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matrices resulted more favourable to support the 
growth of the two bacteria considered.

The pH value of both raw DM and raw cow’s milk at 
time 0 was similar to the values reported in literature 
by Salimei and colleagues (Salimei et al. 2004) and 
by Guo and colleagues (Guo et al. 2007). The average 
pH value (7.31 ± 0.05 at time 0 and 6.95 after the 
storage of 11 days) of DM was higher than that 
of cow milk (6.69 ± 0.02 at time 0 and 5.61 ± 0.85 
after 11 days). This may be explained by the lower 
casein  N and phosphate contents in DM than in 
cow milk (Salimei et  al. 2004). Moreover, the slight 
change of the pH values in DM could be associated 
with the presence of natural concentration of 
antimicrobial compounds like lactoferrin and 
lysozyme, which act directly on bacteria (Chiavari 
et al. 2005), maintaining almost unvarying pH values 
(Coppola et al. 2002, Zhang et al. 2008). On the basis 
of Regulation (EC) No 853/2004, DM respected the 
limit of TBC concentration (1,500,000 CFU/mL at 
30 °C) until the third day of storage, while in cow’s 
milk the limit was exceeded earlier.

S.  aureus showed no changes in its concentration 
during the entire period of analysis, both in raw 
DM and in row cow’s milk. On the other hand, 
L.  monocytogenes showed a greater increase rate 
(0.717) in the DM than in the cow’s milk (0.260). The 
increase rates regarding LAB highlighted an inverse 
trend to L.  monocytogenes, showing a growth of 
0.316 in DM and of 0.750 in cow’s milk.

The inversely related growth between Listeria 
and LAB can be explained considering that LAB 
produced undetermined antimicrobials such 
as organic acids, hydrogen peroxide, antifungal 
peptides and bacteriocins that can inhibit the 
growth of Listeria  spp. by competitive exclusion 
(Zhao et al. 2004, 2006). Studies conducted by Balla 
and colleagues (Balla et  al. 2000) and by Gilmore 
and colleagues (Gilmore et  al. 2014) reported that 
many enterocins from various enterococcal species 
isolated from many different environments are 
bactericidal to L.  monocytogenes. These include 
enterocin Q (Cintas et al. 2000), enterocin A (Nilsen 
et  al. 1998), enterocin P (Kang and Lee 2005), 
bacterocin 31 (Tomita et  al. 1996), bacteriocin 51 

were higher in the DM rather than in the cow’s milk, 
although both values showed a decrease at the 
day 11 (Table I).

S.  aureus had no significant differences in the two 
types of milk considered (Table II); specifically, in 
the raw cow’s milk S.  aureus showed almost the 
same value at time 0 (3.53 ± 0.37 log CFU/mL) and 
at time  11 (3.45 ± 0.78 log CFU/mL), conversely in 
the raw donkey milk S. aureus decreased from time 0 
(3.36 ± 0.35 log CFU/mL) to time 11 (2.95 ± 0.23 log 
CFU/mL). On the other hand, L.  monocytogenes 
increased from the value of 3.68 ± 0.02 log CFU/mL 
at time 0 (the day of the inoculation) to the value of 
6.31 ± 0.07 log CFU/mL in the DM and from the value 
of 3.64 ± 0.04 log CFU/mL at time 0 to the value of 
4.59 ± 1.04 log CFU/mL in the cow’s milk (Table II).

L. monocytogenes revealed a great variation between 
the inoculation (day 0) and the day 11 in the DM and 
a low variation in the cow’s milk (Table III).

Discussion
This preliminary study estimated the growth of 
L.  monocytogenes and S.  aureus experimentally 
added to DM and cow’s milk during a storage time 
of  11 days at 8 °C, to evaluate which of the two 

Table II. Enumeration of Staphylococcus aureus and Listeria monocytogenes (expressed in log CFU/mL) inoculated in raw DM and row 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
Staphylococcus aureus 3.36 ± 0.35 3.31 ± 0.32 3.24 ± 0.42 3.15 ± 0.42 2.95 ± 0.23

Listeria monocytogenes 3.68 ± 0.02 3.65 ± 0.08 4.41 ± 0.42 5.72 ± 0.27 6.31 ± 0.07

Raw cow’s milk
Staphylococcus aureus 3.53 ± 0.37 3.30 ± 0.27 3.37 ± 0.41 3.34 ± 0.47 3.45 ± 0.78

Listeria monocytogenes 3.64 ± 0.04 3.98 ± 0.35 4.16 ± 0.50 4.54 ± 1.50 4.59 ± 1.04

Table III. Mean values (M), standard deviation (SD) and standard error 
(SE) of the increase rates among two times (day 0 and day 11). M from 
time 0 to time 11 expresses the difference between the parameter 
recorded in the day 11 and in the day 0, divided by the level found 
at time 0.

Raw donkey milk Raw cow’s milk
From day 0 to day 11

LAB

M 0.316 0.750

SD 0.446 0.425

SE 0.316 0.300

Listeria monocytogenes

M 0.717 0.260

SD 0.029 0.274

SE 0.021 0.194

Staphylococcus aureus

M -0.120 -0.028

SD 0.023 0.117

SE 0.017 0.083




