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ABSTRACT. Reported here is a comparative analysis of the milk from three 
representative breeds of dairy cows from Romania – Maramures Brown 
(Brună de Maramureş), Romanian Spotted (Bălțata Românească) and Black 
Spotted Romanian (Bălțata cu Negru Românească) - in terms of SDS-PAGE 
analysis of the protein distribution, total contents of protein, lipids, lactose, dry 
substance, somatic cell counts, pH and yield of milk. The Maramures Brown 
displays the highest percentage of proteins and of dry matter, the lowest 
yield of milk, the highest amounts of α-lactalbumin and β-lactoglobulin (tied 
with the Spotted Romanian for the latter) and the lowest serum albumin and 
immunoglobulin. The Black Spotted Romanian shows the highest yield of milk, 
the highest content of lactose, the lowest content in lipids and protein and 
dry matter, the highest content of casein and BSA, and the lowest content 
of α-lactalbumin and immunoglobulin. The Spotted Romanian shows the 
highest content of lipids, the highest SSC and the highest proportion of 
lactoferrin. Positive correlations with r values at 0.6-0.8 are found between 
the relative contents of various components - α vs. β casein, Ig vs. α casein, Ig 
vs. βLgb, lactoglobulin vs. lactalbumin, β casein and αLac, BSA vs. β casein 
and αLac, total protein content vs. dry residue, SSC vs. lactoferrin and β 
casein. A weak negative correlation is seen between the total lipid content and 
lactose (-0.6).  
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INTRODUCTION 
 
Of obvious practical interest, chemical variability in milk is traditionally 

confined to standard compulsory analyses such as yield of milk, total protein 
content, lactose, pH and others – with occasional incursions into such details as 
the variability in protein distribution and/or variability within or among races.[1–
14] In terms of the relative content of various proteins within the milk, the 
studies are typically confined to a small number of the major proteins (caseins, 
lactalbumin and lactoglobulin especially), either analyzed qualitatively with gel 
electrophoresis or, with even narrower focus on variations such as glycosylation 
and alleles, quantitatively with more advanced chromatographic techniques. 
Other studies, in terms of genetic variability or of technological parameters 
(mainly yield of milk) are also available.[1–4,6,8,15] 

Of the proteins in whole milk, by far the most abundant ones are the 
caseins (α S1, α S2, β, k, all at cca 25-30 kDa and with α and β much more 
abundant than k), α-lactalbumin (αLac, 14 kDa), and β-lactoglobulin (βLgb, 
18 kDa). All other proteins except casein are generally also referred to as 
whey proteins; these include α-lactalbumin and β-lactoglobulin as the 
dominant components, plus a number of others among which bovine serum 
albumin (BSA, ~68 kDa), lactoferrin (Lf, ~80 kDa depending on the degree 
of glycosylation) and immunoglobulin A (~70 kDa for the heavy chain, ~15 kDa 
for the light chain; other immunoglobulins are at 160-1000 kDa) are typically 
discussed – though often inconsistently assigned in SDS-PAGE analyses.[1,2,4, 
5,8,10–12,15–18] 

A number of studies have been reported on the variability of a limited 
number of components within the milk of dairy cows from a small set of regions 
(e.g., Holland and European Northern regions, or Bulgaria).[2,4,8] To our 
knowledge there is not, at this time, a detailed study dedicated to the chemical 
composition (and variability thereof) in the milk of dairy cows endemic/specific 
to Romania. The three most common dairy cattle breeds in Romania are 
Maramures Brown (Bruna, the result of crossing between the Grey Romanian 
Cattle native breed with Schwyz), Romanian Spotted (Bălțata Românească, 
the result of crossing between the Grey Romanian Cattle native breed with 
Simmental bulls) and Black Spotted Romanian (Bălțata cu Negru Românească, 
evolved more recently from Dobrogean Red, Romanian Spotted and Brown).[9, 
13,18] Milk from these breeds is analyzed in the present study in terms of 
SDS-PAGE analysis of the protein distribution, total contents of protein, lipids, 
lactose, dry substance, somatic cell counts, pH and yield of milk. Also reported 
here is to our knowledge the first example of comparative quantitative SDS-
PAGE analysis of milk samples from various breeds, as well as an analysis 
of the correlations between various parameters. 
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RESULTS ANS DISCUSSION 
 
Samples from 15 animals (five each from the respective races - 

Maramures Brown B, Romanian Spotted RS and Black Spotted Romanian 
BSR), all housed under similar conditions at a farm representative for the 
northwestern part of Romania (Transylvania) - were analyzed for total contents 
of protein, lipids, lactose, dry substance, somatic cell counts, pH as standard 
parameters assayed in dairy farms. Table 1 shows the average values of these 
indicators for the three races. At the outset, one may note that the standard 
deviation values are generally larger than the differences in values among 
races. Nevertheless, one may note that on average the Brown shows the 
highest protein content (implicitly the highest content of dry substance) and 
the lowest content in lactose as well as the lowest yield of milk. The 
Romanian Spotted shows the highest content of lipids. The Black Spotted 
Romanian shows the highest content in lactose and the lowest content in 
lipids and protein alongside the highest yield of milk. The urea and SSC 
parameters are generally indicative the well-being of the animal (urea for 
nutrition, SSC for possible infection) - and fall within normal parameters in 
the present dataset.  
 
Table 1. Average values (with standard deviations in parentheses) for total contents 
of lipids, protein, lactose, dry residue (excluding lipids) (all expressed in g/100 g), pH, 
urea (mg/mL), somatic cell count SCC (per mL, x1000) and yield of milk (L/session) 
for the three races (Brown B, Spotted Romanian SR, and Black Spotted Romanian 
BSR). The complete set of individual values is available as Supporting Information. 
The lowest and highest values for each parameter are highlighted in bold and grey, 
respectively. 

Race Lipids Protein Lactose dry pH Urea SSC yield 

B 4.02 
(0.66) 

3.88 
(0.27) 

4.63 
(0.25) 

9.28 
(0.30) 

6.62 
(0.09) 

4.90 
(2.97) 

71.5 
(38.7) 

6.7 
(1.3) 

BSR 3.80 
(0.69) 

3.52 
(0.26) 

4.84 
(0.10) 

9.16 
(0.26) 

6.58 
(0.07) 

3.04 
(1.73) 

77.6 
(51.2) 

8.9 
(1.0) 

SR 4.14 
(0.27) 

3.67 
(0.35) 

4.70 
(0.11) 

9.18 
(0.33) 

6.59 
(0.08) 

6.98 
(2.91) 

240.4 
(264.9) 

7.6 
(1.0) 

 
Figure 1 shows the results of SDS-PAGE measurements of the three 

types of milk. Using an automated analysis, 14 bands were identified across 
the 18 lanes of milk in Figure 1 – though not all bands display detectable values 
in all lanes. Table 2 shows the intensities of the bands, computed from two types 
of measurements – either from the gels of the three samples each representing 
mixtures of milk from five animals, or as average of the values measured form 
gels of each of the respective individuals, per race.  
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Based on previous data,[2–5,15,17] one may assign the two most 
abundant proteins (lanes 8 and 9 amounting to more than 50% of the protein) 
to α and β casein (calculated MW at 26 and 23 kDa, respectively) – with  
k-casein in lane 10 (calculated MW at 21 kDa). Regardless of the mode of 
measurements (whether directly on mixtures of milk from cows of the same 
breed, or by averaging the values measured individually for each cow of the 
same breed), Romanian Black Spotted appears to show more casein 
(especially α) than the other two races. Next, one may also assign bands 13 
and 14 to lactoglobulin (βLgb, at an apparent MW of 15 kDa) and lactalbumin 
(αLac, 14 kDa), respectively. There is a clear trend B>BSR>RS for βLgb 
and B~SR>BSR for αLac. The remaining proteins are, as discussed above, 
inconsistently assigned in the literature. As shown in Table 2, we propose to 
assign lane 4 to BSA (typically the strongest band in the 50-130 kDa range in 
milk, computed here at 71 kDa), lane 3 to lactoferrin (Lf, 108 kDa) and lane 5 
to the heavy chain of immunoglobulin A (Ig, 62 kDa). If so, then BSA appears 
more abundant in BSR than in the other two races (with RS then slightly higher 
than B), while RS shows distinctly more Lf than the other two races. The Ig 
values are very similar across the three races, with BSR showing slightly lower 
values than the other two. 
 
 

 
 

Figure 1. SDS-PAGE gels of milk. The left panel shows samples of equi-volumetric 
mixtures of the 5 samples of milk from Spotted Romanian (lane 1), Black Spotted 
Romanian (lane 2), and Brown (lane 3), alongside molecular weight markets 
(lane 4, with values in kDa in ascending order as follows: 10, 15, 25, 35, 55, 75, 
100, 130, 250). The right panel shows individual samples from the 15 animals  
(B – 1-5, SR – 6-10, BSR – 11-15). 
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Table 2. Values for the intensities of the 14 protein bands (shown as percentages of 
the sum of intensities over each respective lane) in the SDS-PAGE of milk. In each 
cell, the averages of individual values for the animals of the same race and those 
measured for mixtures of milk from the five animals of the respective race cf Figure 1 are 
shown, in this order. Molecular weights (MW) were estimated based on the molecular 
weight markers indicated in Figure 1 using the fitting function y = 13.095 * x(-1.173). The 
complete set of individual values is available as Supporting Information. 

 

Protein 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

MW (kDa) 473 186 108 71 62 50 42 26 23 21 19 18 15 14 

B 
15 
13 

1.2 
1.1 

0.54 
0.4 

6.8 
6.5 

2.1 
1.7 

2.0 
1.3 

0.14 
0.27 

32 
32 

19 
17 

2.5 
3.0 

0.65 
0.44 

0.07 
0.13 

13 
15 

5.0 
7.5 

BSR 
12 
11 

0.8 
1.4 

0.44 
0.5 

7.6 
7.3 

2.0 
1.4 

1.4 
1.6 

0.16 
0.14 

35 
33 

21 
19 

2.5 
3.3 

0.36 
0.17 

0.01 
0.05 

12 
14 

4.6 
6.9 

RS 
14 
15 

1.2 
1.5 

0.77 
0.8 

7.1 
6.6 

2.1 
1.4 

1.5 
1.3 

0.31 
0.33 

34 
31 

21 
18 

2.2 
1.9 

0.28 
0.15 

0.04 
0.10 

11 
13 

4.8 
7.7 

 
Table 3 shows correlation coefficients across all the values measured 

in the present study. A general lack of correlation between the 14 proteins 
observed in the SDS-PAGE gels can be reconciled with the concept that there 
is indeed complex variability in terms of protein composition across the races. 
Some correlations were perhaps expected and are observed as such. For 
instance, bands 8 and 9 (α and β casein) show a positive correlation coefficient 
of ~0.8. For the two key components of whey, βLgb and αLac (lanes 13 and 14), 
the correlation coefficient is 0.7. There are also a 0.7 correlation coefficients 
between Ig and α casein and Ig and βLgb, respectively (plus a slightly weaker 
correlation, at 0.6, between β casein and αLac. BSA shows correlation with β 
casein (0.7) as well as with αLac (0.6). Also, expectedly, there is positive 
correlation (0.8) between the total protein content and the dry residue. A weak 
negative correlation is seen between the total lipid content and lactose (-0.6). 
The somatic cell count shows a 0.6 correlation coefficient with lactoferrin (to 
some extent expectedly given their function in defense/immunity) as well as 
with β casein. The amount of milk shows very little correlation with any of the 
parameters; the highest value, ~0.5, is seen with BSA. 
 
 
CONCLUSIONS 
 

The main three races of local dairy cows from a representative farm 
in northwestern Romania (Maramures Brown, Spotted Romanian and Black 
Spotted Romanian) were analyzed in terms of the yield and composition of the 
milk (SDS-PAGE analysis of the protein distribution, total contents of protein, 
lipids, lactose, dry substance, somatic cell counts, pH). The differences between 
the races are small but may be summarized as follows. 
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The Maramures Brown (Bruna) stands out with the highest percentage 
of proteins and of dry matter, but the lowest yield of milk. In terms of the 
percentages of proteins (as determined from SDS-PAGE analyses), this race also 
shows the highest amounts of α-lactalbumin and β-lactoglobulin (tied with the 
Spotted Romanian for the latter) but lowest serum albumin and immunoglobulin.  

The Black Spotted Romanian (Bălțata cu Negru Românească) shows 
the highest yield of milk and the highest content of lactose, offset by the lowest 
content in lipids, protein and dry matter. In terms of relative contributions of the 
various proteins, BSR shows the highest content of casein and BSA – as 
opposed to the lowest content of α-lactalbumin and immunoglobulin. 

The Spotted Romanian (Bălțata Românească) shows the highest 
content of lipids, the highest SSC and the highest proportion of lactoferrin. 

Positive correlations with r values at 0.6-0.8 are found between the 
relative contents of various components - α vs. β casein, Ig vs. α casein, Ig vs. 
βLgb, lactoglobulin vs. lactalbumin, β casein and αLac, BSA vs. β casein and 
αLac, total protein content vs. dry residue, SSC vs. lactoferrin and β casein. 

 
 

Table 3. Correlation coefficients (Pearson’s r) among the Table 1 and Table 2 data 
measured for the 15 milk samples from the three races (see Supporting Information 
for individual values of each parameter). The r values at ~0.6 of higher are highlighted. 
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The highest correlation of the yield of milk is with BSA. A weak negative 
correlation is seen between the total lipid content and lactose (-0.6). Beyond 
these, a number of other potential correlations with r values at +/- 0.4-0.5 may 
deserve further attention in future studies with larger sets of samples. 

Further exploration of the correlations and trends reported in the present 
study may be warranted, partly considering the relatively large variations within 
the parameters collected and partly considering the prospective practical 
applications in terms of potential selection of breeds based on the desired 
composition of the milk. Such studies, including evaluation of the parameters 
over time/age/lactation cycle, dependence on nutrition, environmental parameters 
(including indoor as well as outdoor variables as well as geographical ones) and 
other factors are currently under way. Such studies are of particular interest 
given the current crisis of milk in Romania (in terms of yields, number of animals, 
adaptation of animals to local conditions).[14,19] 

 
 

EXPERIMENTAL SECTION 
 
Milk samples from five animals of each race were collected for analysis 

on the same, day, in November 2017 at the Experimental and Didactic Farm 
of the University of Agricultural Sciences and Veterinary Medicine at Cojocna, 
Cluj county, Romania. The animals were fed a uniform standard fodder (mixture 
of lucerne hey, maize silage and concentrates) under conditions previously 
described.[14] 

For electrophoresis, the milk samples were centrifuged for 10 minutes 
at 5000 g in order to remove the lipids, after which 5 µL of milk were mixed 
with 35 µL of PBS buffer and 10 µL of 5x loading dyes followed by 10 minutes 
of 90 °C incubation. A volume of 20 µL of the obtained solution was loaded 
onto a 15% SDS-PAGE as previously described. After protein migration was 
complete, the gel was incubated in fixing buffer (45% methanol, 45% water, 
and 10% glacial acetic acid) for 10 minutes and then treated with staining 
solution (0.1% (w/v) Coomassie blue, and 10% (v/v) acetic acid, 20% (v/v) 
methanol overnight followed by distaining in 50% (v/v) methanol, 50% (v/v) 
water with 10% (v/v) acetic acid.[1,20] The SDS-PAGE gels were analyzed 
using the Gel Analyzer 2010a software (gelanalyzer.com). 

The total contents of protein, lipids, lactose, dry substance, somatic 
cell counts and pH were determined by standard procedures as previously 
described.[6,9] 

Supporting Information is available from the authors upon request (Table 
S1 - Individual values for total contents of components, Table S2 - Individual 
values of intensities/weights of the bands identified in the SDS-PAGE analyses, 
Figure S1 and Figure S2- Band profiles of the lanes in Figure 1). 
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