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Abstract 
 
Donkey milk is considered a substitute for breast milk. Because of its nutritional and compositional properties it is very 
close to breast milk. Equine asinus can be considered suitable for feeding newborns, against cow's milk, which can 
cause intolerance. We determined the physico-chemical parameters of donkey milk with CombiFoss FT. The total germ 
count (TNG) was analyzed by BactoScan and the total number of somatic cells (TNS) by Fossomatic FC. Determination 
of heavy metals in milk was performed by mass spectrometry to identify Pb, Cd, Cu and Zn. Heavy metals are present in 
the environment but also in food and can cause serious health problems to the consumer. For the consumer, the main 
source of cadmium exposure is the food they consume, water and smoking. Cd contamination of dairy milk may also be 
due to the use of Cd-based chemicals, fertilizers, feed and waste water. 
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INTRODUCTION  
 
The donkey milk is a complex aliment, due to 
its chemical composition (protein, lizozim, fat 
acids, vitamins) and it represents an important 
nutritive contribution to the human organism 
(Shibamoto et al., 2009). Milk is a beneficial 
aliment for the human organism, present in 
daily nourishment, but it requires increased 
attention, due to toxic chemical compounds that 
may be present (microbiologic contaminants, 
total number of germs, total number of somatic 
cells). Among others, steel production, as well 
as burning coal and waste can increase the 
concentration of zinc in the environment. It can 
be inhaled along with dust and smoke, taken in 
through alimentation, or through exposure to 
various work places. The quantity that 
protrudes through the skin is relatively small. 
Zinc can be stored in the entire organism 
(ATSDR, 2007; Dash et al., 2013; 
Mukhopadhyay et al., 2005). All these factors 
(pollution, industrial activities, consumption of 
contaminated aliments, energy production) 
influence the human body over a prolonged 
period of time and may cause a vast array of 
health issues (Reimann et al., 2005; Concha et 
al., 1998; Aposhian et al., 2004). It can be said 

that heavy metal particles are causing a large 
number of drastic illnesses. Heavy metals find 
their way into the human organism through 
alimentation and cause concerning effects due 
to bioacumulation (Vinodhini et al., 2008; 
Coroian et al., 2017; Dash et al., 2013; Piver et 
al., 1989).  
The presence of heavy metals like Cd in 
aliments is due to usage Cd based fertilizers 
and residual waters (EFSA, 2009), as well as 
packing various foods in metal cans. The 
symptoms of prolonged intoxication with 
relatively large quantities of Cd are mainly 
coughing, irritability and pain associated with 
chest burns.  
Clinic analyses have highlighted the apparition 
of pneumonia, respiratory obstruction, affected 
pulmonary function as well as a decrease of the 
organisms vital capacity (EFSA, 2009). For 
acute intoxications we can observe: nausea, 
looseness of bowels and dizziness (Muzi et al., 
2001; Vantroyen et al., 2004). Oral Cd 
intoxications lead to severe irritation of the 
gastro-intestinal epithelium accompanied by 
dizziness, nausea, excessive salivation, 
abdominal pains, cramps, looseness of bowels 
(Andersen et al., 1988). Pb intoxication cause 
symptoms such as abdominal pains, 
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constipation, cramps, nausea and anorexia 
(Rosenman et al., 2003). The purpose of the 
research was to determine the physico-chemical 
composition, the TGN and SCN present in 
donkey milk under the influence of lactation 
and geographical location, as well as assessing 
the concentration of heavy metals present in 
donkey milk. 
 
MATERIALS AND METHODS 
 
Physico-chemical analysis and TGN (Total 
Germ Number) and SCN (Somatic Cell 
Number) analysis of donkey milk 
Donkey milk samples have been gathered from 
traditional farms located in two areas: Sălaj and 
Cluj. A number of five samples have been 
taken for each lactation and each location. The 
milk has been harvested using traditional 
methods (manual) in an appropriate hygienic 
environment. The samples have been stored in 
sterile containers, the ones allocated for the 
physico-chemical and microbiological analysis 
being refrigerated, while the ones assigned for 
heavy metals analysis have been frozen. The 
equipment used to conduct the physico-
chemical analysis was CombiFoss FT,  
BactoScan for the TGN and Fossomatic FC for 
the SCN. 
 
The analysis of heavy metals in donkey milk 
Heavy metals in donut milk were analyzed by 
inductively coupled plasma mass spectrometry 
or ICP-MS used to identify and quantify Pb, 
Cd, Cu, and Zn elements. The samples have 
been taken through the mineralization process 
as following: microwave digestion of 1 ml of 
milk, using 8 ml HNO3 65% and 2 ml H202 
30%. The digestion process consisted of four 
stages, as following: stage 1 - temperature -
145oC; pressure - 30 (bar); ramp time - 5 min; 
maintenance time - 15 min; stage 2 - 
temperature -180oC; pressure - 30 (bar); ramp 
time - 1 min; maintenance time -10 min; stage 
3 - temperature -120°C; pressure - 30 (bar); 
ramp time - 1 min; maintenance time - 15 min; 
stage 4 - temperature -100°C; pressure - 0 
(bar); ramp time - 1 min; maintenance time - 10 
min. The equipment used was a Berghoff 
MWS-3 (Eningen, Germany) microwave 
digestor. The sample was cooled to room 
temperature, dissolved in 25 ml of ultrapure 

water then filtered through 0.45 μm cellulose 
membrane. The concentration of heavy metals 
were determined using an ICP-MS ELAN DRC 
II Perkin-Elmer. 
 
RESULTS AND DISCUSSIONS 
 
The fat content of the donkey milk varies 
according to lactation and the harvesting area 
as follows: in lactation I, the fat content has the 
lowest average values (0.74-0.85%) (Figure 1. 
a). The highest values can be seen in lactation 
IV (2.55-2.62).  
Similar results have been reported for fat 
(Coroian et al., 2016). The protein varies 
similarly to fat, showing the lowest mean 
values in lactation I (1.72-1.74%) and the 
highest values in lactation IV (1.87-1.90%) 
(Figure 1. b).  
Lactose varies according to lactation as 
follows: 6.71% in lactation I in the Sălaj area 
and the highest values are in lactation IV 6.89% 
of Sălaj area (Figure 1. c). The water content 
ranges from 86.5% in lactation I, Sălaj and 
89.81% in lactation IV (Figure 1. d). The 
results obtained for physicochemical 
parameters are in agreement with other studies 
such as those reported by Gastaldi et al., 2010, 
Husby et al., 2014, Cotte et al., 2003, El-Hatmi 
et al., 2015. 
 

a 
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Figure 1. Fat (a), protein (b), lactose (c), water (d) 

content of lactating milk according to lactation (I-IV) 
and sampling area (Sălaj and Cluj) 

 
TNG varied in the 48.5 range, the lowest values 
in lactation I, Sălaj area and 85.5, the highest 
values in lactation IV, Sălaj area. TNS varied in 
the range 230.1, lactation I, Sălaj and 320.9, 
lactation IV Cluj area (Figure 2. a, b). 
 

a 

b 
Figure 2. TNG and TNS from lactating milk according to 

lactation and area Sălaj (a) and Cluj (b) 

The Pb ranged from 29.7 (μg/L) for lactation I, 
in the Sălaj area, showing the lowest values, 
and 48.2 (μg/L) for lactation IV. The level of 
Pb in donkey milk in the Cluj area varied in the 
range of 19.59 (μg/L), lactation II and 32.6 
(μg/L) in lactation IV (Figure 3, a and b). The 
Cd ranged from 4.19 (μg/L), lactation I and 
5.25 (μg/L), lactation 3, in the Sălaj area. The 
values for Cd are lower for donkey milk in 
Sălaj compared to the Cluj area. Cd in donkey 
milk in the Cluj area varies between 5.66 (μg/ 
L), lactation I, and 6.89 (μg/L) in lactation IV. 
Zn in lactation III in the Sălaj area shows the 
lowest level, 2761 (μg/L), and highest in 
lactation IV, 3431 (μg/L). In the Cluj area, the 
lowest level for Zn is 2019 (μg/L), in lactation 
3 and highest in lactation I, 2430 (μg/L). The 
level of Cu varied within the range, 196 (μg/L), 
lactation III, and 320 (μg/L), lactation I, Salaj 
area, and with lower values in the Cluj area, 
with variations of 127 (μg/L), lactation IV and 
266 (μg/L), lactation I (Figure 3 a, b). These 
results are similar to those reported by Coroian 
et al., 2017, for cow's milk. 
 

a 

b 

Figure 3. The content of heavy metals (Pb, Cd, Zn and 
Cu) from lactation milk in the Sălaj area (a) and Cluj 

area (b) 

 
Heavy metals studies have also been reported 
by Malag et al., 2005, Caggiano et al., 2005, 
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Coni et al., 1996, and observe high amounts 
depending on the area, feed, and the product 
analyzed. The elimination of lead in the body 
can be achieved through urine and faeces, and 
in very small amounts is in the hair, nails, 
saliva, human milk, sweat (Dale et al., 1994; 
Hsu et al., 1981; ATSDR, 2007). Regarding 
Cu, daily intake of food is up to 3 mg. With, it 
has an essential role in the body. The sources of 
contamination are mostly pesticides and copper 
treatments and copper-made machinery 
(Suharoschi, 2013). The highest exposures to 
Cd are from food and tobacco, tobacco leaves 
accumulate large amounts of Cd. Exposures 
can also occur through contaminated water 
consumption. Cd is able to bind to various 
sulfhydryl groups in proteins, being active in 
plasma albumin (Voulvoulis et al., 2010). Once 
food or water contaminated with cadmium is 
consumed, it is eliminated in the faeces, it is 
not absorbed in the body in the intestinal tract, 
but it can be absorbed in the skin, muscles, 
bones in the kidneys and the liver (Shaikh et al. 
1980). Concerning the contamination with Cu, 
the legislation imposes the following values 
expressed in mg/kg: 0.5 mg/kg in milk; 1.5 mg/ 
kg in smoked and salted stalks; 2 mg/kg in 
eggs; 3 mg/kg in cheeses, meat, canned and 
semiconserve of peas in tomato sauce or 
vinegar (Suharoschi, 2013). Plant products can 
accumulate much larger quantities of heavy 
metals. Plants can accumulate Cd in 
concentrations ten times higher than soil 
concentrations. Leaves of plants grown near 
industrial, polluted areas can contain heavy 
metals such as Cd that reach values higher than 
570 mg/100 g (EFSA, 2009).  
Cd poisoning causes anemia, hypoproteinemia, 
hypoalbuminemia (Jablonska et al., 1971; 
Solecki et al., 1991). Assessing the level of 
heavy metals in milk is important because of 
the risks they can cause to the human body. It is 
important to establish the level of heavy metals 
in the donut milk as it is used in the diet of 
susceptible persons and those suffering from 
food allergies. 
 
CONCLUSIONS  
 
The average values for heavy metals varied 
depending on the lactation and the milk sample 
area. Protein is a very important parameter, 

especially when talking about milk processing 
in dairy products. The highest protein values 
are for samples from lactation 3th and 4th 
lactation, and the lowest values are for lactation 
of lactation 1 and 2. The lactation and sample 
collection area also affects the fat and lactose 
content of the donkey. 
Heavy metals showed the highest average 
values in donkey milk samples in the Sălaj area 
and the lowest are the Cluj area. The donkey 
milk in Sălaj area showed the highest content in 
Pb, Cu and Zn and the lowest in Cd. High 
levels of Zn and Cu in the donut milk were 
highlighted in all analyzed samples. 
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