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A B S T R A C T   

Multi-element analyses determine the content of 17 trace elements (Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr, 
Cd, Cs, Ba, Pb, U) and 14 rare earth elements (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Yb, Lu, Y) in whey 
samples from cow and goat milk by inductively coupled plasma mass spectrometry and inductively coupled 
plasma-sector field mass spectrometry. A total of 261 milk whey samples were collected from four locations in 
the Veneto region of northeastern (NE) Italy. These samples contain a wide range concentration of 17 trace 
elements (0.06–1530 μg kg− 1) and 14 rare earth elements (0.16–28.2 ng kg− 1) in whey samples, but do not reach 
toxic concentrations. Elemental fingerprinting of trace and rare earth elements in cow and goat milk whey 
provide information on the dairy quality and, as they reflect the local environmental conditions, result in an 
excellent indicator of their geographical origin.   

1. Introduction 

Milk and dairy products are an equilibrated mixture of macronutri-
ents (lipids, proteins, carbohydrates) and micronutrients (vitamins, en-
zymes, and minerals), and are therefore an exceptional aspect of a daily 
human diet (Levkov et al., 2017; Özturan & Atasever, 2018; Petrović, 
Savić, & Petronijević, 2016). In recent years, the interest in the nutri-
tional significance of milk has markedly intensified (Rivero Martino, 
Fernández Sánchez, & Sanz Medel, 2000), resulting in increasing 
knowledge of how minerals (major and trace elements) significantly 
contribute to different human body functions. Depending on their 
chemical form, minerals can combine with several proteins and peptides 
to influence their absorption in the human body (Hoac et al., 2007), as 

well as associated biochemical and biological activity (Levkov et al., 
2017; Özturan & Atasever, 2018; Prashanth, Kattapagari, Chitturi, 
Baddam, & Prasad, 2015). When these minerals are present at normal 
levels, they can help stabilize cellular structures, but insufficient con-
centrations of minerals can cause disorders and diseases (Prashanth 
et al., 2015), and substantial concentrations may be toxic. 

Due to the importance of these minerals for human health, and their 
prevalence within dairy products, researchers are increasingly inter-
ested in whey as an ingredient in food. Milk whey is the liquid substance 
remaining during cheese production after the milk clots and casein are 
removed (Brandelli, Daroit, & Folmer Corrêa, 2015). Whey is currently 
an underutilized ingredient but is one which has the potential to sup-
plement food with macro and micronutrients. However, little is known 
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regarding the distribution of trace elements (TEs) in whey (Hoac et al., 
2007). 

The content of mineral elements in milk is variable, due to the wide 
range of factors such as the lactation stage, nutritional status of the 
animal, environmental and genetic factors, content of elements in soil, 
industrial activities, and contaminated agricultural water used for irri-
gation (Esposito et al., 2017; Levkov et al., 2017; Licata et al., 2004; 
Malbe, Otstavel, Kodis, & Viitak, 2010). The concentration of some el-
ements (e.g. As, Cd, Hg, and Pb) in milk provide direct evidence of the 
degree of contamination. Thus, these elements indicate the local or 
peripheral environmental conditions, including the quality of water, air, 
soil, and vegetation of the area where the cattle are located 
(González-Montaña, 2009). 

The composition of most inorganic components present in the soil 
are directly related to the regional and local geology (Joebstl, Bando-
niene, Meisel, & Chatzistathis, 2010). Therefore, the determination of 
rare earth elements (REEs) can act as geochemical markers and can also 
provide a fingerprint for food traceability (Aceto et al., 2018; Bando-
niene, Meisel, Rachetti, & Walkner, 2018). For example, REEs supply 
information on the geographical origin of food products such as wine 
(Joebstl et al., 2010), rice, and tomatoes (Spalla et al., 2009). This 
multi-elemental composition of the soil and vegetation is then incor-
porated into animals that graze on local pastures (Danezis, Tsagkaris, 
Brusic, & Georgiou, 2016). 

During the past few years, REEs have been utilized in a number of 
industrial, medical and agricultural applications and consequently in-
crease the associated impact related on human health. 

(Pagano, Guida, Tommasi, & Oral, 2015). Soil, vegetation, the at-
mosphere and water generally contain relatively low concentrations of 
REEs, where these REEs are also present at ultra-trace/trace concen-
trations (40–7970 ng kg− 1) in food (Spalla et al., 2009). However, due to 
their low mobility, the REEs present in these matrices can accumulate in 
the environment and bioaccumulate in biota. 

(Li, Chen, Chen, & Zhang, 2013). Thus, it is increasingly necessary to 
understand the biological role and behavior of these elements in systems 
such as plants and soil (Tyler, 2004). 

Milk and milk products contain high concentrations (mg kg− 1) of 
toxic trace elements as a result of increased anthropogenic pressure 
(industrial, agricultural and urban activities) on the environments in 
which cows, sheep, and goats are raised (Levkov et al., 2017). Metals are 
not biodegradable and can accumulate up the food chain through 
biotransformation, resulting in bioaccumulation and toxicity in biota 
and humans (Muhib et al., 2016). Animals assimilate trace metals from 
food and water, as well as inhaling contaminated atmospheric particu-
lates (Esposito et al., 2017; Levkov et al., 2017; Muhib et al., 2016). 
Harmful metals, such as Pb, Cd, and As, can be transferred from animals 
to the human diet when people consume animal products from locations 
with contaminated soils, fodder, and/or pastures (González-Montaña, 
2009). 

The chemical and biological quality of the water used for irrigation 
in intensive agriculture can be compromised by industrial and agricul-
tural contamination (Giusti & Taylor, 2007). For instance, soils in the 
central part of the Veneto contain a range of potentially toxic elements 
such as Al, V, Cr, Ni, Cd, Pb. The sources of these contaminants are 
difficult to distinguish as they can derive from both anthropogenic ori-
gins (industrial activities and agricultural practices) and geogenic ori-
gins (Bini, Fontana, & Spiandorello, 2013). Several studies evaluate 
toxic elements (Cr, As, Cd, Pb) in dairy products, carried out in different 
region of Italy and various countries, due to their human health risk 
(Ayar, Sert, & Akin, 2009; Bini et al., 2013; Licata et al., 2012; Miedico, 
Tarallo, Pompa, & Chiaravalle, 2016; Yüzbaşi, Sezgin, Yildirim, & Yil-
dirim, 2009). The World Health Organization (WHO) classifies TEs into 
essential, probably essential and toxic elements (World Health Organi-
zation, 1996). 

While a few studies of TEs in milk whey exist (Rivero Martino et al., 
2000; Rivero Martino, Fernández Sánchez, & Sanz-Medel, 2001; Şanal, 

Güler, & Park, 2011), the literature does not contain research on REEs in 
milk or milk whey samples. To the best of our knowledge, this study is 
the first research on concentrations of both TEs and REEs content in milk 
whey produced in Italy. This study examines the concentrations of TEs 
and REEs in cow milk whey and goat milk whey, using the ICP-MS and 
ICP-SFMS, respectively to assess if the quality of milk whey differs based 
on the following factors:  

(i) animal species,  
(ii) potential release of elements during the production of dairy 

products, and  
(iii) geographical area. 

2. Materials and methods 

2.1. Instruments and materials 

Trace metal concentrations (Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, 
Sr, Cd, Cs, Ba, Pb, U) were determined using a coupled plasma ionization 
system inductively interfaced to a single quadrupole mass spectrometer 
(ICP-MS; 7500a, Agilent Technology Inc.), equipped with autosampler 
(ASX 520, Cetac, USA). Instrumental performances were monitored and 
verified before each analytical session through the acquisition of a 10 μg 
mL− 1 tuning solution containing 7Li, 89Y, 205Tl, and 140Ce. Optimization 
of instrumental performance has been improved by modifying the car-
rier gas flow (Ar gas 99.9999%, SIAD, Bergamo, Italy), the sample flow 
rate, the torch position, and the lens voltage, thereby reducing the 
interferents (double-charged oxides and ions) to values less than 5%, 
and consequently improving the instrumental sensitivity. 

Before each analytical run, both internal and external standard so-
lutions were prepared from the corresponding solutions by diluting with 
ultrapure water (resistivity at 18 MΩ cm− 1, Elga, Purelab® Chorus 2, 
United Kingdom). A multi-element standard solution (external stan-
dard), (10 μg mL− 1, Ultra Scientific Inorganic Custom Standard 1208, 
North Kingstown, USA) consisting of 29 elements (Be, Li, Na, Mg, Al, K, 
Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Rb, Sr, Ag, Cd, In, Cs, Ba, Tl, 
Pb, Bi, U) was employed. Twelve elements (Be, Li, Na, Mg, K, Ca, Ga, Rb, 
Ag, In, Tl, Bi) were not analyzed, as they are not within the aims of the 
study. Trace element solutions for calibration curves were prepared in 
the range from 0.1 μg L− 1 to 25 μg L− 1. The internal standard solution of 
rhodium (Rh) (Inorganic Ventures, USA) was prepared according to the 
analytical needs from a stock solution of 10 μg mL− 1 and analyzed at 
100 μg L− 1. Four mL of nitric acid (HNO3) with a concentration of 65% 
(v/v) (Supra Pure grade, Romil Ltd, Cambridge, United Kingdom) was 
added into the sample vessel resulting in a final volume of 16 mL. 
Standard Reference Material SRM-1846 infant formula milk purchased 
from the National Institute of Standards and Technology (NIST, Gai-
thersburg, MD, USA), served as the standard reference material, where 
0.5 g was treated and analyzed such as other samples. This external 
standard was run once every 5 samples. 

REE concentrations (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Yb, 
Lu, Y) were analyzed using an inductively coupled plasma-sector field 
plasma mass spectrometry (ICP-SFMS) (ElementXR; ThermoFinnigan, 
Bremen, Germany). The ICP-SFMS coupled with the APEX system (ESI, 
Omaha, USA) resulted in approximately 3 × 10− 6 counts s− 1 for a 
concentration of 1 μg kg− 1 of In, depending on the tuning conditions. 
REE solutions for calibration curves were prepared in the range between 
1 ng kg− 1 to 10 ng kg− 1. The signal intensities of the analytes were 
corrected for 115In, which was used as an internal reference standard. 
Table 1 demonstrates the instrumental and operational conditions for 
the ICP-MS and ICP-SFMS. 

2.2. Sample collection 

Cow and goat milk whey samples were collected from two farms, 
both located in the Veneto region of NE Italy (Fig. 1). The Ai Zei (AZ) 
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farm is located near the town of Belluno and uses goat milk to produce 
ricotta and other cheeses. LatteBusche (LB) is a cooperative with loca-
tions near Belluno (LB1), as well as the cities of Vicenza (LB2) and 
Padova (LB3). All LB locations use cow milk but create different prod-
ucts at different locations. For example, LB1 produces Piave and Mon-
tasio cheese, while both LB2 and LB3 produce Grana Padano cheese that 

meet the Protected Designation of Origin (PDO) criteria (Innocente & 
Biasutti, 2013). 

Sampling started during February 2017 and extended through June 
2017. The process of collecting the milk whey samples was determined 
by the managers of the farms and was dependent upon the type and 
timing of cheese production. A total of 261 samples were collected for 
this study: 32 samples of goat milk whey from the AZ; and 71, 85 and 73 
samples of cow milk whey from LB1, LB2, and LB3, respectively. Milk 
whey sampling was conducted three times a week at AZ, and six times a 
week at LB1, LB2 and LB3. Sample collection was carried out using 50 
mL polypropylene (PP) tubes, previously cleaned with 2% (v/v) of nitric 
acid for 24 h and rinsed with ultrapure water before use to reduce any 
exogenous contamination. Samples were stored at − 20 ◦C until their 
preparation for instrumental analyses. Before the mineralization treat-
ment and chemical analysis, the milk whey samples, the standard so-
lution and the certified reference materials were carefully weighed. 
Therefore, we evaluated the mass-volume ratio of the sample, and chose 
to express results using units of mg kg− 1 for a direct comparison with 
trace element values in similar matrices described in the literature. 

2.3. Sample preparation: microwave-assisted acid mineralization 

Chemical digestion was performed in closed vessels, where milk 
whey samples were completely digested using concentrated HNO3 (65% 
v/v, supra pure grade) and a microwave system (Milestone Ethos One, 
Sorisole, BG, Italy). Eight mL of fresh milk whey were placed into a 
polytetrafluoroethylene (PTFE) digestion vessel along with 4 mL of 
concentrated HNO3 (65%) and 4 mL of ultrapure water. Laboratory 
blanks were prepared by adding 4 mL of concentrated HNO3 (65%) and 
12 mL of ultrapure water to reach the same volume of the milk whey 
samples. The microwave decomposed the samples using the following 
program: ramping up to 120 ◦C in 5 min and then held at a constant 
temperature for 5 min; ramping up from 120 ◦C to 150 ◦C in 5 min and 
remaining at 150 ◦C for 5 min; and finally cooling down to room tem-
perature within 20 min. After this mineralization process, the digested 
samples were left to cool and then were transferred into acid-cleaned 50 
mL PP tubes. Finally, the samples were refrigerated at − 20 ◦C, stored in 
the dark and diluted with ultrapure water immediately before starting 

Table 1 
Instrumental parameters for ICP-MS and ICP-SFMS instruments.  

Instrumental parameters 

ICP-MS (7500a) ICP-SFMS Element XR 

RF power (W) 1500 RF power (W) 1400 

Interface Ni cones Cooling (L min− 1) 16.0 
Mass analyser Single 

Quadrupole 
Auxiliary (L 
min− 1) 

0.97 

Ar-gas flow rates 
(L min− 1) 

1.45 
(optimized 
daily) 

Nebulizer (L 
min− 1) 

0.8–1.1a 

Nebulizer pump 
rps 

0.10 Sweep gas (L 
min− 1) 

3.4–4.15a 

Integration Time 
sec 

0.10 Membrane 
temperature (◦C) 

175 

Injection time 
sec 

0.72 Sample uptake 
(μL min− 1) 

100 

Wash sec 60 Resolution 
(mΔm− 1) 

400 

Internal 
standard 

103Rh Internal standard 115In 

Spray chamber 
temperature 
(◦C) 

4 Spray chamber 
temperature (◦C) 

95 

n◦ of replicates 
per sample 

3 n◦ of replicates 
per sample 

3   

Dwell time per 
acquisition point 
(ms) 

10   

Selected isotopes 89Y, 139La, 140Ce, 141Pr, 
144Nd, 151Eu, 152Sm, 
160Gd, 159Tb, 164Dy, 
165Ho, 166Er, 169Tm, 
172Yb, 175Lu  

a Optimized to obtain maximum. 

Fig. 1. Map of the Veneto region of northeastern Italy with the four sampling locations. All goat milk whey samples are from the Ai Zei (AZ; red circle) farm, whereas 
cow milk whey samples were collected from the three locations of the LatteBusche (LB; blue circles) cooperative. The gray borders outline the individual provinces 
within the Veneto region. 
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the instrumental analysis by ICP-MS and ICP-SFMS. 

2.4. Quality assurance 

Analytical parameters such as linearity, limit of detection (LOD) and 
limit of quantification (LOQ) were evaluated (Table 2). LODs and LOQs 
were determined as 3 times the standard deviation and 10 times the 
standard deviation of the intensity of the 10 laboratory blanks for each 
element, respectively. The linearity was assessed by examining eight 
points covering a concentration range from 0.1 to 25 μg L− 1 of each 
element. The precision of the method is determined by the relative 
standard deviation (RSD) which ranges between 6.6% and 10%. 

The standard reference material, SRM-1846 infant formula milk 
(NIST), was stored at − 18 ◦C before use. This reference material offers 
certified values for trace elements including Mn, Fe, Cu, Zn and Se. We 
evaluated the accuracy of the analytical method by treating, processing, 
and analyzing the standard reference material in the same way as the 
sample. Table 2 reports the mean elemental concentrations from tripli-
cate analysis of the certified material. Regression coefficients (R2) with 
results up to 0.96 indicated good linearity. Element recovery was 
determined by adding the multi-elemental standard with a concentra-
tion of 10 μg L− 1 to the milk whey samples. The average elemental re-
covery in the matrix ranged between 75% and 98%. 

LODs and LOQs of REEs were calculated in the same way as for the 
TEs as well as in six blank samples. LOD ranged from 0.09 ng kg− 1 (Ho) 
to 11.5 ng kg− 1 (Ce), while LOQ ranged from 0.30 ng kg− 1 (Ho) to 38.2 
ng kg− 1(Ce). The REE R2 values ranged between 0.89 and 0.98. 

2.5. Statistical analysis 

The multi-elemental profiles and different sampling periods were 

both examined using principal component analysis (PCA; Fig. 2). Each 
element was expressed as their mean and corresponding standard de-
viation. PCA is a chemometric technique which is commonly used for 
multidimensional evaluation of data sets. This technique reduces the 
dimensionality of data sets with minimal loss of important information 
from the original data (Rodríguez-Bermúdez et al., 2018). 

3. Results and discussion 

Table 3 depicts the concentrations of TEs and REEs in goat milk whey 
(AZ) and cow milk whey (LB1, LB2 and LB3) samples from the Veneto 
region of NE Italy. The mean concentrations and standard deviations of 
17 TEs (Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr, Cd, Cs, Ba, Pb, U) 
result from ICP-MS analysis and 14 REEs (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, 
Dy, Ho, Er, Yb, Lu, Y) derive from ICP-SFMS analysis. We compare the 
results from each element against the same element from the four lo-
cations (AZ, LB1, LB2, and LB3) and two types of milk whey. Only a few 
previous investigations of trace elements in milk whey exist (Rivero 
Martino et al., 2001; Şanal et al., 2011). We compare our results with the 
available previous studies that investigated the elemental concentra-
tions of cow and goat milk whey (Table 4). 

3.1. Essential trace elements 

3.1.1. Iron (Fe) 
Iron is the most abundant trace element in both the cow milk whey 

(LB1, LB2, and LB3) and goat milk whey (AZ) samples. The mean Fe 
concentration in goat milk whey samples from AZ is 1.53 mg kg− 1, 
which is 5 times greater than Fe concentrations in other goat milk whey 
studies from samples in the Canary Islands (Herrera García et al., 2006). 
The cow milk whey samples from the LatteBusche cooperative locations 
LB1, LB2, and LB3 have mean Fe concentrations of 0.64, 0.34, and 0.70 
mg kg− 1, respectively, which are greater than the majority of cow milk 
whey Fe concentrations reported in the literature (Reykdal, Rabieh, 
Steingrimsdottir, & Gunnlaugsdottir, 2011; Rivero Martino et al., 2001, 
2000). However, Yüzbaşi et al. (2009), determine Fe concentrations of 
2.5 mg kg− 1, which is 3–7 times higher than the Fe concentrations in this 
study. 

3.1.2. Aluminium (Al) 
The mean goat milk whey Al concentrations (0.019 mg kg− 1) are 

substantially less than the only published results of Al (4.94 mg kg− 1) in 
similar samples (Şanal et al., 2011). However, the mean Al concentra-
tion of our goat milk whey samples is quite similar to the mean Al 
concentrations from cow milk whey samples obtained from the LB2 and 
LB3 locations in this study (0.016 and 0.019 mg kg− 1, respectively). Cow 
milk whey samples from LB1 have a mean concentration of 0.035 mg 
kg− 1, which is approximately double the values at the LB2 and LB3 lo-
cations. This result may be due to effects from the pasteurization process 
on Al in the industrial containers and/or packaging (Coni et al., 1996). 
Our results are the first analysis of Al concentrations in cow milk whey 
samples, and therefore it is not possible to compare these results with 
other research. 

3.1.3. Copper (Cu) 
Our work is also the first to determine Cu concentrations in goat milk 

whey, with mean concentrations of 0.023 mg kg− 1. Mean Cu concen-
trations in cow milk whey (0.024, 0.17, and 0.26 mg kg− 1, in LB1, LB2 
and LB3, respectively) are higher than the results reported in most other 
cow milk whey studies (Table 3), with the exception of the cow milk 
whey Cu concentrations of 0.05 mg kg− 1 reported by Castro-González 
et al. (2018). The Cu concentrations in both LB2 and LB3 were about ten 
times higher than the values reported for AZ and LB1, where these two 
locations have almost equivalent concentrations. A previous study at-
tributes the high Cu values in cheese production to the use of traditional 
copper containers (Coni et al., 1996). Subsequent research (Lante, 

Table 2 
Validation parameters for trace elements and standard reference material 
analysis.  

Trace 
Element 

LOD 
(mg 
kg− 1) 

LOQ 
(mg 
kg− 1) 

Correlation 
Coefficient 
(R2) 

RSD 
%+

(n 
=

10) 
c 

NIST 
SRM- 
1846 
Infant 
Formula 

NIST 
SRM- 
1846 
Infant 
Formula 

Certified 
value ± U 
b (mg 
kg− 1) 

Found 
value ±
SD d (mg 
kg− 1) 

V 0.0002 0.0005 0.9962 9.3 – – 
Mn 0.0007 0.002 0.9990 6.7 0.4 a 0.41 ±

0.07 
Fe 0.3 0.9 0.9989 6.6 63.1 ±

4.0 
60.5 ±
1.6 

Co 0.00007 0.0002 0.9989 7.6 – – 
Cu 0.001 0.004 0.9600 8.1 5.04 ±

0.27 
4.80 ±
0.45 

Zn 0.00007 0.0003 0.9988 8.3 60.0 ±
3.2 

58.4 ±
2.0 

Se 0.007 0.02 0.9987 7.1 0.08 a 0.074 ±
0.005 

Al 0.009 0.03 0.9990 8.5 – – 
Cr 0.0011 0.004 0,9992 7.0 – – 
Ni 0.0005 0.002 0.9996 9.0 – – 
Sr 0.00008 0.0003 0.9993 7.4 – – 
U 0.00003 0.00009 0.9994 7.7 – – 
As 0.0007 0.0023 0.9996 10 – – 
Cd 0.0004 0.001 0.9989 7.8 – – 
Pb 0.00008 0.0003 0.9998 9.6 – – 
Ba 0.0003 0.001 0.9999 8.8 – – 
Cs 0.00004 0.0001 0.9979 8.1 – –  

a Information value. 
b Uncertainty of the certified value. 
c Relative standard deviation. 
d Standard deviation. 
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Lomolino, Cagin & Spettoli, 2006) builds up on this initial investigation 
(Coni et al., 1996) and ascribes increased Fe, Al, and Cu concentrations 
in milk samples to the release of these elements from metal containers 
and tools, which are often used at high temperatures during dairy 
product processes. The similar concentrations of Cu in AZ and LB1 
samples may be partially due to the fact that both farms are located in 
the same geographical area (Fig. 1). 

3.1.4. Zinc (Zn) 
The zinc content in goat milk whey samples from AZ have mean 

concentrations (0.025 mg kg− 1) 50 times less than the only other pub-
lished goat milk whey value of (1.20 mg kg− 1) (Herrera García et al., 
2006). The mean Zn values in cow milk whey (0.166, 0.088, and 0.100 
mg kg− 1, from LB1, LB2, and LB3, respectively) are similar to the values 
of 0.23 and 0.13 mg kg− 1 from other studies (Castro-González et al., 
2018; Reykdal et al., 2011). However, all of these results are approxi-
mately 10 times less than values (1.2 and 2.2 mg kg− 1) obtained by 
Yüzbaşi et al. (2009). In our study, the Zn concentrations in the goat 
milk whey samples were consistently less than values from cow milk 
whey samples. This difference in mean values of Zn content may be due 
to physiological peculiarities of two animal species (Miedico et al., 
2016). 

3.1.5. Selenium (Se) 
The concentration of selenium in milk may depend on the content 

and availability of this element in animal feed (Reykdal et al., 2011), 
and therefore may substantially differ by location and diet, even within 
samples from the same species. The Se concentrations in goat milk 
samples from AZ (0.043 mg kg− 1) are 10 times higher than values (4.86 
μg kg− 1) reported by Herrera García et al. (2006). Our cow milk whey 
results are also substantially higher than concentrations in previous 
work (Reykdal et al., 2011; Rivero Martino et al., 2000). The LB1 and 
LB3 concentrations of 0.041 and 0.047 mg kg− 1 are 10 times higher than 
the values of 0.63 μg 100 g− 1 and 4.1 μg L− 1 (Reykdal et al., 2011; 
Rivero Martino et al., 2000), while the LB2 concentrations (0.027 mg 
kg− 1) are approximately 5 times higher than the values reported in the 
available literature (Table 4). 

3.1.6. Vanadium (V) 
Mean V concentrations in goat milk whey samples (0.0050 mg kg− 1) 

are 200 times lower than the lone data described in the literature (Şanal 
et al., 2011). As this study and the results from (Şanal et al., 2011) are 
the only examinations of V in goat milk whey, it is not possible to know if 
either result is similar to a general mean value of V concentrations in 
goat milk whey from locations across the globe. Our results of V con-
centrations in cow milk whey are 0.046, 0.019, and 0.034 mg kg− 1 in 
LB1, LB2, and LB3, respectively. Our obtained results of V concentra-
tions indicate similar values in AZ, LB1, and LB3, while the mean value 
in LB2 was about half those from the other three locations. 

3.1.7. Strontium (Sr) 
Strontium was detected in all milk whey samples. The mean Sr 

concentration in AZ samples is 0.089 mg kg− 1, which to the best of our 
knowledge, is the first examination of Sr in goat milk whey. The mean Sr 
concentrations from LB2 (0.048 mg kg− 1) are only half that of the values 
from LB1 and LB3 (0.084 and 0.095 mg kg− 1), where LB1 and LB3 are 
themselves 3 times less than the mean concentrations (0.274 and 0.270 
mg kg− 1) found by Rivero Martino et al. (2000) and Rivero Martino et al. 
(2001). In our study, the Sr values in goat milk whey samples (AZ) are 
comparable to cow milk whey samples from LB1 and LB3, demon-
strating a similarity in Sr concentrations regardless of species. The 
concentration of Sr in milk depends on the ability of plants to absorb this 
element and the transfer of Sr to cattle either through grazing or lacta-
tion (Levkov et al., 2017; Petrović et al., 2016). The Quaternary sedi-
ments of the Veneto region contain relatively high Sr concentrations 
from input from the neighbouring Dolomites (Poto et al., 2013 and 
references therein). 

3.1.8. Other trace elements 
This research is the first work to investigate manganese (Mn), cobalt 

(Co), cesium (Cs), and barium (Ba) concentrations in cow milk whey and 
goat milk whey. The concentrations of each element are similar to each 
other in both types of milk whey samples for all four of these elements, 
but especially for Mn and Co (Table 3). The barium level in the goat milk 
whey samples contains a slightly lower concentration than cow milk 
whey samples, while the Cs concentrations in goat milk whey samples 

Fig. 2. Principal component analysis based on multi-elemental concentrations of goat milk whey (AZ, blue circle) and cow milk whey (LB1, red triangle; LB2, green 
square; LB3, light blue cross) samples. 
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are consistently slightly higher than all the Cs values in cow milk whey 
samples. 

3.2. Toxic trace elements 

Certain trace elements, such as Cr, As, Cd, and Pb, are risks to human 
health due to their strong toxicity. These elements can accumulate in 
both plants and animals and can be ingested by people. Currently, Eu-
ropean legislation (E.C. Regulation, 2006) does not set a maximum limit 
for most heavy metals in milk and dairy products. The only exception is 
Pb, which has an upper limit of 0.02 mg kg− 1 in raw milk and milk used 
for dairy products. 

3.2.1. Lead (Pb) 
Our results demonstrate differences between goat milk whey and 

cow milk whey Pb concentrations, as well as substantially lower Pb 
concentrations in all samples from the Veneto region compared to 
samples from elsewhere in the world. The Pb concentrations of goat milk 
whey samples from AZ were consistently higher than the cow milk whey 

samples from LB1, LB2, and LB3. The AZ mean Pb concentrations of 
0.0015 mg kg− 1, are more than 1000 times lower than the mean con-
centration (1.92 mg kg− 1) of samples from Turkey (Şanal et al., 2011). 
The mean Pb concentrations in LB1, LB2, and LB3 (0.0002, 0.0002, and 
0.0003 mg kg− 1, respectively) are similar to each other (Table 4), yet 
lower than other values in the literature and results from the Food 
Agricultural Organization and World Health Organization (Cas-
tro-González et al., 2018; FAO, WHO, & JEFCA, 2011; Rivero Martino 
et al., 2000; Yüzbaşi et al., 2009). 

3.2.2. Cadmium (Cd) 
The mean concentration of Cd in samples from the AZ farm (0.0013 

mg kg− 1) is 40 times lower than the values (0.05 mg kg− 1) from Turkey 
reported by Şanal et al. (2011). The mean Cd concentrations of Cd in 
LB1, LB2, and LB3 (0.0013, 0.0009, and 0.0014 mg kg− 1, respectively) 
are quite similar to each other, but all are 3 times less than the value 
(0.0037 mg kg− 1) from Ankara, Turkey reported in the literature 
(Yüzbaşi et al., 2009). The mean values of Cd in milk whey are similar 
between samples from both of the 2 species of animals. This similarity is 
surprising as metal containers and tools used for processing milk at high 
temperatures can release Cd, resulting in varying Cd concentrations in 
the milk (Coni, Bocca, Ianni, & Caroli, 1995). Industrial emissions, 
and/or agricultural activities, such as the use of fertilizers, are also 
responsible for emitting toxic elements including Cd and Pb into the 
food chain and eventually into products for human consumption (Lante, 
Lomolino, Cagnin, & Spettoli, 2006; Licata et al., 2004). 

3.2.3. Chromium (Cr) 
The Cr concentrations are remarkably similar for all locations and 

milk types in this study. Goat milk whey samples from the AZ location 
have mean Cr concentrations (0.027 mg kg− 1) identical to and/or 
similar to cow milk whey mean Cr concentrations of 0.027, 0.016, and 
0.025 mg kg− 1 from the LB1, LB2, and LB3 locations, respectively. The 
Cr concentrations from all of the samples in this study are similar to Cr 
concentrations from cow milk whey samples in the only other study of 
this type from Puebla, Mexico (see Table 4) (Castro-González et al., 
2018). 

3.2.4. Arsenic (As) 
In this study, the As values are substantially less than As concen-

trations determined in other investigations (Tables 3 and 4). Mean As 
concentrations (0.0099 mg kg− 1) from goat milk whey in AZ samples 
(0.0099 mg kg− 1) are approximately 200 times less than the value (1.96 
mg kg− 1) reported in a previous investigation from Turkey (Şanal et al., 
2011). The mean cow milk whey samples also have substantially lower 
concentrations (0.0062, 0.0039, and 0.0067 mg kg− 1 from LB1, LB2, and 
LB3, respectively) than As concentrations (0.52 mg kg− 1) from Mexico 
(Castro-González et al., 2018). The As values from LB1 and LB3 samples 
are similar to one another, whereas they are twice as high as mean As 
concentrations from LB2 (0.0039 mg kg− 1). Low As concentrations in 
Italian goat and bovine milk samples are attributable to the lack or 
scarce application of environmental disinfectants and pesticides in the 
areas where the farms are located (Licata et al., 2012). 

3.2.5. Nickel (Ni) 
The goat milk whey and cow milk whey samples contain similar Ni 

concentrations to each other, regardless of site, but are consistently 
lower than previously published values. Mean Ni concentrations (0.009 
mg kg− 1) at the AZ location are more than 100 times lower than the only 
other published value (1.22 mg kg− 1) of Turkish goat milk whey (Şanal 
et al., 2011). The mean values of Ni in cow milk whey (0.01, 0.008, and 
0.007 mg kg− 1, from LB1, LB2, and LB3, respectively) are from 6 to 9 
times lower than another result (0.06 mg kg− 1) in the literature (Table 4) 
(Castro-González et al., 2018). 

Table 3 
Trace element and rare earth element concentrations determined in two types of 
milk whey samples from four locations across the Veneto region of northeastern 
Italy. Data are reported as mean ± SD (standard deviation), where TE concen-
trations are in mg kg− 1 (wet weight), and REE concentrations are in ng kg− 1.  

Farm Ai Zei LatteBusche (LB) 

Goat milk 
whey (AZ) n =
32 

Cow milk 
whey (LB1) n 
= 71 

Cow milk 
whey (LB2) n 
= 85 

Cow milk 
whey (LB3) n 
= 73 

Trace 
Element 

mean ± SD 
(mg kg¡1) 

mean ± SD 
(mg kg¡1) 

mean ± SD 
(mg kg¡1) 

mean ± SD 
(mg kg¡1) 

V 0.0050 ±
0.0015 

0.0046 ±
0.0007 

0.0019 ±
0.0012 

0.0034 ±
0.0009 

Mn 0.0044 ±
0.0012 

0.0047 ±
0.0017 

0.0035 ±
0.0008 

0.0046 ±
0.0017 

Fe 1.53 ± 0.09 0.64 ± 0.10 0.34 ± 0.12 0.70 ± 0.30 
Co 0.0007 ±

0.0001 
0.0012 ±
0.0004 

0.0009 ±
0.0004 

0.0011 ±
0.0003 

Cu 0.023 ± 0.014 0.024 ± 0.009 0.17 ± 0.06 0.26 ± 0.1 
Zn 0.025 ± 0.015 0.166 ± 0.074 0.088 ± 0.021 0.100 ± 0.032 
Se 0.043 ± 0.005 0.041 ± 0.007 0.027 ± 0.006 0.047 ± 0.014 
Al 0.019 ± 0.018 0.035 ± 0.024 0.016 ± 0.016 0.019 ± 0.017 
Cr 0.027 ± 0.006 0.027 ± 0.004 0.016 ± 0.008 0.025 ± 0.005 
Ni 0.009 ± 0.004 0.01 ± 0.005 0.008 ± 0.004 0.007 ± 0.002 
Sr 0.089 ± 0.029 0.084 ± 0.025 0.048 ± 0.011 0.095 ± 0.027 
U 0.00010 ±

0.00002 
0.00009 ±
0.00004 

0.00006 ±
0.00002 

0.00010 ±
0.00007 

As 0.0099 ±
0.0042 

0.0062 ±
0.0010 

0.0039 ±
0.0008 

0.0067 ±
0.0019 

Cd 0.0013 ±
0.0001 

0.0013 ±
0.0005 

0.0009 ±
0.0002 

0.0014 ±
0.0009 

Pb 0.0015 ±
0.0018 

0.0002 ±
0.0001 

0.0002 ±
0.0001 

0.0003 ±
0.0002 

Ba 0.003 ± 0.001 0.006 ± 0.002 0.003 ± 0.001 0.006 ± 0.001 
Cs 0.0071 ±

0.0019 
0.0037 ±
0.0008 

0.0023 ±
0.0004 

0.0052 ±
0.0014  

Rare Earth 
Element 

mean ± SD 
(ng kg− 1) 

mean ± SD 
(ng kg− 1) 

mean ± SD 
(ng kg− 1) 

mean ± SD 
(ng kg− 1) 

La 7.11 ± 6.26 6.40 ± 7.11 5.91 ± 9.16 14.1 ± 16.4 
Ce 12.7 ± 12.4 10.8 ± 12.1 19.2 ± 21.9 28.2 ± 22.9 
Pr 3.92 ± 4.26 2.99 ± 3.60 9.25 ± 7.05 12.5 ± 11.3 
Nd 4.46 ± 3.55 3.65 ± 3.45 3.77 ± 6.53 9.9 ± 12.7 
Sm 4.89 ± 4.47 4.25 ± 4.22 9.61 ± 9.16 16.0 ± 20.2 
Eu 1.29 ± 1.44 0.95 ± 1.01 3.41 ± 2.92 3.50 ± 2.55 
Gd 0.90 ± 0.68 0.68 ± 0.63 3.11 ± 3.00 2.92 ± 2.69 
Tb 2.77 ± 0.67 10.2 ± 15.6 21.7 ± 15.4 36.4 ± 13.7 
Dy 1.07 ± 1.10 0.74 ± 0.84 1.20 ± 4.12 1.67 ± 1.63 
Ho 0.23 ± 0.23 0.16 ± 0.15 1.03 ± 1.10 0.82 ± 0.91 
Er 0.43 ± 0.62 0.25 ± 0.36 1.58 ± 1.61 1.61 ± 1.34 
Yb 0.65 ± 0.74 0.38 ± 0.36 1.35 ± 1.69 1,64 ± 1.79 
Lu 2.36 ± 0.44 7.10 ± 10.6 17.8 ± 12.7 28.0 ± 9.7 
Y 10.1 ± 9.5 5.48 ± 6.40 17.3 ± 18.6 18.8 ± 15.0  
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3.2.6. Uranium (U) 
Uranium is one of the most-studied toxic trace elements, yet we did 

not find any data in the literature on U concentrations in cow or goat 
milk whey. In our samples, the mean U concentrations were very low in 
both goat milk whey (0.00010 mg kg− 1) and in cow milk whey samples 
(0.00009, 0.00006, and 0.00010 mg kg− 1, from LB1, LB2, and LB3 
respectively). At these concentrations, U does not cause harmful effects 
on human health, as reported in a study of raw milk of water buffalos 
from Campania, Italy (Esposito et al., 2017). 

3.3. Rare earth elements (REEs) 

To the best of our knowledge, our work is the first study to determine 
REEs in milk whey. Therefore, no reference data are available in the 
literature with which to compare our results. The REE mean concen-
trations and standard deviations from this study are grouped by the two 
different milk whey types (Table 3). We subdivided the REEs into three 
groups: light-rare earth elements (LREEs) from La to Nd, medium-rare 
earth elements (MREEs) from Sm to Ho, and heavy-rare earth ele-
ments (HREEs) from Er to Lu (Adeel et al., 2019). Medium rare earth 
elements (MREEs) are considered a subgroup that are not yet well 
defined (Tyler, 2004). 

The mean concentrations of total REEs in goat milk whey samples 
(AZ) range from 0.23 ng kg− 1(Ho) to 12.7 ng kg− 1 (Ce). The mean 
concentration of LREEs in goat milk whey samples range from 3.92 ng 
kg− 1 (Pr) to 12.7 ng kg− 1 (Ce), while the MREE concentrations are be-
tween 0.23 ng kg− 1 (Ho) and 4.89 ng kg− 1 (Sm), and finally the level of 
HREEs are between 0.43 ng kg− 1 (Er) and 2.36 ng kg− 1 (Lu). Cerium was 
the most abundant element, followed by La, Sm, and Nd. 

The total REE concentrations in cow milk whey samples from all 
three LB sites are between 0.16 ng kg− 1 (Ho) and 36.4 ng kg− 1 (Tb). The 
mean concentrations of LREEs, MREEs, and HREEs at the LB3 location 
are consistently higher than the REE concentrations from the LB1 and 
LB2 samples, suggesting that either the REE composition of the soil, 
vegetation, or processing equipment may differ at the LB3 site compared 
to the other two LB locations. 

3.4. Principal component analysis (PCA) 

We applied a principal component analysis (PCA), using R software 
(https://www.r-project.org/accessed 21/12/2019), to multi-elemental 
concentrations of the 261 samples, in order to establish any possible 
relationship among the different types of milk whey across the Veneto 

region (Fig. 2). The first principal component (PC1) describes 34.8% of 
the samples, while the second principal component (PC2) encompasses 
18.6% of the samples, for a total of 53.4% of the variance. The associated 
vectors of the PCA were calculated with trace and rare earth element 
concentrations and the location of the four groups of milk whey samples 
(AZ, LB1, LB2, and LB3). Most of the goat milk whey (AZ) samples are 
clustered around the positive abscissa and contain the elements Fe, Se, 
As, and Cs. Cow milk whey samples from the LB1 and LB3 locations are 
mainly situated to the right of the ordinate, where only U and Cd 
strongly correlate with PC2. However, some samples from LB1 and LB3 
are located in the bottom right quartile, close to the vectors of Zn, Ni, 
and Co, and inversely correlated with the REEs (the sum of the LEEs, 
MEEs, and HEEs). The LB2 samples are all located to the left of the 
ordinate, and are not represented by any of the vectors, with the possible 
exception of Cu (Fig. 2). Samples from the LB2 location generally have 
lower concentrations of TEs, except for Ni, than samples from the other 
groups (Table 3), which may account for this distribution within the 
PCA. In addition, previous studies in the Veneto region assessed the 
pollution level of TEs and organic contaminants in samples (e.g. soil, 
wine and grapes) and other environmental indicators such as lichens and 
moss. Human activities throughout the region cause widespread con-
taminants that vary in space and time. The lower levels of TEs for the 
LB2 samples were likely influenced by a less impacted area than LB1 and 
LB3 as these latter sites are subject to intensive agricultural practices, air 
pollutants, and a different pedo-geochemical baseline content of TEs in 
soil (Cesa, Bizzotto, Ferraro, Fumagalli, & Nimis, 2006; Giandon, Dalla 
Rosa, Garlato, & Ragazzi, 2012; Nimis, Lazzarin, Lazzarin, & Skert, 
2000) as well as variations in the local production processes (Pepi & 
Vaccaro, 2018). 

4. Conclusions 

This is the first study of the presence and distribution of both TEs and 
REEs in cow and goat milk whey samples after the production of tradi-
tional dairy products from the Veneto region, in northeastern Italy. Iron 
has the highest concentration of any TE in both cow and goat milk whey 
samples followed by Cu, Zn, Se, and Sr. These substantial values of Fe 
and Cu may result from the leaching of metals from materials such as 
utensils and containers in which the dairy products are processed. In 
contrast, the Se and Zn concentrations may depend upon their content in 
the animal feed and/or the physiological difference between cows and 
goats. Finally, the Sr concentrations in milk whey can be influenced by 
the lactation state of the animal and the ability of plants to absorb this 

Table 4 
Trace element content in cow and goat milk whey samples reported in previous studies. Data are expressed in mg kg− 1, as mean ± standard deviation (SD).  

Goat milk whey Cow milk whey 

Trace 
Element 

Herrera García et al., 
2006 

Şanal et al., 
2011 

Rivero Martino et al., 
2000 

Rivero Martino et al., 
2001 

Yüzbaşi et al. 
(2009) 

Reykdal et al. 
(2011) 

Castro-González et al. 
(2018) 

V  1.04 ± 0.46      
Mn        
Fe 0.30 ± 0.10  0.062 ± 0.003 0.064 ± 0.008 2.5 ± 0.2 0.14 ± 0.03  
Co        
Cu n.d.  0.0094 ± 0.0009 0.014 ± 0.002 <0.02 0.016 ± 0.003 0.05 ± 0.03 
Zn 1.20 ± 1.03    1.2 ± 0.2 0.13 ± 0.09 0.23 ± 0.09 
Se 0.00486 ± 0.00364  0.0041 ± 0.0002 n.d.  0.0063 ± 0.0006  
Al  4.94 ± 1.64 n.d. n.d.    
Cr   n.d. n.d.   0.02 ± 0.01 
Ni  1.22 ± 0.017     0.06 ± 0.02 
Sr   0.284 ± 0.014 0.270 ± 0.010    
U        
As  1.96 ± 0.25     0.52 ± 0.4 
Cd  0.05 ± 0.01 n.d. 

n.d. 
n.d. 
n.d. 

0.0037 ± 0.0459   

Pb  1.92 ± 0.051 0.0009 ± 0.0003 n.d 0.1384 ± 0.0459  0.07 ± 0.02 
Ba  n.d.      
Cs        

n.d.: not detected. 
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element. 
TE and REE concentrations can vary even within the milk from the 

same animal species (cow) and from the same general region (Veneto, 
Italy). Our results show that the majority of the elements from the LB2 
location had lower values than those from LB1 and LB3. As these loca-
tions all process cow milk, these variations may be attributable to 
different types of equipment and containers used during the production 
of dairy products and/or differences in cattle feed. 

Samples of cow and goat milk whey derived from all locations for this 
work presented lower levels of toxic metals (Pb, Cd, As, and Ni) with the 
exception of Cr concentrations, where both cow and goat milk whey 
samples contain similar levels of this element. Most toxic element con-
centrations (Cd, Ni, Cr, and U) are comparable in both types of milk 
whey. However, our results indicate that Pb and As have higher con-
centrations in goat milk whey than in cow milk whey. In general, the low 
concentrations of toxic elements in the two types of milk whey should 
not pose any risk to human health, as defined by European regulations. 

Throughout the total data set, the concentrations of REEs are lower 
in goat milk whey (AZ) than in any of the cow milk whey (LB) samples. 
The REE concentrations vary by location, where samples from LB3 have 
higher concentrations compared to the LB1 and LB2 samples. A PCA 
demonstrates that the TEs and REEs substantially vary by location, 
demonstrating that the geographical area and/or milk production 
methods are the most important aspects in the chemical composition of 
the TEs and REEs in cow and goat milk whey. Future studies of TEs and 
REEs in the soil and plants on which the cows and goats graze can help 
determine the role of diet in the TEs and REEs present in the milk whey. 
Determining the root cause of the TEs and REEs in milk whey is advis-
able due to the accumulation of TEs and REEs in the food chain which 
can pose a risk to human health. 
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