
Food Safety and Monitoring of Safety Aspects 69

Influence of sample sizes and processing of milk powder for the
isolation of Salmonellae

G. Hahn, U. Schleert

Institute for Hygiene, Federal Dairy Research Centre, Kiel

1 Introduction

For the isolation of Salmonellae from milk powder normally 25 g samples should be examined. This
results in an enormal need of time and especially of material in routine analysis. Therefore, it is
permitted by different standard methods to pool samples. Of course, the pre-enrichment solution
(double buffered peptone water-PW) always has to be used in a tenfold amount independent of the
size of samples. However, it is not indicated up to how many multiple samples may be examined
simultaneously. Therefore, an examination was done to find out the effect of pooling on the isolation
rate of Salmonellae.

2 Materials and methods

The basic material for these examinations was a naturally contaminated skim milk powder of one
day-lot of 20 tons which was made available to us from a dairy plant. The advantage is in compa-
rison to experimentally contaminated powder that you will have the typical clusters of Salmonellae
which makes the isolation and the statistics so difficult. But on the other hand you have realistic
conditions as they appear in routine analysis. The material we used were 6 bags (A-F) à 25 kg from
the mentioned lot.

For one run 3 kg were taken and divided in different groups of sample sizes a follows: 1 x 750 g,
3 x 250 g, 6 x 125 g and 30 x 25 g each corresponding to a batch of 750 g. Additionally, the original
powder was „diluted“ 1:2 and 1:4 with Salmonella-free powder which, however, had a high
contamination flora of 3.4 x 103 - 2.3 x 104 cfu/g.

The isolation procedure was a simplified standard method which has proved since years to be as
effective:

� Resuscitation of the sample (1:10) in double-buffered peptone water, 8-24 h at 37°C;

� subculturing of 0,1 ml in 10 ml Rappaport-Vassiliadis medium, 24 h at 43°C;

� subculturing by streaking of XLD agar, 18-24 h at 37°C;

� subculturing of subspicious colonies on blood agar, 18-24 h at 37°C;

� confirmation by bacteriological and/or serological (polyvalent sera) and/or biochemical
(API 20E) tests

3 Results

By a modified MPN method Salmonellae counts could be detected up to 22,5/500 g.

Table 1 shows the positive results in the original milk powder from the different bags A-F from three
independent examinations.



70 Influence of sample sizes and processing of milk powder for the isolation of Salmonellae

Table 1: Number and percentage of Salmonella positive samples from three independent 
examinations of original skim milk powder

bag 750 g 250 g 125 g 25 g

n = 3 n = 9 n = 18 n = 90

A 3 7 13 12

B 3 7 10 15

C 3 8 9 23

D 3 7 13 26

E 3 6 9 11

F 3 6 4 7

pos./n 18/18 41/54 58/108 94/540

% pos. 100 75.9 53.7 17.4

It is to be seen that the positive scores increase according to the size of sample, i.e. the
750 g samples show the best results. The 17,4 % positives of the 25 g samples, however, do not
mean, that the probability to detect Salmonella is only as low. The 30 small samples all are from one
batch, which therefore has to be discarded, even if only one of the 30 samples would be positive. On
the other hand, however, the results show that it is a professional error to examine only one
25 g sample from a lot as it is, unfortunately, done by some investigators. Normally, nowadays skim
milk powder, especially high heat powder, has a very low contamination flora of only some
hundreds/g. To see the influence of low Salmonella numbers and a higher contamination flora the
original powder was diluted with „dirty“ powder 1:2 and 1:4.

Table 2 shows the results of a 1:2 diluted powder from 3 independent examinations per bag. The
principle relation according to the size of samples was comparable to the results of the original
powder, but on a lower level. Even two batches (750 g in bag F and 125 g in bag A) showed false
negative results in all repetitions.

This tendency continues in the 1:4 diluted powder as it is to be seen from Table 3.

These results show as it was expected at least theoretically that the positive results decrease
depending on the decreasing size of the sample and additionally on the dilution. A statistic eva-
luation cannot be done due to the few numbers of data.

An evaluation can be done, however, by the following aspects:

� All bags contain Salmonellae;

� the total of 3 kg as a basic material for one examination splitted in the mentioned sample sizes
may to be seen as one independent „lot“ as it could be in practice;

� for every of this lots 750 g have to be investigated by one of the mentioned sample size
models;

� the lot has to be refused if only one sample within the lot is Salmonella positive;

� in these investigations therefore 18 lots were available
 (3 independent examinations of 6 bags).
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Table 2: Number and percentage of Salmonella positive samples from three independent 
examinations of 1:2 diluted skim milk powder

bag 750 g 250 g 125 g 25 g

n = 1 n = 3 n = 6 n = 30

A I 0 2 0 2

A II 1 1 0 2

A III 0 0 0 1

B I 1 0 1 4

B II 1 1 1 1

B III 1 1 3 1

C I 1 2 1 3

C II 1 2 0 1

CIII 1 1 2 1

D I 1 3 1 2

D II 1 2 3 2

D III 1 1 0 3

E I 1 0 0 3

E II 1 3 0 0

E III 0 2 2 3

F I 0 1 3 1

F II 0 1 0 2

F III 0 1 1 0

pos./n 12/18 25/54 18/108 32/540

% pos. 66.7 44.4 16.7 5.9

Table 3: Percentage of Salmonella positive samples depending on sample size and dilution

milk 750 g 250 g 125 g 25 g

powder

original 100 % 75.9 % 53.7 % 17.4 %

1:2 66.7 % 44.4 % 16.7 % 5.9 %

1:4 44.4 % 25.9 % 16.7 % 4.4 %

Under this aspect the Salmonella positive lots depending on the dilution and sample size are
summed up in Table 4.

Table 4: Percentage of Salmonella positive „lots“ depending on sample size and dilution

milk 750 g 250 g 125 g 25 g

powder

original 100 % 100 % 100 % 100 %

1:2 66.7 % 83.3 % 55.6 % 88.9 %

1:4 44.4 % 55.6 % 72.2 % 72.2 %



72 Influence of sample sizes and processing of milk powder for the isolation of Salmonellae

On this basis, consequently, all lots of the original powder had to be assessed as Salmonella posi-
tive, independent of the sample size, but on condition that the total of 750 g is examined by one of
the splitting models. The second best score of 88.9% was with the 25g samples.

For the transfer of these results to routine analysis the following recommendations could be made:

For the assessment of one lot of milk of high quality concerning the reliability and the enormous sa-
ving of material and processing time it may be recommended to examine a single batch of 750 g. In
this case it is necessary to use about 10 l flasks for the 7,5 l volume of pre-enrichment and shake
them several times during incubation.

If you have milk powder of less quality the examination of 30 x 25 g per lot seems to give better
results regarding the total lot.

Accompanying to this trials another question was dealt with: according to some standard methods
IDF, ISO, LMBG § 35 (1, 5, 6) for some substrates it is allowed to use distilled water or a salt solu-
tion for pre-enrichment instead of peptone water. The background of this is that the substrate milk
powder itself contains enough of amino acids, oligo peptides etc.

The results of a comparison is shown in Table 5:

Table 5: Comparison of different pre-enrichment (resuscitation) solutions
for the isolation of Salmonellae (positive samples)

milk powder

solution original 1:2

n = 30 n = 30

distilled water 14 2

salt solution 13 0

peptone water 13 3

Since years we, therefore, use a double buffered salt solution corresponding to the double buffered
peptone water but without the peptone itself.

4 Discussion

The main question of this investigation was to see the relation of the multiple number of pooled 25 g
milk powder samples and the efficacy of positive Salmonella isolations. The aim could be saving
enormously material and time for the examination, when e.g. the FOSTER plan (3) has to be carried
out. Simular investigations were done by others (2,7,8).

Our results show that an optimal recommendation is depending on the quality of milk powder. For a
high heat powder which usually contains a very low contamination flora of only some hundreds/g it is
obvious to use the biggest batch of 750 g in 7.5 l pre-enrichment solution in a 10 l vessel. For worse
powder with a high contamination flora and less Salmonellae the examination of 30 x 25 g per lot
seems to show better results. But these kinds of powders are very rare in food hygiene. The reason
we used the 750 g batch as the biggest amount may be explained by the FOSTER plan. There you
need for the highest quality level 60x25 g per lot, which means an amount of 1.5 kg. In many dairy
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plants, nowadays, autosamplers are used according to Habraken et al. (1986), which deliver
aliquots of about 2.5 g during the drying process for test samples. By this a much higher chance to
detect Salmonellae is given. Therefore statistically the 750 g batch is sufficient.

The additional examination to save a lot of material and money is the use of a salt solution or
distilled water for resuscitation of milk powder. Both modifications are real improvements to simplify
the isolation procedure of Salmonellae detection.

5 Summary

The aim of these examinations was to see the effect concerning the detection of Salmonellae by
different pooling of milk powder. In three independent trials for each examination 3 kg of naturally
contaminated skim milk powder were taken and divided into batches of 1x750 g, 3x250 g, 6x125 g
and 30x25 g. The original powder additionally was "diluted" 1:2 and 1:4 using heavily contaminated
but Salmonella-free powder containing a contamination flora from 3.4x103 - 2.3x104 cfu/g. The
isolation procedure was done by a modification of the usual international standards. In the original
powder from all 750 g samples (n = 18) (6 bags and three independent investigations) Salmonellae
could be isolated (100%). From the same batch from 540 (6x90) 25 g samples only 17.4% were
positive. In the 1:2 powder the relation of results were comparable but on a lower level. This
continued with the 1:4 dilution. However, it is to emphasize that not only e.g. 17.4% of Salmonellae
were detected. In principle, according to the FOSTER plan 30x25 g has to be examined for one lot.
If only one of these is positive the total lot has to be refused. Therefore the results have to be
interpreted regarding not the single sample than the total lot. Additionally, the effect of replacing
peptone water for resuscitation in milk powder by salt solution or distilled water was investigated.
The results were comparable which enables to save a lot of expenses. A recommendation for a
more material and time saving method is made.
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