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ABSTRACT: A screening method for zinc 

levels in different milk samples (raw cow, raw 

sheep, UHT cow, UHT goat and soybean milk 

base) was performed to establish the Zn levels’ 

differences in protein samples. The samples 

were digested in a cavity microwave oven and 

the total Zn levels in the extracts were 

determined by flame absorption atomic 

spectrometry (FAAS). The protein separation 

was performed by urea polyacrylamide gel 

electrophoresis (UREA-PAGE). Protein bands 

 were digested in the cavity microwave oven and Zn-protein analysis was further conducted by electrothermal atomic 

absorption spectrometry (ETAAS). The results showed that Zn is mainly bound to 32 kDa (β-casein) protein (17.0 ± 2.0%) 

in UHT cow and 24 kDa (α-casein) protein (9.0 ± 0.6%) in raw sheep milk. This method provided quantitative information 

regarding Zn species present in the protein fractions of the milk samples. The accuracy was evaluated using certified 

reference material (whole milk powder, NIST 8435) with statistically equivalent concentrations (Student’s t-test) for total 

Zn and by addition and recovery experiments applied to measure Zn-protein. The recovered values were in the 92-110% 

range. 
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1. Introduction 
 

Zinc (Zn) is a trace element essential in human and 

animal nutrition and participates in critical biological 

processes, such as the synthesis and degradation of 

carbohydrates, lipids, proteins and nucleic acids. It is 

present in food in two forms: bound with organic 

molecules and in inorganic salts1. Milk is one of the 

main sources of zinc in the human diet, responsible for 

about 25% of the total recommended daily intake of 

this metal1,2. Milk is a complete source of nutrients, 

containing minerals, vitamins, carbohydrates, lipids, 

water and proteins, which are especially crucial for 

newborns’ growth and development3. 

As humans continue to consume milk during 

childhood and adulthood, highlighting the expressive 

consumption of cow’s milk, it is essential to 

understand better the chemical composition of milk, 

including the mineral levels and their physiological 

influence on human and animal nutrition, as well as 

trace elements toxicity2. 

Studies about different chromatographic methods 

have indicated differences in the association between 

Zn and proteins in human and cow’s milk. In cow’s 

milk, the complex Zn-casein-Ca-P is the predominant 

form, while in human milk, Zn-citrate species seem to 

be predominant4. In the environmental, biological, 

medical and biochemical research areas, studies about 

metal-protein interaction are necessary to improve the 

knowledge about the toxicity, bioavailability, transport 

and physicochemical properties of an element5. 

Nutrient fractionation in food is necessary to 

understand availability and absorption prediction. 

Fractionation is defined as the classification process of 

an analyte or an analyte group in a specific sample 

according to physical (e.g., size, solubility) or chemical 

(e.g., bonding, reactivity) properties6. One relatively 

simple procedure to fractionate proteins from food 

samples is the polyacrylamide gel electrophoresis, 

which shows high selectivity and consists in the 

separation of molecules loaded in a particular way 

under the influence of an electric potential difference7. 

One of the main uses of the gel electrophoresis 

technique containing urea is the characterization of 

proteins in various types of milk8. 

Studies about metal-protein interaction using 

polyacrylamide gel electrophoresis, followed by 

different analytical techniques for metals 

determination, have been developed for several kinds 

of application9-16. These works belong to an important 

field of science called metallomic, which has allowed 

for the integration of analytical studies with inorganic 

and biochemical studies. Therefore, there is a growing 

demand for accurate and selective procedures that 

allow the quantification and speciation of trace 

elements, especially in foods, to obtain relevant 

information about metal-protein binding, which is 

intimately related to the nutrients bioavailability7,17. 

In this context, the present work aimed at 

investigating the separation of proteins in different 

kinds of milk samples, by urea polyacrylamide gel 

electrophoresis (UREA-PAGE), and to establish Zn(II) 

concentrations in each protein determined by 

electrothermal atomic absorption spectrometry 

(ETAAS). The Zn distribution results in protein bands 

were quantitative and provided information about Zn 

levels present in the milk samples' protein fractions. 

 

2. Experimental 

 

2.1 Instrumentation 

 
A Varian model SpectrAA-800 graphite furnace 

atomic absorption spectrometer (Mulgrave, Victoria, 

Australia) equipped with a graphite furnace atomizer, 

GTA 100 autosampler, was used for zinc quantification 

in the proteins bands. Background correction by 

Zeeman-effect was employed to correct for non-

specific absorbance. Pyrocoated graphite tubes (Part 

Number 63-100011-00, Varian) furnace with 

longitudinal heating was throughout. All signals were 

measured as integrated absorbance. A zinc hollow 

cathode lamp (λ = 213.9 nm, slit = 1.0 nm) operating in 

5 mA was employed as radiation source. Argon 

99.998% (Air liquid Sao Paulo, Brazil) was used as 

purge gas. The heating programs used after the 

optimization of pyrolysis and atomization temperatures 

are shown in Tab. 1. 

The total Zn was carried out using a flame atomic 

absorption spectrometer (model SpectrAA 250 plus, 

Varian, Mulgrave, Australia) equipped with a Zn 

hollow cathode lamp (λ = 213.9 nm, slit = 1.0 nm) and 

5 mA lamp current were employed as primary radiation 

sources. Air/acetylene flame was used at 13.4 L min-1 

and 2 L min-1 air and acetylene flows, respectively. 

The Mini-gel (Vertical Electrophoresis System 

Mini, BioAmerica Inc. Equipments, Miami, USA) with 

8.5 cm (height) x 10.0 cm (width) and a centrifuge 

(5417R, Eppendorf, Hamburg, Germany) were used for 

gel-electrophoresis. 

The milk samples were microwave digested assisted 

(Multiwave, Anton Paar, Graz, Austria) with 50 mL 

PFA vessels. The total protein amount was determined 

by spectrophotometry (Spectrophotometer model 432, 

Femto, Sao Paulo, Brazil). 
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Table 1. GF AAS heating program used in the zinc protein bands. 

Step Temperature / oC Hold Time / s Ar Flow / L min-1 Reading 

Drying 85 2.0 3.0 No 

Drying 95 8.0 3.0 No 

Drying 120 10 3.0 No 

Pyrolysis 1000 5.0 3.0 No 

Pyrolysis 1000 1.5 3.0 No 

Atomization 1600 0.8 0 Yes 

Atomization 1600 2.9 0 Yes 

Cleaning 2500 2.9 3.0 No 

 

2.2 Reagents and materials 
 

All solutions were prepared using deionized water 

(resistivity > 18.2 MΩ cm) obtained from a Milli-Q 

water purification system (Millipore, Bedford, MA, 

USA). Nitric acid (HNO3) (Synth, Diadema, SP, 

Brazil) previously purified using a sub-boiling 

distillation system (Milestone, Sorisole, Italy), and 

hydrogen peroxide (H2O2) 30 % w v-1 (Sigma Aldrich, 

Switzerland) were used to digest the samples. 

A solution of 1.78% (m/v) Mg(NO3)2 (Merck, 

Darmstadt, Germany) was used as a chemical modifier. 

Analytical reference solutions between 0.2 and 1.0 mg 

L-1 of Zn were prepared by successive dilutions of a 

stock solution containing 1000 mg L-1 Zn (Tec-Lab, 

Hexis, Jundiai, SP, Brazil). 

The analytical curve for Zn determination in protein 

bands was obtained using analytical solutions with 

concentrations between 0.5 and 3.0 µg L-1 Zn in blank 

gel band previously microwave-assisted digested with 

HNO3
 1.0% (v/v). 

 

2.3 Samples 
 

Fresh milk samples from Holstein cows aged 

between 3 to 4 years, weighing an average of 450 kg 

and raised in a semi-intensive system, and sheep from 

Santa Inês were collected at the Embrapa Pecuária 

Sudeste, located in São Carlos, SP, Brazil. Samples of 

ultra-high temperature (UHT) cow milk, UHT goat 

milk and soybean milk base were purchased in the 

local market of São Carlos, SP, Brazil. Samples were 

stored in a fridge at – 4 oC before analysis. 

Certified reference milk sample (NIST 8435 - 

Whole Milk Powder) from the National Institute of 

Science and Technology (NIST, Gaithersburg, MD, 

USA) was used to check the methods' accuracy for the 

measurement of total Zn. Addition and recovery 

experiments were performed to evaluate the species of 

Zn. 

 

2.4 Procedures 
 

2.4.1 Evaluation of pyrolysis and atomization 

temperature 
 

The pyrolysis and atomization temperature curves 

were constructed with 18 µL of the standard or sample 

solutions in the presence of a chemical modifier, 5 μL 

of Mg(NO3)2 1.78% (w/v). The temperatures were 

evaluated in a range of 700-1800 °C using increments 

of 100 oC. Solutions of 1.0 µg L-1 Zn were prepared for 

this evaluation using the blank sample, a piece of 

polyacrylamide gel without protein band, in acid 

digested (HNO3 1.0% v/v). 

 

2.4.2 Sample preparation for total Zn and species 

determination 
 

Zinc's total mass fractions were determined in the 

milk samples using a microwave-assisted acid 

digestion. In brief, 2.5 mL of milk samples or 250 mg 

of the certified reference material was directly 

weighted in the microwave vessel. Then, 1.0 mL of 

H2O2 30% (w/v), 1 mL of H2O and 1.0 mL of HNO3 

65% (v/v) were added and the mixture submitted to the 

following microwave heating program: 5 min from 0 to 

100 W, 5 min at 600 W, 5 min at 1000 W followed by 

15 min of cooling. After digestion and cooling, the 

digests were transferred to volumetric flasks and the 

volume was made up to 20 mL with deionized water. 

Protein bands (8 mm wide by 3 to 5 mm in height) 

of the milk samples and the blank (gel region without 

the protein) obtained by electrophoresis were cut, 

washed with deionized water and dried on filter paper 

for 15 min in the laminar flow cabinet before 

weighting (each band was approximately 50 mg). The 

bands were placed in PTFE mini-bottles, and 75 μL 

65% (v/v) HNO3 plus 75 μL 30% (w/v) H2O2 were 

added. 

The mini bottles were placed into the microwave 

PFA vials containing 2 mL deionized water. Figure 1 
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shows the container configuration used. The 

microwave heating program was run as follows: 1 min 

from 0 to 250 W, 1 min at 0 W, 5 min at 250 W, 5 min 

at 400 W, 10 min at 750 W followed by 10 min of 

cooling. After digestion and cooling, the digests were 

transferred to volumetric flasks and the volume was 

made up to 3.5 mL with deionized water. 

 

 
Figure 1. Sample container into the vial of the microwave 

cavity vessel. 
 

2.4.3 Gel Electrophoresis 
 

Urea-polyacrylamide gel electrophoresis (UREA-

PAGE) was carried out using a separation gel 

composed of acrylamide (4% for stacking gel and 10% 

for separation gel), as described by Egito et al.18, with 

modifications. 

The separation gel was composed of 2.25 mL 

acrylamide/Bis (40 g acrylamide (Invitrogen, USA) 

and 2 g N,N-methylene bisacrylamide (BIS) (Sigma, 

Germany) in 100 mL solution) and 7.10 mL separation 

gel buffer (6.43 g of TRIS (Synth, SP, Brazil), 38.57 g 

urea (J.T. Baker, Germany), 0.572 mL HCl (Aldrich 

Chemical, Milwaukee, WI, USA), with pH adjusted to 

8.9 in 100 mL solution). 

The stacking gel was prepared using 0.39 mL 

acrylamide/Bis and 3.52 mL stacking gel buffer (0.830 

g TRIS, 30 g urea, 0.44 mL HCl, with pH adjusted to 

7.6 in 100 mL solution). Both gels also contained 

N,N,N',N'-tetramethylethylenediamine (TEMED) (J.T. 

Baker, Germany) and 10% (m/v) ammonium persulfate 

(Sigma, Germany). Finally, Tris-glycine buffer 

solution (3.75 g TRIS and 18.25 g glycine (Sigma, 

Germany) in 250 mL of solution, diluted 5 times) was 

used in the reservoir. 

To sample preparation, 30 µL of samples and 

standard curve of purified protein markers (GE 

Healthcare) were dissolved in 1.0 mL of buffer 

solution, composed by 0.375 g TRIS, 24.5 g urea, 0.2 

mL HCl, 0.35 mL β-mercaptoethanol (Inlab, Brazil) 

and 0.075 g bromophenol blue (Merck) diluted to 50 

mL with water. After dissolution, the samples were 

immersed in a water bath at 40 °C for 1 h and 

centrifuged at 5 °C for 10 min at 10000×g. Then, 30 

µL of supernatant was applied to a single slot. The 

initial and final currents were 23 and 24 mA and the 

voltage was set at 90 V for 4.5 h. After the protein 

migration, protein bands were stained overnight with a 

solution containing 0.5 g of Coomassie brilliant blue 

G-250 (Sigma, Germany) and 3.75 mL of H2SO4 

(Quemis, Brazil) in 500 mL solution. This solution was 

then filtered using filter paper and mixed to 55.6 mL of 

10 mol L-1 KOH and 66.67 mL of 12% (w/v) 

trichloroacetic acid (Synth, Brazil). Finally, the gels 

were washed with deionized water and stored in 10% 

(v/v) glycerol 10% (v/v) methanol solution 

(Proquímios, Brazil). 

The molecular weight proteins were estimated 

according to standard purified protein markers, 

including phosphorylase b (97.0 kDa), albumin (66.0 

kDa), ovalbumin (45.0 kDa), carbonic anhydrase (30.0 

kDa), trypsin inhibitor (20.1 kDa) and α–Lactalbumin 

(14.4 kDa). The gel electrophoresis UREA-PAGE was 

performed in triplicate for each sample and separately 

to avoid contamination. 

 

2.4.4 Determination of Total Protein 

concentration 
 

The total protein concentration was determined 

through the Bradford method19 by adding 1.25 mL of 

the Bradford reagent (Coomassie Brilliant Blue G-250) 

and 100 μL of bovine serum albumin (BSA) (Sigma, 

USA) standard solutions or the samples and measuring 

the absorbance after 5 min at 595 nm, in triplicate. The 

analytical curve was constructed by using standard 

solutions of BSA at concentrations between 50 and 250 

mg L-1, prepared by successive dilutions of a stock 

solution containing 1000 mg L-1 of BSA. 

 

3. Results and discussion 
 

3.1 Gel Electrophoresis 
 

Figure 2 shows the gels electrophoresis obtained for 

each milk sample, where columns 2 to 6 correspond to 

the protein bands of each sample, and column 1 shows 
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the low molecular weight (LMW) standard protein 

(14.4 to 97 kDa). The dashed rectangles represent the 

bands studied with the approximate molecular weight, 

as this is a qualitative analysis. The protein molecular 

mass values, found from top to bottom, were 52 and 39 

kDa for the soybean milk base (column 2), 32 and 24 

kDa for raw sheep (column 3), 32 and 24 kDa for UHT 

cow (column 4), 32 kDa for UHT goat (column 5) and 

32 and 24 kDa raw cow (column 6). 

 

 

Figure 2. Zinc protein bands of milk samples run in 

polyacrylamide gel (10%) with urea. 

 

Casein is the major component of milk protein. In 

this work, α-casein, β-casein and soybean proteins 

showed profiles similar to other studies18,20,21 with 

approximately 24 kDa and 32 kDa for α-casein and β-

casein, respectively. Bands of higher intensity for raw 

sheep, UHT cow, raw cow and UHT goat were in the 

molar mass range of 32 kDa. For the soybean milk 

base, the bands 52 and 39 kDa were assigned to β-

conglycine subunits and glycine, respectively20,22. 

Naqvi et al.23 reported that it was also possible to 

observe that Ca, Fe, Mg and Zn were mainly associated 

with colloidal calcium phosphate in casein micelles. 

For soybeans, 80% of the extracted proteins are β-

conglycine (7S) and glycine (11S). Denaturation by 

heating occurs when there are interactions between 

these proteins, which can form basic subunits, such as 

(11S), β-subunits (7S), and α-,α'-subunits (7S)20,22. 

 

3.2 Total Zn and species determination 
 

Among the micronutrients present in milk, Zn has 

the highest concentration and is important in human 

and animal nutrition, associated with organic 

molecules and present as inorganic salts. Concerning 

amino acids such as histidine and methionine and 

phosphates and organic acids, it enables the 

bioavailability of this element1. It is also associated 

with one of the most important milk proteins, casein, 

and in the bovine milk, Zn is present as Zn-casein-Ca-P 

complex4. 

The total zinc levels obtained in the samples are 

shown in Tab. 2 and agree with those reported in the 

literature24,25. No significant difference (Student’s t-test 

95% level, p>0.05) was found between the certified 

reference material NIST 8435 (28 ± 3 mg kg-1) and the 

measured value of certified reference material (26 ± 1 

mg kg-1) for Zn. Therefore, this study can confirm the 

accuracy of the procedure. The slope and correlation 

coefficient (r) of the FAAS calibration curve prepared 

in the presence of 1.0% (v/v) of HNO3 were 0.4688 

and 0.9994, respectively. Moreover, limits of detection 

(LOD) calculated as three times the standard deviation 

of the blank (n=10)/slope was 0.02 mg L-1 and 

quantification (LOQ) (3 × LOD) was 0.03 mg L-1 for 

Zn, which are appropriate for Zn determination in the 

evaluated milk samples26. 

The pyrolysis and atomization temperature were 

evaluated to find the Zn measurement's best conditions 

in proteins by ETAAS (Fig. 3). The drying and 

cleaning temperatures were used according to Bossu et 

al.27. Pyrolysis temperature was set at 1000 °C and the 

atomization temperature was set at 1600 oC. In this 

condition, the absorbance analytical signals' best 

profiles and the smallest deviations between the 

measurements were observed. The coefficient of 

variation was around 3.0% (n = 3) and the graphite 

furnace heating program used to Zn determination in 

the protein bands of different milk samples is shown in 

Tab. 1. 

The slope and correlation coefficient (r) of ETAAS 

analytical curve in the presence of blank sample media 

(gel without protein) were 0.1457 and 0.995, 

respectively. The method’s accuracy was evaluated by 

the addition and recovery procedure. Recoveries of 110 

± 1%, 92 ± 3%, 99 ± 4%, 95 ± 8% were obtained after 

adding 1.5 µg L-1 of Zn to proteins bands 32 kDa UHT 

cow, 32 kDa UHT goat, 39 kDa soybean and 24 kDa 

raw sheep, respectively. These recovery values are in 

the range established according to the quantified 

concentration level28,29. LOD and LOQ for Zn 

determination by ETAAS, using the optimized 

conditions, were 0.20 g L-1 and 0.66 g L-1, 

respectively. 

The results for Zn distribution in protein bands were 

quantitative and provide information about the relative 
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Zn concentration in each protein band from milk 

samples, as well as its relationship with the total levels 

of Zn found in milk samples (Tab. 2). Zinc is present 

predominantly in 32 kDa protein in UHT cow milk, 

followed by 32 kDa raw cow milk and 24 kDa raw 

sheep milk, which showed similar Zn levels. 

 

 

Table 2. Zinc mass fractions (%) obtained for protein bands (Zn-protein) by ETAAS and Total Zinc (mg L-1) 

obtained for milk samples (ZnT) by FAAS, n = 3. 

Concentration/% ± standard uncertaintya, Concentration/mg L-1 ± standard uncertaintyb and coefficient of variation (CV) / % 

Samples / kDa Zn-protein / %a CV / % Total Zinc / mg L-1 b CV / % 

Soybean milk-based / 52 n.d n.d 
2.50 ± 0.07 2.8 

Soybean milk-based / 39 4.4 ± 0.6 12.6 

UHT Cow / 32 17.0 ± 2.0 9.4 
3.20 ± 0.02 0.6 

UHT Cow / 24 8.0 ± 1.0 17.6 

UHT Goat / 32 5.2 ± 0.9 16.3 2.75 ± 0.01 0.4 

Cow / 32 8.0 ± 1.0 8.3 
3.44 ± 0.05 1.5 

Cow / 24 n.d n.d 

Sheep / 32 1.7 ± 0.2 9.7 
2.76 ± 0.01 0.4 

Sheep / 24 9.0 ± 0.6 6.8 

n.d = not detected. 

 
Figure 3. Pyrolysis (■) and atomization (●) temperature curves for 1.0 µg L-1 Zn in the blank (absence of band gel) in 1.0% 

v/v HNO3 with 1.78% w/v Mg(NO3)2 of chemical modifiers. 

 

It can be concluded that Zn is present in these 

samples in metal-binding proteins. There were no 

differences between the Zn-binding proteins' estimated 

values in UHT cow milk (8.0 ± 1.0%) and raw cow 

milk (8.0 ± 1.0%), which presented the highest Zn 

amount in 24 and 32 kDa, respectively. However, the 

largest proportion of Zn found in the 32 kDa protein 

was in UHT cow milk (17.0 ± 2.0%) and 24 kDa 

protein (9.0 ± 0.6%) in raw sheep milk. Studies were 

conducted to determine Zn bound to casein in breast 

milk, in which processed milk samples presented a 

change in the Zn distribution, with a decrease in the 

serum fraction and an increase in the fat fraction. There 

was no significant difference in the Zn percentage 

regarding casein. However, there was a trend towards 

increasing in processed samples30, as observed in this 

study. 
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Previous studies9,19,31,32 showed that zinc could also 

be linked to the casein fraction, α-casein and β-casein 

in bovine milk. The complex fractions of α-k-casein 

and α-β-casein showed significant zinc bound amounts, 

as can be demonstrated in this work. 

Gaucheron et al.31 estimated that cations are bound 

to α-casein and β-casein in the following affinity order: 

Fe > Zn > Ca. Zinc was found with 3 CPP (casein 

phosphopeptide) and the fraction containing α-casein 

and the 3 CPPs containing amino acids (glutamic acid, 

serine and phosphoserine), showing the Zn-complexes 

formation23,32. Moreover, the Zn distribution between 

casein, whey and other components may be affected by 

pH, heat and other cations present in the diet. Thus, the 

proteins are denatured and their ability to bind to Zn is 

probably reduced33-35. This reduction can be explained 

by the Zn percentage found in some proteins such as 

soybean (52 kDa), raw cow (24 kDa) and raw sheep 

(32 kDa). 

Although contamination or species conversion 

problems cannot be ignored, gel electrophoresis is an 

important tool for the fractionation or separation of 

compounds, such as caseins, and Zn distribution can 

provide valuable information about the proteins' 

activity and their associated components. 

 

3.3 Determination of total protein 
 

Lipid extraction is not necessary during the 

Bradford method, so total protein determination was 

made directly in the diluted milk36. The aim was to 

observe if the ultra-high temperature (UHT) process 

caused changes in the milk total protein concentration 

when compared with the unprocessed samples. Results 

obtained for raw sheep, raw cow, UHT cow, UHT goat 

and soybean were 34 ± 1 g L-1, 21 ± 1 g L-1, 23 ± 1 g L-

1, 18 ± 1 g L-1 and 16 ± 1 g L-1, respectively. No 

significant difference was observed in the results that 

compared processed and not processed milk, in 

agreement with a previous work30. 

Soybean is a protein supplier food composed by 

saturated and unsaturated fatty acids, vitamins and 

polyphenolic compounds, such as isoflavones35. It may 

be prepared to have the same protein content as bovine 

milk34,35, which can be confirmed in this work (16 ± 1 

g L-1). However, the biological value of soybean 

proteins is lower than bovine milk or eggs proteins35. 

Proteins found in goat milk showed results 

comparable to bovine milk. The highest total protein 

concentration was found in sheep’s milk, in agreement 

with the results reported by Raynal-Ljutovaca et al.24 

and was similar to bovine milk. 

 

4. Conclusions 
 

This study evaluated a fractionation method for Zn-

proteins measurement in different milk samples by 

ETAAS. A method for total Zn quantification in 

different milk samples was also studied. 

The Zn distribution results in protein bands were 

quantitative and could provide information about the 

relative Zn concentration in milk proteins. It was also 

possible to define the most appropriate polyacrylamide 

gels preparation procedure, the milk sample 

preparation and Zn determination. No differences were 

observed between the estimated values of Zn-binding 

proteins in UHT cow milk and in raw cow milk, which 

presented the highest Zn concentrations in 24 and 32 

kDa, respectively. Total protein content in processed 

(UHT) and non-processed (raw) milk samples were 

also remarkably similar. The results showed that Zn is 

mainly bound to 32 kDa (β-casein) protein in UHT 

cow and 24 kDa (α-casein) protein in raw sheep milk. 

The use of fractionation has been demonstrated as a 

complementary analytical tool for the characterization 

of Zn species present in milk. 
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