 
6.73 ) 
4,81 
6.77

6.60 v 0,12  j

I
5.03 J'* Co 10  ̂
6.71 + 0.09 j

3.71
6.68
6,51

3.56
6,5^
6.51

3.75
6.76 
6.84

3.67 + 0.10 
6,66 + 0,10 
6.69 + 0,17

—i

72 BP-a,
E-a.

TGY-a.

Salm,
B, c o l i
Salm, + E .c o li

|



Table 8 Counting by three in s titu tes  (A,B and C ), o f the number 
o f bacteria , in 6 samples o f minced meat, prepared un
der aseptic conditions and mixed with pure cultures o f 
S .typhi murium, E .c o li and Staph.albus, using the sur
face drop method.

sample ! medium organisms jj lo g  counts/ml, counted by
\
1 mean value j

_ counted jj A — = B .-LÏ2S..L.

81 BP-a. Salm.
f
¡i 4.11 3.82 4.04 ) 3 . 9 8 + 0.13.

E-aa Salm. ! 4 . 1 1 i 3.83 3.98 )
E-a. E .c o li 2 . 8 5 j 2 . 7 0 2 . 7 8 2 . 7 8 + 0.0/

TGY-a. Salm. + E .c o li - 3.99 4 . 0 4 4 . 0 2 1
TGY-a. St.albus 2.95 3.08 3.02 11
TGY-a. to ta l counts 4 . 1 7 - i

}------- ----- .

82 BP-a. Salm, 4 . 4 8 4.54 4.36 )
4 . 8 5  )

4 . 6 0 + 0 . 17,1
E-a. Salm« 4 . 7 2 4 , 6 5 !
Hi—a. E .c o li 1.60 - i

TGY-a. Salm. + E .c o li 4 . 9 5 4-64 4.67 4.75 + 0 c '7j
TGY-a. St.albus 6 . 0 8 5.78

_______________

5 «93 5-93 + 0» 19 
-------J

83 BP-a. Salm. 4*86 4 . 8 0 4 . 6 8  )
4.69 )

4.77 + 0,08*
Hr* cl 0 Salm. 4.79 4.81 f

E-a. E. c o l i 3.78 3 . 6 4 3.81 3.74 + 0 , 0 9
TGY-a. Salm, + E .c o li ; 5.00 5.00 4.65 4.68 + 0.2-:
TGY-a, St,albus

i
6.18 6 . 0 4 5.79 6.01 + 0 . 2 0

84 BP-a. Salm. 3.78 3.63 3.91 ) 3.78 _+ 0 . 1 1
E— a. Salm, 3.85 3.67 3.82 ) 1
E-a. E. c o l i 3.78 3.68 3.88 3.78 + 0.1C

TGY-a. Salm. + E .c o li 4.30 4 , 0 4 4.18 4.17 ±  0.13;
TGY-a-s- St. albus 3.14 2 . 7 8 2,86 2,93 + 0. ¡Qj

j
85 BP-a.

------------------------------------^

Salm. 4 . 9O 4.70 4.99 ) 4.83 + 0 . 1 4
’ Q, 0 Salm« 4.90 4.63 4.89 ) !

E-a. E .c o li 3 «28 2.30 2 . 8 4 2.81 ■y 0 .4 c
TGY-a. Salm. + E .c o li i 5,00 4 . 6 7 4 . 9 0  ; 4 « 86 + 0 .1n
TGY-a. St. albus 6.11 5.78 5 . 8 5 5.91 + 0 , 1 7 ;

86 BP-a.
--------------------- --------------1-

Salm» 2.95 2.60 2 . 9 5  )i

I 
£

I| 
<M

I — .I.j

+ 0 . 2 3 ;
E-a. Salm, 3.18 )

' E-a. E. c o l i 4.90 4.23 4.95 4 « 69 + o.zn
TGY-a. Salm. + E .c o li 4.85 4.26 4.88 i 4 » 66 + 0 .361
TGY-a.

i
St.albus

------------------- --------------- H

6 . 0 4 5.78 5 . 8 8 5.90 + 0 . 1 3



Table 9 Counting, by three in s titu tes  (A,B and C ), o f the num
ber o f bacteria , in 2 samples o f com
mercial minced meat and in 4 samples o f commercial min
ced meat, mixed with pure cultures o f S .typhi murium 
and E .c o l i , using the surface drop method.

sample 'medium ! organisms 
counted

4.

lo g  counts/ml, counted by mean value 
( lo g )

91

! A B

1 
0

.

E-a.
TGY-a.

E .c o li 
to ta l counts

F ------  “  “
<

I -
! 6.11
!

-
6.54

3.51
5.51

_

6 .O5 +  0 . 4 8

92 BP-a. Salm,

—

6.23 6 . 7 6 6.23 ) 6 . 5 7  +  0.31
E-a. Salm. i 6 . 9 2 6 . 8 5 6.45 ) "

E-a. E .c o li i — - 3.98 —

TGY-a. to ta l counts 6.97 6 . 8 5 6.43 . 6.75 +  0,2.8

93

--------------------

SP-a* Salm, j 6.79 6 . 7 6 6.60 ) 60 78 + 0 . 1 1
E-a. Salm. { 6 . 9O 6.85 6 , 7 8  )

E—a. E. c o l i j 6.11 5 . 8 8 5 . 8 5 5.95 +  C. 1 5
TGY-a. to ta l counts ! 7-°4 6.88 6.73 6.88 +  0.16

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

94 BP-a* Salm.
*

I 3.4S 3«34 3.54 3.45 +  0.40
E-a. Salm. +  E .c o li 4.45 - 4.20 4.33
E-a. E .c o li - 3.60 2.67 3.14

TGY-a. to ta l counts I 5 . 6 6 6 . 6 3 5«53 5.94 + 0.60

95 BP-a. Salm. 6.85 6 . 4 8 7.08 ) 6.89 + 0.25
E-a. Salm. 6.95 7.08 )
E—a. E .c o li 5 «34 4.18 4.92 4.81 + 0.47

L
TGY-a. to ta l counts j

7.00 6.93 6 . 9 6 6 , 9 6  + 0 . 0 4  j

-
BP-a, Salm. 4«85 4.65 4 . 8 6 4 . 7 9  + 0 , 1 1  j
E-a. E .c o li 7.00 6 . 7 6 6 . 8 9 6.88 +0 .1 1

TGY-a. to ta l counts j! 7«08 6 . 8 5 6.79 6 . 9 0  + 0 . 1 6  ; 
~  ;

j



Table 10 Counting by three in s titu tes  (A,B and C ), o f the
number o f bacteria , in 1 sample o f commercial min
ced meat and 2 samples o f commercial minced meat, 
mixed w ith pure cultures o f S .typhi murium and 
E.co l i ,  using the surface drop method.

sample medium j organisms lo g  counts/ml, counted by! mean value
counted Ail B C (lo g )

101 HP-a. Salm. 2 . 5 1 2.30 ) 2,44 + 0,12
2.56 - 2 , 4 0  )

E-a, ! Salm. + E .c o li 4.95 5.93 4 . 6 6  ) 5.23 + 0.39
5.00 5.96 4.85 )

TGY-a. to ta l counts j 5-85 6.20 5 086 ) 6.00 + 0.18
5.95 6.23 5.89 )

102 BP-a. Salm. 6.85 6.57 6 . 7 6  )

S“* 3/ o Salm.
6.78
6.60

6.54
6.74

6.82 ) 
6.81 ) 6 . 7 1  + 0 . 1 1

6 . 6O 6.62 6.78 )

E-a. S. c o l i 4 . 6 8
4.36

4.48
4 . 4 8

4.66 ) 
4.64 ) 4.55 + 0 . 1 5

TGY-a. to ta l counts 6.82
6.82

6.54
6.74

6 . 7 O ) 
6.77 ) 6 . 7 3  + 0 . 1 1

103 EP-a. Salm. 4 . 7 8 4.65 4 . 6 8  )

E-a, Salm.
5-38
4 . 8 5

4.48
4.80

4.76 j 4 . 8 6  + 0.31

5.40 -  )

ïï“~a© E .c o li 7.11
6 . 7 8

6.88
6,94

6 . 7 2  ) 
6.58 ) 6.83 + 0.18

TGY-a. to ta l counts 7.08
6 . 9 0

—

6 . 8 5
6.99

6 . 7 8  ) 
6 . 6 7  ) 6.88 + 0.14



Table 11 Using one rooms the co-workers (A,B and C) o f three 
in s titu tes  counted the number of bacteria  in 2 samples 
o f  commercial minced meat5 mixed with a pure culture 
o f E .c o li .  The surface drop and the p late count methods 
were used.’ The bacteria  were counted on endo agar.

sample j method 1 loe: counts/ml, epunted by mean value 
.._ (log )______

i  surface 
drop

1 “ A " B ____C_____ „

111 ; 7.08
7 . 1 1
7.11
7.11 
7.08
7.11

6.95 
7.00 
7.08
6.95 
7.04 
7.08

6 . 9 0
6 . 9 5  
7 . 0 8
6 . 9 5
6 . 9 5
6 . 9 5

7 . 0 3  + 0 .0 1

plate 7.04 6.95 6 . 9 0
count 7.04 7.00 6 . 9 5

7.11 7.04 7 . 0 4 7.01 + 0.06

7.11 6.95 1 .0 0
7.04 7.00 7 . 0 4
7.08 7.00 6 . 9 0

112 surface 7.00 6.85 6 . 7 0
drop 6.95 6.9 0 6 . 8 5

6.85 6.95 6.85 6 . 8 8  + 0 . 0 9
6.90 6.85 6 . 7 0
6.95 6 . 8 5 6 . 7 0
7.00 6.90 1 .0 0

p la te
[

6.78 6 . 7 8 6,85
count 6.95 6 . 8 5 6 . 9 0

6.70 6 . 8 5 1 . 0 0 6 . 8 7  + 0 . 0 8
6.85 6 . 8 5 6 . 9 0

| 6 . 7 8 6 . 8 5 6 . 9 5 j
7.00 6 . 8 5 7 . 0 0

i

___________ I ------------ —
i

----------------------- i



Table 12 Counting; by co-workers (A,B and C) o f three in
s t itu te s , in one room,of the number o f bacteria 
in 8 samples o f commercial minced meat, mixed with 
a pure culture o f E .c o l i , using the surface drop 
méthode The bacteria  were counted on endo agar#

jl ,
sample ij lo g  counts/ml, counted by j  mean value

A---------- B------ F  C ......~ 1  (109)

1 2 1 j 8.18 

| 8 . 0 0

8 . 0 0

8 , 0 0
8.14

8.32
8 . 1 1  +0 .13

1 2 2 8.57

8 . 5 8

8 . 3 6

8 . 3 0

8.32
! 8 . 4 4  i  0.13 

8 . 5 2  ;

123 9 . 0 4
9.08

9 . 1 8

9 . 2 6
8*95

9.04
9 .O8 + 11

124 8.68

8.67

8 . 7 0

9 . 1 4

8.66

8 . 7 6 8.77 + 0.18

125 8 . 5 8

8 . 6 5

8 . 4 8

8 . 4 8

8.66

8.53
8 . 5 6  + 0 . 0 8

126 6 . 3 2

6 . 4 0

6.11

6.11

6 . 0 4
6.08

6.18 _+ 0.14

127 7.20

7.32

7 . 0 8

7.08
____

7.00

6.95
7.11 + 0.13

—
1

128 7.65 | 7.60 7.56

7 . 6 8  ! 7 .60 7.46 7.59 + 0.08



4

Table 13 Counting, by co—workers (A,B and C), o f three 
in s titu tes , in one room, o f the number o f bac
te r ia  in 6 samples o f commercial minced meat, 
mixed with a pure culture o f jJj» c o l i , using the
surface drop method.

- sample medium jorganisms 
! counted

To a- counts /ml, coin ted by mean value l
‘"A B J L _ ( l o g )____

131 E—ao jE .c o li 2.48
2.75

4.11
4.20

3 . 1 4
3 . 3 8 '

3.34 + 0 . 7 0

TGY-a.
!

to ta l counts

I

5.00 5.23
5.11

5 . 7 5
5 . 7 9

5.38 + 0.37

132 S-a. E .c o li I
4.51
4-57

4.54
4*60

4 . 5 3
4 . 5 8

Î
4 . 5 8  + 0.03

TGY-a» to ta l counts 5-38
5.46

5.54
5.52

5 . 7 7  
5 . 5 1  ■

5 . 5 3  + 0 . 1 3  ;

133 E—a E .c o li 6 . 9 0
6 . 7 8

6.7 6 
6 . 6 5

6 . 6 5
6 . 4 8

6 . 7 0  + 0 . 1 4  |

TGY-a. to ta l counts
]

6 . 9 0
7.04

6 . 7 6
6 . 7 0

6 . 5 9
6 . 5 8 6 . 7 6  + 0 . 1 7

134 E-a. E .c o li 2.59
2.71

2.70
2.85

2 . 9 3
3 . 0 0 2.80 + 0 , 1 5

TGY-a. to ta l counts j 4.53
4 . 6 4

4 . 6 4
4.82

4 . 8 4
4 . 8 3 4 . 7 2  + 0 . 1 3

i _ ! |---------------------^

135 B-a. E .c o li 4.72
4.74

4*66
4.73

4.61
4.59

4 . 6 8  + 0.07

TGY-a. to ta l counts 4 . 8 8
4 . 8 4

4.85
4.91

4.95
5.18 4 . 9 4 + 0 . 1 4

136 Et a.

____—-----—
E .c o li

I
6 . 8 5
6 . 8 5

6.62 
6.57

6 . 6 5
6.68 6»70 + 0.12

TGY-a. to ta l counts 6 . 8 5
6 . 8 5

6 , 7 0 6 . 6 3
6 . 7 2 6.75 + 0.09


