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Abstract 
 
Our trial was conducted with the aim of emphasizing the influence of environmental factors acting as potential stressors 
upon donkey milk nutritional traits, within specific climatic conditions of North-West Romania. Milk from fifty jennies 
from four private farms, in different stages of lactation, from first up to the fifth, weekly collected during a three months 
period, February-April 2016, was qualitatively and quantitatively evaluated. In experimental areal, temperature, 
humidity, and wind velocity, were daily recorded. The average temperature of the experimental period (4.95°C±0.19°C) 
is with 0.8°C bigger compared to the average temperature of the experimental areal in 2010, suggesting the increase of 
the heat stress upon donkey milk production traits. Donkey milk content in lactose and fat, together with milk pH, 
increase from first to fifth lactation, while water and protein content decrease. We may consider the lack of correlations 
between donkey milk pH and fat content, and also between fat and lactose. Positive significant moderate correlations 
are identified between donkey milk lactose and protein, and also between lactose, protein, and donkey milk pH. 
Between fat and donkey milk water content, negative significant moderate correlation is identified. Temperature, 
humidity, and wind velocity have strong influence upon donkey milk fat, protein and water content, and moderate on 
donkey milk pH, and lactose. This study emphasizes the necessity of adopting suitable managerial practices in donkey 
rearing facilities, where the farmer is interested in valuating donkey milk. This assertion is based on the increasing of 
the temperature in the experimental areal, compared to the same period of the previous years, taking into account the 
negative influence of the heat stress on donkey milk quality. 
 
Keywords: protein, lactose, fat, water, pH, correlation, heat stress. 

 
1. INTRODUCTION 
 
The donkey (Equus africanus asinus L.) is a member 
of the Equidae family. According to literature 
(Bökönyi 1991; Clutton-Brock, 1992; Eisenmann, 
1995; Groves, 1986; Haltenorth and Diller, 1980; 
Kingdon, 1997), this specie originates from Africa, 
and it was domesticated in time, as result of a 
complex process (Bench, 2004).  
From ancient times up to our days, traders and 
pastoralists use donkeys for transport, and/or pack 
animals, while sometimes farmers use donkeys for 
field and domestic works. Besides the small 
expenses needed of their maintaining, when we talk 
about their acquisition, we also speak of low cost 
(Marshall and Weissbrod, 2011).  
The above mentioned low costs are the 
consequences of their perception as a single-use 
specie, compared to cattle, buffaloes, etc., which are 

used as multipurpose livestock, usually reared for 
meat, milk, but also for work and transport 
(Fernando and Starkey, 2004; Singh et al., 2005). 
Even they are not part of livestock species valuable 
due to their meat output, the jenny milk production 
become more and more interesting, in last 
decennials.  
The donkey milk may be used instead of human 
milk, having better properties compared to cow milk 
(Fantuz et al., 2012; Salimei and Fantuz, 2012).  
In Europe, the use of jenny milk as human milk 
replacer become a tradition, mostly because of its 
composition and physico-chemical traits (Aspri et 
al., 2016; Ragona et al., 2016; Trinchesea et al., 
2015). The jenny milk composition is similar to 
human milk in terms of lactose, protein and fatty 
acids profiles, minerals (Bidasolo et al., 2012; 
Piovesana et al., 2015), and also other components, 
as shown in Table 1 (Guo et al.,  2007).  
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Table 1. Composition of donkey milk compared to human milk (Guo et al., 2007) 
 

Issue Donkey milk Human milk 
pH 7.0-7.2 7.0-7.5 
Protein (%) 1.5-1.8 0.9-1.7 
Fat (%) 0.3-1.8 3.5-4.0 
Lactose (%) 5.8-7.4 6.3-7.0 
Ash (%) 0.3-0.5 0.2-0.3 
Total solids (%) 8.08-11.7 11.7-12.9 
Caseins (%) 0.64-1.03 0.32-0.42 
Whey proteins (%) 0.49-0.80 0.68-0.83 
 
Besides the properties already emphasized, the jenny 
milk has good palatability, valuable nutritional 
properties, reduced allergenicity, and clinical 
tolerability (Trinchesea et al., 2015). When adverse 
(Polidori and Vincenzetti, 2013).  
Literature also mentions the utility of using donkey 
milk when allergy to cow milk, considered as one of 
the ”Big 8” allergens from food (Host, 2002), is 
recorded, because its proteins seem to be safer for 
infants’ consumption (D’Alessandro and 
Martemucci, 2012; Polidori and Vincenzetti, 2013). 
Another use of jenny milk is in cosmetics 
(Consentino et al., 2014) 
Even donkey maintaining seems to be easy, because 
they have no special maintaining and welfare 
requirements (Consentino et al., 2010; Consentino et 
al., 2012; Zakari et al., 2015), the environmental 
issues may affect their behavior and wellbeing 
(Lagat and Nyangena, 2016). 
According to Smith and Pearson (2005), Dey et al. 
(2010), Zakari et al. (2015), Kumar et al. (2011), and 
Pandey et al. (2012) temperature is one of the most 
important environmental stressor upon livestock 
animals, generally speaking, and on donkey 
behavior and productions, particularly.  
Thus, heat stress, together with solar radiation, both 
direct and indirect, accompanied by high humidity 
proofed to be environmental stressors, which have 
high potential of affecting donkey welfare and 
productions. The amount of this influence depends 
on both intensity of climatic inputs, and intrinsic 
thermoregulation mechanisms specific for each 
donkey breed.  
In Romania, few studies were conducted upon the 
donkey milk composition and quality (Marchis et al., 
2015a; Marchis et al., 2015b), and also upon the 
influence of climatic on donkey maintaining, and 
their dairy production (Coroian et al., 2016). 
In order to contribute to the knowledge concerning 
the composition of the donkey milk, obtained from 
individuals traditionally reared in Romania, in 
specific climatic conditions, besides laboratory 
quantifications of milk traits (fat, protein, lactose, 
water pH), our study also shows the results of testing 
the intensity of the interaction between donkey milk 
composition, and environmental stress factors 

represented by temperature, humidity, and wind 
velocity, respectively.  
 
2. MATERIAL AND METHODS 
 
2.1. The experimental areal 
The trial was carried out in four donkey private 
farms, located nearby one to each other, in North-
West Romania, in the vicinity of the town of Huedin 
(46˚52’00’’N, and 23˚02’00’’E), County of Cluj, 
during February – April 2016.  
 
2.2. The environmental monitoring 
The experimental area is characterized by a 
temperate continental clime, with historic annual 
average temperature of 7˚C – 8˚C, which recorded 
an alarming increase of almost 1 ˚C, in last decade, 
from 7.9˚C, to 8.8˚C (Romanian National Adminis-
tration of Meteorology. Climatic monitoring). 
Climatic data (temperature, humidity, and wind 
velocity) were daily recorded with an automatic 
meteorological data station, WE900 from WTW, 
placed in experimental area. 
 
2.3. Sample collection 
Milk samples were collected from the morning 
milking of 10 primiparous, and 40 multiparous 
jennies. The animals are maintained within the same 
conditions, and receiving the same feeding level and 
composition. The milk samples of an average 
volume of 300 mL were collected, weekly, in 
standard containers, and transported to the 
laboratory, maintained at 4°C.  
 
2.4. Laboratory analysis 
The physicochemical analysis was performed in the 
same day. Lactoscan MCC device, from Milkotronic 
Ltd. was used for laboratory determinations. The 
principle of pH, fat, protein, lactose, and water 
determinations is based on the direct measurement 
of the speed of the ultrasound in milk. 
 
2.5. Statistical analysis 
Data were statistically processed with IBM SPSS 
Statistics v. 20. Descriptive statistics was used for 
characterizing the milk traits. The Pearson simple 

correlations and multiregression analyze was 
implemented in order to emphasize the intensity of 
the relationships between milk traits, and the 
interrelations between the climatic factors charac-
terizing the environment (temperature, ˚C; humidity, 
%; wind velocity, m/s) and each of the analyzed 
traits of the donkey milk (fat, protein, lactose, water, 
and pH), respectively.  
 
3. RESULTS AND DISCUSSIONS 
 
The monitoring of the environmental parameters 
characterizing the experimental field, emphasizes 
their means, calculated by the experimental period 
of three months, respectively. Thus, resulted a three 
months mean temperature of 4.95˚C, humidity of 
67.92%, and wind velocity of 7.45 m/s (Table 2). 
The statistical analyze emphasizes a good 
representativeness of the humidity and wind velocity 
means, confirmed by the values of the coefficients of 
variation, CV = 16.44%, and CV = 25.77%, res-
pectively (Merce and Merce, 2009). Not the same 
thing may be observed when we analyze the mean of 
the temperature in experimental field, when the 
variability expressed by the value of CV = 37.91%, 
over 30% (Merce and Merce, 2009), shows that the 
mean has no representativeness. This may be 
explained by the large variation of temperature, from 
a minimum of -5°C, to a maximum of +7°C (Table 
2), because the experimental interval covers the end 

of winter and first two months of spring, when 
weather become warmer. 
Temperature, which is one of the most important 
environmental parameter for donkey wellbeing, and 
milk production, because it may produce the heat 
stress that induces physiological disorders (Ayo et 
al., 2014; Zakari et al., 2015) recorded a mean 
increase of 0.8°C from 4.15°C in 2010 to 4.95°C in 
2016, by a three months period, February – April, 
respectively (Fig. 1).  
These results may be considered as part of the 
alarming phenomenon of climatic changes, which 
may be also encountered in the studied area.  
Our trial shows different evolutions of donkey milk 
traits by lactation (Table 3).  
The fat content (Table 3) increases continuously 
from first to fifth lactation.  
This result is opposite to the findings of Heinrichs et 
al. (2017) in USA, who state that milk fat in dairy 
herds decreases ”as the animal becomes older”.  
The differences between the values correspondent to 
first, fourth and fifth lactation are statistically 
significant if compared to the mean by all lactations 
(Table 4).  
Protein, lactose, water and pH have fluctuant 
evolutions, lactose and pH characterized by an 
increasing evolution, while protein and water by a 
decreasing tendency (Table 3, Fig. 2). The 
differences between these means, by lactation, and 
means by all lactations are not statistically 
significant (Table 4).  

Table 2. Descriptive statistics concerning the evolution of the climatic parameters within the experimental areal, 
February – April, 2016 

Parameter N Temperature (˚C) Humidity (%) Wind velocity (m/s) 
Mean 92 4.95 67.92 7.45 
Standard deviation 92 1.82 11.17 1.92 
Standard error of mean 92 0.19 1.16 0.20 
Minimum 92 -5.00 45.00 3.00 
Maximum 92 7.00 96.00 11.00 
Coefficient of variation 92 37.91 16.44 25.77 
 
 

 
Figure 1. The evolution of the mean temperature by a three months period (February – April) in experimental area,  

2010 - 2016 
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Table 1. Composition of donkey milk compared to human milk (Guo et al., 2007) 
 

Issue Donkey milk Human milk 
pH 7.0-7.2 7.0-7.5 
Protein (%) 1.5-1.8 0.9-1.7 
Fat (%) 0.3-1.8 3.5-4.0 
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Ash (%) 0.3-0.5 0.2-0.3 
Total solids (%) 8.08-11.7 11.7-12.9 
Caseins (%) 0.64-1.03 0.32-0.42 
Whey proteins (%) 0.49-0.80 0.68-0.83 
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milk has good palatability, valuable nutritional 
properties, reduced allergenicity, and clinical 
tolerability (Trinchesea et al., 2015). When adverse 
(Polidori and Vincenzetti, 2013).  
Literature also mentions the utility of using donkey 
milk when allergy to cow milk, considered as one of 
the ”Big 8” allergens from food (Host, 2002), is 
recorded, because its proteins seem to be safer for 
infants’ consumption (D’Alessandro and 
Martemucci, 2012; Polidori and Vincenzetti, 2013). 
Another use of jenny milk is in cosmetics 
(Consentino et al., 2014) 
Even donkey maintaining seems to be easy, because 
they have no special maintaining and welfare 
requirements (Consentino et al., 2010; Consentino et 
al., 2012; Zakari et al., 2015), the environmental 
issues may affect their behavior and wellbeing 
(Lagat and Nyangena, 2016). 
According to Smith and Pearson (2005), Dey et al. 
(2010), Zakari et al. (2015), Kumar et al. (2011), and 
Pandey et al. (2012) temperature is one of the most 
important environmental stressor upon livestock 
animals, generally speaking, and on donkey 
behavior and productions, particularly.  
Thus, heat stress, together with solar radiation, both 
direct and indirect, accompanied by high humidity 
proofed to be environmental stressors, which have 
high potential of affecting donkey welfare and 
productions. The amount of this influence depends 
on both intensity of climatic inputs, and intrinsic 
thermoregulation mechanisms specific for each 
donkey breed.  
In Romania, few studies were conducted upon the 
donkey milk composition and quality (Marchis et al., 
2015a; Marchis et al., 2015b), and also upon the 
influence of climatic on donkey maintaining, and 
their dairy production (Coroian et al., 2016). 
In order to contribute to the knowledge concerning 
the composition of the donkey milk, obtained from 
individuals traditionally reared in Romania, in 
specific climatic conditions, besides laboratory 
quantifications of milk traits (fat, protein, lactose, 
water pH), our study also shows the results of testing 
the intensity of the interaction between donkey milk 
composition, and environmental stress factors 

represented by temperature, humidity, and wind 
velocity, respectively.  
 
2. MATERIAL AND METHODS 
 
2.1. The experimental areal 
The trial was carried out in four donkey private 
farms, located nearby one to each other, in North-
West Romania, in the vicinity of the town of Huedin 
(46˚52’00’’N, and 23˚02’00’’E), County of Cluj, 
during February – April 2016.  
 
2.2. The environmental monitoring 
The experimental area is characterized by a 
temperate continental clime, with historic annual 
average temperature of 7˚C – 8˚C, which recorded 
an alarming increase of almost 1 ˚C, in last decade, 
from 7.9˚C, to 8.8˚C (Romanian National Adminis-
tration of Meteorology. Climatic monitoring). 
Climatic data (temperature, humidity, and wind 
velocity) were daily recorded with an automatic 
meteorological data station, WE900 from WTW, 
placed in experimental area. 
 
2.3. Sample collection 
Milk samples were collected from the morning 
milking of 10 primiparous, and 40 multiparous 
jennies. The animals are maintained within the same 
conditions, and receiving the same feeding level and 
composition. The milk samples of an average 
volume of 300 mL were collected, weekly, in 
standard containers, and transported to the 
laboratory, maintained at 4°C.  
 
2.4. Laboratory analysis 
The physicochemical analysis was performed in the 
same day. Lactoscan MCC device, from Milkotronic 
Ltd. was used for laboratory determinations. The 
principle of pH, fat, protein, lactose, and water 
determinations is based on the direct measurement 
of the speed of the ultrasound in milk. 
 
2.5. Statistical analysis 
Data were statistically processed with IBM SPSS 
Statistics v. 20. Descriptive statistics was used for 
characterizing the milk traits. The Pearson simple 

correlations and multiregression analyze was 
implemented in order to emphasize the intensity of 
the relationships between milk traits, and the 
interrelations between the climatic factors charac-
terizing the environment (temperature, ˚C; humidity, 
%; wind velocity, m/s) and each of the analyzed 
traits of the donkey milk (fat, protein, lactose, water, 
and pH), respectively.  
 
3. RESULTS AND DISCUSSIONS 
 
The monitoring of the environmental parameters 
characterizing the experimental field, emphasizes 
their means, calculated by the experimental period 
of three months, respectively. Thus, resulted a three 
months mean temperature of 4.95˚C, humidity of 
67.92%, and wind velocity of 7.45 m/s (Table 2). 
The statistical analyze emphasizes a good 
representativeness of the humidity and wind velocity 
means, confirmed by the values of the coefficients of 
variation, CV = 16.44%, and CV = 25.77%, res-
pectively (Merce and Merce, 2009). Not the same 
thing may be observed when we analyze the mean of 
the temperature in experimental field, when the 
variability expressed by the value of CV = 37.91%, 
over 30% (Merce and Merce, 2009), shows that the 
mean has no representativeness. This may be 
explained by the large variation of temperature, from 
a minimum of -5°C, to a maximum of +7°C (Table 
2), because the experimental interval covers the end 

of winter and first two months of spring, when 
weather become warmer. 
Temperature, which is one of the most important 
environmental parameter for donkey wellbeing, and 
milk production, because it may produce the heat 
stress that induces physiological disorders (Ayo et 
al., 2014; Zakari et al., 2015) recorded a mean 
increase of 0.8°C from 4.15°C in 2010 to 4.95°C in 
2016, by a three months period, February – April, 
respectively (Fig. 1).  
These results may be considered as part of the 
alarming phenomenon of climatic changes, which 
may be also encountered in the studied area.  
Our trial shows different evolutions of donkey milk 
traits by lactation (Table 3).  
The fat content (Table 3) increases continuously 
from first to fifth lactation.  
This result is opposite to the findings of Heinrichs et 
al. (2017) in USA, who state that milk fat in dairy 
herds decreases ”as the animal becomes older”.  
The differences between the values correspondent to 
first, fourth and fifth lactation are statistically 
significant if compared to the mean by all lactations 
(Table 4).  
Protein, lactose, water and pH have fluctuant 
evolutions, lactose and pH characterized by an 
increasing evolution, while protein and water by a 
decreasing tendency (Table 3, Fig. 2). The 
differences between these means, by lactation, and 
means by all lactations are not statistically 
significant (Table 4).  

Table 2. Descriptive statistics concerning the evolution of the climatic parameters within the experimental areal, 
February – April, 2016 

Parameter N Temperature (˚C) Humidity (%) Wind velocity (m/s) 
Mean 92 4.95 67.92 7.45 
Standard deviation 92 1.82 11.17 1.92 
Standard error of mean 92 0.19 1.16 0.20 
Minimum 92 -5.00 45.00 3.00 
Maximum 92 7.00 96.00 11.00 
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Figure 1. The evolution of the mean temperature by a three months period (February – April) in experimental area,  
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Table 3. Descriptive statistics concerning the evolution of donkey milk traits, function of lactation,  
February – April, 2016 

Lactation I II III IV V 
Fat (%) 

N 10 10 10 10 10 
Mean 0.86a 1.68b 1.97b 2.30a 2.46a 
Standard deviation 0.03 0.03 0.02 0.07 0.05 
Standard error of mean 0.11 0.11 0.06 0.21 0.16 
Minimum 0.67 1.55 1.87 2.01 2.20 
Maximum 0.94 1.83 2.03 2.55 2.60 
Coefficient of variation (%) 12.72 6.29 3.21 9.32 6.36 

Protein (%) 
N 10 10 10 10 10 

 1.88 1.72 1.73 1.80 1.81 
 0.03 0.01 0.01 0.02 0.02 

s 0.10 0.04 0.04 0.06 0.07 
Minimum 1.77 1.68 1.68 1.71 1.73 
Maximum 1.98 1.78 1.79 1.87 1.89 
CV(%) 5.42 2.41 2.42 3.23 3.60 

Lactose (%) 
N 10 10 10 10 10 

 6.80 6.72 6.78 6.77 6.80 
 0.03 0.02 0.01 0.01 0.01 

s 0.11 0.08 0.05 0.04 0.05 
Minimum 6.68 6.61 6.71 6.70 6.73 
Maximum 6.92 6.82 6.84 6.80 6.85 
CV(%) 1.58 1.17 0.78 0.62 0.67 

Water (%) 
N 10 10 10 10 10 

 88.40 87.29 85.16 84.66 86.01 
 0.22 0.50 0.60 0.55 0.67 

s 0.71 1.60 1.90 1.75 2.11 
Minimum 87.50 84.78 82.70 82.50 82.75 
Maximum 89.10 89.01 87.10 87.20 88.20 
CV(%) 0.80 1.84 2.23 2.07 2.45 

pH 
N 10 10 10 10 10 

 6.94 6.86 6.94 7.11 7.09 
 0.03 0.04 0.04 0.03 0.03 

s 0.11 0.15 0.15 0.09 0.09 
Minimum 6.80 6.71 6.70 7.01 7.00 
Maximum 7.10 7.10 7.10 7.20 7.20 
CV(%) 1.64 2.25 2.19 1.22 1.23 

a -  p <0.01; b - p>0.05. 
 
Mean fat and protein contents from donkey milk 
resulted from our trial (Table 4), are bigger 
compared to the values (0.53% fat, and 1.63% 
protein) obtained by Martini et al. (2013) and (0.4% 
fat, 1.57% protein) obtained by Ragona et al. (2016) 
in Amiata donkey, but lactose content of donkey 
milk (Table 4) is lower compared to the same trials, 
where a mean of 7.12% is reported by Martini et al. 

92013), and 7.23% by Ragona et al. (2016). 
Compared to the values obtained by Conti (2013) in 
Sicily, for donkey milk content in lactose (6.23-
6.24%), and fat (1.61%) we report bigger values 
(Table 4).  
If the protein mean content of the donkey milk 
analyzed in our trial (Table 4) frames with the range 
of variation of 1.5-1.8% mentioned by Guo et al. 

(2007), similar with human milk protein content 
(0.9-1.7%), but smaller compared to cow milk, of 
3.1-3.8% (Polidori et al., 2016), it is bigger 
compared to limits mentioned by Barłowska et al. 
(2011), of 1.59-1.74%. 
The fat content (Table 4) is slightly over the range 
(0.3-1.8%) mentioned by Guo et al. (2007) and 
(0.28-1.82%) reported by Barłowska et al. (2011), 
but smaller compared to the limits mentioned by 

Polidori et al. (2016), for human milk (3.5-4%), and 
cow milk (3.5-3.9%). On the contrary, pH (Table 4) 
is slightly under the ranges mentioned by Guo et al. 
(2007) for donkey milk (7-7.2%), and human milk 
(7-7.5%). Lactose identified in our trial in donkey 
milk (Table 4) frames within the ranges mentioned 
by both Guo et al. (2007), 5.8-7.4%, respectively, 
and also by Barłowska et al. (2011), of 5.87-6.88%. 

 
Table 4. Descriptive statistics for the evolution of donkey milk traits by all lactations, 

February – April, 2016 
 

Parameter N Fat (%) Protein (%) Lactose (%) Water (%) pH 

Mean 50 1.85a,b 1.79 6.77 86.31 6.99 

Standard deviation 50 0.12 0.02 0.01 0.42 0.03 

Standard error of mean 50 0.02 0.01 0.01 0.06 0.01 

Minimum 50 0.67 1.68 6.61 82.50 6.70 

Maximum 50 2.60 1.98 6.92 89.10 7.20 

Coefficient of variation 50 31.82 4.74 1.04 2.42 2.14 
a -  p <0.01; b - p>0.05. 

 
Except lactose (Fig. 2c), all investigated donkey 
milk traits exhibit differences between different 
stages of lactation (Fig. 2). Fat increases very 
significantly from the Ist up to the Vth lactation (Fig. 
2a), while protein records a fluctuation between 
lactations, with significand differences at 
significance threshold of 5% (Fig. 2b). The milk pH 
has a positive trend from the first to the Vth lactation, 
the differences being statistically significant at 
significance threshold of 5% (Fig. 2d).  
Donkey milk water content records a negative trend 
from first to Vth lactation, the differences between 
IIIrd and Vth lactations being significant and 
distinctly significant (Fig. 2e). 
Between the donkey milk traits positive and negative 
simple correlations, from very weak to moderate 
intensity may be emphasized (Table 5). Moderate 

significant (p<0.01) correlations, positive between 
the protein and lactose, fat and pH, and negative 
between fat and water are recorded. No significant 
correlations are found between the other studied 
traits (Table 5).  
Negative weak correlation was observed between fat 
and protein, and positive moderate between water 
and protein. Positive weak and very weak 
correlations may be identified between lactose and 
fat, water, pH, and also between water and pH 
(Table 5). 
Our data are not consistent with those obtained by 
Conty (2013), as result of an experiment performed 
in warm climate of Sicily, on milk from common 
donkey breed, where weak to moderate correlation 
(R=0.372) resulted between fat and lactose. 

 
Table 5. The correlation matrix of the donkey milk traits Decriptive statistics  

for the the evolution of donkey milk traits by all lactations, February – April, 2016 
 

Issue Fat (%) Protein (%) Lactose (%) Water (%) pH 

Fat (%) - -0.239 +0.060 -0.449 a +0.477 a 

Protein (%) - - +0.451a +0.370 +0.264 

Lactose (%) - - - +0.242 +0.120 

Water (%) - - - - +0.089 
a -  p <0.01. 
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Table 3. Descriptive statistics concerning the evolution of donkey milk traits, function of lactation,  
February – April, 2016 

Lactation I II III IV V 
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N 10 10 10 10 10 
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Standard deviation 0.03 0.03 0.02 0.07 0.05 
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Coefficient of variation (%) 12.72 6.29 3.21 9.32 6.36 
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N 10 10 10 10 10 

 1.88 1.72 1.73 1.80 1.81 
 0.03 0.01 0.01 0.02 0.02 

s 0.10 0.04 0.04 0.06 0.07 
Minimum 1.77 1.68 1.68 1.71 1.73 
Maximum 1.98 1.78 1.79 1.87 1.89 
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Lactose (%) 
N 10 10 10 10 10 
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 0.03 0.02 0.01 0.01 0.01 

s 0.11 0.08 0.05 0.04 0.05 
Minimum 6.68 6.61 6.71 6.70 6.73 
Maximum 6.92 6.82 6.84 6.80 6.85 
CV(%) 1.58 1.17 0.78 0.62 0.67 

Water (%) 
N 10 10 10 10 10 

 88.40 87.29 85.16 84.66 86.01 
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N 10 10 10 10 10 
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CV(%) 1.64 2.25 2.19 1.22 1.23 

a -  p <0.01; b - p>0.05. 
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has a positive trend from the first to the Vth lactation, 
the differences being statistically significant at 
significance threshold of 5% (Fig. 2d).  
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intensity may be emphasized (Table 5). Moderate 

significant (p<0.01) correlations, positive between 
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between fat and water are recorded. No significant 
correlations are found between the other studied 
traits (Table 5).  
Negative weak correlation was observed between fat 
and protein, and positive moderate between water 
and protein. Positive weak and very weak 
correlations may be identified between lactose and 
fat, water, pH, and also between water and pH 
(Table 5). 
Our data are not consistent with those obtained by 
Conty (2013), as result of an experiment performed 
in warm climate of Sicily, on milk from common 
donkey breed, where weak to moderate correlation 
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Figure 2. The evolution of the donkey milk traits function of lactation 
 

c 

c 
cb 

cba 
cba 

0

0.5

1

1.5

2

2.5

3

 I  II  III  IV  V

Fa
t m

ilk
 co

nt
en

t,%
 

Lactation 

a 

a 

a 
a 

a 

6.68

6.7

6.72

6.74

6.76

6.78

6.8

6.82

 I  II  III  IV  V

La
ct

os
e 

m
ilk

 co
nt

en
t,%

 

Lactation 

ba 

ba baa 

abaa abba 

1.6

1.65

1.7

1.75

1.8

1.85

1.9

 I  II  III  IV  V

Pr
ot

ei
n 

m
ilk

 co
nt

en
t,%

 

Lactation 

b 

b 

a 

ab ab 

6.7
6.75

6.8
6.85

6.9
6.95

7
7.05

7.1
7.15

 I  II  III  IV  V

M
ilk

 p
H 

 

Lactation 

a 

a 

ab 
bcac 

ca 

82

83

84

85

86

87

88

89

 I  II  III  IV  V

W
at

er
 m

ilk
 co

nt
en

t,%
 

Lactation 

Between temperature, humidity and wind velocity 
and donkey milk fat, protein, and water, moderate to 
strong multiple correlations are reported, while 
between above mentioned climatic parameters, pH 
and lactose from donkey milk, moderate correlations 
may be mentioned (Table 6).  
According to regression lines, temperature and 
humidity contribute to decrease of the donkey milk 
traits analyzed in the present study, while wind have 

a small positive contribution (Table 6). The 
correlation between fat and climatic factors explains 
63.8% of the variability of this donkey milk trait, for 
protein they explain 52.70% of variability, while for 
water 58.50%.  
The variability of donkey milk pH and lactose 
content is explained in a less extent by the 
interaction with considered climatic factors (Table 
6). 

 
Table 6. The multiple correlations (R) and determination coefficients (R2) reported between the climatic factors 

characterizing the environment (temperature, humidity, wind velocity) and donkey milk traits 
 

Traits  R (R2) Regression line 
Fat (%) R = 0.799 (R2 = 0.638) Fat (%) = 4.038-3.251t(˚C)-2.597H(%)+0.133v(m/s) 

Protein (%) R = 0.726 (R2 = 0.527) Protein (%) = 2.466-1.429t(˚C)-0.527H(%)+0.073v(m/s) 
Lactose (%) R = 0.590 (R2 = 0.348) Lactose (%) = 7.286-1.178t(˚C)-0.354H(%)+0.034v(m/s) 
Water (%) R = 0.765 (R2 = 0.585) Water (%) = 87.084-0.283t(˚C)-0.685H(%)+0.047v(m/s) 

pH R = 0.530 (R2 = 0.281) pH (%) = 9.356-1.366t(˚C)-1.988H(%)+0.156v(m/s) 
 
Concerning environmental influence on fat and 
protein from donkey milk, our results are consistent 
to those emphasized, in cow milk, by Milani et al. 
(2015), and also Linn (1988).  
Linn states that in summer, when heat and humidity 
record high values, a decrease of fat and protein 
from cow milk is noticed. Barash et al. (2001) also 
noticed the negative influence of temperature upon 
protein content in cow milk. 
 
4. CONCLUSIONS 
 
Because of hypoallergenic and nutritional traits, 
together with composition similar to human milk, 
donkey milk is a very good candidate for replacing 
human milk. Our study emphasizes, besides the heat, 
humidity, and wind velocity influence on qualitative 
donkey milk traits (fat, protein, lactose, water, and 
pH), the variation of these traits function of lactation 
and also, the interactions between them. Majority 
donkey milk traits, fat, lactose and pH, respectively, 
exhibit increasing tendency from first to fifth 
lactation, while protein and water content, a 
decreasing one. The evolutions of fat and lactose 
contents in donkey milk, and water and pH, 
respectively, may be considered not correlated. 
Noticeable significant positive moderate correlations 
are identified between fat and donkey milk pH, and 
protein and lactose, while between donkey milk 
water content and fat, the correlation, even 
significant and moderate, is negative, suggesting the 
divergent evolution of these parameters.Between 
protein, fat and water from donkey milk and climatic 
factors (temperature, humidity and wind velocity) 
strong interrelationships are reported. Donkey milk 
pH and lactose content is less influenced by the 

above mentioned climatic factors. Temperature and 
humidity recorded within the experimental areal 
have bigger influence on the donkey milk traits 
discussed in this study, contributing to decrease of 
all studied traits, while wind have a weak positive 
influence upon the increase of these traits. Within 
the climatic landscape of the experimental areal 
characterized by a noticeable warming, meaning 
about 0.8°C during a 6 year period, and taking into 
consideration the importance of heat stress upon 
donkey milk qualitative traits, this study suggest 
farmers interested in valuating donkey milk for 
consumption, the urgency of adopting appropriate 
managerial conditions in order to diminish the 
potential effects of increased heat stress upon fat, 
and protein milk content. 
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Between temperature, humidity and wind velocity 
and donkey milk fat, protein, and water, moderate to 
strong multiple correlations are reported, while 
between above mentioned climatic parameters, pH 
and lactose from donkey milk, moderate correlations 
may be mentioned (Table 6).  
According to regression lines, temperature and 
humidity contribute to decrease of the donkey milk 
traits analyzed in the present study, while wind have 

a small positive contribution (Table 6). The 
correlation between fat and climatic factors explains 
63.8% of the variability of this donkey milk trait, for 
protein they explain 52.70% of variability, while for 
water 58.50%.  
The variability of donkey milk pH and lactose 
content is explained in a less extent by the 
interaction with considered climatic factors (Table 
6). 
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