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Abstract

Donkey milk has functional properties of great interest to human nutrition. The effects of ultra-high
pressure homogenization (UHPH) at 100 MPa, 200 MPa and 300 MPa in comparison with different
pasteurization treatments of 70 ◦C for 1 min and 85 ◦C for 1 min on the physicochemical quality and
shelf-life of treated and raw (untreated) donkey milk were studied. Gross composition and pH, total
mesophilic counts, lysozyme activity and physical stability were studied during storage at 4 ◦C for
28 days. The compositional profile showed resemblance to that of human milk characterized by high
lactose, low fat and low protein content and was least affected by the treatments. UHPH treatments at
200 MPa, 300 MPa and 85 ◦C were able to maintain steady pH during storage whereas the low intensity
treatments showed a significant decrease. The observed lysozyme activity in the samples was generally
high and appeared to have been enhanced by the applied UHPH and pasteurization treatments with
no significant change during storage. Although the raw milk showed good initial microbial quality,
extensive growth of mesophilic microorganisms occurred after 7 days of storage, unlike the treated
samples which were able to maintain significantly low counts throughout the storage period. The
physical stability of milk was negatively influenced by the higher UHPH treatments of 200 MPa and
300 MPa which exhibited sedimentation phenomenon, while creaming was insignificant.
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1 Introduction

Milk from non-ruminant species for human con-
sumption is recently receiving much attention as
an alternative to cow milk due to a number of nu-
tritional and health concerns. Milk protein asso-
ciated with allergies, gut intolerances and hyper-
lipidemia limit cow milk acceptability for certain

groups of individuals including infants, young
children, lactating mothers and the elderly (Bus-
inco et al., 2000). Donkey milk is proposed to be
the best alternate in such situations and has been
claimed to be highly digestible (Inglingstad et al.,
2010). Donkey milk has been recommended for
infants when it is not possible to breast feed and
when there is no possibility to use cow milk as
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an alternative due to protein allergies (Monti et
al., 2007). Donkey milk chemical composition is
very close to human milk, due to its similarity
in nutritional composition, and its therapeutic
purpose has been known centuries ago for the
curing of several diseases (Conte et al., 2004).
It is characterized by high lactose and low fat
and protein contents. Its lipid fraction is simi-
lar to that of human milk and possesses higher
amounts of unsaturated: saturated fatty acids,
linolenic acid and lower n-6/n-3 ratio. It has low
levels of caseins and β-lactoglobulin. The opti-
mum whey protein: casein ratio makes donkey
milk very suitable for use in paediatric dietet-
ics thus receiving increasing research and com-
mercialization (Uniacke-Lowe, Huppertz, & Fox,
2010).
The presence of lysozyme as an antimicrobial en-
zyme has become one of the key components of
interest in donkey milk. Lysozyme exerts its
antibacterial activity against a broad spectrum
of bacteria, especially Gram-positives, by hy-
drolyzing the β-(1-4)-glycosidic linkages of mu-
copolysaccharides in bacterial cell walls (Benker-
roum, 2008). It is proposed that this function
may be beneficial in the intestinal tract by reduc-
ing the incidence of gastro-intestinal infections
in infants (Businco et al., 2000). Lysozyme has
a high resistance to acid and protease; it reaches
the gut relatively intact contributing significantly
to the intestinal immune response (Tidona et al.,
2011). The concentration of lysozyme in don-
key milk can reach 4000 mg/L with only trace
amounts in bovine milk (Guo et al., 2007). The
milk has been successfully used in feeding infants
affected by severe Ig-E mediated and non Ig-E
mediated cow milk protein allergy (CMPA) and
has been proposed as an alternative to bovine
milk for such children (Carroccio et al., 2000).
Monti et al. (2007) showed that 82.6% of chil-
dren who were intolerant to any cow milk sub-
stitute liked and tolerated donkey milk. Due
to the rich nutritional value of donkey milk and
its strict seasonal production variability, its pro-
cessing and preservation is essential. Thermal
treatments such as pasteurization and high tem-
perature sterilization are the commonest ways of
milk preservation to obtain products of longer
shelf life with good microbial quality. However
due to the bioactive components contained in

donkey milk, the use of highly destructive ther-
mal treatments normally applied to cow milk
are probably not suitable if its special functional
attributes need to be maintained. Irreversible
damage to some functional components in don-
key milk by thermal treatments necessary for its
sterilization has been detected. Major modifica-
tion of the nitrogenous profile occurs after heat-
ing milk at 90 ◦C for 1 min. Fat soluble nutrients,
especially α-tocopherol content, decrease with in-
crease in temperature and heat processing time
(Sorrentino et al., 2005). Although lysozyme is
reported to be quite thermally stable, its denat-
uration was shown to start from temperatures
above 70 ◦C (Polidori & Vincenzetti, 2010). In
view of this, the use of freeze drying (lyophiliza-
tion) has been adopted for milk processing by
the few commercial donkey milk processing in-
dustries available as it seems to be more pro-
tective to the sensitive components of the milk
and provide an excellent shelf life, usually a year.
However, this processing method is very expen-
sive. UHPH is an emerging technology which has
shown great potential for processing liquid foods
with good microbial inactivating capability (Fer-
ragut, Cruz, Trujillo, Guamis, & Capellas, 2009).
UHPH operates with an applied pressure ranging
from 100 to 400 MPa. There is an increase in the
flow rate and a pressure when liquid food passes
through the high pressure valve of the homoge-
nizer creating cavitation, chisel effect, turbulence
and collision of the dispersed particles of the food
(Floury, Legrand, & Desrumaux, 2004).
The objective of this study was to explore the re-
sponse of UHPH technology application in com-
parison to pasteurization of donkey milk. The ef-
fects of those treatments will be studied in terms
of microbiological, physical and functional eval-
uation, and determining the shelf life of treated
milks.

2 Materials and Methods

2.1 Sampling and milk treatments

Fresh donkey milk samples were supplied from a
Spanish farm (Fuives del Berguedà). The milk
was collected from a herd of 10 lactating don-
keys in their first to third month of lactation in
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3 different batches. Foals were separated from
their mothers 3 hours before milking. Milking
was done manually and the freshly received milk
kept at 5 ◦C until treatments the next day.
Milk samples were subjected to 2 levels of pas-
teurization and 3 levels of UHPH treatments
alongside untreated (raw) milk. The UHPH con-
ditions were 100 MPa, 200 MPa and 300 MPa
at 40 ◦C inlet temperature using a UHPH bench
top machine (model FPG11300, Stansted Fluid
Power Ltd., Essex, U.K) with a flow rate of
10 L h−1. The UHPH system was described
by Poliseli-Scopel, Hernandez-Herrero, Guamis,
and Ferragut (2012). Briefly, inlet tempera-
ture of the product was achieved quickly by
using a multi-tubular heat exchanger (Garv́ıa,
Barcelona, Spain) located before the machine en-
trance. The temperature at the homogenization
valve was monitored by a sensor (PT100) located
just at the exit of high pressure valve. Duration
of UHPH treatment was estimated as approxi-
mately 0.5 s, the time for the product to pass
through the high pressure valve. Samples were
collected in sterile bottles in a laminar flow cabin
adapted for this purpose and stored in a cold
chamber at 4◦C ± 2. The pasteurization condi-
tions used were 70±2.0 ◦C, 85±2.0 ◦C for 1 min
using the same UHPH equipment with a bypass
of the high pressure valve.

2.2 Gross composition analysis
and pH

Milk protein was determined by the Kjeldahl
method (TN x 6.38) (International Dairy Fed-
eration, 1993), dry matter was analyzed by the
oven drying method International Dairy Feder-
ation (1987) and fat content was determined by
the Gerber method as reported in International
Dairy Federation (1991). Ash content was deter-
mined gravimetrically using the method of In-
ternational Dairy Federation (1964) with sample
combustion done at 550 ◦C for 6 hours in a muf-
fle furnace (Select-Horn, J.P Selecta, Barcelona-
Spain) after prior drying at 101±0.5 ◦C for 2
hours. pH was measured for the stored sam-
ples every 7 days from day 0 to day 28 using
a digital pH meter (pH-Meter GLP 21+, Cri-
son). Lactose content was analyzed using the

Lactose/D-galactose, UV method (Boehringer
Mannheim/R-Biopharm AG, Darmstadt, Ger-
many) as follows: 2 g milk samples were diluted
with 20 mL distilled water (1:10) in a 100 mL
volumetric flask, acidified with 1 mL of 3.0 M
trichloroacetic acid for protein precipitation, in-
cubated for 10 min followed by neutralization
with 1.0 M NaOH and the final volume up to
the 100 mL with distilled water. The resulting
mixture was filtered and the clear solution used
for the analysis following the protocol described
in the method. Absorbance of final reaction mix-
ture was measured at 340 nm by a spectropho-
tometer (UV2310 spectrophotometer, Dinko In-
struments, Barcelona, Spain).

2.3 Lysozyme activity
determination

Lysozyme activity was performed on samples ev-
ery 7 days from day 0 to day 28. It was assessed
using a commercial kit based on a fluorimet-
ric method (EnzChek Lysozyme Kit, Invitrogen,
Carlsbad CA, USA) in a microplate. The method
is based on the lytic action of lysozyme on the
cell walls of Micrococcus lysodeikticus labelled
with fluorescein to such a degree that fluores-
cence is quenched. Milk samples were diluted 32-
fold in 1X reaction buffer based on the lysozyme
activity determined in a prior trial. The final re-
action mixture in each well contained 50 µL of
the 50 µg mL−1 DQ lysozyme substrate work-
ing suspension and 50 µL of experimental sam-
ples or the standard curve samples. The reaction
mixtures were incubated at 37 ◦C for 30 min-
utes protected from light and the lysozyme activ-
ity was measured by a fluorescence spectropho-
tometer microplate reader at 494 nm excitation
and 518 nm emission (Cary Eclipse Fluorescence
Spectrophotometer, Agilent Technologies USA)
against sample blanks and expressed as activity
units where one unit is defined as the amount of
lysozyme required to produce a change of 0.001
absorbance units min−1 at 450 nm at pH 6.24
and 25 ◦C. Sample blanks were prepared in the
same way as samples except for replacing the
lysozyme substrate working suspension with the
reaction buffer. A lysozyme standard curve for
each plate was prepared within the range 500 U
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mL−1 to 0 U mL−1.

2.4 Microbiological analysis

Total mesophilic bacteria were determined for all
samples on plate count agar (PCA) medium (Ox-
oid Ltd., 96 Basingstoke, Hampshire, U.K). The
microbial determinations were performed on day
0 and after every 7 days until day 28. Fresh sam-
ples kept at 5 ◦C in sterile bottles were taken at
each time for the assay. Analysis was done in
triplicate and incubation at 30 ◦C for 48 hours.
Visible colonies were counted and the average
calculated.

2.5 Physical stability
determination

The physical stability was performed on samples
for a period of 28 days using the Turbiscan®

(TAP, 2009) apparatus (Formulaction, USA).
Measurement in this apparatus is based on the
scanning of near infrared light (λ = 880 nm) from
the bottom to top of the sample vial, by measur-
ing the percentage of DeltaH (t) backscattered
through the sample at a fixed temperature. Re-
sults were expressed by the determination of the
height (mm) of solids layer settled and height of
creaming layer at the top, at different days dur-
ing storage. For that purpose, a tool of the soft-
ware provided by the manufacturer was used.
Each sample was filled into Turbiscan® (TAP,
2009) vials with the addition of 3 drops of 0.02 %
sodium azide as preservative agent and stored in
a cold chamber at 5 ◦C during the entire experi-
mental period. Measurements were performed at
20 ◦C every week in triplicate.

2.6 Statistical analysis

All results presented are means of three in-
dividual productions of donkey milk and each
sample analysed in triplicates unless otherwise
stated. Data were processed by analysis of vari-
ance (ANOVA) using the Student’s Newman-
Keuls method for multiple comparisons of means.

Analysis was performed by SPSS 21.0 statistical
packages (IBM, 2012).

3 Results and Discussion

3.1 Milk composition and pH

The donkey milk composition (% w/w of mean
values from raw and the different treated sam-
ples) was characterized as follows: 8.7±0.5 dry
matter; 1.61±0.08 total protein; 0.37±0.04 fat;
6.6±0.3 lactose; 0.49±0.03 ash. Thus donkey
milk was characterized by a lower dry matter
content comparable to dry matter values re-
ported in the literature by Ivanković et al. (2009)
and Salimei et al. (2004) who both worked on
different donkey breeds. The low average of fat
content was consistent to those reported by dif-
ferent authors (Conte, Calabrò, & Monsù, 2003;
Chiofalo, Azzara, Liotta, & Chiofalo, 2004) al-
though much higher values of 1.68% have been
reported (Pinto, Lestingi, Caputi Jambrenghi,
Marsico, & Vonghia, 1998). The fat content has
been reported by Giosue, Alabiso, Russo, Ali-
cata, and Torrisi (2008) to be much influenced by
seasonal variability and lactation stage even for
the same breed. Protein content was within the
average values found in literature reported for
donkey milk and consistent to those presented
by Coppola et al. (2002) and Ivanković et al.
(2009). Less variability in the ash content was
observed and its values were similar to those re-
ported by Coppola et al. (2002). The high lac-
tose content was in agreement with that reported
by Di Renzo, Altieri, and Genovese (2013). As
expected, the various treatments did not signif-
icantly affect milk composition. This composi-
tion profile represents great similarity to that of
human milk as also observed by Coppola et al.
(2002) except for the low fat content. Compared
to bovine milk, the lactose content is very high
whereas the total solids, protein and fat appear
to be much lower.
The pH of raw milk after milking was on average
7.19±0.1, similar to pH 7.18 obtained by Salimei
et al. (2004) and other authors. As shown in
Figure 1, at day 0, raw and treated donkey milk
presented similar pH values. Significant decline
in pH was observed for the raw milk especially
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Figure 1: pH evolution of raw and treated donkey milk samples during 28 days storage at 4 ◦C. The
results represent the means and standard deviations (error bars) of triplicate readings of each sample
from 3 individual productions. Different letters on data points indicate significant differences (P < 0.05)

from day 7 to day 21. The 100 MPa UHPH-
treated sample showed a sharp decline in pH
at day 7 of storage, significantly lower than the
other treated samples which, however, remained
steady over the entire storage period until day
28. A similar pattern was also exhibited by the
70 ◦C pasteurized sample but with a gentle pH
change. The pH of the higher intensity treat-
ments 85 ◦C, 200 MPa and 300 MPa remained
relatively stable during the 28 days of storage
with final pH values around 7.2. After day 14
the pH of raw, 70 ◦C and 100 MPa samples were
all significantly lower than those of 85 ◦C, 200
MPa and 300 MPa. The decline in pH of milk
samples subjected to the mild treatments could
be attributed to acidification provoked by micro-
bial growth.

3.2 Lysozyme activity

In the lysozyme activity, values measured in all
treated samples during storage are presented in
Table 1. Similar values were recorded within
treatments comparable to the values measured
in the raw milk. However, lysozyme activities

for those treated samples were slightly higher
than the raw milk although not statistically sig-
nificant. Changes in lysozyme activities during
sample storage were monitored and their evolu-
tion followed a similar pattern in all samples. A
gradual progressive increase in activity was ob-
served from day 0 to day 14 for raw milk and
the two pasteurized samples. The UHPH-treated
sample at 100 MPa had its highest activity on
day 7. The 200 MPa treated sample showed a
steady lysozyme activity during the first fourteen
days while the 300 MPa treated sample showed
a decrease during the entire period of storage.
However, in spite of lysozyme activity variation
in the different treated samples and storage peri-
ods, loss of activity at day 28 was negligible and
statistically similar in all samples.
In donkey milk, the high lysozyme content and
activity is an important fact which acts as an
antimicrobial natural agent thus constituting an
essential component that needs to be preserved
even when processed. As with other enzymes,
their activity can be easily influenced positively
or negatively by technological treatments. How-
ever, this experiment showed no significant dif-
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Table 1: Meana values ±SD of lysozyme activity (U mL−1) for raw and treated samples during storage
at 4 ◦C

Treatment Day 0 Day 7 Day 14 Day 21 Day 28

Raw 11531 ± 923 13689 ± 3473 15725 ± 940 10588 ± 3556 11746 ± 3719
70 ◦C 13761 ± 3573 17588 ± 6739 18961 ± 4297 13556 ± 2476 10525 ± 4510
85 ◦C 12001 ± 2619 16806 ± 6968 22503* ± 3284 13261 ± 2466 12087 ± 196
100 MPa 13328 ± 3257 16032 ± 4310 15121 ± 1609 11936 ± 1790 10132 ± 2451
200 MPa 14465 ± 5783 14238 ± 3216 14296 ± 1986 11361 ± 4207 10891 ± 4259
300 MPa 16149 ± 4478 15389 ± 2948 14479 ± 1604 11323 ± 1996 10132 ± 3958

a Data are means from 3 individual productions
*Represents significant difference at P < 0.05.

ferences due to treatment effect throughout the
storage period except for the 85 ◦C sample at
day 14 which had a significantly higher lysozyme
activity than all the other treatments. The
lysozyme activities measured for all samples ap-
peared to be very high compared to previous re-
ported data. Conte, Foti, Malvisi, Giacopello,
and Piccinini (2012) reported lysozyme activity
values ranging from 5800 to 2740 U mL−1 of sam-
ple measured in the fresh milk whereas lysozyme
activity levels around 4000-5000 U mL−1 and
sometimes as high as 7000 U mL−1 had been re-
ported (Pilla, Dapra, Zecconi, & Piccinini, 2010).
Any of the treatments applied in this study
caused an increase of lysozyme activity, although
not significantly different. Lysozyme is gener-
ally regarded to be very thermostable and only
starts to undergo thermal denaturation at ele-
vated heat treatments (Polidori & Vincenzetti,
2010). Variability in lysozyme content and activ-
ity has been reported for fresh and treated don-
key milks and also during frozen storage. Vincen-
zetti et al. (2011) mentioned that the lysozyme
content in fresh milk was higher than that found
in the same lyophilized samples. Thermal stabil-
ity of the donkey milk lysozyme has been demon-
strated by other researchers to different extents.
Pasteurization at 63 ◦C for 30 min appeared not
to have any significant effect on the lysozyme
activity on microorganisms (Chiavari, Coloretti,
Nanni, Sorrentino, & Grazia, 2005). Coppola
et al. (2002) found that heat treatments at 90
◦C for 1 min did not significantly affect donkey
milk lysozyme activity compared to raw milk.
However, lysozyme inactivation was produced at

121◦C for 10 min. The effects of UHPH on
the lysozyme activity followed the same trend
as observed for the heat treated samples. An
enhancement in the lysozyme activity was ob-
served by the UHPH treatments compared to
the raw milk samples and this was in agreement
with the observations made by Iucci, Patrignani,
Vallicelli, Guerzoni, and Lanciotti (2007). They
found in cow milk that 100 MPa UHPH treat-
ment caused an increase in lysozyme activity on
microorganisms and they suggested a number
of hypotheses. It was suggested that molecu-
lar modification plays an essential role in the ob-
served increased activity since the molecule ac-
tivity is due to its three-dimensional structure.
So any little change in the native conformation of
lysozyme could lead to a better exposition of the
active site provoking an increase in activity. The
UHPH treatment has been shown by Guerzoni
et al. (1999) to induce an increase in the expo-
sure of a protein’s hydrophobic regions and this
increase of hydrophobicity appeared to be the
main cause for the enhanced antimicrobial ac-
tivity of lysozyme (Bernkop-Schnurch, Krist, Ve-
habovic, & Valenta, 1998). Partial denaturation
of lysozyme at 80 ◦C for 20 min has been demon-
strated to exhibit strong antimicrobial activity
compared with the native lysozyme (Ibrahim, Hi-
gashiguchi, Sugimoto, & Aoki, 1997).

3.3 Microbiological analysis

The initial total bacteria counts for the raw milk
sample were 4 log cfu mL−1). This was similar
to that reported in raw donkey milk by Ivanković
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Figure 2: Total bacterial counts for raw and treated donkey milk samples during storage at 4 ◦C. Results
represents the means and standard deviations (error bars) of triplicate readings of each sample from 3
individual productions. a-d: Different letters on bars indicate significant differences (P < 0.05)

et al. (2009) which was on average lower than
the levels found in goat and cow milk. Zhang,
Zhao, Jiang, Dong, and Ren (2008) attributed
the lower initial microbial counts as a result of
the natural antimicrobial agents present in the
milk. Much lower microbial counts are associ-
ated with raw donkey milks that are machine
milked than those manually milked, 3.50 and
4.7 log cfu mL−1, respectively (Sorrentino et al.,
2010). Figure 2 show total microbial counts evo-
lution during storage of raw and treated milks.
The microbial counts for the raw milk increased
progressively above 6 log cfu mL−1 after 7 days
and much higher at day 14, similar to those ob-
served by Sorrentino et al. (2010) although they
reported no significant increase within the first
3 days of storage at 4 ◦C. There was much vari-
ability in the microbial counts for the raw milk
among the various batches since the milking was
manually done. However, the different treat-
ments applied to milk were able to reduce the
microbial counts significantly to below 2 log cfu
mL−1, despite the increasing trend observed in
raw milk from day 7. Treated samples, on the

other hand, were able to maintain a stable popu-
lation below 2 log cfu mL−1 over the entire stor-
age period. There were no significant differences
in the microbial counts among the various treat-
ments although at 300 MPa samples appeared to
be much lower than the others. The mechanisms
behind the microbial inactivation by UHPH are
not fully understood but have been explained to
arise from causes such as increase in temperature
generated by adiabatic heating in the machine,
spatial pressure and velocity gradients, cavita-
tion, turbulence, solid surface impart and exten-
sional stress (Diels & Michiels, 2006). The slight
decrease in microbial counts for treated samples
on day 7 compared to day 0 similarly may in-
dicate the cooperative effect against microbial
growth of treatments applied and lysozyme, as
also observed by Iucci et al. (2007).

3.4 Physical stability

The complex colloidal nature of milk compris-
ing a mixture of fat globules, casein micelles and
whey proteins in a continuous water phase makes
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Figure 3: Peak thickness of the sediment layer for raw and treated milk samples during storage at 4 ◦C

Figure 4: Peak thickness of the cream layer for raw and treated milk samples during storage at 4 ◦C
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it stable for only a short period of time. Particle
migration produced different destabilization phe-
nomena: sedimentation, aggregation and cream-
ing. The sedimentation phenomenon was ob-
served by the increase in delta backscattering at
the bottom of the measurement vial where the
sample was placed. This phenomenon was as-
sociated with a decrease in backscattering level
across the middle portion of the sample which
was due to a certain degree of clarification. The
creaming phenomenon can be seen from the in-
crease in backscattering on the top of the sample
due to migration of lighter fat globules upwards
(Durand, Franks, & Hosken, 2003). The sedi-
mentation and creaming phenomena were com-
puted from the sediment and cream peak thick-
ness as shown in Figures 3 and 4, respectively.
From the sedimentation profile in Figure 3 it
can be observed that all the samples exhibited
a certain extent of sedimentation. The 300 MPa
treated sample gave the highest values of sed-
iment formation. It was followed by the 200
MPa treated milk which exhibited a DeltaH (t)
backscatter in the range 4 – 6%. The profile for
the 100 MPa was similar to pasteurised and raw
milk profiles with lower DeltaH (t) backscatter
≤ 2%. The increase in sedimentation over the
storage period for the raw, pasteurized (70, 85
◦C) and 100 MPa UHPH treated samples was
very gradual from day 0 to day 18 and remained
quite stable until day 28. The 300 MPa sample
showed a very sharp increase in sediment forma-
tion on day 1 and a much gentler increase to day
3 which decreased gradually afterwards. A simi-
lar profile was observed for the 200 MPa sample
with the sharp increase in sediment layer from
day 0 to day 3 but continuing with a gentle in-
crease to the end of the storage period.
It could be deduced from those observations that
the physical instability arising from sediment for-
mation is directly linked to increasing intensity
in UHPH treatment and less affected by pasteur-
ization conditions in this experiment. The don-
key milk protein fraction is particularly rich in
whey proteins. They represent 30-50 % of the
nitrogen fraction while in cow’s milk it is only 20
% (Vincenzetti et al., 2011). UHPH treatments
of milk in this study were performed at 40 ◦C
inlet temperature, reaching 113 ◦C at the high
pressure valve when 300 MPa was applied. This

temperature accompanied with the mechanical
effects of UHPH may have provoked an intensive
degree of whey proteins denaturation, which is a
quite thermo sensitive fraction. Protein denat-
uration to some extent favored protein aggrega-
tion which, in turn, led to protein sedimentation.
The creaming profile presented in Figure 4 shows
the samples to display various degrees of cream-
ing. However, the extent of backscattering was
much lower compared to that observed in the
sedimentation profile as expected since donkey
milk contains very low fat content. The highest
creaming was observed for the raw milk since it
maintained the fat globule size from the native
milk. The 100 MPa treated milk, on the other
hand, showed the least creaming among all sam-
ples. In this treatment the intensive globule size
reduction as a consequence of UHPH application
was not accompanied with whey protein denatu-
ration in accordance with the sedimentation re-
sults observed, thus the fat globule migration was
minimized. In respect to the creaming evolution
of samples during storage, all of them remained
relatively steady.

4 Conclusions

The UHPH treatment of donkey milk was
demonstrated to be a processing technology com-
parable or better than pasteurization in terms of
microbiological quality with a shelf-life of 28 days
at least. It proved also to have a positive effect
on the lysozyme activity similar to pasteuriza-
tion, maintaining the activity over the storage
period. The UHPH effect on physical stability
however caused sedimentation in the high inten-
sity UHPH treatments of 200 MPa and 300 MPa,
so further UHPH combination of pressure and in-
let temperature has to be conducted. The poten-
tial of donkey milk processed with UHPH treat-
ment in the manufacture of dairy products and
its effects on potential protein allergies will be a
great follow up to this experiment in enabling a
broader exploitation of the technology and don-
key milk as a functional food.
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