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Abstract Currently, donkey milk is receiving an increasing attention from consumers
and research community because of its several beneficial aspects, such as a poor
allergenic nature and a remarkable antimicrobial compound content. In this study, we
evaluated the growth rate of Staphylococcus aureus ATCC 6538, Listeria
monocytogenes ATCC 7644TM, Campylobacter jejuni ATCC 33291, and
Pseudomonas aeruginosa ATCC 27853 at refrigeration conditions (4+2 °C) in goat
milk added with different percentages of donkey milk (1, 2.5, 5, 10% v/v) along 6 days
of storage; furthermore, donkey milk and goat milk samples were employed as controls.
Lysozyme content of donkey milk was determined and ranged from 1 mg.mL ™" up to
2 mg.mL™". An inhibited growth rate in donkey milk samples was observed during
storage for S. aureus, L. monocytogenes, and C. jejuni, with a growth decrease of 0.61
log CFUmL ™, 5.55 log CFU.mL ™", and 1.72 log CFU.mL ", respectively. These data
confirm the antibacterial activity of donkey milk against Gram-positive and Gram-
negative microorganisms; however, microbial growth rates in milk mixtures and goat
milk were comparable, with no significant increase in antibacterial activity due to
donkey milk addition. Considering a potential employment of donkey milk in dairy
products, further studies should be performed in order to detect the optimal balance of
milk mixtures in terms of caseins and antimicrobial molecules amounts.
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1 Introduction

Consumers’ interest in donkey milk started in the last two decades (Iacono et al. 1992;
Carroccio et al. 2000) and rapidly increased, in relation to pediatric studies concerning
cow’s milk intolerance (Heine 2013; Sackesen et al. 2011).

Donkey milk is characterized by a remarkable content of antibacterial molecules,
such as lactoferrin, which is two times higher than that of bovine milk (Malacarne et al.
2002) and lysozyme, which can reach levels of 4 mg.mL ™", while only traces were
found in bovine milk (Conte et al. 2012; Guo et al. 2007; Salimei et al. 2004).
Consequently, donkey milk shows a natural low microbial content and an inhibitory
effect against several microorganisms (Colavita et al. 2011; Conte et al. 2012;
Sorrentino et al. 2010).

Currently, donkey milk is mostly purchased raw, pasteurized, or lyophilized, and its
main employment is as alternative food for infants with cows’ milk protein allergy.
Some of the big issues for donkey milk market are represented by its high price, mostly
due to the small amount of milk produced per day, a wavering consumers’ demand, and
the lack of a capillary distribution on the national market. These factors could some-
times contribute to make donkey milk difficult to be sold. In this context, transforma-
tion of donkey milk seems to be an important opportunity. If, on the one hand, donkey
milk is unsuitable for cheese-making, due to its low caseins content, some studies have
already pointed out an increased interest in the consumption of donkey milk in the form
of fermented probiotic milks (Chiavari et al. 2005; Coppola et al. 2002). A fermented
product could be also developed employing a mixture of two milks, such as donkey and
goat milk: goat milk would benefit of an increased amount of nutraceutical compounds
and antibacterial molecules; on the other hand, donkey milk would be enriched in
caseins, with an improved organoleptic quality of the product. Moreover, goat milk,
similarly to donkey milk, represents an alternative to cow milk for allergic consumers
because of its lower o-caseins content (Vincenzetti et al. 2014).

Galassi et al. (2012) and Cosentino et al. (2013) recently proposed the addition of
donkey milk as an alternative to egg lysozyme in order to prevent blowing defect in
Grana Padano cheese and ewe’s cheese, respectively. According to Cosentino et al.
(2013), the addition of 1.1%v/v donkey milk contributed to significantly reduce
coliforms amount in cheese.

The aim of the present study was to preliminarily assess the survival growth rate of
different pathogen microorganisms in milk mixtures consisting of goat milk and
donkey milk in different percentages along 6 days of storage at refrigeration conditions
(4+2 °C) in order to evaluate whether the addition of donkey milk to goat milk could
inhibit microorganisms replication.

2 Materials and methods
2.1 Bacterial strains
The type strains Staphylococcus aureus ATCC 6538, Listeria monocytogenes ATCC

7644TM, Pseudomonas aeruginosa ATCC 27853, and Campylobacter jejuni ATCC
33291 were employed for the tests. The strains were stored at =80 °C in Brain Hearth
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Infusion broth (BHI) added with 20%v/v glycerol. Strains were revitalized on selective
agar media at different optimal culture conditions. The media employed were Baird
Parker agar (with egg yolk tellurite emulsion) at 37 °C for 24 h for S. aureus; Agar
Listeria Ottaviani-Agosti (with Listeria agar selective supplement and Listeria agar
enrichment supplement) at 37 °C for 24 h for L. monocytogenes; Pseudomonas CFC
agar (Pseudomonas agar base with CFC supplement) at 30 °C for 24 h for
P aeruginosa and Campylobacter Blood-Free Selective Agar Base (with CCDA
Selective Supplement) at 37 °C in microaerophilic atmosphere for 24 h for C. jejuni.
All media were purchased from Oxoid, (Milan, Italy), except for Agar Listeria
Ottaviani-Agosti, which was purchased from Biolife Italiana s.r.I. (Milan, Italy).

2.2 Donkey milk collection

Donkey milk employed to detect antimicrobial activity against selected strains was
collected from bulk-tank, where milk from several Romagnolo donkeys at differ-
ent lactation stages was stored. For each tested bacterial strain a different donkey
milk sample was used. Milk samples were collected immediately after milking and
stored at refrigerated conditions during transportation to the laboratory. Donkey
milk samples were treated at 68 °C for 10 min before their employment in the
experiments.

2.3 Donkey milk microbiological analysis

Determination of total mesophilic bacterial count on Plate Count Agar (PCA) (Oxoid,
Milan, Italy) was performed on treated donkey milk samples, before their employment
in the trials. Enumeration was carried out after 72 h incubation at 30 °C in aerobic
conditions. Moreover, the absence of each tested microorganism was verified.

2.4 Lysozyme titration

Whey was obtained from each treated donkey milk sample according to Carlsson et al.
(1989) and stored at—20 °C, until lysozyme titration, which was performed by lysoplate
assay, according to Lie et al. (1986), with some modifications. Lysozyme (Sigma-
Aldrich, Milan, Ttaly) dilutions ranging from 3 mg.mL™" to 0.003125 mg.mL ™" were
prepared in sterile saline and used as references. Our modification consisted in an
incubation of the plates at 25 °C for 18 h, which allowed a better evaluation of lysis
halo diameters. After incubation, lysis halo diameters were measured and compared
with those from lysozyme standard dilutions to obtain the lysozyme concentration of
donkey milk samples used in our trials.

2.5 Bacterial growth in milk mixtures

For each strain, a bacterial suspension with a cellular concentration corresponding ap-
proximately to 1.5x10” CFU.mL ™' was prepared in sterile saline solution. Four UHT
goat milk samples added with 1, 2.5, 5, and 10% of donkey milk were then separately
prepared. For each bacterial strain, 9 mL of each milk type were added with 1 mL of
bacterial suspension. Two control samples, consisting of UHT goat milk and donkey
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milk inoculated with the standardized bacterial suspension, were also prepared. All
samples were then stored at refrigerated conditions (4+2 °C) for 6 days.

At inoculation time and after 1, 3, and 6 days of storage (TO, T1, T3, and T6,
respectively), milk samples were serially diluted and grown on the agar media previ-
ously listed to enumerate bacterial cells. Bacterial growth was evaluated in milk
mixtures, goat milk, and donkey milk. Each experiment was carried out in triplicate.

2.6 Statistical analysis

Statistical analysis was performed using the R v. 3.0.2 software (R Foundation for
Statistical Computing, Vienna, Austria). For each bacterial strain, the statistical signif-
icance of the differences among different types of milk was tested with a one-way
ANOVA test followed by Tukey HSD post-hoc comparisons. Results were considered
significant if associated with a p value lower than 0.05.

3 Results and discussion
3.1 Donkey milk microbiological analysis

All donkey milk samples employed in our trials showed a total bacterial mesophilic
count lower than 100 CFU.mL™'. Moreover, Staphylococcus spp., Listeria spp.,
Pseudomonas spp., and Campylobacter spp. were not detected.

3.2 Lysozyme titration

Lysozyme concentration in donkey milk samples ranged from 1 up to 2 mg.mL " In
particular, donkey milk sample employed for S. aureus ATCC 6538 and
L. monocytogenes ATCC 7644TM tests showed a lysozyme concentration of
1 mg.mL™", while donkey milk sample employed for P. aeruginosa ATCC 27853
and C. jejuni ATCC 33291 showed a lysozyme concentration of 2 mg.mL ™.

3.3 Bacterial growth in milk mixtures

Table 1 shows microbial growth rates in milk mixtures and control samples.

As concerns S. aureus ATCC 6538, P. aeruginosa ATCC 27853, and C. jejuni
ATCC 33291, bacterial growth rates in milk mixtures, donkey milk, and goat milk did
not show any significant difference during the 6 days on refrigeration storage.

L. monocytogenes ATCC 7644TM growth rate showed instead a significant
(»<0.01) decrease in donkey milk starting from T1 compared to the other milks.
Donkey milk revealed indeed an inhibitory effect against L. monocytogenes, with a
decrease of 2.9, 2.51, and 5.55 log CFU.mL ! at T1, T3, and T6, respectively. As
concerns milk mixtures and goat milk, L. monocytogenes growth rate trend did not
show significant differences.

During the storage from TO to T6, an inhibited growth rate was also observed in
donkey milk samples for S. aureus and C. jejuni, with a growth decrease of 0.61 and
1.72 log CFU.mL™", respectively.
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This work represents the first report on the evaluation of microorganisms’
survival in goat and donkey milk mixtures. Lysozyme concentration found in
donkey milk samples was in accordance with the recent literature, reporting an
average lysozyme content ranging from 1 to 4 mg.mL™" (Coppola et al. 2002;
Salimei et al. 2004; Zhang et al. 2008). It is important to highlight that donkey
milk lysozyme content could vary not only in relation to the lactation period
(D’Alessandro et al. 2011; Sari¢ et al. 2014a, b) but also to the analytical method
(Chiavari et al. 2005; Coppola et al. 2002; Fantuz et al. 2001; Salimei et al. 2004;
Vincenzetti et al. 2012). For our trials, donkey milk percentages (1, 2.5, 5, 10%v/
v) added to goat milk were chosen considering an average lysozyme content of
2 mg.mL_1 and focusing on data obtained by Cosentino et al. (2013), who
employed donkey milk in cheese-making to prevent blowing defects.

In the present work, microbial growth in goat milk was not affected by the additional
amount of lysozyme provided by donkey milk. This amount ranged from 0.01 to
0.1 mg.mL™" for S. aureus and L. monocytogenes trials and from 0.02 to
0.2 mg.mL™"' for P. aeruginosa and C. jejuni trials. Thus, even though added
lysozyme concentrations were equal or higher than those authorized by the
manufacture regulation of some Italian cheeses, such as Grana Padano
(0.025 mg.mL™"), they were not effective in preventing the replication of inoculated
microorganisms in milk mixtures. Besides, tested microorganisms were added in milk
in a relatively high concentration (approximately 1.5x10” CFU.mL™") and this could
have also contributed to the lack of inhibitory activity.

Another relevant aspect to be considered is the lysozyme activity at refrigeration
temperatures; while Mariani (2010) has reported a lysozyme inactivity below 15 °C,
Sari¢ et al. (2012) have observed a donkey milk antimicrobial activity at temperatures
equal and lower than 15 °C, also suggesting, as a possible explanation, a lysozyme
nonenzymic mode of action (Sari¢ et al. 2014a, b). Our results seem to confirm this
hypothesis, since in donkey milk samples, we observed a significant reduction of
microbial growth.

The main results in terms of microbial inhibition were obtained for
L. monocytogenes ATCC 7644TM growth in donkey milk. These results are notewor-
thy, especially taking into account the psychrophilic nature of L. monocytogenes and
the high inocula concentration employed in the experiments. Indeed it is well known
that lysozyme antimicrobial activity is mainly effective towards Gram-positive bacteria
since peptidoglycan is freely accessible to the enzyme, while lipopolysaccharidic outer
membrane layer shields Gram-negative cell wall (Bera et al. 2007; Masschalck et al.
2002; Veiga et al. 2006; Vollmer and Tomasz 2000). Our data are in accordance with
Tidona et al. (2011), who have highlighted a significant antibacterial activity of
digested and undigested donkeys’ milk against L. monocytogenes (2230/92) in a dose
dependent way.

4 Conclusions

Our results confirm donkey milk antimicrobial activity against some Gram-positive and
Gram-negative strains (S. aureus ATCC 6538 and L. monocytogenes ATCC 7644 TM,
C. jejuni ATCC 33291). Donkey milk percentages employed in our trials were not
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effective in inhibiting the development of tested microorganisms in milk mixtures.
Further studies could be performed in order to detect the minimum donkey milk
percentage able to provide an effective antibacterial activity when added to goat milk.
Although this addition could represent a technological limit in a cheese-making
process, due to a “dilution effect” towards caseins content, in the production of
fermented milks it would not necessarily represent a challenging issue. The main
beneficial aspects of further studies would be the opportunity to process donkey milk
and make it less perishable. At the same time, donkey milk could represent an
alternative lysozyme source to chicken egg-white lysozyme, often involved in allergic
reactions in susceptible subjects due to its content in ovomucoid, ovoalbumin, and
conalbuminin (Fremont et al. 1997; Mine and Zhang 2002).
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