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Previous work indicated that conformational changes of B-lactoglobulin (B-LG) induced by dynamic high
pressure microfluidization (DHPM) was related to the increase of antigenicity. In this study, B-LG glycated with
1-kestose and combined with DHPM decreased the antigenicity of B-LG. The antigenicity of control, -LG-kestose
(0.1 MPa) and B-LG-kestose (80 MPa) were 100, 79 and 42 pug/mL respectively. The molecular weight of B-LG
conjugated to kestose increased from 18.4 to 19.6kDa and its conformation scarcely changed. Conversely,

combined with DHPM treatment (80 MPa), 3-LG conjugated to kestose formed two conjugates with molecular
weight of 18.8 and 19.8 kDa, respectively. Furthermore, the unfolding of B-LG as a result of the treatments is
reflected by a decrease of intrinsic and synchronous fluorescence intensity and changes to the secondary
structure. The conformational changes induced by DHPM and glycation treatments synergistically decrease the
antigenicity of 3-LG due to more masked or disrupted epitopes.

1. Introduction

The dairy protein, B-LG possesses lots of nutritive, biological and
functional properties. However, the antigenicity of this protein limits
their application in the food industry (Moro, Baez, Busti, Ballerini, &
Delorenzi, 2011). Previous works have investigated the effect of various
processing treatments on the antigenicity of B-LG, including dynamic
high pressure microfluidization (DHPM) (Zhong et al., 2012; Zhong,
Luo, Liu, & Liu, 2014), heat treatment (Zhong et al., 2011), glycation
(Zhong, Tu, Liu, Luo, & Liu, 2015; Zhong, Tu, et al., 2014; Zhong et al.,
2013), and PEGylation (Zhong et al., 2016). It was found that the in-
crease in the antigenicity of B-LG was related to the conformational
changes induced by DHPM treatment (Zhong et al., 2012). On the
contrary, it was observed that when conjugated with different sac-
charides the conformation of B-LG changed differently, but a similar
decrease in antigenicity occurred (Zhong et al., 2015). As two different
modulated processes of antigenic response of B-LG, the mechanism of
its antigenicity change is not completely clear when the protein un-
dergo a combined treatment of glycation reaction and DHPM.

Additionally, the type of saccharide used for glycation plays a sig-
nificant role in the antigenicity changes of B-LG. Higher molecular
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weight of carboxymethyl dextran was more effective in declining the
immunogenicity of B-LG (Kobayashi et al., 2001). The antigenicity of [3-
LG conjugated with phosphoryl oligosaccharides was much lower than
that conjugated with alginic acid oligosaccharide (Hattori et al., 2004).
However, there was no significant difference in the antigenicity de-
crease when B-LG was conjugated with the two main components of
fructo-oligosaccharides (FOS) — nystose and p-fructofuranosyl nystose
(Zhong et al., 2015). As per Kim, Lee, Go, Ahn, and Hong (2018),
kestose, the smallest short-chain FOS, activates the gut immune system
that induces tolerance against allergic skin inflammations in atopic
dermatitis. However, there is no information describing how kestose
modulates the antigenicity of B-LG. Further, no studies have reported
the combined effect of kestose glycation reaction and DHPM treatment
on the antigenicity of B-LG which is investigated in this study.
Previous research has reported DHPM at 80 MPa induces con-
formational changes in B-LG and therefore used in this study. The
DHPM at 80 MPa was combined with and without kestonse glycation
reaction to elucidate the mechanism of antigenicity changes of -LG. In
addition, the modulation mechanism was characterized by multi-spec-
troscopy, including Quadrupole Time-of-Flight (Q-TOF) LC/MS spec-
trometer, intrinsic fluorescence spectra, synchronous fluorescence
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spectra, and circular dichroism spectra that helps to determine the
conformational changes of the protein.

2. Materials and methods
2.1. Materials

Bovine -LG standard (L3908), kestose (GF,) and anti-rabbit IgG
(A6154) were obtained from Sigma Chemical Company (St. Louis, MO,
USA). All other reagents were of analytical grade or better.

2.2. DHPM combining with glycation treatment

B-LG solutions (1 mg/mL) were treated at the atmospheric pressure
(0.1 MPa) and pressure of 80 MPa in a dynamic high pressure micro-
fluidizer processor (model M-110EH-30, Microfluidics, Newton, MA).
Samples were collected and glycated with kestose immediately ac-
cording to the methods of Zhong et al. (2015). All glycation experi-
ments were performed in triplicate. 3-LG heated at conjugate conditions
without kestose (heated control) was named “B-LG (control)”, and
unprocessed [3-LG-GF, conjugate was named “P-LG-GF, (0.1 MPa)”.
Samples glycated with GF, after DHPM treatment at 80 MPa was named
“B-LG-GF, (80 MPa)”.

2.3. Antigenicity analysis

The antigenicity of different samples was determined by an indirect
competitive ELISA (Zhong et al., 2015; Zhong, Tu, et al., 2014). Poly-
clonal IgG antibodies of rabbit (bs-0814R, Bioss Co., Beijing, China),
monospecific for B-LG, were applied, detecting the antigenic response
of B-LG (Kleber, Krause, Illgner, & Hinrichs, 2004). The antigenic re-
sponse of the B-LG samples was calculated from a standard curve of [3-
LG, for which a linear logarithmic correlation was observed in the range
of 0.01-400 pg/mL for B-LG. All analyses were carried out in triplicate,
and the averaged values were converted to concentration equivalents in
micrograms per milliliter (ug/mL).

2.4. Q-TOF mass spectrometry analysis

The method by Zhong et al. (2013) was used to investigate the
molecular weight of different (3-LG samples. Samples was analyzed
using the Agilent 6538-accurate-mass Quadrupole Time-of-Flight (Q-
TOF) LC/MS spectrometer (Agilent Technologies, Waldbronn, Ger-
many). Samples were diluted in a saturated solution of R-cycano-4-
hydroxycinnamic acid in 0.1% TFA with 33% acetonitrile. An aliquot of
this mixture was spotted onto a stainless steel target, air-dried, and
subjected to mass determination (Medrano, Abirached, Panizzolo,
Moyna, & Anon, 2009). The monitored mass range was m/z
100-20,000.

2.5. Circular dichroism spectroscopy analysis

Circular dichroism (CD) spectroscopy analyses were run for dif-
ferent samples according to Zhong et al. (2015). Far-UV CD spectra of
samples at 0.1 mg/mL in 10 mM sodium phosphate buffer, pH 7.0, were
measured at 22 °C using a MOS-450 spectropolarimeter (French Bio-
Logic SAS Co., Claix, French). Cylindrical quartz cuvette with path
lengths of 0.1 cm was used for collecting data in the regions from 190 to
250 nm. Scans were performed for each solution according to the fol-
lowing conditions: 100 nm/min scan rate, 1 nm step resolution, and
1.0 nm of bandwidth. Structure predictions from CD spectra were ob-
tained using the Contin LL program (de la Hoz & Netto, 2008).

2.6. Intrinsic fluorescence analysis

Fluorescence analyses were performed for all samples, as described
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by Zhong, Luo, et al. (2014), Zhong, Tu, et al. (2014) and Zhong et al.
(2015). Fluorescence spectra was measured in a Hitachi Spectro-
fluorimeter F-4500 (Hitachi, Tokyo, Japan) using 10 mm square quartz
cells. Protein concentration was 2 mg/mL in phosphate buffer (10 mM,
pH 7.0). The excitation wavelength was 280 nm and the emission
spectrum was scanned from 300 to 450 nm using a 5nm bandwidth,
excitation and emission slits of 2.5 and 5.0 nm, respectively, and a scan
speed of 240 nm/min.

2.7. Synchronous fluorescence spectra analysis

Synchronous fluorescence analyses were performed for different 3-
LG samples that were carried out in a Hitachi spectrofluorimeter (F-
4500, Hitachi, Tokyo, Japan) using 10 mm quartz cells and a protein
concentration of 0.15 mg/mL in phosphate buffer solution (10 mM, pH
7.0). The synchronous fluorescence spectra were obtained considering
the wavelength intervals A = 15nm and A\ = 60 nm to evidence the
tyrosine and tryptophan residues, respectively (AN = Aem — Aex)
(Varlan & Hillebrand, 2010).

2.8. Statistical analysis

The one-way ANOVA test for significant effects of treatments and
assays was determined using SPSS 12.0.1 (SPSS Inc., Chicago, IL). Main
effect differences were considered significant at P < 0.05. Mean se-
parations were determined by Tukey’s procedure for multiple com-
parisons. All experiments were analyzed in triplicate.

3. Results and discussion
3.1. Changes in molecular weight

The molecular weight of the B-LG-GF, conjugates increased due to
the formation of a covalent bond between the amino residue of protein
and the reducing end of sugar. The molecular weight of 3-LG is about
18.4kDa that increased to 19.6kDa following conjugation with GF,
(Fig. 1). Only one conjugate was formed when B-LG was subjected to
glycation. Interestingly, after the 3-LG was pretreated by DHPM, two -
LG-GF, (80 MPa) conjugates were formed, the molecular weight of
which increased to 18.8 and 19.8 kDa, respectively (Fig. 2). Since the
molecular weight of GF, is 504 Da, therefore we conclude that the
number of GF, conjugated with B-LG in the three conjugations may be
three, one and four, respectively. According to Chen et al. (2017),
DHPM treatment could improve the glycation level, by forming more
glycation sites via conformational changes of the protein.
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Fig. 1. The Q-TOF/Mass spectrum of 3-LG-GF, (0.1 MPa).
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Fig. 2. The Q-TOF/Mass spectrum of B-LG-GF, (80 MPa).

3.2. CD spectra analysis

B-LG is a predominantly (-sheet protein, as per the CD spectra and
the secondary structure content shown in Fig. 3. High amount of fp-
strands displayed in the CD spectra, is reflected by a negative extreme
around 217 nm, a crossing zero dichroism around 204 nm, and a posi-
tive maximum around 195 nm. Similarly, the secondary structure of 3-
LG (control) was composed of 35.6% [-sheets, 14% a-helix, 21.8%
turns, and 29.1% random coil. The spectrum of the B-LG-GF, (0.1 MPa)
displayed a little decrease in ellipticity compared with the control 3-LG.
Similar results were observed in a previous work where B-LG was
conjugated with FOS (Zhong et al., 2013) and GF3 (Zhong et al., 2015).
In addition, except for a significant increase in a-helix content, there
were no obvious differences among the B-sheets, turns, and unordered
contents. Some researchers observed a small alteration in the secondary
structure of the protein after glycation (Hattori et al., 2004; Wong, Day,
& Augustin, 2011). However, Liu, Ru, and Ding (2012) indicated that
glycation increased the a-helix content. Based on the above results, we
conclude that after conjugation with GF, the secondary structure of -
LG slightly changed.

Surprisingly, DHPM changed the glycation modification process.
The spectrum of the B-LG-GF, (80 MPa) displayed a notable increase in
ellipticity and a shift of the negative maximums to a lower wavelength
(from 217 nm to 213 nm) compared with that of 3-LG-GF5 (0.1 MPa),
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Fig. 3. CD spectra analysis and the percentage content of secondary structures
of B-LG (control), B-LG-GF, (0.1 MPa) and B-LG-GF, (80 MPa).
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accompanied by an increase in percentage content of B-sheets and
unordered from 32.3% and 25% to 38.3% and 30.6%, respectively.
Additionally, the a-helix content decreased from 21.5% to 9.97%.
According to some researchers (Chen et al., 2016; Zhong, Tu, et al.,
2014), when DHPM treated 3-LG conjugates with galactose and GOS,
the negative molar residue ellipticity peaks decreases. Chen et al.
(2016) suggests that the effect of glycation combined with DHPM
treatment on the secondary structure of B-LG depended on many fac-
tors, such as the sugar used, the level of glycation and so on. The sec-
ondary structure changes of B-LG glycated with GF, combined with
DHPM treatment in the current study were similar with the changes of
B-LG-GOS under similar conditions (Zhong, Tu, et al., 2014), while
these changes were different from that conjugated with galactose
combined with DHPM (Chen et al., 2016). 3-LG consists of 9 anti-
parallel 3-strands and 1 major o-helix at the C terminus of the protein
(Le Maux, Bouhallab, Giblin, Brodkorb, & Croguennec, 2014). The
secondary structure changes of 3-LG-GF, (80 MPa) indicated that the
combined treatments of DHPM and glycation induced the unfolding of
protein, reflected by the increase of unordered content mainly at the
expense of a-helix.

3.3. Intrinsic fluorescence emission spectroscopy

Intrinsic fluorescence of B-LG is mainly due to the excitation of the
tryptophan (Trp) and tyrosine (Tyr) residues or some specific interac-
tions between Trp and Tyr, affected by the surrounding environment
and any alteration to the conformation (Chen et al., 2016; Zhong et al.,
2013). The fluorescence intensity of B-LG (control) was 373.2. As
shown in the Fig. 4a, the fluorescence spectrum of 3-LG-GF, (0.1 MPa)
and B-LG (control) almost overlapped. A similar result was also ob-
served when [(-LG conjugated with phosphoryl oligosaccharides
(Hattori et al., 2004). In contrast, when (-LG was glycated by FOS,
GOS, GF3, and galactose, an obvious decrease of fluorescence intensity
was displayed (Zhong et al., 2012, 2013Zhong et al., 2015; Chen et al.,
2016). The fluorescence intensity of 3-LG-GF, (0.1 MPa) was 374.9,
slightly higher than that of control sample. In conclusion, the tertiary
structure of (3-LG was scarcely influenced by GF, during the glycation
treatment. After pretreatment at 80 MPa, the fluorescence intensity of
B-LG-GF, (80 MPa) noticeably declined to 69.98. Compared with B-LG
(control), the fluorescence spectrum of -LG-GF, (80 MPa) showed a
slight red shift in the maximum fluorescence emission wavelength. Liu
et al. (2009) and Hattori et al. (2004) indicated that fluorescence in-
tensity decreased and the shift in fluorescence wavelength were due to
the altered conformation around Trp or Tyr residues. Hence, we further
investigated the synchronous fluorescence spectra changes of Trp and
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Fig. 4. (a) Intrinsic fluorescence spectroscopic analysis of B-LG (control), 3-LG-
GF, (0.1 MPa) and B-LG-GF, (80 MPa); (b) Synchronous fluorescence spectrum
of tryptophan residues in the 3-LG (control), B-LG-GF, (0.1 MPa) and B-LG-GF,
(80 MPa), A = 60nm; (c) Synchronous fluorescence spectrum of tyrosine re-
sidues in the B-LG (control), B-LG-GF, (0.1 MPa) and B-LG-GF, (80 MPa),
A =15nm.

Tyr residues.

3.4. Synchronous fluorescence spectroscopy

According to Varlan and Hillebrand (2010), the synchronous
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fluorescence spectra were obtained considering the wavelength inter-
vals AA =15nm and AA = 60nm that indicates the tyrosine and
tryptophan residues, respectively (AN = A em — Aex). As shown in the
Fig. 4b and c, the changes in the fluorescence spectra of Trp and Tyr
residues were similar with the intrinsic fluorescence spectra of 3-LG
(Fig. 4a). The fluorescence spectrum of Tyr residues in [(-LG-GF,
(0.1 MPa) and B-LG (control) almost overlapped completely (Fig. 4b).
The fluorescence intensity of Trp and Tyr residues slightly increased
from 618.0 and 1111 (control) to 674.7 and 1121 in the presence of GF,
without DHPM pretreatment. Similarly, the conformation around the
Trp and Tyr residues remained unchanged.

However, the intensity values of Trp and Tyr residues in B-LG-GF,
(80 MPa) sample decreased to 104.1 and 183.4 (Fig. 4c) respectively
from 674.7 and 1121, similar to the results obtained with intrinsic
fluorescence spectra of 3-LG-GF5 (80 MPa). It is well know that one f-
LG molecule has two tryptophan residues (Trp19 and Trp61), located at
the bottom of the calyx and close to the entrance of calyx, and four Tyr
residues at positions 20, 42, 99, and 102 (Keppler, Sonnichsen,
Lorenzen, & Schwarz, 2014). Tyr20 and Tyr42 are located in the groove
between the B-strand B and helical turn 153-157, and Tyr102 is located
in the groove between the a-helix and the 3-barrel. It was reported that
the carbohydrate-binding sites in the -LG were mainly identified in
residue Lys (Hattori et al., 2004). In addition, Chen et al. (2017) in-
dicated DHPM could improve the glycation level and changed the
glycation sites induced by the alteration of conformation. The decrease
of fluorescence intensity in the case of B-LG-GF, (80 MPa) was con-
sidered to be due to a masking influence by GF, chain bound to Lys60,
100, or 101 in the conjugate.

3.5. Antigenicity analysis

FOS is a mixture of oligosaccharides, consisting of different struc-
tures including 1F-(1-B-fractofranosyl),_, sucrose; such as, 1-kestose
(n = 2, GF,), nystose (n = 3, GF3), 1F-[3-fractofranosyl nystose (n = 4,
GF,). In previous studies, we observed that the conjugation of FOS, GF3
and GF, significantly declined the antigenicity of B-LG (Zhong et al.,
2013, 2015). A similar result was obtained with GF,. From Fig. 5 it is
clear that the antigenicity of the control 3-LG was 100 pg/mL. After the
glycation treatment with GF», an obvious decrease in the antigenicity of
B-LG was observed (p < 0.05) with antigenicity value of B-LG-GF,
(0.1 MPa) being 79 ug/mL. Compared to our previous results (Zhong
et al., 2013, 2015), the rate of decline in the antigenicity of -LG-GF,
(21%) was far lower than that of 3-LG-FOS (81.5%), B-LG-GF3 (79.4%)
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Fig. 5. The antigenicity of B-LG (control), B-LG-GF, (0.1 MPa), [B-LG-GF,
(80 MPa). *“Different letters denote significant differences across different
treatments (P < 0.05).
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and B-LG-GF, (78.0%). Therefore, due to the different nature of sac-
charides, it can be said that GF, was not the main component in the FOS
affecting directly the antigenicity of B-LG.

Interestingly, we found that DHPM and glycation treatments have a
synergistic effect on the decrease of antigenicity. After pre-treated by
DHPV, the antigenicity of B-LG-GF, (80 MPa) further declined to
42 pg/mL from 79 pg/mL, which was approximately half of -LG-GF,
(0.1 MPa). Similar results were obtained by Zhong, Tu, et al. (2014) and
Chen et al. (2016). Zhong et al. (2012, 2013) indicate that not only the
conformational changes of protein during treatments but also the gly-
cation process affected by nature of saccharides both influence the
decrease in antigenicity of 3-LG. Zhong et al. (2015) also observed that
different conformational changes in (-LG during the glycation treat-
ment could result in a similar decrease in antigenicity. Then the obvious
question arises as to what happens to the antigenicity of B-LG during a
combined treatment of DHPM and glycation.

The antigenicity of B-LG is related to the 3D structure of protein,
depended on the conformational epitopes and the linear epitopes
(Kleber et al., 2004). As shown in Fig. 6, although the conformation of
B-LG barely changed when conjugated with GF,, the decline in the
antigenicity was mostly due to the epitopes masked or disrupted by GF,
during the glycation treatment. As Chen et al. (2017) indicated, DHPM
treatment could improve the glycation level and change the glycation
sites. After DHPM pretreatment, an additional glycated site (Lys 60)
was observed in the B-LG. Similar results were also observed in this
current study. The unfolding of B-LG induced by DHPM contributed to
exposure of more reactive sites (e.g. Lys60), as reflected by the fluor-
escence spectra results and the molecular weight changes, and subse-
quently resulted in two different conjugates. And the number of GF, in
one conjugate was one more than that of 3-LG-GF5 (0.1 MPa). Zhang
et al. (2014) suggested that when the main epitopes were glycated, the
antigenicity declined the most. Similarly, the best recognized epitope
AA41-60 may be shielded or disrupted by the conjugation, resulting in
reducing the antigenicity obtained in this study. Furthermore, the epi-
topes AA41-60 and AA102-124 form a protruding loop between (-
strands C and D on the surface of the molecule (Wal, 2001). Also, the f3-
sheets of B-LG include certain epitopes, particularly two very con-
formation-sensitive epitopes (Clement et al., 2002). During the coupled
treatments, the changes of -sheets could influence those epitopes and

contribute to less antigenicity. Previous research has reported that the
conformational changes of B-LG maybe directly related to its anti-
genicity. For example, the unfolding of B-LG induced by DHPM at
80 MPa contributed to exposure of some hidden epitopes that even-
tually increased the antigenicity (Zhong et al., 2012). Some researchers
also suggest that conformational changes could affect the glycation
degree and site, and eventually impact the antigenicity of protein
(Zhang et al., 2014; Chen et al., 2017). In conclusion, in the current
study, conformational changes induced by DHPM and the glycation
process have a synergistic effect on the decline of antigenicity, mainly
due to masking or disruptions of the important epitopes.

4. Conclusions

In this study it was observed that conformational changes induced
by DHPM and the glycation process together have a synergistic effect on
the decrease of antigenicity of B-LG. During the glycation treatment
without DHPM, one type of conjugates was formed. A decline in the
antigenicity of 3-LG-GF, without DHPM treatment mainly resulted from
epitopes masked or disrupted by GF,, with hardly any changes to the
conformation of protein. On the other hand, two types of conjugates
were obtained after glycation combined with DHPM treatment. During
the combined treatment of DHPM and glycation, the unfolding of B-LG
induced by DHPM contributed to more epitopes being masked or dis-
rupted by GF,, resulting in further decline in the antigenicity of 3-LG.

Acknowledgments

This study was supported financially by the National Natural
Science Foundation of China (31560435 and 21366021), the Natural
Science Foundation of Jiangxi Province, China (20181BAB204020 and
20161BAB214162), and the Research Foundation for Young Scientists
of State Key Laboratory of Food Science and Technology, Nanchang
University, China (No.: SKLF-QN-201518).

Declaration of interests

The authors declare that they have no known competing financial
interests.



J. Zhong et al.

References

Chen, Y., Tu, Z. C., Wang, H., Zhang, L., Sha, X. M., Pang, J. J., ... Yang, W. H. (2016).
Glycation of beta-lactoglobulin under dynamic high pressure microfluidization
treatment: Effects on IgE-binding capacity and conformation. Food Research
International, 89, 882-888.

Chen, Y., Ty, Z. C., Wang, H., Zhang, Q. T., Zhang, L., Sha, X. M., ... Yang, P. (2017). The
reduction in the IgE-binding ability of beta-lactoglobulin by dynamic high-pressure
microfluidization coupled with glycation treatment revealed by high-resolution mass
spectrometry. Journal of Agricultural and Food Chemistry, 65(30), 6179-6187.

Clement, G., Boquet, D., Frobert, Y., Bernard, H., Negroni, L., Chatel, J. M., ... Grassi, J.
(2002). Epitopic characterization of native bovine beta-lactoglobulin. Journal of
Immunological Methods, 266, 67-78.

de la Hoz, L., & Netto, F. M. (2008). Structural modifications of beta-lactoglobulin sub-
jected to gamma radiation. International Dairy Journal, 18, 1126-1132.

Hattori, M., Miyakawa, S., Ohama, Y., Kawamura, H., Yoshida, T., To-O, K., ... Takahashi,
K. (2004). Reduced immunogenicity of beta-lactoglobulin by conjugation with acidic
oligosaccharides. Journal of Agricultural and Food Chemistry, 52(14), 4546-4553.

Keppler, J. K., Sonnichsen, F. D., Lorenzen, P. C., & Schwarz, K. (2014). Differences in
heat stability and ligand binding among beta-lactoglobulin genetic variants A, B and
C using H-1 NMR and fluorescence quenching. Biochimica Et Biophysica Acta-Proteins
and Proteomics, 1844(6), 1083-1093.

Kim, H. J., Lee, S. H., Go, H. N., Ahn, J. R., & Hong, S. J. (2018). Effects of kestose on gut
mucosal immunity in an atopic dermatitis mouse model. Journal of Dermatological
Science, 89(1), 27-32.

Kleber, N., Krause, 1., Illgner, S., & Hinrichs, J. (2004). The antigenic response of beta-
lactoglobulin is modulated by thermally induced aggregation. European Food Research
and Technology, 219(2), 105-110.

Kobayashi, K., Hirano, A., Ohta, A., Yoshida, T., Takahashi, K., & Hattori, M. (2001).
Reduced immunogenicity of beta-lactoglobulin by conjugation with carboxymethyl
dextran differing in molecular weight. Journal of Agricultural and Food Chemistry,
49(2), 823-831.

Le Maux, S., Bouhallab, S., Giblin, L., Brodkorb, A., & Croguennec, T. (2014). Bovine beta-
lactoglobulin/fatty acid complexes: Binding, structural, and biological properties.
Dairy Science & Technology, 94(5), 409-426.

Liu, J. H., Ru, Q. M., & Ding, Y. T. (2012). Glycation a promising method for food protein
modification: Physicochemical properties and structure, a review. Food Research
International, 49(1), 170-183.

Liu, W, Liu, J. H., Liu, C. M., Zhong, Y. J., Liu, W. L., & Wan, J. (2009). Activation and
conformational changes of mushroom polyphenoloxidase by high pressure micro-
fluidization treatment. Innovative Food Science & Emerging Technologies, 10(2),

496

Food Chemistry 278 (2019) 491-496

142-147.

Medrano, A., Abirached, C., Panizzolo, L., Moyna, P., & Anon, M. C. (2009). The effect of
glycation on foam and structural properties of beta-lactoglobulin. Food Chemistry,
113(1), 127-133.

Moro, A., Baez, G. D., Busti, P. A., Ballerini, G. A., & Delorenzi, N. J. (2011). Effects of
heat-treated beta-lactoglobulin and its aggregates on foaming properties. Food
Hydrocolloids, 25(5), 1009-1015.

Varlan, A., & Hillebrand, M. (2010). Bovine and human serum albumin interactions with
3-carboxyphenoxathiin studied by fluorescence and circular dichroism spectroscopy.
Molecules, 15(6), 3905-3919.

Wal, J. M. (2001). Structure and function of milk allergens. Allergy, 56, 35-38.

Wong, B. T., Day, L., & Augustin, M. A. (2011). Deamidated wheat protein-dextran
Maillard conjugates: Effect of size and location of polysaccharide conjugated on steric
stabilization of emulsions at acidic pH. Food Hydrocolloids, 25(6), 1424-1432.

Zhang, M., Zheng, J. Y., Ge, K. S, Zhang, H., Fang, B., Jiang, L., ... Ren, F. Z. (2014).
Glycation of alpha-lactalbumin with different size saccharides: Effect on protein
structure and antigenicity. International Dairy Journal, 34(2), 220-228.

Zhong, J. Z., Cai, X. F., Liu, C. M., Liu, W., Xu, Y. J., & Luo, S. J. (2016). Purification and
conformational changes of bovine PEGylated beta-lactoglobulin related to anti-
genicity. Food Chemistry, 199, 387-392.

Zhong, J. Z., Liu, C. M., Liu, W,, Cai, X. F., Tu, Z. C., & Wan, J. (2011). Effect of dynamic
high-pressure microfluidization at different temperatures on the antigenic response of
bovine beta-lactoglobulin. European Food Research and Technology, 233(1), 95-102.

Zhong, J. Z., Liu, W., Liu, C. M., Wang, Q. H., Li, T., Tu, Z. C,, ... Xu, Y. J. (2012).
Aggregation and conformational changes of bovine beta-lactoglobulin subjected to
dynamic high-pressure microfluidization in relation to antigenicity. Journal of Dairy
Science, 95(8), 4237-4245.

Zhong, J. Z., Luo, S. J., Liu, C. M., & Liu, W. (2014a). Steady-state kinetics of tryptic
hydrolysis of beta-lactoglobulin after dynamic high-pressure microfluidization
treatment in relation to antigenicity. European Food Research and Technology, 239(3),
525-531.

Zhong, J. Z., Tu, Y., Liu, W., Luo, S. J., & Liu, C. M. (2015). Comparative study on the
effects of nystose and fructofuranosyl nystose in the glycation reaction on the anti-
genicity and conformation of beta-lactoglobulin. Food Chemistry, 188, 658-663.

Zhong, J. Z., Tu, Y., Liu, W., Xu, Y. J., Liu, C. M., & Dun, R. Y. (2014b). Antigenicity and
conformational changes of beta-lactoglobulin by dynamic high pressure micro-
fluidization combining with glycation treatment. Journal of Dairy Science, 97(8),
4695-4702.

Zhong, J. Z., Xu, Y. J., Liu, W., Liu, C. M., Luo, S. J., & Tu, Z. C. (2013). Antigenicity and
functional properties of beta-lactoglobulin conjugated with fructo-oligosaccharides in
relation to conformational changes. Journal of Dairy Science, 96(5), 2808-2815.


http://refhub.elsevier.com/S0308-8146(18)32041-7/h0005
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0005
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0005
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0005
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0010
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0010
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0010
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0010
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0015
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0015
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0015
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0020
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0020
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0025
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0025
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0025
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0030
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0030
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0030
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0030
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0035
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0035
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0035
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0040
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0040
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0040
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0045
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0045
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0045
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0045
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0050
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0050
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0050
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0055
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0055
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0055
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0060
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0060
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0060
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0060
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0065
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0065
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0065
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0070
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0070
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0070
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0075
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0075
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0075
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0080
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0085
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0085
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0085
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0090
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0090
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0090
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0095
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0095
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0095
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0100
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0100
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0100
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0105
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0105
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0105
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0105
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0110
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0110
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0110
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0110
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0115
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0115
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0115
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0120
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0120
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0120
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0120
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0125
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0125
http://refhub.elsevier.com/S0308-8146(18)32041-7/h0125

	Comparison of antigenicity and conformational changes to β-lactoglobulin following kestose glycation reaction with and without dynamic high-pressure microfluidization treatment
	Introduction
	Materials and methods
	Materials
	DHPM combining with glycation treatment
	Antigenicity analysis
	Q-TOF mass spectrometry analysis
	Circular dichroism spectroscopy analysis
	Intrinsic fluorescence analysis
	Synchronous fluorescence spectra analysis
	Statistical analysis

	Results and discussion
	Changes in molecular weight
	CD spectra analysis
	Intrinsic fluorescence emission spectroscopy
	Synchronous fluorescence spectroscopy
	Antigenicity analysis

	Conclusions
	Acknowledgments
	Declaration of interests
	References




