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Abstract: α-Casein (α-CN) is considered the main allergen in bovine milk. Lactic acid bacteria (LAB)
fermentation can hydrolyze milk protein and therefore reduce the antigenicity. In this paper, a LAB
reducing the antigenicity of casein, identified as Lactiplantibacillus Plantarum 7-2 (L. plantarum 7-2),
was primarily identified by screening for protein hydrolysis ability using a method involving the
determination of released free amino acid with further selection for the ideal antigenicity-reducing
capability by enzyme-linked immunosorbent assay (ELISA). In order to verify the capability of L.
plantarum 7-2 in inhibiting antigenicity, the standard milk proteins α-LA, β-LG, α-CN, β-CN and
κ-CN were cultured with L. plantarum 7-2 for 18 h; The results of SDS-PAGE show that all the bands
corresponding to the full length tested proteins became unclear or completely disappeared indicating
that these proteins were hydrolyzed by L. plantarum 7-2. Correspondingly, the antigenicities of α-CN
and β-LG were significantly reduced. L. plantarum 7-2 demonstrated negative hemolysis and nitrate
reductase capabilities and was sensitive to the commonly used antibiotics ampicillin clindamycin
tetracycline chloramphenicol, and erythromycin, demonstrating that L. plantarum 7-2 could be used
in dairy product fermentation to reduce the antigenicity of milk protein.

Keywords: milk protein allergy; α-CN; LAB fermentation; Lactiplantibacillus plantarum

1. Introduction

Statistics from the World Allergy Organization indicate that 220–520 million people
worldwide suffer from food allergies [1]. In recent years, allergic diseases have attracted
increasing attention, and studies have shown that allergies and adverse reactions to food
ingredients are becoming more common [2]. Food-based allergic reactions are mainly
caused by eight kinds of protein-rich foods, including milk, eggs, fish, crustaceans, shellfish,
peanuts, soybeans, nuts, and wheat [3]. The distribution of food allergy diseases depends
on the population, diet, and reference standards. Milk protein allergies are becoming more
common in feeding infants and young children, affecting around 3–5% of this population.
This allergenicity is a very vital issue because milk is among the main sources of nutrition
for infants and young children [4]. The exogenous amino acids provided by milk protein
play an important role in the growth and development of organs and ensure the normal
function of newborns. A severe milk allergy will affect the function of organs and systems
and may even cause anaphylactic shock in extreme cases [5]. The common symptoms
caused by milk protein allergy are skin lesions, respiratory tract lesions and intestinal
lesions. In addition, milk protein allergies can lead to the destruction of intestinal villi,
which leads to the lack of lactase and lactose intolerance. Complications of milk protein
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allergies may also include nutritional and growth impairment, anemia and insufficient
bone calcification [6].

The main protein components of milk include casein (αs1, αs2, β and κ-CN) and whey
proteins (β-lactoglobulin, α-whey protein, lactoferrin and immunoglobulin). Milk contains
more than 30 proteins with potential allergic properties [7]. Casein content accounts for
about 80% of milk protein content, of which α-CN (including αs1 and αs2-CN) accounts for
about 80% of casein content. As a non-existent part of human milk, α-CN is most likely to
cause allergies. At least five antigenic determinants have been identified in various parts
of the protein sequence: αs1, 28–50aa, 75% reactive and 26.7% tolerant; αs2, 1–20aa, 75%
reactive and 13.3% tolerant; 13–32aa, 75% reactive and 26.7% tolerant; 67–86aa, 75% reactive
and 33.3% tolerant; and 181–207aa, 75% reactive and 20% tolerant [8,9]. β-Lactoglobulin (β-
LG) is characterized by high resistance to enzymatic hydrolysis. In the immature digestive
tract of infants, β-LG may lead to the transfer of unhydrolyzed protein antigens to the
blood and induce an acute immune response [10].

At present, protein allergenicity can be reduced through physical methods (heating, ir-
radiation, ultra-high pressure, etc.) that change the spatial structure or through biochemical
methods (enzyme hydrolysis, microbial metabolism, reagent induction) that alter the amino
acid residues or eliminate allergens via the polypeptide hydrolysis of proteins [11,12]. Byun
et al. found that irradiating shrimp results in a 70% decrease in IgE binding capacity [13].
Kleber showed that the antigenicity of skim milk increased and reached its highest point
at 90 ◦C and then decreased with the increase in temperature [14]. Penas et al. demon-
strated that protease treatment could reduce the sensitization of soybean whey protein
under high pressure (100~300 MPa) for 15 min [15]. Pintado and Malcata reported that the
hydrolytic effect differed depending on the protease [16]. The hydrolytic effect of pepsin on
α-lactalbumin (α-LA) was higher than that of trypsin, while the hydrolytic effect of trypsin
on (β-LG) was stronger. Kim et al. found that pepsin and trypsin could reduce the sensiti-
zation of heat-treated whey protein [17]. Hussein et al. reported that the immunoreactivity
of buffalo milk protein hydrolysates and sera of patients with milk allergy was reduced
to 30% and 16% by pepsin hydrolysis, respectively, indicating that buffalo milk proteins
treated with pepsin had significantly decreased allergenicity [18]. According to the above
research, we found that the physical methods used to alter protein allergenicity worked
mainly by changing the protein spatial structure to eliminate the conformation of allergic
epitopes, while more linear allergic epitopes may be exposed and, thus, allergenicity would
be increased by physical treatment. Compared with physical methods, protein can be
hydrolyzed by microbial enzymes to destroy allergic epitopes, so it is important to choose
appropriate methods to effectively reduce or eliminate casein allergens.

Fermentation is a traditional processing technology in the food industry, and fer-
mented food has a positive effect on human health. One of the reasons for this is that
microbial enzyme-hydrolyzed protein releases bioactive peptides during fermentation.
Studies have shown that lactic acid bacteria (LAB) have a complex proteolysis system com-
posed of protease (extracellular protease), peptidase and transport system. LAB are used
as a starter for preparing fermented dairy products and they also play an important role in
the regulation of allergy. At present, LAB fermentation is one of the more effective ways
to reduce the allergy to milk proteins. On the one hand, LAB fermentation can improve
the bioavailability of milk protein; on the other hand, milk protein will be degraded into
small molecules of peptides and amino acids after fermentation. This will destroy the
allergic epitopes in milk proteins, thus reducing their allergenicity. Studies have shown
that, as a method to reduce the allergenicity of milk protein, LAB fermentation decreases
the allergenicity of milk protein in the substances secreted in microbial metabolisms, such
as acidic metabolites and extracellular polysaccharides. Lactic acid and γ-aminobutyric
acid may affect the secondary and tertiary protein structure, altering epitopes and thus
reducing allergenicity [19]. Moreover, it has been proven that fermentation can degrade
some food allergens. The antigenicity of whey protein decreased significantly after fer-
mentation by LAB with an inhibition rate of 53–87% for α-LA and 86–95% for β-LG [20].
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Fotschki et al. found that in horse cheese protein degraded by fermentation with Lacto-
bacillus, Streptococcus thermophilus and Bifidobacterium, the antigenicity of β-CN decreased
by 74% [21]. Additionally, 85% of β-CN and 68% of α-CN were hydrolyzed by fermenta-
tion with Lactobacillus fermentum IF3956; correspondingly, the antigenicity of α-CN was
effectively reduced [22,23]. Ying et al. determined that Lactobacillus German combined with
pepsin hydrolysis reduced of antigenicity of β-LG by 5% [24]. Wroblewska et al. showed
that the remaining antigenicity of whey protein in fermented milk only remained 1% [25].
According to the above studies, it was concluded that fermentation has obvious advantages
in degrading allergenic proteins [26,27].

The objective of this paper was to screen LAB for their ability to reduce milk protein
allergenicity in fermented milk from Xinjiang, China. First, 56 strains of LAB were screened
for their ability to reduce the antigenicity of α-CN. Then, the ability of the final screened
LAB to reduce milk protein allergenicity was tested by incubation with α-CN, β-CN, α-LA
and β-LG.

2. Materials and Methods
2.1. Strains and Materials

Fifty-six strains were isolated from traditional fermented dairy products in Xinjiang
and preserved in Dalian key Laboratory of Functional Probiotic and Protein.

The skim milk powder was provided by Beijing Sanyuan Food Limited Company
China. The powder contained dry matter 96.2%, total proteins 32.9% and carbohydrates
54.5%.

Enzyme-linked immunosorbent assay (ELISA) kits (ELISA Kit for α-CN, ELISA Kit for
β-CN, ELISA Kit for α-LA and ELISA Kit for β-LG) were obtained from CLOUD-CLONE
Corp., Wuhan, China.

The antigen proteins used for sensitization studies and ELISA were α-LA from bovine
milk (L6010; purity 85%; lyophilized power), β-LG from bovine milk (L3908; purity, 90%;
containing β-LG A and B; lyophilized power), α-CN from bovine milk (C6780; purity
70%; lyophilized power), β-CN from bovine milk (C6905; purity 98%; lyophilized power)
purchased from Merck KGaA, Darmstadt, Germany.

Protein Quantification Kit (BCA kit) purchased from Merck KGaA, Darmstadt, Ger-
many.

2.2. Reconstituted Milk

Skim milk powder was prepared as an emulsion with a content of 11% (w/w), and
then sterilized at 105 ◦C for 15 min [28]. After heat treatment, the milk was allowed to
naturally cool to room temperature in a sterile environment.

2.3. Screening and Identification of LAB with Reducing α-CN

The selected 56 strains were incubated at 37 ◦C and subcultured in the same MRS
medium for two or three generations for their activation. MRS medium: glucose 20 g,
peptone 10 g, Beef extract 10 g, yeast extract 5 g, ammonium citrate dibasic 2 g, K2PO4 2 g,
CH3COONa 5 g, MgSO4 0.58 g, MnSO4 0.25 g, TWEEN-80 1 mL, H2O 1000 mL, sterilized
at 121 ◦C for 20 min.

Then, the 56 strains of bacteria were further cultured with inoculation of 4% on 11%
skim milk for fermentation at 37 ◦C for 24 h. The content of free amino acids in fermented
milk was determined using the Church [29] o-phthalaldehyde (OPA) method. In detail,
5 mL samples were mixed with 1 mL H2O and 10 mL trichloroacetic acid and centrifuged
for 5 min at 3000× g rpm. To The supernatant was added 3 mL OPA reagent (50 mL 0.1 mM
sodium borate, 5 mL 20% sodium dodecyl sulfate (SDS), 80 mg phthalaldehyde, 2 mL
CH3OH, 200 µL DMSO, and 200 mL H2O). After two minutes, the absorbance value at
340 nm was measured at 25 ◦C. The equation for tyrosine content based on the standard
curve is:

Y = 1.2162X + 0.0262 (R2 = 0.9916) (1)
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Determination of α-CN antigenicity: The strains producing higher amounts of free
amino acid were selected and fermented in a liquid medium containing 11% (w/w) skim
milk with 4% bacteria at 37 ◦C for 24 h. The content of α-CN antigen was detected using an
ELISA kit. Centrifuge the sample under 3500 rpm for 5 min to obtain the supernatant. First,
the sample supernatant was added to a 96-well plate, 100 µL per well, and standing at
37 ◦C for 1 h. Then the liquid in the well was discarded and the 100 µL detection solution A
(Biotinylated β-CN antibody) was placed at 37 ◦C for 1 h in each well, and the wells were
washed with eluent 3 times. Next, the 100 µL detection solution B (HRP labeled avidin) was
added to each well with incubation at 37 ◦C for 1 h, and the wells were then washed with
eluent 5 times. Then 90 µL TMB substrate was added to each well followed by incubation
at 37 ◦C for 15 min. Finally, 50 µL of the terminator (2 mol/L H2SO4) were added and the
plate was immediately read at 450 nm. The casein antigen concentration reduction rate was
calculated using the following equation:

C = (A0 − A1)/A0 × 100% (2)

C = casein antigen concentration reduction rate(%); A0 = antigen concentration of
unfermented skim milk; A1 = sample antigen concentration.

2.4. Strain Safety
2.4.1. Hemolysis Characteristics

The L. plantarum 7-2 was cultured in a sheep blood agar medium and the hemolysis
characteristics of the strain were determined using Listeria monocytogenes as a positive
control.

2.4.2. Nitrate Reductase Test

A nitrate reductase test was used to determine the ability of the strain to produce
nitrate reductase. The tested strains were inoculated in a broth medium containing nitrate
and cultured for 6 h. Following centrifugation, the supernatant was collected and a
saturated potassium iodide solution was added, followed by shaking, and a starch indicator
was then added to allow observation of the subsequent color reaction.

2.4.3. Drug Sensitivity

Ampicillin, gentamicin, erythromycin, clindamycin, tetracycline, chloramphenicol,
and vancomycin were the antibiotics selected for testing the drug resistance of the strains
according to the drug sensitivity paper method [30].

2.4.4. Biogenic Amines

Biogenic amines analysis was conducted using HPLC as described by Liu et al. [31].
Chromatographic conditions: Waters e2695 HPLC, PDA detector 2998, chromatographic
column (C18 4.6 × 250 mm, 5 µm), UV detection wavelength 254 nm, column temperature
30 ◦C, phase A: ultra-pure water, mobile phase B: acetonitrile, flow rate is 1.0 mL/min,
injection volume is 20 µL, gradient elution.

2.5. Identification of Strain

The colony morphology of the final selected strains was observed by a Gram staining
test after 48 h of anaerobic incubation at 37 ◦C on MRS agar plates. The total DNA of
stains was extracted using a DNA extraction kit (Axygen, CA, USA) for biomolecular
identification. The PCR amplifications were carried out as follows: 3 min at 94 ◦C; 94 ◦C for
30 s 54 ◦C for 30 s, and 72 ◦C for 45 s, cyclic amplification 30 times; final extension at 72 ◦C
for 10 min [32]. The sequence was searched and compared to the nucleotide database from
the National Center for Biotechnology Information (NCBI) GeneBank using the BLAST
program. A phylogenetic tree based on the 16S rRNA gene sequences of the ideal isolates
considered in this study was constructed using MEGA 7.0.
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2.6. Optimization of Fermentation Conditions
2.6.1. Inoculation Amounts

The L. plantarum 7-2 was inoculated in 11% skim milk according to different inoculation
amounts (2%, 4%, 6%, 8%) and fermented at 37 ◦C for 24 h. The content of α-CN antigen
and the number of live LAB were determined under different inoculum.

2.6.2. Fermentation Time

After the inoculation amount was determined, the target strain was inoculated in 11%
skim milk according to different fermentation times (6 h, 12 h, 18 h, 24 h) and fermented
at 37 ◦C. The content of α-CN antigen and the number of living LAB were determined at
different inoculation times.

2.6.3. Culture Temperatures

The amount of inoculation and fermentation time were determined and the target
strains were inoculated in 11% skim milk according to different culture temperatures (25 ◦C,
31 ◦C, 37 ◦C, 42 ◦C). The content of α-CN antigen and the number of living LAB were
determined at different inoculation times.

Test method for the number of living LAB: the plate count was determined by the
10-fold dilution method. The gradient dilution was carried out with the concentration of
8% normal saline, and the suitable three gradients were selected and diluted in MRS plate
solid medium at 37 ◦C for 48 h.

2.7. Verification of Antigen Reducing in Fermented Standard Proteins and Pasteurized Milk
2.7.1. Standard Milk Protein Medium Fermentation and Sample Preparation

L. plantarum 7-2 with 4% inoculum was fermented with different milk proteins media.
According to the content of milk protein in milk, the concentrations of standard milk
proteins were: α-LA (1.6 mg/mL), β-LG (4.0 mg/mL), α-CN (15.36 mg/mL) and β-CN
(12.48 mg/mL). After incubation at 37 ◦C for 18 h, the supernatant was obtained by
centrifugation at 3500× g rpm for 5 min. The protein concentration of the supernatant was
determined by the BCA kit.

2.7.2. Antigenicity Test

The antigenicity of four milk proteins was determined according to the description of
α-CN antigenicity detection ELISA method in 2.4. The fermentation of pasteurized milk
was also determined as a reference control. L. plantarum 7-2 was inoculated in a sterile
environment and fermented in pasteurized milk at 37 ◦C for 18 h with an inoculation
amount of 4%.

2.7.3. SDS-PAGE

Adjust the protein concentration in the supernatant of each milk protein to 1.6 mg/mL.
Under reduction conditions, SDS-PAGE electrophoresis of the above samples was carried
out using a 15% (w/w) separation gel and 5% (w/w) concentrated stacking gel. Each
sample was mixed with the buffer solution (in the presence of 5% β-mercaptoethanol)
at 1:1 and heated for about 5 min at 100 ◦C, then loaded into different slots. Each slot
10µL. Following sample addition, constant current (concentrated gel 16 mA, separation
gel 32 mA) electrophoresis was carried out. After electrophoresis, the gel was stained
with Coomassie Brilliant Blue R250 for 4–5 h, then decolorized in decolorizing solution
(C2H5OH 500 mL, CH3COOH 90 mL, H2O 410 mL) until the background was clear and
then scanned on a gel imager (C300 Azure Biosystems, Dublin, CA, USA) [33].

2.8. Statistical Analysis

All the experiments were repeated three times. The statistical analysis of the data was
carried out using SPSS 9.0 statistical software. The significance of the dates was assessed
by Duncan’s multiple-range test and the significant level was 0.05.
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3. Results and Discussion
3.1. Strain Screening

A strain capable of reducing the antigenicity of casein was selected from 56 strains
of Xinjiang in China by determining the free amino acid content and casein antigen in
fermented skim milk. First, the free amino acids of 56 strains of fermented milk were
determined (Figure 1a). There were 23 strains, in which the level of free amino acid was
higher than 0.2 mg/mL. With sufficient nutrition in the fermentation stage, strains grew
rapidly and possessed strong reproduction ability. Some LAB produced extracellular
proteases, which, to some extent, destroy the allergic epitopes of milk protein and reduce
the allergenicity of milk protein [19]. Additionally, the content of free amino acids explained
the ability of LAB to hydrolyze milk protein and the extracellular protease activity of LAB
was inferred.

Figure 1. (a) Free amino acid content of skim milk fermented by 56 strains of bacteria. (b) Antigenic
changes of α-casein in 23 strains of bacteria.

The strain with the best antigen changes rate was analyzed through the difference of α-
CN antigenicity of fermented milk (Figure 1b). The determination of antigenicity by ELISA
is proven to be a feasible and effective method. Wu et al. showed that the antigenicity of
β-lactoglobulin decreased significantly after the Maillard reaction, whereby ELISA was
used to determine the binding of β-lactoglobulin to two kinds of immunoglobulin before
and after the Maillard reaction [34]. Jedrychowski et al. demonstrated that the antigenicity
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of fermented milk with different heat-sensitive strains and the antigenicity detected by
ELISA was lower than that of raw milk [35]. In this case, strains of 7-2, M8-7 (L. plantarum)
and 6-1 (L. fermentum) showed a better capacity for reducing the content of α-CN antigen
than other strains. According to the above reports, we speculate that these three strains
could effectively reduce the antigenicity of α-CN. Combined with the results determined
for free amino acid content, strain 7-2 had hydrolyzed the highest amount of milk protein
of the tested strains, resulting in the greatest reduction in antigenicity. Therefore, it was
selected as the target strain, and based on the 16S rRNA sequence, was determined to be
Lactobacillus plantarum (Figure 2) and named Lactobacillus plantarum 7-2 (L. plantarum 7-2).

Figure 2. Phylogenetic tree of strain 7-2.

3.2. Safety Evaluation

An excessive intake of biogenic amines may cause headaches, poisoning and other
serious or even life-threatening health problems. Among them, histamine is known to be
the most toxic biological amine, while putrescine and cadaverine are not only precursors
of carcinogen nitrosamine but are also capable of enhancing the toxicity of histamine
by inhibiting histamine degrading enzymes. Nitrate reductase is an enzyme that can
reduce the nitro group to the amine. The result of the nitrate reductase test showed
that L. plantarum 7-2 was negative, indicating that L. plantarum 7-2 could not produce
nitrate reductase (Figure 3). Putrescine was not detected by examining biogenic amines
during fermentation with L. plantarum 7-2, which contained tryptamine at 4.2345 mg/kg,
cadaverine at 2.4258 mg/kg, histamine at 0.5827 mg/kg, tyramine at 2.9750 mg/kg and
spermidine at 3.7835 mg/kg (Table 1). All the biogenic amine contents were within the safe
range. Furthermore, it was safe in the aspect of hemolytically, on the basis of the negative
hemolysis reaction as determined from observation when incubating L. plantarum 7-2 on
sheep blood agar (Figure 3).

Table 1. Content of biogenic amines in dairy products fermented by L. plantarum 7-2 Biogenic amine
content.

Biogenic Amine Content (mg/kg)

Tryptamine 4.2345 ± 0.0715 a

Putrescine 0 ± 0.0303 d

Cadaverine 2.4258 ± 0.0408 b

Histamine 0.5827 ± 0.3727 c

Tyramine 2.9750 ± 0.005 b

Spermidine 3.7835 ± 0.0725 a

Bars with lowercase letter are significantly different (p < 0.05) (n = 3).
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Figure 3. Hemolysis and nitrate reductase test. Picture (A) shows the hemolysis positive control and
picture (B) shows the hemolysis of L. plantarum 7-2. Picture (C) shows nitrate reductase test.

Antibiotic sensitivity should be considered an important index to evaluate safety
because different kinds of LAB are widely resistant to antibiotics, leading to potential food
safety problems [36]. Seven antibiotics ampicillin, gentamicin, erythromycin, clindamycin,
tetracycline, chloramphenicol, and vancomycin were selected for a drug resistance test of
L. plantarum 7-2 (Table 2). According to the different bacteriostatic zones of L. plantarum
7-2 to different antibiotics, it was found that L. plantarum 7-2 was highly sensitive to
ampicillin, clindamycin, tetracycline, erythromycin, and chloramphenicol, and insensitive
to gentamicin and vancomycin. Different strains of LAB have different responses to
antibiotics and most of them are sensitive or semi-resistant, and the sensitivity of LAB
strains to different antibiotics of the same kind of drugs also differed widely [37]. It was thus
determined that it would be feasible for L. plantarum 7-2 to be used in food fermentation.

Table 2. Drug resistance of L. plantarum 7-2.

Antibiotic Diameter of Bacteriostatic
Zone/mm Sensitivity

Ampicillin 38.16 ± 0.01 b H
Clindamycin 40.02 ± 0.01 a H
Tetracycline 19.24 ± 0.79 e H

Chloramphenicol 34.03 ± 0.03 c H
Gentamicin 1.11 ± 0.17 f L

Erythromycin 23.48 ± 0.20 d H
Vancomycin 0 L

H = highly sensitive, I = moderate sensitivity, L = insensitive. Bars with lowercase letter are significantly different
(p < 0.05) (n = 3).

3.3. Optimization of Fermentation Condition for Reducing α-CN Antigen

The effects of inoculation amount of L. plantarum 7-2, fermentation temperature and
fermentation time on the cell concentration, and the change rate of α-CN antigen in fer-
mented skim milk were studied (Figure 4a–c). No significant differences were observed in
the concentration of α-CN antigen when the inoculation amount of L. plantarum 7-2 ranged
from 4% to 8%. The cell concentration of L. plantarum 7-2 increased with the increase in inoc-
ulation amount from 2% to 4% and then decreased from 6%, while the cell concentration did
not significantly differ (p < 0.05) when the inoculation amount was 4% or 6%. Therefore 4%
was selected as the optimal inoculation amount for further optimizing fermentation time
and temperature. It was found that the decrease in α-CN antigen and cell concentration
of fermented milk increased gradually with the extension of fermentation time (6–24 h).
However, when the fermentation time exceeded 18 h, no significant differences (p < 0.05)
were observed in the α-CN antigen concentration and colony concentration of fermented
milk, so the fermentation time was fixed at 18 h for testing the effect of temperature. At the
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fermentation temperature of 37 ◦C, the highest reducing rate of α-CN antigen and colony
concentration of fermented milk was obtained. Thus, the optimum condition for reducing
α-CN antigen was 4% inoculation amount, fermented for 18 h at 37 ◦C. The results of the
studies of Liao et al. on the fermentation conditions of Lactobacillus German were consistent
with the results of our study [38]. However, the fermentation time of 18 h determined
by this experimental study is considered long and, thus, not suitable for commercial pro-
duction. This can potentially be addressed by combination with other strains for joint
fermentation.

Figure 4. The effects of inoculation amount (a), fermentation time (b) and fermentation temperature
(c) on the reduction rate of α-casein antigen and cell concentration of fermented milk. Bars with
lowercase letter are significantly different for α-case in antigen reduction rate (p < 0.05) (n = 3). Bars
with capital letter are significantly different for cell concentration (p < 0.05) (n = 3).
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3.4. SDS-PAGE Analysis and Antigenicity Analysis from ELISA

The ability of L. plantarum 7-2 to hydrolyze milk protein and reduce antigenicity is
still unclear, as it was screened based on the amount of free amino acid and the α-CN
antigenicity. L. plantarum 7-2 was cultured with α-LA, β-LG, α, β, and κ-CN to examine its
ability to hydrolyze α-CN and alter the antigenicity of other milk proteins. The hydrolytic
effects of L. plantarum 7-2 on α-LA, β-LG, α, β, and κ-CN were studied by SDS-PAGE
electrophoresis (Figure 5). From the electrophoresis figure, we can see that after L. plantarum
7-2 fermentation hydrolysis, the α-CN band became unclear. Additionally, there was no
molecular band larger than 10 kDa in that lane, indicating that α-CN was hydrolyzed
into proteins or peptides smaller than 10 kDa after L. plantarum 7-2 fermentation, which is
likely to destroy the allergic epitopes and reduce antigenicity. The antigen concentration
was determined to have decreased by 20.33% (Figure 6). There are slight bands of κ-CN
and β-LG cannot be adequately degraded during L. plantarum 7-2 fermentation and the
concentration of β-LG antigen decreased by 12.15%. The band of α-LA content could not
be distinguished, indicating that most of the α-LA was hydrolyzed into protein segments
or peptides smaller than 10 kDa after 18 h of fermentation but its antigen concentration
increased by 55.84%. Similarly, after L. plantarum 7-2 fermentation, β-CN showed obvious
bands and produced two protein bands of mass lower than the molecular weight of the full-
length protein, which may be due to the cleavage of β-CN protein chains under the action
of L. plantarum 7-2 protease during the fermentation process, resulting in two peptides of
the macromolecular proteins. On the contrary, the antigen concentration of β-CN increased
by 20.33%. A similar trend can be found in fermented pasteurized milk with L. plantarum
7-2 (Figure 7). It was found that the antigenicity of other proteins except for α-LA basically
did not change, and the antigenicity change of α-LA may be caused by the more intense
sterilization conditions of reconstituted milk than pasteurization.

Figure 5. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) of milk protein
treated with L. plantarum 7-2 for 0 h and 18 h. Lanes marked ‘−‘ represents the standard protein of
α-LA,β-LG α-CN, β-CN, and κ-CN, respectively, which have not been fermented by L. plantarum 7-2.
‘+’ represents the standard protein of α-LA, β-LG, α-CN, β-CN, and κ-CN, that have been fermented
for 18 h by L. plantarum 7-2.
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Figure 6. Changes in different milk protein antigens after fermentation by ELISA. Bars with lowercase
letter are significantly different (p < 0.05) (n = 3).

Figure 7. Changes in different milk protein antigens after pasteurized milk fermentation by ELISA.
Bars with lowercase letter are significantly different (p < 0.05) (n = 3).

The increase of α-LA and β-CN may be due to the exposure of allergic epitopes of
α-LA and β-CN due to hydrolysis after L. plantarum 7-2 fermentation. Therefore, it is
not positively correlated between hydrolyzation degree and the reduction of milk protein
allergens through LAB fermentation. This is a reminder that the ability of Lactobacillus casei
to hydrolyze α-CN is superior in other LAB [39]. However, there is not enough evidence to
prove that Lactobacillus casei is stronger in reducing protein allergenicity than other LAB, as
far as we know, especially considering the strain specificity. Although this article provides
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a faster method of screening antigenicity reducing LAB, L. plantarum 7-2 is still not ideal
enough because the increases the antigenicity of α-LA and β-CN, which can be resolved by
mixing with other antigenicity reducing LAB to develop a compound starter.

4. Conclusions

In this study, a strain of L. plantarum 7-2 was screened from Xinjiang traditional
fermented milk. It was found that L. plantarum 7-2 played a positive role in reducing α-CN
and β-LG antigenicity which are the main allergens in bovine milk. This shows that L.
plantarum 7-2 can effectively reduce the allergy to dairy products.

LAB is a kind of bacteria with good fermentation performance and is edible and safe.
In recent years, researchers pay more and more attention to the application of LAB in
reducing the allergy of dairy products, but the mechanism of LAB in reducing the allergy
of milk protein is not clear. Although most reports believe that the extracellular protease
system of LAB plays a role: milk protein is hydrolyzed by extracellular protease, which
destroys the allergic epitope of milk protein and plays a role in desensitization. However,
there are still reports that the metabolites of LAB and immune function can affect milk
protein allergy. In addition, LAB fermentation desensitization is affected by fermentation
time, temperature, and strain specificity, so it is necessary to study the conditions of LAB
fermentation to reduce the allergy of dairy products. Due to the specificity of Lactobacillus
hydrolyzed milk protein, combined fermentation with a variety of desensitized strains may
be an important means of Lactobacillus desensitization.
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