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Abstract
Cow’s milk proteins belong to food allergens. The composition of milk is influenced by many factors, among others by cows’ 
feeding. Thus, the aim of the study was to check if introducing legumes seeds (soy meal and ground lupine) into fodder 
changes the composition of milk immunoreactive protein. 18 milk samples were compared, (UHT milks and samples obtained 
from local farms). The differences in the total protein content were not statistically significantly different, but the studied milk 
varied in the content of histidine, serine, aspartic acid, glutamic acid, lysine, phenylalanine, and tyrosine. To control immu-
noreactivity of milk proteins, extracts in PBS were prepared. Thus, the samples were deprived of most of casein—the main 
milk allergen. Immunoreactivity of the milk from the local farms and obtained from the cows fed with a fodder containing 
soy (FS) differed from the immunoreactivity of UHT milk and the milk from the cows fed with a fodder containing soy and 
lupine (FL) and without the addition of legumes (NL). It was proved by a slot-blot analysis, both with sera of the children 
allergic solely to milk, as well the children allergic solely to soy (not to milk). SDS-PAGE analysis of the prepared extracts 
showed the presence of additional peptide bands: ~ 18 kDa in case of the most of immunoreactive milks (FS).
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Introduction

Cow’s milk proteins are an important source of protein in 
human nutrition. The total protein content in bovine milk is 
approximately 3.5% by weight, and milk proteins are con-
sidered highly valuable and standard in child nutrition [1]. 
However, allergy to cow’s milk protein (CMA) affects 2–3% 
of infants, because their intestinal barrier and the immune 
system are immature. CMA may persist into adulthood and 
affects 0.4–0.9% of adult human [2–4]. In some countries, 
it is the most common food allergy [4].

The mechanism of those undesirable and abnormal reac-
tions of the immune system to milk proteins is recognized 
both as the IgE-mediated type as well as non-IgE mediated 
(i.e., IgA- or IgG-mediated) allergies [3, 6]. Among over 
50 proteins involved in the allergic reaction to milk [6, 7], 

the key fractions are phospho-glycoproteins, i.e., αs1-, α2-, 
β-, γ-, κ-casein, and whey proteins such as β-lactoglobulin, 
α-lactoglobulin and BSA [8, 9]. The problem of milk aller-
genicity is not solved by thermal preparation, such as the 
UHT process (ultrahigh temperature). The thermostabil-
ity of the immunoreactive properties of casein and partial 
stability of lactoglobulin is proved. In addition, during the 
heat treatment, disulfide bonds between casein-k and β/α-
lactoglobulin may be formed, causing formation of ther-
mostable neoallergens [10, 11]. In case of CMA, the only 
therapy that is completely safe is the complete elimination 
of allergens from the diet.

Simultaneously, substituting cow’s milk by soy milk prep-
arations or goat milk usually does not solve the problem. 
Soy proteins are also a food allergen and induce immune 
system reactions in some patients with recognized CMA, 
which result from cross-reactivity of milk and soy protein. 
Data show that between 10 and 44% of children with CMA 
also suffer from soy protein allergy [12]. Therefore, soy 
milk should not be usually used as a substitute of cow’s 
milk for patients with diagnosed CMA. Bovine casein rep-
resents 50–70% homology to soy proteins and 87–98% to 
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goat casein [8, 13, 14]. Only 2 in 26 children with CMA 
tolerate goat milk [8].

Since the composition of cow’s milk is influenced by 
many factors: genetics, age, cattle breed, lactation period, 
health and diet [15], the diet composition may also change 
the milk protein composition. Different composition of 
fodder modifies the mixture of amino acids and short pep-
tides transported to the milk gland, where milk proteins 
are formed from amino acids and peptides transported by 
blood. Thus, it can be expected that a modified composition 
of amino acid mixture delivered by blood may modify the 
composition of milk protein. A small amount of proteins 
with a distinct composition may be formed. The aim of the 
presented studies was to search the difference in the protein 
composition and their immunoreactivity in UHT cow’s milk, 
local farms cow’s milk, and goat’s milk. Immunoreactivity 
of the samples was controlled with the sera of the children 
(with recognized CMA or soy allergy), as well as using com-
mercially purchased anti-soy, anti-lupine, anti-lactoglobulin 
and anti-casein antibodies.

Materials and methods

Materials

18 samples of milk were used in the study (Table 1). The 
first group constituted popular UHT milk (Nos. 1–8), some 
of them were declared to be GMO free (Nos. 5–8). The sec-
ond pool was dairy cattle milk obtained from local farms 
with a declared method of cows’ feeding—with (Nos. 9, 11, 
14, 15–18) or without (Nos. 10, 13) the addition of legumes 
into the fodder and also one goat’s milk (No. 12) (Table 1). 
In case of the milk from local farms, the milk was taken 
after mixing the milk from one herd of Holstein Friesians 
cows from a single milk yield. There were also positive con-
trols of proteins used in the study, i.e., solution of casein 
from bovine milk (SIGMA, C7078, USA), β-lactoglobulin 

(SIGMA, 3908, USA), and extracts of  soybean seeds 
(Augusta variety) and lupine seeds (Oskar variety) (seeds 
were obtained from Poznan University of Life Sciences).

Patients

Sera of ten children (in age between 3 and 13 years) diag-
nosed with an allergy solely to milk or solely to soy were 
obtained from SNOZ Allergology Plus Center for Diagnosis 
and Treatment of Allergy Therapy in Poznan (Poland). No 
serum was obtained from a child that was allergic to both 
soy and milk.

The method used to determine the class of antibody was 
the ELISA test. The serum characteristic is presented in 
Table 2. Ethical approval for the use of human sera was 
obtained from the local ethics committee (No. 671/17, 
2017).

Methods

Protein extraction

Protein from the studied milk samples was extracted with a 
PBS (ratio 1:10 w/v). The samples were mixed in 4 °C for 
17 h, then centrifuged three times (15 000×g, 10 min) [5, 
16].

Protein concentration analysis

The total concentration of milk protein was determined with 
the Kjeldahl method [17]. The nitrogen content was recalcu-
lated fom the protein content with the conversion factor 6.38.

Table 1   List of milk types used in the research

Nos. Source of milk Type of milk

1–4 Shop UHT, lack of any declaration
5–8 Shop UHT, declaration of being GMO free
10,13 Farm COW’s fodder without soy or lupine 

addition
9,11,14 Farm COW’s fodder containing 6% of soy 

addition
12 Farm GOAT’s fodder without added soy
15,16 Farm COW’s fodder containing 9% addition of 

lupine and soy (in rate 2:1)
17,18 Farm COW’s fodder containing 6% addition of 

lupine and soy (in rate 2.5:2)

Table 2   Presentation of the used sera

Serum Allergy to

milk (lactoglobulin, casein, 
serum albumin)

Soy bean

Class IgE concentration 
[kilounits/L]

Class IgE con-
centration 
[kilounits/L]

I 2 0.7–3.5 – –
II 5 50–100 – –
III 3 3.5–17.5 – –
IV 3 3.5–17.5 – –
V 4 ~ 50 – –
VI – – 4 ~ 50
VII – – 2 0.7–3.5
VIII – – 2 0.7–3.5
IX – – 2 0.7–3.5
X – – 6 > 100
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The concentration of protein in the obtained milk extracts 
was determined by means of the Bradford method [18] using 
SP 8001 UV–Vis spectrophotometer, Metertech Inc. Taipei, 
Taiwan.

Amino acid composition

The amino acid composition, including l-histidine (His), 
l-isoleucine (Ile), l-leucine (Leu), l-lysine (Lys), l-methio-
nine (Met), l-phenylalanine (Phe), l-threonine (Thr), 
l-valine (Val), l-tyrosine (Tyr), glycine (Gly), l-arginine 
(Arg), l-proline (Pro), l-aspartic acid (Asp), l-glutamic 
acid (Glu), l-alanine (Ala), l-cysteine and l-serine (Ser), 
was determined by means of ultra-performance liquid chro-
matography (UPLC, Shimadzu Nexera 2.0, Kyoto, Japan) 
equipped with a PDA and FL detector (Kyoto, Japan) after 
acidic hydrolysis (110 °C, 23 h) according to the method 
described by Tomczak et al. [19], while sulfuric amino acids 
were prepared by means of oxidative (4 °C, 16 h) and the 
following acidic hydrolysis (110 °C, 2.5 h). The PDA detec-
tor was set at 260 nm with a sampling rate of 20 points/s. 
The amino acid content was calculated in g/16 g N (which 
is equivalent to g/100 g of protein). Further, a percentage of 
the particular amino acid in the determined total amino acid 
content was calculated.

Slot‑blot analysis

Immunoreactivity controlled with the sera

The prepared extracts were transferred to a polyvinylidene 
difluoride membrane (Immobilon-P 0.45 μm, Merck Mil-
lipore Ltd.), then 45 min blocked by 0.01 M TBS, pH 7.4 
with 1% gelatin from porcine skin (Sigma G8150). The sera 
were diluted 20-fold (v/v) in TBS-PG-T [1% gelatin solution 
in the TBS with the addition of 0.05% Tween 20 (SIGMA 
P9416, USA)] and applied on the membrane for 1.5 h. After 
washing, the membranes were incubated for the following 
1.5 h with a monoclonal anti-human IgE (AbII), labeled with 
alkaline phosphatase (SIGMA A3076, USA) diluted 1:1000 
(v/v) with TBS–PG–T. Membranes were washed five times 
and then the substrate was applied for 20 min. BCIP/NBT 
(5-bromo-4-chloro-3′-indolyl phosphate and nitro-blue tetra-
zolium) was used as a substrate (Calbiochem). The reaction 
was stopped with water, and then the membranes were dried 
and analyzed.

Immunoreactivity controlled with the commercial 
antibodies

Four commercially purchased primary antibodies (AbI) 
produced in rabit, diluted in TBS-PG-T were used instead 

of sera: (1) polyclonal anti-soy protein antibody (SIGMA 
S2519, USA) diluted 1:500 (v/v); (2) polyclonal anti-con-
glutin γ-lupine specific antibody (Agrisera, AS08 335, Swe-
den) diluted 1:1000; (3) monoclonal anti-casein antibody 
(Abcam, ab166596, GB) diluted 1:7500; (4) monoclonal 
anti-lactoglobulin antibody (Abcam, ab112893, GB) diluted 
1: 10,000.

As the secondary (AbII) antibodies, anti-rabbit IgG 
(SIGMA, A3687, USA) was applied after dilution 1:20,000 
(v/v) in TBS-PG-T. The rest of the procedure was as pre-
sented for studies with sera application (i.e., washing and 
BCIP/NBT application).

SDS‑page analysis

The proteins’ profile in the obtained extracts was examined 
using polyacrylamide gel electrophoresis. The samples (con-
taining ~ 7 µg of protein) were analyzed under denaturing 
conditions [19], with the use of 12% polyacrylamide gel 
[with the application of a 20–120 kDa molecular marker 
(Thermo Scientific, 26612)] and a 16.5% gradient gel [with 
the molecular marker 1.4–26.6 kDa (Bio-Rad, 1610326)]. 
The gels were stained with Coomassie Brilliant Blue and 
documented using CLIQS (TotalLab Quant, Great Britain).

Results and discussion

To compare the quality of milk, fat content is usually used, 
and it is also presented on the label, while the protein content 
is not emphasized. However, this factor is very important 
in the immunoreactive studies. Thus, at first, the protein 
content in the studied milk samples was controlled. In the 
comparison, the milk samples were divided into four groups 
and compared in pairs: 1. UHT without declaration versus 
2. UHT, GMO free; 3. cow’s milk from local farms with soy 
feeding (FS), 4. cow’s milk from local farms with soy and 
lupine feeding (FL) versus 5. cow’s milk from local farms 
without any legume feeding (NL). The UHT milk that was 
bought (i.e., milk after ultrahigh temperature processing) 
had a declared fat concentration of 3%, but the total content 
of protein varied greatly and changed in the range 3.2–3.5% 
for the milk without any declaration (1) and 3.0–3.5% for the 
milk declared to be GMO free (2). This declaration present 
on the label suggests that the milk was obtained from the 
cows that were not fed with fodder containing imported soy 
meal, and even if, e.g., Polish soy meal was added to the 
fodder, its content probably was lowered.

In the samples obtained from the local producers, the pro-
tein content varied more (2.8–3.6%); however, no statisti-
cally significant differences were found between groups 3–5.

The differences in amino acids composition were also 
checked. Statistically significant differences in the studied 
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group of milk were observed in the content of: His, Ser, Asp, 
Glu, Lys, Phe, Tyr (Table 3). No significant differences were 
found between the groups of the UHT milks (1 and 2). When 
comparing milks from local farms, it was interesting that 
cow’s milk with soy and lupine feeding (FL) contained less 
Ser, Phe and Tyr, but more His than milk samples obtained 
from local farms without any legume feeding (NL). The 
content of glutamic and aspartic acids in milk samples was 
significantly higher in FL milk compared to other samples 
tested. The differences between processed and unprocessed 
milks were not surprising. The content of the rest of the 
amino acids did not change statistically significantly in 
the studied groups. The content of Arg was 4.0 ± 0.4, Gly 
2.5 ± 0.5, Thr 4.5 ± 0.1, Ala 3.4 ± 0,2, Pro 10.0 ± 0.2, Val 
0.5 ± 0.6, Leu 10.0 ± 0.2, Ile 4.6 ± 0.5, Met 1.8 ± 0.5 and 
Cys 0.4 ± 0.3 (expressed as the % of the total amino acid 
content ± SD). The variability of the amino acid content 
due to feeding with a different type of fodder is interesting, 
but it must be confirmed in a definitely bigger number of 
samples. However, the observed variability of some amino 
acid content suggests that some differences in the forma-
tion of protein fractions could be noted. The goat milk was 
excluded here from the studied samples (although the amino 
acid content was comparable to the milk samples from the 
group NL), but introduced to the rest of the analysis–studies 
on immunoreactivity.

The main milk allergen, i.e., casein, is responsible for 
57% of allergic reactions [20]. Simultaneously, cross-reac-
tivity of soy peptides (30 kDa and 18.4 kDa) and α-, β-and 
κ-casein is confirmed and the organism deprived of any 
contact with soya reveals the response of the immune sys-
tem after oral soy application [5]. However, in the presented 
experiment, the object of interest was not the observations 
of obvious cross soy–casein reactions, but the formation of 
specific immunoreactive peptides in response to cows feed-
ing. Thus, to analyze the differences in the peptides’ immu-
noreactivity, the milk samples were subjected to extraction 

by means of an extrahent typically recommended for allergic 
proteins (PBS buffer). The method allowed to extract only 
traces of casein proteins; however, the aim of the study is to 
check the presence of other than casein allergenic proteins. 
The purpose of the study was to analyze the possibility of 
forming a modified protein fraction in response to adding 
soy or lupine to the fodder. In case of a human being, short 
peptide fractions, which are formed during the digestion of 
food eaten by the mother, are transported via the mother’s 
blood from the food to the milk glands. The phenomenon in 
which peptides from food penetrate into blood [21] and the 
transfer of peptide female milk have already been known and 
widely described [22]. However, we do not have the knowl-
edge or literature data on the transition of protein fractions 
from feed to milk of other mammals, even if it was proved 
that the activity of bovine oligopeptide transporter (bPepT1) 
depends on short peptide supply, which suggests influence of 
the activity of the transporter on the absorption of peptides 
from the feed into the blood [23]. Moreover, it is known that 
cow milk is produced 90% in amino acids and 10% in pep-
tides circulating in the blood [24]. To analyze peptides and 
proteins in the studied samples, they were not digested in 
the in vitro experiment, because milk allergy affects mainly 
children with an immature immune system and the problem 
of allergy results also from incomplete digestion of proteins 
in their digestive tract. Furthermore, it has been proved that 
most epitopes of milk proteins are not digested. It applies 
to both casein [5] and proteins from the lipocalin family 
(β-lactoglobulin and α-lactoglobulin) [25]. These epitopes 
are resistant to proteolysis and are absorbed in the human 
intestine in an unchanged form.

Thus, the prepared extracts were transferred to the PVDF 
membrane and their immunoreactivity was compared. Fig-
ure 1 presents the results of slot-blot analysis of the milk 
extracts with the sera of the children allergic to milk.

The sera donors I–V were allergic, among others, to one 
of the main milk allergen, i.e., β-lactoglobulin, while the 

Table 3   The percentage content 
of amino acids in the total 
amino acid content which varied 
statistically significantly in the 
studied groups of cow’s milks

1—UHT without declaration; 2—UHT, GMO free; 3—cow’s milk, fodder containing 6% addition of soy; 
4—cow’s milk, fodder containing 6–9% addition of lupine and soy, 5—cow’s milk, fodder without addi-
tion of legumes. Values denoted by different letters differ statistically significantly at the significance level 
α = 0.05
*Asp—the result is the sum of asparagine, aspartic acid and its salts
*Glu—the result is the sum of glutamine, glutamic acid and its salts

Milk groups Content of amino acids (% in the total amino acids content)

His Ser Asp* Glu** Lys Phe Tyr

1 2.6 ± 0.2a,b 6.2 ± 0.3a,b 8.6 ± 0.3a,b 22.5 ± 0.5a 6.4 ± 0.2a,b 5.7 ± 0.5c 0.9 ± 0.2b
2 2.6 ± 0.2a,b 6.3 ± 0.3a,b 8.3 ± 0.4a 22.0 ± 1.0a 6.2 ± 0.5a 5.9 ± 0.5c 0.8 ± 0.1b
3 2.6 ± 0.2a,b 6.0 ± 0.1a,b 9.1 ± 0.1b,c 23.0 ± 0.3a,b 6.7 ± 0.4a,b 5.0 ± 0.1b 0.9 ± 0.2b
4 3.0 ± 0.3b 5.8 ± 0.1a 9.4 ± 0.2c 24.4 ± 0.1b 6.9 ± 0.1b 4.5 ± 0.1a 0.3 ± 0.1a
5 2.4 ± 0.2a 6.3 ± 0.3b 9.1 ± 0.5a–c 23.4 ± 0.8a,b 6.8 ± 0.0a,b 5.0 ± 0.1b 0.8 ± 0.1b



97European Food Research and Technology (2020) 246:93–101	

1 3

donors II and III were allergic to casein, which was proved 
by means of the standard solution of lactoglobulin (LG) and 
casein (C) on the membranes. Simultaneously, the sera were 
selected from the children with a recognized allergy nei-
ther to soy nor lupine, but the antibodies present in each of 
the sera unexpectedly reacted with soy (S) and lupine (L) 
extracts. Not every serum also contained the same number 
of antibodies reacting with proteins present in beef extract 
(B)—the strongest signal was observed with serum IV. 
There was vestigial immunoreactivity of UHT milk (1–8) 
extract that was observed with the sera (except sample 7 and 
serum IV). However, it should be remembered that even if 
lactoglobulin is a thermolabile protein, casein (which has 
been almost completely removed from the samples) is ther-
mostable, and thermal treatment may form neoallergens 
from β/α-lactoglobulin and casein [11]. Thus, the observed 
membranes did not inform us about the safety of UHT milk, 
but about the differences in the immunoreactivity of these 
milk samples and the milk samples obtained directly from 
the local farms. The reactivity of goat milk extract (No. 12) 
was not noted either, which resulted from removal of casein. 
Bovine and goat casein shows high homology, and even if 
the goat milk contains less casein [26, 27], only ~ 8% of chil-
dren allergic to cow milk tolerate goat milk [8]. However, 
what was most interesting were the differences observed in 
the immunoreactivity of the milk obtained from the same 
local farms, but from cattle fed with the different fodder. The 
antibodies present in three out of five sera reacted stronger 
with the peptides/proteins present in the extract of the milk 
obtained from the cows fed a fodder containing soy (FS). 
Sera I, III and IV reacted with sample 9 and 14, while anti-
bodies of sera I–IV reacted with sample 11. The reactions 

were stronger when compared to the milk obtained from the 
same local farm without legume addition (NL) (compare 
the reaction of sample 11 and 10 with sera I–IV, and reac-
tion of sample 14 with 13 with sera I and III, Fig. 1). Reac-
tivity was also noted for sample 15–18 and serum IV, and 
the trace in other sera (milk from the cows fed lupine and 
soy—FL). It should be remembered here that the presented 
studies are preliminary studies and require continuation with 
a programmed nutritional experiment.

These extracts were analyzed with the sera of the children 
allergic to soy and not allergic to milk proteins. The results 
of the slot-blot analysis have been presented in Fig. 2. Even 
if children were not allergic to milk (lack of reactivity to 
casein and lactoglobulin standards was confirmed on the 
presented slot blots) and the extracts were deprived of casein 
(cross-reacting with soy allergens), the antibodies present in 
sera VI, VII and VIII reacted strongly with the milk proteins 
extracted from the FS samples (9, 11 and 14). Thus, the dif-
ferences in the immunoreactivity of the FS milk when com-
pared to the NL, FL and UHT milk samples were confirmed.

At the end of this part of the presented experiment, the 
prepared samples were analyzed using commercial antibod-
ies (Fig. 3). Anti-soy protein antibodies reacted with soy 
and lupine extract (S, L) and samples 9–14. However, the 
strongest reactivity was noted for the sample 9 and 11, i.e., 
the extract obtained from the samples of milk with the big-
gest addition of soy into fodder. When comparing samples 
13 (NL) and 14 (FS) obtained from the same local farm, 
sample 13 (soy-free fodder) proved to be less reactive than 
sample 14 (fodder with soy), even if the difference was not 
as big as the difference between sample 10 (NL) and 11 (FS) 
from the second farm.

Fig. 1   Images of membrane obtained as a result of slot-blot analysis with the sera of patients with a milk/milk protein allergy: I–V. S—soy 
extract, L—lupine extract, B—beef extract, C—casein, LG—lactoglobulin. 1–18—milk samples numbered as in Table 1
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Despite the fact that cross-reactivity of lupine and soy 
protein in the studied samples was confirmed, the reactivity 
of the milk samples with anti-lupine antibodies was only 
vestigial. These antibodies obviously reacted with soy and 
lupine extracts and vestigial reactivity was observed also for 
samples 16–18 (extract from the milk of the cows fed with 
lupine and soy—FL).

However, the most interesting results were obtained with 
anti-lactoglobulin antibodies. Here, the strongest reactivity 
was observed for samples FS (9, 11, 14). However, each 

sample reacted with the antibody, even the UHT samples. 
Thus, even if it could be expected that FS samples were sim-
ply richer in β-lactoglobulin, it is not the only protein that is 
present in the sample and which was recognized by the sera 
of children allergic to milk (compare with Fig. 1 I–IV). The 
last commercial antibody informed us that these immuno-
reactive proteins were not casein—the samples prepared in 
the described way contained probably only traces of casein.

To sum up, the results of the slot blots suggest that FS (9, 
11, 14) samples contained a/some protein(s) which changed 

Fig. 2   Images of membrane obtained as a result of slot-blot analysis with the sera of patients with a soy allergy: VI–IX and X. S—soy extract, 
L—lupine extract, B—beef extract, C—casein, LG—lactoglobulin. 1–18—milk samples numbered as in Table 1

Fig. 3   Images of membrane obtained as a result of slot blot with commercial antibodies: I—anti-soy, II—anti-lupine, III—anti-lactoglobulin, 
IV—anti-casein. S—soy extract, L—lupine extract, B—beef, C—casein, LG—lactoglobulin. 1–18—milk samples numbered as in Table 1
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immunoreactivity when compared to samples NL (10, 13). 
The protein(s) is(are) recognized by anti-soy, anti-lupine and 
anti-lactoglobulin antibodies. But there is no information 
in the literature about the cross-reactivity of BLG, soy and 
lupine. Thus, it may be expected that some modification in 
the structure of milk protein could take place when the cows 
were fed with a fodder containing soy. Because of some dif-
ferences in amino acid content, some differences in the pep-
tide profile could be expected.

The obtained extract was subjected to SDS-PAGE analy-
sis, so that the protein and peptide fractions (Figs. 4 and 
5) could be compared. The same protein fractions were 
detected in the range 20–120 kDa, although their percent-
age content and the number of fractions detected varied 
(Fig. 4). On the basis of the analysis, the identification of the 
main milk protein was possible: beta-lactoglobulin (BLG) 
(~ 19 kDa), trace amount of casein (because it was rejected 
at the extraction stage)—γ1-(~ 20.6  kDa),κ-(~ 27  kDa) 
β-(~ 24 kDa) and αs1-casein (~ 23.6 kDa), respectively, αs2-
casein (~ 25.2 kDa), immunoglobulin G (~ 55 kDa), serum 
albumin (~ 67 kDa) and lactoferrin (~ 80 kDa) [28, 29].

However, the analysis of the smaller proteins indicate 
some profile differences in the milk obtained from the local 
farm when compared to UHT milk and the differences were 
also observed depending on the feeding system.

In the extract of the milk obtained from cows fed soy-
containing fodder (samples Nos. 9, 11 and 14), and fodder 
containing soybean and lupine (samples Nos. 15–18), addi-
tional protein bands were observed (Fig. 5). These protein 
bands distinguished milk samples from cows fed legumes 
containing fodders from samples Nos. 10 and 13 (from the 
cows fed fodder not containing legumes). The band corre-
sponds to a protein with a molecular weight of 18 kDa (in 
samples 9, 11, 14), and the densitometric analysis indicates 
that the protein makes up ~ 4–9% of all proteins present in 
the extracts and is not any fraction of the main milk proteins. 
Moreover, in some samples (9, 11, 15, 16), the presence of 
additional protein (~ 15 kDa) in its composition in relation 
to the other samples also was noted. The percentage of that 
band in the studied extract was 9–15%, and a much smaller 
(but identified in densitometric analysis) presence of this 
protein was noted in samples 17 and 18. These two proteins 
could modify the observed immunoreactivity of the milk of 
cows fed legumes (especially soy) containing fodder. The 
protein band with a molecular weight ~ 18 kDa common in 
FS samples (9, 11, and 14) could be immunoreactive both for 
the children allergic solely to milk and solely to soy.

However, these results should be confirmed in an experi-
ment designed for more animals and designed fodder 
composition.

Fig. 4   SDS-PAGE separations peptide profiles with Coomassie blue staining: 1–18 milk samples (compare Table  1). MW molecular weight 
marker. The arrowhead additionally indicates the identified fraction. α-La alfa-lactalbumin, β-Lg beta-lactoglobulin

Fig. 5   SDS-PAGE separations peptide profiles with Coomassie blue staining: 1–18 milk samples (compare Table 1). The arrowhead additionally 
indicates the identified fraction. MW molecular weight marker, α-La alfa-lactalbumin, β-Lg beta-lactoglobulin
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Conclusions

The presented results indicate a possible difference in milk 
protein composition, and—as a consequence—in immu-
noreactivity of milk obtained from the cows fed fodder 
of different compositions. The milk obtained from the 
cows fed a soy-containing fodder (FS) differed in their 
immunoreactivity from the milk obtained from the cows 
fed a fodder which did not contain legumes and from the 
UHT milks that were bought. The experiment carried out 
suggests that FS milk could contain additional proteins, 
cross-reacting with anti-soy and anti-BLG antibodies. The 
additional protein identified in those samples had molecu-
lar weight ~ 18 kDa, whereas additional proteins identified 
in FL samples had a molecular weight ~ 15.5 kDa. Moreo-
ver, the presence of the BLG fraction was confirmed in 
the studied extracts as the protein band, with molecular 
mass ~ 19.6 kDa, and α-lactalbumin with MW ~ 14.2 kDa; 
thus these additional proteins should not be one of these 
obvious milk allergens. Extracts from FS milks reacted 
with the sera of children allergic solely to milk, as well 
as with the sera of children allergic solely to soy (which 
is surprising). Samples obtained from the cows fed a leg-
umes-containing fodder (both soy and lupine—FL) were 
significantly less immunoreactive to children allergic 
solely to soy, and only one of these samples contained 
protein with molecular weight ~ 18 kDa (recognized in all 
samples of FS). The observed differences in the immuno-
reactivity may be a consequence of different amino acid 
composition of the studied milk.

These results should be regarded as the preliminary 
studies and need confirmation, with more animals and 
variable fodder composition taken into account.
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