
Research Article
Received: 26 January 2010 Revised: 29 April 2010 Accepted: 19 May 2010 Published online in Wiley Interscience:

(www.interscience.wiley.com) DOI 10.1002/jsfa.4046

Effects of fermentation by lactic acid bacteria
on the antigenicity of bovine whey proteins
Guanhao Bu,a,b Yongkang Luo,b∗ Ying Zhangb and Fusheng Chena

Abstract

BACKGROUND: The main whey proteins α-lactalbumin (α-LA) and β-lactoglobulin (β-LG) are considered as the major allergens
in cow’s milk. Microbial fermentation can produce some proteolytic enzymes, which can induce the degradation of milk protein
allergens. In this study, the effects of fermentation by lactic acid bacteria on the antigenicity of α-LA and β-LG were investigated
using indirect competitive ELISA. Meanwhile, the proteolysis of milk proteins was detected by TNBS assay and SDS-PAGE
electrophoresis.

RESULTS: Fermentation by lactic acid bacteria could significantly reduce the antigenicity of α-LA and β-LG in skim milk.
Combined strains of Lactobacillus helveticus and Streptococcus thermophilus were the most effective in reducing the antigenicity
of both whey proteins. In addition, α-LA and β-LG antigenicity decreased to a lower value at 6 h of fermentation and at 0.5 d of
cold storage by fermentation with the combined strains. The results of TNBS assay and SDS-PAGE electrophoresis showed that
lactic acid bacteria strains used in this study hydrolysed whey proteins only to a limited extent.

CONCLUSION: The fermentation with lactic acid bacteria is an effective way to reduce whey proteins antigenicity.
c© 2010 Society of Chemical Industry
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INTRODUCTION
Food allergy can cause serious health problems and has become
a major public health concern around the world. Milk and milk
products are considered as one of the most common allergens.
Cow milk protein allergy (CMPA) is reported to be the most
prevalent for infants or young children with an incidence of 2%
to 6%.1 Milk proteins are the first exogenous proteins consumed
in large quantities by children.2 All cow milk proteins may be
potential allergens, of which the main allergens were found to
be β-lactoglobulin (β-LG) and α-lactalbumin (α-LA), and they can
cause immunologically mediated adverse reactions.3 – 5 Therefore,
the reduction or elimination of these major milk allergens by
effective methods and technologies will be essential to individuals
who are allergic to milk.

Fermentation is a traditional processing technology in the food
industry. Fermented foods exert a positive influence on human
health or physiology, mainly due to their ability to release bioactive
peptides from major food proteins by microbial enzymatic
hydrolysis. It has been shown that lactic acid bacteria possess a
complex proteolytic system composed of proteinases, peptidases
and transport systems.6,7 During the fermentation by lactic acid
bacteria, the hydrolysis of milk proteins may have important
effects on milk digestibility and the production of bioactive
peptides. Moreover, the proteolysis can destroy some epitopes
and consequently decrease milk allergenicity.8,9 In addition, the
dietary consumption of probiotics and fermented foods, such as
yogurt, can alleviate some symptoms of atopy and reduce the
development of allergies through the mechanism of immune
regulation. It has been indicated that fermented foods containing
lactic acid bacteria can enhance the expression and secretion of

both Type I and Type II interferons at the systemic level, which may
explain the immunoregulatory properties of lactic acid bacteria.8

It has been demonstrated that fermentation can induce the
degradation of some food allergens. Song et al.10 found that
natural and induced fermentation significantly reduced IgE
immunoreactivity up to 89% in soybean meal. It was shown
that by immunoblotting with sera from allergic patients, wheat
sourdough fermentation caused the disappearance of some IgE-
binding proteins due to proteolytic activity by selected sourdough
lactic acid bacteria.11 Barkholt et al.12 showed that fermentation
with three lactic acid bacteria and R. microsporus reduced the
antigenicity to 10% of the antigenicity of the unfermented pea
flour. In addition, it was also observed that the antigenicity of
whey proteins in sterilized cow’s milk was reduced by over 99%
as compared with raw milk after the fermentation with selected
lactic acid bacteria.13 Kleber et al.14 indicated that lactic acid
fermentation attenuated β-LG antigenicity in skim milk and sweet
whey, but did not eliminate antigenicity.

The fermentation by different lactic acid bacteria could reduce
the antigenicity of milk proteins. Besides, the reduction of
milk protein antigenicity depends on the types of lactic acid
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bacteria and fermentation conditions. However, the influences
of fermentation conditions, such as fermentation time on the
antigenicity of whey proteins have not been studied systematically.
In addition, there has been little research investigating the effect of
synergistic action of different lactic acid bacteria on the antigenicity
of milk proteins during fermentation process. In this study, three
strains of lactic acid bacteria were selected to ferment fresh cow
milk. The objectives of this study were to investigate the effects of
different lactic acid bacteria, ferment time and cold storage time
on the antigenicity of whey proteins and to explore the possible
mechanism by which fermentation could reduce the antigenicity
of whey proteins.

MATERIALS AND METHODS
Materials
Fresh milk from infection-free cows was provided by Beijing
SanYuan Foods Co., Ltd. The content of protein, lipid and total
dry material in the fresh milk was 31.2 g kg−1, 38 g kg−1 and
124.5 g kg−1 respectively.

The antigen proteins used for sensitization tests and enzyme-
linked immunosorbent assay (ELISA) were α-LA from bovine milk
(L5385; purity ≥85%) and β-LG from bovine milk (L3908; purity,
90%) purchased from Sigma Chemical Company (St Louis, MO,
USA). The first antibody from rabbits was prepared by our own
laboratory and the second antibody, a conjugate of goat anti-
rabbit immunoglobulin with peroxidase, was also purchased from
Sigma. All other chemical agents used were of analytical grade.

Preparation of polyclonal antibodies
Antibodies were obtained from New Zealand white rabbits
sensitised with bovine α-LA (Sigma, L5385) and β-LG (Sigma,
L3908), respectively, according to the immunisation protocol
described in our previous study.15 For the first immunisation,
rabbits were injected intramuscularly with 1.0 mg α-LA or β-LG
per kg weight that was dissolved in 9 g L−1 sterile sodium chloride
and emulsified with an equal amount of Freund’s complete
adjuvant. Two weeks later the rabbits were subjected to a
subcutaneous injection with the same dose of immunising antigen
in the presence of incomplete Freund’s adjuvant. The next two
immunisations were made with the same dose of immunising
antigen without adjuvant every 2 weeks.

Blood samples were drawn from the immunised rabbit marginal
vein 2 days before the subsequent scheduled immunisation and
the production and titer of antibodies were controlled by the
indirect ELISA method. Ten days after the fourth sensitisation,
blood samples were obtained from the rabbit hearts. Blood
samples were incubated at room temperature for 1 h and left
overnight at 4 ◦C, followed by centrifuging at 3000 × g for 20 min
to get sera. The sera were then stored at −20 ◦C until the following
analysis on the antigenicity of α-LA and β-LG by the indirect
competitive ELISA.

The culture of microorganisms
Lactobacillus bulgaricus (strain S-5) was obtained from the
College of Food Science and Nutritional Engineering, China
Agricultural University (Beijing, China); L. helveticus (strain B1)
and S. thermophilus (strain 9Y) were obtained from Jilin Academy
of Agricultural Sciences (Changchun, China). The three strains were
cultured overnight in MRS-broth or M17-broth and incubated at
37 ◦C or 42 ◦C. Then they were subcultured in the same culture

medium as above for two to three generations in order to activate
them.

Fermentation of milk
The milk samples were defatted and then heated in a water bath
at 90 ◦C for 5 min to remove undesirable microbial growth, similar
to the industrial process of making fermented milk products.
After heat treatment, the milk was rapidly cooled to 45 ◦C, and
then inoculated with 20 ml L−1 of lactic acid bacteria strains and
cultured at 37 ◦C for L. bulgaricus and L. helveticus or 42 ◦C for
S. thermophilus and combined strains, respectively. In another
trial, the milk was fermented with lactic acid bacteria until the
coagulum was formed and the fermented milk was then stored at
4 ◦C. Samples were taken from the substrates with certain hours
intervals during the fermentation or during the cold storage at 4 ◦C,
followed by mixing and centrifuging at 6000 × g for 15 min, and
finally the resulting whey was portioned and kept frozen (−20 ◦C)
until analysis. Unfermented heated milk served as controls.

Antigenicity analysis by the indirect competitive ELISA
The antigenicity of α-LA and β-LG in fermented milk was estimated
by the indirect competitive ELISA. Microtitre plates with 96 wells
(flat-bottomed; Costar; Corning, New York, USA) were coated with
100 µL per well of antigen diluted in 50 mmol L−1 carbonate buffer
(pH 9.8) at the concentration determined earlier in the indirect
ELISA method (2 µg mL−1 for α-LA and 0.5 µg mL−1 for β-LG),
and incubated overnight at 4 ◦C. Sample solutions and standard
antigen (α-LA and β-LG) were respectively incubated overnight
at 4 ◦C in test tubes with an equivalent volume of rabbit anti-
α-LA serum (1 : 128 000) or anti-β-LG serum (1 : 6400) diluted in
10 mmol L−1 phosphate-buffered saline (PBS, pH 7.4) containing
10 g L−1 bovine serum albumin (BSA) and 1 g L−1 Tween 20 (PBS-
BSA-T). The plates were washed four times the next day with
10 mmol L−1 PBS (pH 7.4) containing 0.5 g L−1 Tween 20 (PBS-T).
This washing procedure was repeated after each analytical step.
After washing the plates, the wells were filled with 100 µL per well
of PBS-BSA-T to block residual free binding sites and incubated at
37 ◦C for 1 h. The plates were washed and then 100 µL per well of
reactive mixtures of samples or standard antigen and polyclonal
rabbit antibodies (IgG) were added and incubated at 37 ◦C for 1 h.
After washing the plates, the wells were filled with 100 µL per
well of horseradish peroxidase (HRP) conjugated goat anti-rabbit
IgG (Sigma A 6154, 1 : 10 000) in PBS-BSA-T. After incubation at
37 ◦C for 1 h, the plates were washed again and then 100 µL
per well of 3,3′,5,5′-tetramethylenbenzidine (TMB; Amresco, Ohio,
USA) substrate solutions were immediately added. The plates
were incubated at 37 ◦C for 15 min. Finally, 50 µL per well of
2 mol L−1 H2SO4 were added to stop the reaction. Absorptions
were determined at dual wavelengths of 450 nm and 630 nm by
Multiskan MK3 ELISA plate reader (Thermo Labsystems, Franklin,
MA, USA).

The antigenicity was calculated from standard curves of
α-LA and β-LG, and a linear logarithmic correlation was observed
in the range of 0.05–200 µg mL−1 for α-LA and in the range
of 0.01–400 µg mL−1 for β-LG. All analyses were carried out in
triplicate and the averaged values were converted to concentration
equivalents in milligrams per millilitre.

Inhibition rate (%) of the antigenicity of α-LA and β-LG by lactic
acid fermentation was calculated as follows: inhibition rate (%)
= [(B0 − B)/B0] × 100, where B is the antigenicity of α-LA or β-LG
in fermented milk and B0 is the antigenicity of α-LA or β-LG in
unfermented heated milk.
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Determination of free amino group content
The content of free amino groups in fermented milk was
determined according to the trinitrobenzene sulfonic acid (TNBS)
method.16 The absorbance was measured at 420 nm, and was
transformed into mmol of leucine L−1 using a calibration curve
within the range of 0.25–3.5 mmol L−1.

SDS-PAGE analysis of fermented milk
The fermented milk was performed on 120 g L−1 acrylamide
plates according to Laemmli.17 The resolving gel was prepared
in 1.5 mol L−1 Tris-HCl buffer at pH 6.8 and the stacking gel
comprising 40 g L−1 acrylamide was diluted by 0.5 mol L−1 Tris-
HCl buffer (pH 8.8). Samples were prepared in denaturing buffer
with β-mercaptoethanol and heated at 100 ◦C for 3 min before
electrophoresis.

The gels were run in a Tris-glycine buffer (pH 8.3) and the
electrophoresis was carried out at a constant voltage of 80 V for
1 h in the stacking gel, and then 100 V for 1.5 h in the resolving gel.
After electrophoresis, proteins in gels were stained with Coomassi
Brilliant Blue R-250.

Statistical analysis
The results were statistically analysed by one-way analysis of
variance (ANOVA) using SAS 9.0 software (SAS Institute Inc., Cary,
NC, USA). The significance of the dates was assessed by Duncan’s
multiple-range test. A P value of <0.05 was considered statistically
significant.

RESULTS AND DISCUSSION
Changes in whey proteins antigenicity by different lactobacil-
lus fermentation
Besides lactic acid bacteria, proteases from other microorganisms,
animals or plants were also used to hydrolyse milk proteins and
decrease their antigenicity.3,18,19 However, some bitter peptides
were produced during the hydrolysis process, which greatly
affected the development and application of the hypoallergenic
milk products.20,21 The hydrolysis of lactic acid bacteria during the
fermentation not only reduced the antigenicity of milk proteins,
but also made the hydrolysate taste good and generated many
bioactive substances. In the present study, we selected two
traditional starters (L. bulgaricus and S. thermophilus) and one
functional probiotic (L. helveticus) to ferment the milk.

The antigenicity of whey proteins was determined after
fermentation for 12 h by each single strain or combined strains,
and the results were presented in Table 1. Since the preheat
treatment for commercial fermented milk is usually at 90 ◦C for
5 min, in this research prior to fermentation all milk samples were
heated at 90 ◦C for 5 min to prevent undesirable microbial growth.
It can be seen from Table 1 that, after the fermentation with
lactic acid bacteria, the antigenicity of whey proteins significantly
decreased, with an inhibition rate of 53–87% for α-LA and 86–95%
for β-LG as compared with unfermented milk (P < 0.05). The
reduction of the antigenicity suggested that in the fermentation
process some epitopes of milk proteins were destroyed due to
the hydrolysis by proteolytic enzymes. Kleber et al.14 studied the
effect of different lactic acid bacteria on the antigenicity of β-LG
in skim milk by a treatment at 90 ◦C for 40 min and found that
the antigenicity of β-LG decreased by 84–98% compared with
unfermented skim milk. Jedrychowski and Wroblewska13 claimed
that after the fermentation with lactic acid bacteria the antigenicity

Table 1. Effect of fermentation by different lactic acid bacteria on the
antigenicity of α-LA and β-LG

Sample

Antigenicity
of α-LA

(mg mL−1)

Inhibition
rate
(%)∗

Antigenicity
of β-LG

(mg mL−1)

Inhibition
rate
(%)∗

Unfermented
milk

1.69 ± 0.20a – 1.72 ± 0.19a –

L. bulgaricus 0.80 ± 0.03b 53 0.18 ± 0.01bc 89

L. helveticus 0.49 ± 0.03c 71 0.09 ± 0.01c 95

S. thermophilus 0.87 ± 0.07b 49 0.24 ± 0.01b 86

L. bulgaricus +
S. thermophilus

0.25 ± 0.04d 86 0.12 ± 0.02bc 93

L. helveticus +
S. thermophilus

0.22 ± 0.00d 87 0.08 ± 0.01c 95

∗ Inhibition rate is compared to unfermented milk.
a – d Means ± SD (standard deviation) for three experiments within
a column sharing common lower-case letters were not significantly
different (P > 0.05).

of sterilised milk (110 ◦C, 10 min) was reduced by over 99%. These
results suggested that the preheating temperature and time of
fermented milk might have a significant impact on the changes in
the antigenicity of whey proteins.

It can be seen from Table 1 that the inhibition rate of β-LG
antigenicity in the fermented milk was higher than that of α-LA.
This result may be due to the stronger hydrolysis capacity of
some protease from lactic acid bacteria on β-LG as compared with
α-LA. In addition, thermal stability of β-LG is poorer than that
of α-LA, and hence, preheating treatment before fermentation
can lead to the denaturation of β-LG and the unfolding of the
conformational structure, thus making β-LG easier to hydrolyse.
However, Tzvetkova et al.22 studied the hydrolysis of 21 kinds of
lactic acid bacteria from Balkan yogurt on milk protein and found
that the hydrolysis capacity of lactic acid bacteria on the α-LA
was higher than β-LG by electrophoresis and RP-HPLC analysis.
This difference may be explained by the fact that there is a
great diversity in the hydrolysis ability and the specificity of the
proteinases from different lactic acid bacteria strains.23,24

In addition, the fermentation with combined strains of
L. helveticus and S. thermophilus was the most effective way to
reduce the antigenicity of α-LA and β-LG compared with L. hel-
veticus alone and S. thermophilus alone in this study. It can be
seen from Table 1 that α-LA antigenicity was reduced by 87% with
combined strains fermentation of L. helveticus and S. thermophilus;
however, α-LA antigenicity was inhibited by 71% and 49% with
L. helveticus alone and S. thermophilus alone, respectively. On the
whole, the combination of different lactobacilli strains with S.
thermophilus at a ratio of 1 : 1 resulted in more reduction of the
antigenicity of α-LA and β-LG than the single strains, suggesting
that the combined strains may have synergistic actions on the
reduction of whey proteins antigenicity.

Effects of fermentation time on whey proteins antigenicity
and hydrolysis degree
Some proteases were released during lactic acid fermentation and
the amount and characteristics of these proteases were different.
In order to estimate the degree of hydrolysis of milk protein
and investigate protease activity of lactic acid bacteria during
fermentation, the content of free amino groups in fermented milk
was determined by TNBS assay. Figure 1 displayed the changes
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Figure 1. Changes in content of free amino groups in fermented milk
during fermentation by combined strains of Lactobacillus helveticus and
Streptococcus thermophilus.

Table 2. Effect of fermentation time on the antigenicity of α-LA and
β-LG by combined strains fermentation of Lactobacillus helveticus and
Streptococcus thermophilus

Fermentation
time (h)

Antigenicity
of α-LA

(mg mL−1)

Inhibition
rate
(%)∗

Antigenicity
of β-LG

(mg mL−1)

Inhibition
rate
(%)∗

0 0.82 ± 0.08a 51 0.32 ± 0.03a 81

3 0.64 ± 0.07b 62 0.26 ± 0.03b 85

6 0.34 ± 0.02c 80 0.11 ± 0.01e 94

12 0.23 ± 0.01d 87 0.09 ± 0.01e 95

18 0.21 ± 0.02d 88 0.12 ± 0.01de 93

24 0.22 ± 0.03d 87 0.14 ± 0.00cd 92

36 0.20 ± 0.02d 88 0.15 ± 0.01c 91

∗ Inhibition rate is compared to unfermented milk.
a – e Means ± SD (standard deviation) for three experiments within
a column sharing common lower-case letters were not significantly
different (P > 0.05).

in the content of free amino groups during fermentation process
with the combined strains of L. helveticus and S. thermophilus. It
could be observed that the content of free amino groups increased
with the increasing fermentation time, which indicated that the
hydrolysis degree of milk proteins was gradually enhanced with
extending fermentation time.

The effect of fermentation time on the antigenicity of α-LA
and β-LG is shown in Table 2. In the process of fermentation,
compared with unfermented milk, the antigenicity of α-LA and
β-LG was inhibited by 51–88% and 81–95%, respectively. In
addition, at 6 h of fermentation by combined strains of L. helveticus
and S. thermophilus, the antigenicity of α-LA and β-LG significantly
decreased (P < 0.05). This may be related to the result that the
milk coagulated at about 6 h of fermentation where the microbial
activity was higher and the amount of proteases produced were
more, thus causing a significant reduction of the antigenicity of
whey proteins.

Changes in the antigenicity of α-LA and β-LG varied with the
fermentation time. From 0 h to 18 h, the antigenicity of α-LA
gradually decreased, while its antigenicity had only slight changes
when the fermentation was at 24 h and 36 h. The decrease of
antigenicity may be due to the fact that microbial proteases
produced by the hydrolysis split the epitopes on whey proteins.

The antigenicity of β-LG showed a gradual decrease trend from 0 h
to 12 h, but its antigenicity had a slight increase from 18 h to 36 h.
This small increase inβ-LG antigenicity at longer fermentation time
was probably because peptidases further cleaved the peptides into
smaller peptides and amino acids,7 resulting in the exposure of
some hidden epitopes or linear epitopes.

As can be seen from Fig. 1 with the extended fermentation
time, the hydrolysis degree of milk protein increased gradually.
However, neither the antigenicity ofα-LA nor that ofβ-LG gradually
decreased with the fermentation time (Table 2), which indicated
that there was not a linear correlation between the hydrolysis
degree of milk protein and the antigenicity of whey proteins
during the fermentation.

Effects of cold storage time on whey proteins antigenicity and
hydrolysis degree
In the process of the yogurt production, the cooling treatment after
fermentation is widely used in order to make yogurt characteristics
(texture, taste, flavour, acidity) achieve the set requirements. Lactic
acid bacteria were still very active within 24 h of cold storage after
fermentation, whereas with the extension of cold storage time,
the microbial growth became slow. In this present study, the
effect of cold storage time on the antigenicity of whey proteins
by fermentation with the combined strains of L. helveticus and S.
thermophilus was investigated. The changes in free amino group
contents in fermented milk during cold storage at 4 ◦C were also
determined. It was observed from Fig. 2 that the content of free
amino groups slowly increased without regularity during the whole
cold storage. This result may be attributed to the possible case
that during cold storage, microorganisms for their own growth in
milk take up the free amino acids released from the protein by the
hydrolysis.25

Changes in the antigeniciy of α-LA and β-LG in fermented milk
during cold storage were showed in Table 3. In the early stage of
cold storage (0–2 d), it was observed that there was an obvious
change in the antigenicity of α-LA and β-LG, and at 0.5 d of
the fermentation, the antigenicity decreased to a lower value,
which may be related to the relatively higher proteolytic activity
of microbial proteases at this time. However, the antigenictity of
both proteins had a smaller change in the late stage of cold storage
(3–7 d). Although at this stage microbial protease still hydrolysed
milk protein, the hydrolysis ability of specific enzymes on α-LA
and β-LG may be reduced. In addition, after the long time of cold
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Figure 2. Changes in content of free amino groups in fermented milk
during cold storage at 4 ◦C.
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Table 3. Effect of cold storage time on the antigenicity of α-LA and
β-LG by combined strains fermentation of Lactobacillus helveticus and
Streptococcus thermophilus

Storage
time
(days)

Antigenicity
of α-LA

(mg mL−1)

Inhibition
rate
(%)∗

Antigenicity
of β-LG

(mg mL−1)

Inhibition
rate
(%)∗

0 0.37 ± 0.02a 78 0.19 ± 0.02ab 89

0.25 0.34 ± 0.01b 80 0.20 ± 0.03a 88

0.5 0.21 ± 0.00d 87 0.11 ± 0.01e 94

1 0.23 ± 0.02d 86 0.17 ± 0.02bc 90

2 0.28 ± 0.01c 83 0.15 ± 0.02cd 91

3 0.27 ± 0.00c 84 0.13 ± 0.01de 92

4 0.28 ± 0.02c 83 0.12 ± 0.01e 93

5 0.27 ± 0.01c 84 0.12 ± 0.02e 93

7 0.26 ± 0.03c 85 0.11 ± 0.01e 94

∗ Inhibition rate is compared to unfermented milk.
a – e Means ± SD (standard deviation) for three experiments within
a column sharing common lower-case letters were not significantly
different (P > 0.05).

Figure 3. SDS-PAGE analysis of milk proteins by fermentation with different
lactic acid bacteria. MW: molecular weight markers; lane 1: unfermented
milk; lanes 2–6: fermented milk with different lactic acid bacteria, lane 2:
Lactobacillusbulgaricus; lane 3: Lactobacillushelveticus; lane 4: Streptococcus
thermophilus; lane 5: Lactobacillus bulgaricus + Streptococcus thermophilus
(1 : 1); lane 6: Lactobacillus helveticus + Streptococcus thermophilus (1 : 1).

storage the growth and metabolism of lactic acid bacteria slowed
down, which also led to the reduction in producing proteases.

Similarly, it could be seen from Fig. 2 and Table 3 that there
was no definite correlation between the hydrolysis degree of milk
proteins and the changes in α-LA and β-LG antigenicity during the
cold storage.

SDS-PAGE analysis of whey proteins after fermentation
Changes of whey protein concentration after fermentation were
analysed using SDS-PAGE electrophoresis. Figure 3 shows the
whey protein pattern after the fermentation by different lactic
acid bacteria. It could be seen from Fig. 3 that in different
fermented samples the concentration of α-LA and β-LG decreased
to different degrees compared with unfermented heated milk.
Through the fermentation with combined strains of L. helveticus
and S. thermophilus, α-LA and β-LG concentration had an obvious
reduction, possibly because of the high hydrolysis ability of

Figure 4. SDS-PAGE analysis of milk proteins at different fermentation
time with combined strains of Lactobacillus helveticus and Streptococcus
thermophilus. MW: molecular weight markers; lane 1: unfermented milk;
lanes 2–6: fermented milk at different fermentation time, lane 2: 0 h; lane
3: 6 h; lane 4: 12 h; lane 5: 24 h; lane 6: 36 h.

L. helveticus and S. thermophilus on both proteins. This may also
explain the result that the antigenicity of α-LA and β-LG became
lower by fermentation with combined strains of L. helveticus and
S. thermophilus (Table 1).

Changes in whey protein concentration at different fer-
mentation time by the combined strains of L. helveticus and
S. thermophilus was observed in Fig. 4. It was seen from the
electrophoresis pattern that at 0 h of fermentation the concen-
tration of α-LA or β-LG was not significantly different between
the fermented milk and the unfermented milk. However, when
fermentation time increased from 6 h to 36 h, the concentration
of both whey proteins had a reduction compared with the unfer-
mented milk; nevertheless, the changes were less significant with
fermentation time increasing. These results showed that lactic
acid bacteria used in this study hydrolysed whey proteins only to a
limited extent, although they had significant proteolytic potential
against whey proteins.

CONCLUSIONS
Lactic acid bacteria fermentation could significantly decrease the
antigenicity of whey proteins in skim milk. Combined strains
of L. helveticus and S. thermophilus were the most effective in
reducing the antigencity of α-LA and β-LG. Synergistic actions
were observed between the combined strains. The antigenicity of
α-LA and β-LG decreased to a lower value at 6 h of fermentation
and at 0.5 d of cold storage. In future research, more strains
of lactic acid bacteria will be screened to further reduce the
antigenicity of milk proteins. Moreover, it is also interesting to
decrease the antigenicity to the minimum level by means of
the combination of various methods, such as fermentation and
hydrolysis of proteases from animals or plants. These will give
some help in the development of hypoallergenic milk products.
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