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Abstract The effects of Maillard reaction conditions

(weight ratio of protein to sugar, temperature and time) on

the antigenicity of a-lactalbumin (a-LA) and b-lactoglo-

bulin (b-LG) in conjugates of whey protein isolate (WPI)

with maltose were investigated. Response surface meth-

odology was used to establish models to predict the anti-

genicity of a-LA and b-LG and find an optimal reaction

condition under which the antigenicity of a-LA and b-LG

reduces to minimum value. Conjugating WPI with maltose

was an effective way to reduce the antigenicity of a-LA

and b-LG. The antigenicity of a-LA decreased from

32.25 lg mL-1 to 10.91 lg mL-1. And the antigenicity of

b-LG decreased from 272.4 lg mL-1 to 38.17 lg mL-1.

Temperature had the greatest effect on the antigenicity of

a-LA, while weight ratio of WPI to maltose was the most

significant factor on the antigenicity of b-LG.

Keywords Antigenicity � WPI � a-Lactalbumin �
b-Lactoglobulin � Maltose � Maillard reaction

Introduction

World Health Organization has reported that food allergies

are the sixth problem of human health. Cow milk is con-

sidered as an important allergen, the main allergens of cow

milk to be found were due to the presence of b-lacto-

globulin (b-LG), a-lactalbumin (a-LA) and caseins, all of

which are the major protein of cow milk [1, 2]. But cow

milk and its products are good nutrient resources for human

beings, especially for infants, so it is meaningful to solve

the problem of milk allergy.

Previous studies have reported that heating treatment

[3], high pressure [3, 4], microwave [5], enzymatic

hydrolysis [6], fermentation [7] and glycosylation can

reduce the allergenic potential of cow milk proteins. It is

well-known that Maillard reaction products have functional

or biological activities, such as antioxidant properties and

antimutagenic characteristics [8–12]. Glycation reaction,

involved in many Maillard reaction products formation, has

been proposed as an effective way to change the antige-

nicity of some proteins. It has been found that the conju-

gation with trimethyl chitosan can improve the

immunogenicity of ovalbumin [13]. van de Lagemaat [14]

reported that the antigenicity of soy protein isolate could be

reduced by glycation with fructose or fructooligosaccha-

rides. In the concrete case of milk, Bu [15] indicated that

conjugation of whey protein isolate with glucose markedly

reduced the antigenicity of a-LA, while Kobayashi [16]

found that conjugation with carboxymethyl dextran was

effective in reducing the immunogenicity of b-LG. Hattori

[17] conjugated bovine b-LG with the acidic oligosaccha-

rides, alginic acid oligosaccharide and phosphoryl oligo-

saccharides by Maillard reaction. And the result showed

that the conjugation of b-LG with these acidic oligosac-

charides was effective in reducing the immunogenicity of

b-LG.

Whey protein, with the main components of a-LA and

b-LG, is a widely used high-quality protein. a-LA is a

14.2 kDa Ca-binding protein comprising 123 amino acids

with 4 disulfide bonds [18], and b-LG is a 18 kDa small

globular protein comprising 162 amino acids [19]. Maltose

that can be easily digested and absorbed is a common raw

material in food industry. Investigations into the effect of
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maltose on the antigenicity of a-LA and b-LG during

Maillard reaction are scarce. The antigenicity of a-LA and

b-LG depends on the Maillard reaction condition, such as

weight ratio of protein to sugar, temperature and time. This

study intended to research the effect of whey protein isolate

(WPI) conjugated with maltose at different Maillard reac-

tion conditions (weight ratio of WPI to maltose, tempera-

ture, time) on the antigenicity of a-LA and b-LG. Response

surface methodology (RSM) was used to establish models

to predict the antigenicity of a-LA and b-LG and to

determine optimal conditions on which the lowest antige-

nicity of a-LA and b-LG can be obtained.

Materials

The antigens, a-LA (L5385, purity [ 85%) and b-LG

(L3908, purity [ 90%) were purchased from Sigma

Chemical Company (St. Louis, MO, USA). WPI (9410)

was obtained from Hilmar (USA). Maltose was purchased

from Beijing Aoboxing Biotech Company Ltd (China). All

other reagents were analytical grade.

Methods

WPI–maltose system

WPI and maltose mixed as the experimental design in

demineralized water. The weight ratios of WPI and maltose

were 3.682, 3, 2, 1 and 0.318, respectively. The mixture

was frozen at -60 �C for 6 h and then freeze-dried for

24 h. The samples were incubated at a relative humidity of

79% in a desiccator (exposed to a saturated KBr solution)

at different temperature and reaction for different times

according to the experimental design. Then, the samples

were carried out and freeze-dried for 24 h.

Brown color development and free amino groups

analysis

The samples were dissolved in demineralized water. The

protein concentration was 1 mg mL-1. Brown color

development was evaluated by the absorbance at 420 nm.

Free amino groups were measured using trinitro-benzene-

sulfonic acid (TNBS) (Sigma) method [20] at 420 nm. Then,

the value transformed into lmol of Leu mL-1 using a cali-

bration curve within the range 0.25–3.5 lmol.

SDS–PAGE analysis

SDS–PAGE was carried out to confirm conjugate forma-

tion, using a 12% acrylamide separating gel and a 4%

acrylamide stacking gel. Samples (2 mg mL-1) were dis-

solved in denaturing buffer with b-mercaptoethanol. The

mixture was heated at 100 �C for 4 min and 8 lL was

loaded onto the gel. A low molecular weight calibration

marker (sigma) with protein ranging from 14.4 to 97.0 kDa

was applied to the gels. The gels were run in Tris–glycine

buffer (pH 8.3). The electrophoresis was carried out at a

constant voltage of 80 V in the stacking gel for 1 h and

then at 120 V in the resolving gel for 1.5 h. After that,

proteins in the gels were stained with Coomassie Brilliant

Blue R-250.

Indirect competitive enzyme-linked immunosorbent

assay (ELISA)

The antigenicity of the samples was measured by indirect

competitive enzyme-linked immunosorbent assay (ELISA).

Indirect competitive ELISA was carried out as described by

Bu [21]. After preliminary experiments, the appropriate

concentrations determined were as follows: rabbit anti-a-LA

serum diluted 256000 times, rabbit anti-b-LG serum diluted

128000 times, coating concentrations of a-LA and b-LG

were 0.5 lg mL-1 and 1 lg mL-1, respectively, and the

sample was dissolved in PBS at a protein concentration of

0.1 mg mL-1.

Experimental design and statistical analysis

WPI/maltose (WPI/M) weight ratio (X1), temperature (X2)

and time (X3) were chosen as independent variables

(k = 3) in the experimental design. The two dependents

variables were to assess the antigenicity of a-LA (Y1) and

b-LG (Y2) in the conjugates of WPI with maltose. The

independent variables were optimized using central com-

posite rotatable design (CCRD) containing five levels

coded as -1.682, -1, 0, ?1 and ?1.682 for each inde-

pendent variable. Table 1 showed the coded values and the

corresponding actual values of independent variables. The

complete central composite design consisted of 23 exper-

iments (Table 2) including 23 experiments for a full

Table 1 Coded and uncoded settings of independent variables for

Maillard reaction conditions according to central composite rotatable

design

Coded level Independent variables

Weight ratio Temperature (�C) Time(h)

1.682 3.682 76.8 88.4

1 3 70 72

0 2 60 48

-1 1 50 24

-1.682 0.318 43.2 7.6
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factorial design plus 2 9 3 star experiments and nine

centre experiments. The centre experiments were to mea-

sure the precision and to verify any change in the estima-

tion procedure. All of the Maillard reaction experiments

were run in identical environment.

Experimental data were analyzed by SAS 8.2 (SAS

Institute Inc, Cary, NC, USA). Response surface analysis

was based on multiple regression. It took into account the

main effects, the quadratic effects and the interaction

effects, according to the following equation:

Y ¼ b0 þ
X3

i¼1

bixj þ
X3

i¼1

bijx
2
j þ

X3

i\j¼2

bijxixj

In the equation, b0 is constant coefficient of the model,

and bi, bii and bij are regression coefficients of the model

(bi for linear terms, bii for quadratic terms, and bij for

interaction terms). xi is the independent variable in the

coded value. Xi is the independent variable in the uncoded

value, and 10 b-coefficients were estimated for three

independent variables. The Student’s-t test assessed the

significance of the b-coefficients for each dependent

variable. The level of significance was defined at

P \ 0.05. The level of highly significance was defined at

P \ 0.01. The goodness of fit of the model was evaluated

by the analysis of variance (ANOVA). The three-

dimensional response surface plots were drawn using the

fit fully quadratic polynomial equations obtained by fixing

one of the independent variables at a constant value and

varying the other two variables with the experimental

range.

Results and discussion

Changes of color

Glycation of proteins occurs by a chemical reaction of

reducing sugars with free amino groups in proteins to form

the Schiff’s base linkage [22]. The complex melanoidins

formed in the end of the Maillard reaction. Table 2 shows

that when the reaction temperatures were 60 �C and 70 �C,

the brown color was deepened with increasing reaction

Table 2 Full factorial central composite design matrix and the antigenicity of a-LA and b-LG in WPI–maltose conjugates

Assay Independent variables Dependent variable OD420 Content of free

NH2 groups (%)
Weight ratio Temperature (�C) Time (h) a-LA antigenicity

(lg/mL)

b-LG antigenicity

(lg/mL)

1 1 (-1) 50 (-1) 24 (-1) 24.77 94.60 0.053 59.87

2 1 (-1) 50 (-1) 72 (1) 12.03 49.37 0.055 32.94

3 1 (-1) 70 (1) 24 (-1) 13.16 39.51 0.091 18.24

4 1 (-1) 70 (1) 72 (1) 16.47 64.96 0.367 19.61

5 3 (1) 50 (-1) 24 (-1) 35.91 117.55 0.052 65.17

6 3 (1) 50 (-1) 72 (1) 27.41 107.26 0.056 44.44

7 3 (1) 70 (1) 24 (-1) 14.13 71.33 0.129 29.93

8 3 (1) 70 (1) 72 (1) 16.64 99.97 0.451 31.29

9 0.318 (-1.682) 60 (0) 48 (0) 14.58 38.35 0.086 35.95

10 3.682 (1.682) 60 (0) 48 (0) 27.79 86.59 0.163 82.97

11 2 (0) 43.2 (-1.682) 48 (0) 31.59 127.38 0.062 48.92

12 2 (0) 76.8 (1.682) 48 (0) 14.5 102.71 0.469 11.76

13 2 (0) 60 (0) 7.6 (-1.682) 35.91 124.42 0.051 59.87

14 2 (0) 60 (0) 88.4 (1.682) 18.27 64.95 0.187 25.28

15 2 (0) 60 (0) 48 (0) 13.81 55.43 0.119 26.46

16 2 (0) 60 (0) 48 (0) 13.73 53.15 0.110 26.24

17 2 (0) 60 (0) 48 (0) 13.68 55.83 0.112 26.32

18 2 (0) 60 (0) 48 (0) 12.42 61.69 0.114 26.51

19 2 (0) 60 (0) 48 (0) 15.04 61.17 0.117 25.94

20 2 (0) 60 (0) 48 (0) 14.15 57.93 0.112 26.73

21 2 (0) 60 (0) 48 (0) 12.34 56.17 0.116 26.02

22 2 (0) 60 (0) 48 (0) 13.92 58.73 0.113 26.36

23 2 (0) 60 (0) 48 (0) 14.04 56.04 0.118 27.13

Content of free NH2 groups (%) refers to the free NH2 groups that did not react in the Maillard reaction
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time and weight ratio of WPI to maltose. But when the

reaction temperature was 50 �C, the color did not vary

significantly with the change of time and weight ratio of

WPI to maltose. WPI control showed a slight brown color

(not listed in the table). This is probably because of the

Maillard reaction between whey protein and trace amounts

of lactose in WPI. While the color of maltose and WPI

separately in the same condition of 1–15 groups showed in

Table 2 did not change.

Changes of free amino groups

Compared with WPI control, the free amino groups sig-

nificantly decreased in all glycated protein samples

(Table 2). After 24 h incubation at 70 �C, free amino

groups appeared to decrease slightly. After 48 h incubation

at 60 �C (2:1 weight ratio of WPI to maltose), approxi-

mately 75% of free amino groups in WPI were blocked by

maltose and increased slightly after incubated for 88.4 h. It

showed that when glycosylation reaction reached a certain

extent, the extension of time would not affect the content of

free amino groups. Sun [23] found that after a-LA and

D-allose incubation for 24 h, the free amino groups

appeared to decrease slightly as incubation time increased.

WPI control lost a same quantity of its free amino groups

during heat treatment (not list in the table). It could be

attributed to the structural modifications of WPI, such as

protein polymerization and cross-linking [24, 25]. It might

also be attributed to a slight Maillard reaction between

whey protein and lactose [26].

SDS–PAGE analysis of WPI–maltose conjugates

The formation of the WPI–maltose was analyzed by SDS–

PAGE. When the protein and sugar react, the e-amino

residue of the protein and the reducing end of the sugar are

expected to attach and form a covalent bond [27]. This

reaction led to increase in molecular mass of WPI–maltose

conjugates. Figures 1 and 2 show SDS–PAGE patterns of

WPI and WPI–maltose conjugates reaction in different

conditions. The covalent bond of maltose to the WPI was

suggested by the fact that a-LA and b-LG bonds had

moved up or became shallower. It can be observed that

bands in all lanes moved up or were shallower compared

with WPI lane. This result proved that maltose bonds to

WPI during the reaction. With increasing temperature and

reaction time, the components of WPI decreased and higher

molecular mass conjugates increased. Figure 2 shows that

after maltose and WPI conjugates incubation at 76.8 �C for

48 h, there were no centralized bands in the lane, which

suggested the formation of complex mixtures that consist

of many different molecular components. The formation of

these compounds reflected changes of a-LA and b-LG,

which must be led to the change of antigenicity.

Assessment of models of antigenicity of WPI

for three independent variables

The experimental design and the antigenicity of a-LA and

b-LG under different reaction conditions are showed in

Table 2. The regression analysis on 23 experiments

(Table 3, full model) revealed that several terms were not

significant (P [ 0.05). In order to fit the full second-order

model, non-significant terms were eliminated step by step

from the regression model. After this procedure, there were

nine regression terms in the second-order model for a-LA

and seven for b-LG (Table 3, fitted model). Models were as

follows:

Fig. 1 SDS–PAGE analysis of WPI/maltose (M) conjugates formed

at different Maillard reaction conditions: lane 1, molecular weight

marker; lane 2, WPI/M (weight ratio 1:1) 50 �C, 24 h; lane 3, WPI/M

(weight ratio 1:1) 50 �C, 72 h; lane 4, WPI/M (weight ratio 1:1)

70 �C, 24 h; lane 5, WPI/M (weight ratio 1:1) 70 �C, 72 h; lane 6,

WPI/M (weight ratio 3:1) 50 �C, 24 h; lane 7, WPI/M (weight ratio

3:1) 50 �C, 72 h; lane 8, WPI/M (weight ratio 3:1) 70 �C, 24 h;

lane 9, WPI/M (weight ratio 3:1) 70 �C, 72 h; lane 10, native WPI

Fig. 2 SDS–PAGE analysis of WPI/maltose (M) conjugates formed

at different Maillard reaction conditions: lane 1, molecular weight

marker; lane 2, WPI/M (weight ratio 0.318:1) 60 �C, 24 h; lane 3,

WPI/M (weight ratio 3.682:1) 60 �C, 24 h; lane 4, WPI/M (weight

ratio 2:1) 43.2 �C, 48 h; lane 5, WPI/M (weight ratio 2:1) 76.8 �C,

48 h; lane 6, WPI/M (weight ratio 2:1) 60 �C, 7.6 h; lane 7, WPI/M

(weight ratio 2:1) 60 �C, 88.4 h; lane 8, WPI/M (weight ratio 3:1)

60 �C, 48 h; lane 9, native WPI
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Y1 ¼ 13:77þ 3:65x1 � 5:01x2 � 3:30x3 þ 1:76x2
1

� 3:17x1x2 þ 2:41x2
2 þ 3:38x2x3 þ 3:84x2

3

Y2 ¼ 57:62þ 16:75x1 � 9:85x2 � 7:43x3 þ 17:69x2
2

þ 13:70x2x3 þ 10:49x2
3

The P-value of fitted model for both a-LA and b-LG

was 0.0001. The adjusted R2 of fitted model for a-LA is

0.8135 and for b-LG is 0.8297. The second-order model

was highly significant because of the very small P-values

and the high adjusted R2 values. It can show the factual

relationship between responses and independent variables.

Effect of Maillard reaction conditions on antigenicity

of a-LA in WPI/maltose conjugates

From the analysis of regression coefficients (Table 3), the

highly significant (P\0.01) effects on the antigenicity were

as follows: the linear effects of three independent variables,

the quadratic effects of temperature and time, the interac-

tive effect between WPI/maltose (WPI/M) weight ratio and

temperature and the interactive effect between temperature

and time. The regression coefficient of temperature was the

highest among the three independent variables, so the

effect of temperature was the most important. The optimal

values of three independent variables were as follows:

WPI/M weight ratio = 1.1:1, temperature = 61.6 �C and

time = 57.6 h. In theory, on these reaction conditions, the

antigenicity of a-LA should be the lowest. And the

predicted lowest value should be 10.91 lg mL-1. On these

reaction conditions, the antigenicity of b-LG should be

38.94 lg mL-1. The antigenicity of a-LA and b-LG in

WPI was 32.25 lg mL-1 and 272.4 lg mL-1. So, it can

conclude that the antigenicity of a-LA-maltose and b-LG-

maltose is lower than that of a-LA and b-LG in WPI, which

showed that glycosylation can reduce the antigenicity of

WPI effectively.

The effect of WPI/M weight ratio and temperature at an

aptotic time of 48 h is shown by the response surface plot

in Fig. 3a. The antigenicity of a-LA decreased with the

decrease in WPI/M weight ratio within a certain range.

However, when maltose fully conjugated with the whey

protein, increasing amount of maltose will not affect the

antigenicity of a-LA. It was observed that the antigenicity

decreased at first and then increased after the temperature

reached 60–65 �C. So, the optimal values of temperature

were between 60 and 65 �C.

Figure 3b shows the effect of WPI/M weight ratio and

time at an aptotic temperature of 60 �C. As revealed by its

highly significant quadratic effect, there should exist

an optimal value of reaction time. It appeared that the

antigenicity was minimal when the reaction time was about

50–60 h, after that the antigenicity increased again.

Enomoto [28] compared the antigenicity of a-LA which was

glycated with maltopentaose through Maillard reaction and

subsequently phosphorylated by dry heating in the presence

of pyrophosphate for 1 day or 5 days, and he found that the

antigenicity of the two conjugates was lower than a-LA but

Table 3 Regression coefficients for the linear regression prediction model of the antigenicity of a-LA and b-LG

Full model Fitted model

a-LA antigenicity b-LG antigenicity a-LA antigenicity b-LG antigenicity

b-coefficient p b-coefficient p b-coefficient p b-coefficient p

Intercept 13.77 57.61 13.77 57.62

Linear

Weight ratio 3.65 0.000 16.75 0.000 3.65 0.000 16.75 0.000

Temperature -5.01 0.000 -9.85 0.008 -5.01 0.000 -9.85 0.005

Time -3.30 0.001 -7.43 0.036 -3.30 0.001 -7.43 0.026

Quadratic

Weight ratio2 1.76 0.029 -0.72 0.811 1.76 0.024

Temperature2 2.41 0.005 17.87 0.000 2.41 0.004 17.69 0.000

Time2 3.84 0.000 10.67 0.003 3.84 0.000 10.49 0.002

Interactions

Weight ratio 9 temperature -3.17 0.007 -1.75 0.680 -3.17 0.006

Weight ratio 9 time 0.43 0.677 4.77 0.272

Temperature 9 time 3.38 0.005 13.70 0.006 3.38 0.004 13.70 0.003

Other statistics

R2 (%) 86.50 81.35 87.29 82.97

F 16.67 0.000 11.66 0.000 19.89 0.000 18.86 0.000
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there was no significant difference between them. It shows

that to prolong reaction time cannot boundless reduce the

antigenicity of a-LA. It is similar to the results of this study.

The color of WPI–maltose gradually deepened with the

longer reaction time. Thus, in order to obtain conjugates of a

lower antigenicity and an acceptable color, it is important to

control Maillard reaction time.

The response surface plot in Fig. 3c reveals the effect of

temperature and time at an aptotic WPI/M weight ratio of

2:1. As shown in the figure range, with the increasing

reaction temperature and time, the antigenicity of a-LA

decreased until 60–70 �C and 50–60 h and then gradually

increased.

Effect of Maillard reaction conditions on antigenicity

of b-LG in WPI/maltose conjugates

According to the analysis of regression coefficients, the

highly significant (P\0.01) effects on the antigenicity were

as follows: the linear effect of WPI/M weight ratio and

temperature, the quadratic effects of temperature and time

and the interactive effect between temperature and time. The

effect of WPI/M weight ratio was the most important among

the three independent variables. The optimal values of the

three independent variables bringing minimum antigenicity

of b-LG were as follows: WPI/M weight ratio = 1.04:1,

temperature = 60.8 �C and time = 54.3 h. On these reac-

tion conditions, the antigenicity of b-LG was 38.17 lg mL-1

and the antigenicity of a-LA was 11.03 lg mL-1. The anti-

genicity of b-LG reduced to about one-sixth of the origin and

a-LA retained one-third of the origin. This may be due to the

varying glycosylation degrees of a-LA and b-LG with

maltose, and this conclusion is consistent with the finding of

Jiménez-Castaño [29]. They pointed out that the degree of

glycosylation of the whey protein–dextran conjugates was in

the order: BSA[b-LG[a-LA.

The effect of WPI/M weight ratio and temperature at an

aptotic time of 48 h was shown by the response surface

plot in Fig. 4a. This study suggested that from 50 �C to

70 �C, a lower WPI/M weight ratio could induce a lower

antigenicity of b-LG. This was similar to the result of van

de Lagemaat [14] who glycated soy protein with fruc-

tooligosaccharides. The antigenicity of b-LG decreased

with the increasing temperature until the temperature

reached 60–65 �C, and then it increased as the temperature

increased. In glycosylation reaction, the masking of the

epitope by sugar affected the antigenicity. In addition,

heating can change the protein structure, leading some

epitope exposed and some epitope hidden. The changes of

epitope caused changes in antigenicity. Taheri-Kafrani [30]

reported that from 65 �C to 95 �C, the higher the temper-

ature, the faster the antigenicity increased. Therefore,

heating and glycosylation combined affected the antige-

nicity of b-LG.

Figure 4b showed the effect of WPI/M weight ratio and

time at an aptotic temperature of 60 �C. The increase in

Fig. 3 Response surfaces of

antigenicity of a-LA(Y1):

a effect of whey protein isolate/

maltose (WPI/M) weight ratio

(X1) and temperature (X2) on

antigenicity at aptotic time of

48 h; b effect of WPI/M weight

ratio (X1) and time (X3) on

antigenicity at aptotic

temperature of 60 �C; c effect of

temperature (X2) and time (X3)

on antigenicity at aptotic

WPI/M weight ratio of 2:1
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WPI/M weight ratio resulted in increase in antigenicity.

The optimal value of time was different when the WPI/M

weight ratio was different. The antigenicity of b-LG first

raised and then decreased as time expanded, and the time

of reaching minimum became shorter when the additive

amount of sugar was higher.

The response surface plot in Fig. 4c reveals the effect of

temperature and time at an aptotic WPI/M weight ratio of

2:1. It can be seen that the trends between antigenicity and

time were not the same when temperature changed. In the

research of Corzo-Martı́nez [31] who glycated b-LG with

tagatose, and the trend between antigenicity and time at

40 �C was different with the trend between antigenicity

and time at 50 �C. This showed that the reaction time and

temperature had an interaction effect on the antigenicity of

b-LG. The minimum antigenicity can obtain at a temper-

ature of 60–70 �C and a reaction time of 50–60 h. With an

increase in temperature and time in scope of the study, the

antigenicity of b-LG decreased at first and then increased

as the temperature and time enhanced further.

Conclusions

Models for predicting antigenicity of a-LA and b-LG was

established. The antigenicity of a-LA and b-LG was

reduced effectively through conjugating with maltose. On

the range of conditions studied, temperature had the

greatest effect on the antigenicity of a-LA, while the most

important effect on the antigenicity of b-LG was weight

ratio. RSM was an effective method to optimize several

independent variables of the glycation reaction. The min-

imum antigenicity of a-LA and b-LG was 10.91 lg mL-1

and 38.17 lg mL-1, respectively. Glycation of whey

protein with maltose under appropriate conditions was a

feasible way to reduce the antigenicity of a-LA and b-LG.
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cosylation of individual whey proteins by Maillard reaction using

dextran of different molecular mass. Food Hydrocolloid

21:433–443

30. Taheri-Kafrani A, Gaudin JC, Rabesona H, Nioi C, Agarwal D,

Drouet M, Chobert JM, Bordbar AK, Haertle T (2009) Effects of

heating and glycation of b-lactoglobulin on its recognition by ige

of sera from cow milk allergy patients. J Agr Food Chem

57:4974–4982

31. Corzo-Martı́nez M, Soria AC, Belloque J, Villamiel M, Moreno

FJ (2010) Effect of glycation on the gastrointestinal digestibility

and immunoreactivity of bovine b-lactoglobulin. Int Dairy J

11:742–752

394 Eur Food Res Technol (2011) 233:387–394

123


	Effects of Maillard reaction conditions on the antigenicity of alpha -lactalbumin and beta -lactoglobulin in whey protein conjugated with maltose
	Abstract
	Introduction
	Materials
	Methods
	WPI--maltose system
	Brown color development and free amino groups analysis
	SDS--PAGE analysis
	Indirect competitive enzyme-linked immunosorbent assay (ELISA)
	Experimental design and statistical analysis

	Results and discussion
	Changes of color
	Changes of free amino groups
	SDS--PAGE analysis of WPI--maltose conjugates
	Assessment of models of antigenicity of WPI for three independent variables
	Effect of Maillard reaction conditions on antigenicity of alpha -LA in WPI/maltose conjugates
	Effect of Maillard reaction conditions on antigenicity of beta -LG in WPI/maltose conjugates

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


