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6888-1:1999/Amd. 1:2003 to enumerate the CPS 
concentration in milk.

During the milk storage, on control samples, the 
enumeration of TBC, Enterobacteriaceae (ENT), LAB 
and CPS (S. aureus and other species) was performed 
by ISO 4833:2003, ISO 21528:2017, ISO 15214:1998 
and ISO 6888-1:1999/Amd. 1:2003, respectively. 
The pH was determined using an instrument with 
automatic temperature compensation (Hanna 
Instruments HI 223).

On contaminate samples, the enumeration of 
L.  monocytogenes was performed using the ISO 
11290-2:2017 while the enumeration of CPS 
S. aureus was carried out using the ISO 6888-1:1999/
Amd. 1:2003.

Statistical analysis
Microbiological results were expressed as log CFU/
mL. For each analysed parameter and for each type 
of studied milk, the individual means and standard 
deviations were determined on the basis of the 
average of the single replicate of two milk batches. 
Three different increasing rates were evaluated 
starting from the observation of different tendency 
in LAB, L. monocytogenes and S. aureus between the 
two different types of milk from the day 0 to the 
day 11, divided by the level found at time 0.

Results
The results were expressed as mean value and 
standard deviation (SD) of the two samples of DM 
and the two samples of cow's milk used in the 
present study during the pre-established time 
intervals (0, 3, 5, 7 and 11 days). LAB concentration 
was lower in raw DM than in raw cow’s milk during 
the entire experiment; on the other hand, pH levels 

milking. For each pathogen considered, a mixture 
consisting of three different strains was formed: 
one registered reference strain and two field strains 
previously isolated from cow's milk and cheese; in 
particular, ATCC® 19115TM (reference strain), LM 
273250 and LM 332764 for L.  monocytogenes, and 
Staphylococcus aureus subsp. aureus Rosenbach 
ATCC® 25923™ (reference strain), CPS 54057 and CPS 
283463 for S. aureus. The strains, stored in a freezer 
at - 80 °C, were individually revitalized in BHI (brain 
heart infusion) liquid culture medium and incubated 
at 37 °C for at least 15-18 hours in aerobic conditions.

Then, each strain was re-suspended in BHI at a lower 
temperature in order to adapt the microorganism 
to the storage conditions of 8 °C as suggested 
by Technical guidance document for conducting 
shelf-life studies on L.  monocytogenes in RTE 
products (EUCRL 2017). All strains were separately 
diluted in physiological solution and then each 
pathogen was separately mixed in equal volume to 
obtain a multi-strain cocktail of L.  monocytogenes 
and a multi-strain cocktail of S. aureus.

DM and cow’s milk were divided in 3 groups and 
inoculated with 1% v/v of physiological solution 
to obtain control samples or 1% v/v of each 
multi-strain cocktail to obtain the contaminated 
samples. Samples were incubated at 8 °C for 11 days. 
The sampling was carried out on single replicates 
(9 mL each) for each sampling time at 0, 3, 5, 7 and 
11 days during the milk storage and the analyses 
were performed.

Analysis and test methods
The presence/absence of natural contaminations 
of milk were evaluated on control samples (not 
contaminated samples) at time 0 by ISO 11290-1:2017 
to detect the L. monocytogenes presence and by ISO 

Table I. Values of pH and enumeration of lactic acid bacteria (LAB), total bacterial count (TBC), enterobacteriaceae (ENT) and coagulase-positive 
staphylococci (CPS) (expressed in log CFU/mL) in raw DM and raw cow’s milk during the storage at 8 °C for 11 days. The results are expressed as 
mean ± standard deviation (SD).

Matrix Parameter
Sampling interval (days)

0 3 5 7 11

Raw donkey milk

pH 7.31 ± 0.05 7.50 ± 0.13 7.46 7.26 ± 0.08 6.95

LAB 1.30 ± 0.30 1.65 ± 0.05 1.65 ± 0.05 1.54 ± 0.54 1.81 ± 0.81

TBC 5.66 ± 0.47 6.18 ± 0.93 7.48 ± 0.20 7.90 ± 0.20 8.43 ± 0.07

ENT < 1 < 1 < 1 < 1 < 1

S+ 1.26 ± 0.37 1.20 ± 0.28 < 1 1.23 ± 0.33 1.75 ± 1.05

Raw cow’s milk

pH 6.69 ± 0.02 6.68 ± 0.02 6.43 ± 0.11 6.02 ± 0.62 5.61 ± 0.85

LAB 3.48 ± 0.39 4.33 ± 0.74 5.23 ± 1.37 5.78 ± 2.06 6.17 ± 2.16

TBC 5.16 ± 1.31 8.08 ± 0.69 8.45 ± 0.42 8.82 ± 0.47 8.70 ± 1.44

ENT 2.26 ± 1.78 4.59 ± 1.73 5.31 ± 1.97 5.97 ± 3.36 2.15 ± 0.98

S+ 1.75 ± 1.05 < 1 < 1 2.08 ± 1.52 1.83 ± 1.17




