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ABSTRACT 

In this study, we explored the effect of the glycosyla-

tion of soybean protein isolate (SPI) with maltodex-

trin (MD) on its functional properties. Glycosylation 

with MD was confirmed from the changes in the free 

amino content and by polyacrylamide gel electropho-

resis. With increasing time, the degree of glycosyla-

tion (DG) of the products gradually increased from 

8.35% to 12.81%. Glycosylation significantly im-

proved the solubility of SPI from 52.62% to 77.18% 

and altered the secondary structure of the samples, 

resulting in a reduction in the number of α-helices, β-

turns, and random coils and an increase in the number 

of β-sheets. We also investigated the microbial 

transglutaminase (MTG)-induced SPI-MD conjugate 

gel properties. The SPI glycosylated with MD forms 

a gel after treatment with MTG, and, with increasing 

glycosylation time, the gel strength increased from 

91.83 to 219.23 g and water holding capacity gradual-

ly increased from 72.13% to 89%. The storage modu-

lus (G') and loss modulus (G") of the glycosylated 

SPI gels were improved with increasing glycosylation 

time, and a denser and more homogeneous gel net-

work was formed.  

 

Keywords: soy protein isolate; maltodextrin; glyco-

sylation; microbialtransglutaminase; gel. 

 

1. INTRODUCTION 

Soybean protein isolate (SPI) is not only high in nu-

tritional value but also has many good functional 

properties, such as solubility, foaming, emulsifying, 

gelation, and water holding capacity [1]. Of these 

functional properties, the gel properties play an im-

portant role in determining the texture of the final 

foodstuff, such as soy products. Therefore, it is of 

great significance to study the gelation of soy pro-

teins. However, the gelling of SPI is affected by 

many factors, which results in many uncertainties in 

the industrial production of soy protein gel products. 

For example, Tang et al. found that heat-induced ge-

lation of soy proteins was not easily controlled, re-

sulting in the formation of gels that were often stiff 

and coarse [2].  

 

SPI can be modified by various methods to improve 

its functional properties. Among the multiple modifi-

cation methods, glycosylation is promising because it 

is natural and results in a harmless product. Glycosyl-

ation is a covalent cross-linking reaction between the 

ε-amino acids of a protein and the carbonyl groups of 

sugar chains under controlled temperature and humid-

ity [3]. After modification, the steric hindrance of the 

protein is enhanced, the number of monomers re-

quired for the formation of aggregates when the pro-

tein is in the pre-gel state is decreased, the intermo-

lecular hydrophobic interactions are increased, and 

the gel network structure forms more easily [1]. Ad-

ditionally, the glycosylation of proteins affects the 

strength and textural properties of protein gels [4, 5, 

6].  

 

In glycosylation, polysaccharides are often used to 

form protein–polysaccharide systems for the prepara-

tion of biopolymer gels with different properties. 

Zhang et al. [7] characterized a β-conglycinin–

dextran conjugate. Glucomannan, xanthan gum, and 

oligochitosan have also been combined with soy pro-

tein for glycosylation to improve the functional prop-

erties of the final gels [1, 8, 9]. When there are a large 

number of reducing sugars and proteins in a food sys-

tem, browning reactions are easily caused by high 

temperature treatment. Because of the low dextrose 

equivalent value (DE) of maltodextrin (MD) and the 

low degree of browning reactions, MD was chosen as 

a raw material for the glycosylation reaction in this 

study.  

 

The gel was prepared using a cross-linking agent, in 

this case, MTG, which results in the formation of a 

gel network with high mechanical strength and good 

stability [4, 10]. Of the many methods for preparing 

soy protein gels, MTG cross-linking of soy protein 

gel is more readily accepted than other methods be-

cause it is environmentally friendly and nontoxic. 

Furthermore, there are few reports concerning the 

formation of gels and the gel properties of MTG cross

-linked SPI-MD glycosylation products.  

 

In this study, we used SPI and MD as the protein and 

polysaccharide, respectively, for conjugation. The 

protein–polysaccharide conjugate was induced to 
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form a gel by MTG. Some functional properties of 

the modified products were evaluated, and the proper-

ties of the MTG-induced gel were investigated. The 

results of our study should be useful in future studies 

of modified proteins with food applications. 

 

2. Materials and methods 

2.1. Materials 

SPI (>90% protein) was obtained from Kunhua Rea-

gent Company, Henan, China. MD was provided by 

Shanghai Kangda Food Engineering Co., Ltd. MTG 

was purchased from Yiming Biological Products Co., 

Ltd., Jiangsu, China. Glycine, Tris, bovine serum al-

bumin (BSA), 1-anilino-8-naphthalene-sulfonate 

(ANS), and Coomassie Brilliant Blue G-250 were 

purchased from Solarbio Science & Technology Co., 

Ltd., Beijing, China. Other chemicals were supplied 

by Sinopharm Chemical Reagent Co., Ltd., Shanghai, 

China. All other chemicals were analytical reagent 

grade. 

 

2.2. Preparation of the SPI-MD glycosylation 

product 

The SPI-MD glycosylated product was prepared by 

wet heating. The SPI and MD were dissolved in dis-

tilled water in a 1:2 ratio and stirred at 25 °C for 2 h 

with an electric mixer. The mixture was placed in a 

magnetically stirred water bath at 95 °C for reaction 

for 0, 1, 2, 4, 6, 8, and 10 h. After the reaction had 

completed, the samples were cooled immediately in 

an ice bath and centrifuged at 8000 r/min for 20 min 

(Hitachi Ltd., Tokyo, Japan). The resulting superna-

tant was freeze-dried and ground. All samples were 

stored in a 4 °C refrigerator before further treatment.  

 

2.3. Determination of the degree of glycosylation 

The DG of the SPI-MD glycosylation product was 

assessed by measuring the number of free amino 

groups that the SPI reduced after the Maillard reac-

tion using the modified o-phthalaldehyde (OPA) 

method [11]. The preparation of the OPA reagent was 

slightly modified following the method of Guan et al. 

[12]. Briefly, 200 μL sample solution (protein content 

of 2.5 mg/mL) and 4 mL of freshly prepared OPA 

reagent mixture were placed in a water bath 

(Changzhou Guohua Electric Appliance Co., Ltd., 

Changzhou, Jiangsu, China) at 35 ℃ for 3 min. Then, 

the absorbance of the solution was measured at 340 

nm. The content of free amino groups was calculated 

using a standard lysine calibration curve. The DG was 

determined as 

 

DG = [(A0 - A1)/A0] ´ 100%,       (1) 

 

where A0 and A1 are the absorbances of the solutions 

before and after glycosylation, respectively. 

 

2.4. SDS-PAGE of the glycosylation product 

Sodium dodecyl sulfate polyacrylamide gel electro-

phoresis (SDS-PAGE) was conducted in a discontinu-

ous buffered system based on Laemmli’s method us-

ing 12% separating gel and 5% stacking gel [13]. The 

sample was dispersed in 0.125 M Tris-HCl buffer (pH 

6.8) (1.0% w/v SDS, 2.0% v/v b-mercaptoethanol, 

0.25% (w/v) bromophenol blue, and 5% (v/v) glycer-

ol). The current is set to 20mA in the electrophoresis 

process, and the current is set to 40mA after the sepa-

ration. After electrophoresis, the gel sheets were 

stained with Coomassie Brilliant Blue R-250 and pe-

riodic acid–Schiff (PAS) stain, respectively. The pro-

tein stain was destained and photographed, and the 

changes in the subunit bands were observed.  

 

2.5. Determination of the solubility of the glycosyl-

ation product 

The solubility of the glycosylation product was deter-

mined based on the nitrogen solubility index (NSI 

(%)). First, a sample was prepared with distilled wa-

ter to make a 1% sample solution, shaken for another 

10 min, and then centrifuged until the solution pro-

duced a supernatant. The Coomassie Brilliant Blue 

method was used to calculate the protein content in 

the supernatant [14]. BSA was used to obtain a stand-

ard curve. The solubility of the glycosylation product 

was calculated based on the ratio of the protein con-

tent in the supernatant to the total protein content in 

the solution. 

 

2.6. FTIR spectra of the glycosylation product 

A freeze-dried sample, as described in Section 2.2, 

was ground to a uniform powder using a mortar and 

pestle and sieved through a 120-mesh sieve to yield 
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fine granules. The FTIR spectrum of the powder was 

assessed using a Nicolet 6700 FTIR spectrometer 

following the method of Alvarez with slight modifi-

cations [15]. The sample and KBr were mixed and 

ground in appropriate proportions using an agate 

mortar. A 1–2-mm thin sheet was formed using a hy-

draulic press. The measurements were carried out 

from 4000 to 400 cm-1, and the number of scans was 

64. The secondary structure changes in the amide-I 

bands from 1600 to 1700 cm-1 were analyzed using 

Omnic 6.0 and PeakFit 4.12. The baseline was cor-

rected and then subjected to deconvolution and sec-

ond derivative fitting. The ratios of each secondary 

structure according to the peak area were calculated. 

 

2.7. Preparation of MTG-induced SPI-MD gels 

MTG (40 U/g) was added to the glycosylated sam-

ples (Section 2.2), and the pH of the solution was 

adjusted to 7.5. The dispersions were incubated in 

water baths at 45 °C for 1 h, and, then, the MTG in 

the samples was inactivated by heating at 90 °C for 

10 min [16]. The MTG-induced SPI-MD gels were 

stored at 4 °C in a refrigerator overnight to stabilize, 

and, subsequently, the water holding capacity and gel 

strength were determined. 

 

2.8. Determination of gel strength 

The gel strength of the MTG-induced SPI-MD gels 

was examined using a TA-XT Plus (Texture Technol-

ogies) texture analyzer according to the method of 

Campbell [17] and using a P/0.5 diameter probe at-

tachment. The glycosylated gels were penetrated at a 

constant speed of 4.0 mm/s to a maximum target 

depth of 8 mm with a trigger force of 10 g. The gel 

strength was defined as the maximum force required 

to puncture the gel.  

 

2.9. Water holding capacity 

The water holding capacity (WHC) of the MTG-

induced SPI-MD gel was measured according to the 

method of Qin et al. [18] with slight modifications. 

Portions (4 g) of the gels were placed in 10-mL cen-

trifuge tubes and centrifuged at 8000 r/min for 15 

min at 4 ℃. Following centrifugation, the water was 

removed and the tubes and samples were weighed. 

The WHC was computed as 

WHC = (Wt - Wr)/Wt × 100 %,       (2) 

 

where Wt is the total weight (g) of water, and Wr is 

the total weight (g) of the removed water. 

 

2.10. Rheological properties of the glycosylation 

product 

The rheological properties were determined using the 

method of Sun and Arntfield [19] with some modifi-

cations, and the dynamic gelation properties of the 

SPI-MD glycosylation products prepared at different 

reaction times were examined using a DHR-3 rheom-

eter (TA Instruments, Leatherhead, UK). The rheom-

eter was equipped with parallel plates and the tem-

perature of the parallel plate was maintained at 45 °C. 

The gap between the two plates was set to 1.0 mm. 

MTG (40 U/g protein) was added to the sample solu-

tion described in Section 2.2. Then, after stirring for 

1 min, a sample solution of 1 mL was dropped onto 

the parallel plate and the dynamic oscillation test was 

started immediately. Samples were heated from 25 to 

95 °C at a speed of 5 °C/min, kept at 95 °C for 10 

min, and cooled to 25 °C at a speed of 5 °C/min. The 

experiments were performed at an invariable strain of 

0.01% and oscillatory frequencies from 0.01 to 10 

Hz. The storage modulus G' and loss modulus G'' 

were recorded.  

 

2.11. Scanning electron microscopy  

The gels described in Section 2.7 were cut into 

squares and freeze-dried. The second-order structure 

of the lyophilized gel samples was slightly modified 

according to the method of Chin et al. [20]. The sam-

ple was treated by gold sputtering before the second-

ary structure was observed, the processed sample was 

measured using a JSM-6490LV scanning electron 

microscope (JEOL Ltd., Tokyo, Japan) and the scan-

ning electron microscopy (SEM) images were ob-

tained using a 20-kV acceleration voltage. The imag-

es were used to observe the microstructure of the 

MTG-induced SPI-MD gels. 

 

2.12. Statistical analysis 

In this study, all experiments were performed in trip-

licate. The reported values are the averages of three 

parallel values, and the error line represents the 



Yan-Yan Zhao, Shui-Zhong Luo et al. 

———————————————————————————————————————————————————

WWW.SIFTDESK.ORG 585 Vol-4 Issue-1 

SIFT DESK  

standard deviation. Origin 8.5 and SPSS were used to 

fit the experimental data and carry out statistical anal-

ysis (P < 0.05) processing, respectively. 

 

3. RESULTS AND DISCUSSION 

3.1. Determination of the degree of glycosylation 

Glycosylation is the formation of a covalent bond 

between the free amino group of a protein and the 

carbonyl group of a reducing sugar. DG is a measure 

of the change in the number of free amino groups in 

solution and is often used to reflect the extent to 

which the glycosylation reaction has taken place [21]. 

The changes in the DG of glycosylated SPI at differ-

ent times are shown in Fig. 1. 

Figure 1. The DG for glycosylated SPI (SPI:MD = 

1:2, heated at 95 °C for 1, 2, 4, 6, 8, and 10 h, respec-

tively). The different letters at the top of the bars indi-

cate significant differences (P < 0.05). 

 

Fig. 1 shows that the DG of glycosylated SPI in-

creased at first and then decreased with increasing 

glycosylation time. The maximum degree of grafting 

was 12.81%, obtained at a reaction time of 4 h. As the 

glycosylation time increased further, the DG of the 

SPI reduced. This might be due to the fact that as the 

reaction time increases, SPI and MD fully react, and 

the DG gradually increases. However, as time goes 

on, the degree of protein denaturation increases, and 

protein re-aggregation occurs, leading to a decrease in 

the DG. 

 

3.2. SDS-PAGE analyses 

SDS-PAGE was performed to confirm the glycosyla-

tion reaction between SPI and MD [22]. The SDS-

PAGE results are shown in Figs. 2a and 2b. Com-

pared with the untreated SPI-MD (lane 1), the color 

of the bands corresponding to glycosylation products 

became weaker (a, lanes 2–6); meanwhile, new bands 

corresponding to higher-molecular-weight com-

pounds (conjugates) appeared near the top of the 

stacking gel and separation gel. In addition, there 

were many macromolecular substances that had low 

mobility and could not enter the gel. As shown in Fig. 

2b, with increasing glycosylation time, the number of 

macromolecules in part 1 (P1) increased. Compared 

with those of MD (lane T), the bands corresponding 

to the glycosylation products in P1 have a lighter col-

or, indicating that the SPI and MD underwent glyco-

sylation reactions. Several bands in part 2 (P2) be-

came weaker or disappeared. Staining with Coomass-

ie Brilliant Blue R-250 and PAS indicated that the 

conjugates were produced via covalent bonding. 

Based on the intensity of the staining color, the SDS-

PAGE results in Figs. 2a and 2b indicate that the pro-

tein re-aggregated over time and protein denaturation 

increased.  

Figure 2. SDS-PAGE profiles stained for proteins 

with Coomassie Brilliant Blue R-250 (a) and stained 
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for carbohydrate with periodic acid–Schiff stain (b). 

Lane M, standard protein markers; lane T, maltodex-

trin solution; lanes 1–6, glycosylation products pre-

pared with 5% (w/v) SPI solution, SPI:MD = 1:2, 

heated at 95 °C for 0, 2, 4, 6, 8, and 10 h, respective-

ly. 

 

3.3. Determination of solubility 

As shown in Fig. 3, the solubility of the glycosylation 

product first increased and then gradually decreased 

with increasing reaction time, and the solubilities of 

the modified samples were all higher than that of the 

unmodified sample, indicating that the glycosylation 

improves the solubility of the SPI. This is because of 

the covalent bond forming reaction between the SPI 

and the glycosyl groups in the initial stages of the 

glycosylation reaction, which results in more hydro-

philic groups, thus increasing the solubility. In con-

trast, with increasing exposure to heat as the reaction 

time increased, the protein was denatured. As a re-

sult, the solubility of the glycosylated product im-

proved, but, with further increasing reaction time, 

some protein molecules aggregated, the steric hin-

drance of the product increased, and the solubility 

decreased gradually. 

 

Figure 3. Solubility of glycosylated SPI (SPI:MD = 

1:2, heated at 95 °C for 1, 2, 4, 6, 8, and 10 h). The 

different letters at the top of the bars indicate signifi-

cant differences (P < 0.05). 

Table 1: Secondary structure constituents of different samples 

Samples Secondary structure components (%) 

α-Helix β-Sheet β-Turn Random coil 

0 h 22.51 ± 0.31a 35.96 ± 0.11d 19.99 ± 0.12a 21.54 ± 0.24a 

2 h 21.62 ± 0.25b 37.55 ± 0.43c 19.76 ± 0.45b 21.07 ± 0.36b 

4 h 20.99 ± 0.16c 38.86 ± 0.07a 19.56 ± 0.31d 20.59 ± 0.18b 

6 h 21.56 ± 37.77 ± 0.56b 19.63 ± 21.04 ± 0.15b 

8 h 21.59 ± 37.67 ± 0.19b 19.72 ± 21.02 ± 0.17b 

10 h 21.61 ± 37.64 ± 0.37b 19.72 ± 21.03 ± 0.09b 

3.4. FTIR spectroscopy  

FTIR analysis of the amide I band indicates the 

changes in the protein secondary structure of the sam-

ples, including α-helices (1650–1660 cm-1), β-sheets 

(1618–1640 cm-1) and (1670–1690 cm-1), β-turns 

(1660–1670 cm-1), and random coils (1690–1700 cm

-1) [23]. The amide I band in the FTIR spectra was 

deconvoluted, followed by second derivative fitting, 

to allow peak assignment and to calculate the propor-

tion of the different secondary structures after the 

glycosylation of SPI for different periods.  

 

As shown in Table 1, the data obviously indicate that 

the secondary structure of SPI changed after glyco-

sylation. Furthermore, compared with the secondary 

structure of the untreated sample (0 h), which con-

tained 22.51% α-helices, 35.96% β-sheets, 19.99% β-

turns, and 21.54% random coils, the α-helix, β-turn, 

Values are means ± SD from triplicate experiments. Different letters within a column indicate significant differ-
ences (p < 0.05) 
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and random coil contents in the glycosylated samples 

decreased slightly with increasing glycosylation time, 

but the β-sheet content increased markedly. However, 

the small difference might be due to the lower sec-

ondary structure contents in the samples because both 

the pre-glycosylation and glycosylated samples con-

tain highly soluble MD. Tay et al. [24] suggested that 

these modifications might alter the protein–protein 

interactions and WHC, thereby increasing the dy-

namic viscoelastic properties. Alvarez et al. [15] also 

found that changes in the contents of these secondary 

structures might alter the interactions between pro-

teins, as well as the WHC, thereby also increasing the 

dynamic viscoelastic properties of the protein gels. 

Compared with the α-helix structure, the other sec-

ondary structures have poor conformational stability, 

but the protein flexibility was significantly improved, 

which is beneficial to the functional properties of the 

protein. Thus, glycosylation changes the molecular 

structure of SPI, increasing the possibility of protein 

cross-linking by MTG. 

 

3.5. Gel strength and WHC 

The gel strength and WHC are two important proper-

ties of gels and show the protein–water interactions 

in the gel system. After glycosylation and the cross-

linking of MTG to form the SPI-MD gel, we ana-

lyzed the gel strength and WHC. The results of these 

analyses are shown in Fig. 4.  

Figure 4. Effect of glycosylation time (0, 2, 4, 6, 8, 

and 10 h) on gel strength and water holding capacity 

of the MTG-induced cross-linked SPI-MD gels. The 

different letters at the top of the bars indicate signifi-

cant differences (P < 0.05). 

 

The gel strength and WHC of the gel formed after 

glycosylation were significantly higher than that of 

the untreated sample (0 h), indicating that glycosyla-

tion significantly improved the gel strength and 

WHC of the MTG-induced SPI-MD gels. Because of 

the higher concentration of MD in the untreated sam-

ple, the MTG crosslinked gel network was weakened 

[25, 26]. In addition, it was concluded that the gel 

samples prepared by the 4-h treatment had the high-

est gel strength and WHC. The gel strength of the gel 

sample corresponds to its rheological properties (Fig. 

5a and 5b), indicating that the MTG cross-linked SPI

-MD glycosylation products form gels that are more 

stable and have higher gel strengths. 

 

3.6. Rheological properties 

A rheometer can be used to determine the change in 

the storage modulus, G', and the loss modulus, G'', of 

the protein gel. G' reflects the solid part of the sys-

tem, which is related to the elasticity of the gel, and 

G'' reflects the liquid part of the system, which is re-

lated to the viscosity of the gel [27]. After glycosyla-

tion and cross-linking with MTG to form a gel, the 

rheological properties of the SPI-MD gels prepared at 

different glycosylation times were analyzed, and the 

results are shown in Figs. 5a and 5b. The dynamic 

viscoelasticity was determined at 0.01% strain as a 

function of the oscillation frequency.  

 

As shown in Fig. 5a, the storage modulus (G') of the 

MTG-induced SPI-MD gel increased with increasing 

frequency. Similar results have been reported by Sit-

tikijyothin et al. [28], who reported that the G' value 

of β-lactoglobulin also increased with increasing fre-

quency. In addition, Wang et al. [29] reported that the 

G' value of wheat gluten increased with increasing 

frequency. Compared with those of the untreated 

samples, the G' values of the glycosylated gel sam-

ples were significantly increased over the entire fre-

quency range, as shown in Fig. 5a. The highest sam-

ple G' was obtained for the gel prepared over 4 h, and 

the change in G' for each treatment time correlated 

with the DG. The figure also shows that glycosyla-
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tion resulted in stronger MTG-induced SPI-MD gels. 

This might be due to the increased WHC of the gel 

after glycosylation, which increases the gel strength. 

Yang et al. [30] observed a linear relationship be-

tween G' and the WHC of MTG-induced SPI-MD 

gels.  

 

Similarly, the loss modulus (G") values are shown in 

Fig. 5b. As shown in Fig. 5b, the loss modulus (G") 

of the MTG-induced SPI-MD gel increased with in-

creasing frequency. The changes in G'' are generally 

consistent with the changes in G'. This indicates that 

the glycosylated samples have better gel properties 

than the untreated sample. In addition, the increase in 

G' and G'' in the gels might be caused by changes in 

the interactions between protein molecules. 

Figure 5. Frequency dependence of the storage mod-

ulus (G') (a) and frequency dependence of the loss 

modulus (G'') (b) of the glycosylated (0, 2, 4, 6, 8, 

and 10 h) MTG-induced cross-linked SPI-MD gels. 

Figure 6. SEM images (200 ´ magnification, scale 

bar =10 μm) of the glycosylated (0, 2, 4, 6, 8, and 10 

h) MTG-induced cross-linked SPI-MD gels: (A–F) 0, 

2, 4, 6, 8, and 10 h, respectively. 

 

3.7. Scanning electron microscopy 

SEM analysis can be used to assess the three-

dimensional network structure of the MTG-induced 

SPI-MD gels. Fig. 6 shows the SEM images of the 

glycosylated SPI-MD gels cross-linked by MTG at 

different times. As shown in Fig. 6, the non-

glycosylated gels have a rough and insignificant net-

work structure with irregular pores (Fig. 6A). In con-

trast, the glycosylated gels have high pore densities, 

smooth structures, and uniform gel networks (Figs. 

6B–F). The microstructure of the gel sample is relat-

ed to the gel modulus, G', (Fig. 5), gel strength, and 

WHC (Fig. 4). The more ordered network structure 

of the MTG-induced SPI-MD gel might result in 

higher gel strengths. In addition, Tay et al. [24] re-

ported that SPI can catalyze the formation of protein 

aggregates after heat treatment, which affected the 

microstructure of GDL-induced SPI gels. As shown 

in Fig. 6, the gel network reacted for 4 h had the 

smallest pores and most ordered network structure, 

whereas those prepared at longer glycosylation times 

(6, 8, and 10 h) had larger pores, consistent with the 

observed changes in the gel rheology. The differ-

ences in the structures of these three-dimensional gel 

networks may be caused by the different glycosyla-

tion times, which result in the dissociation of the free 

thiol and hydrophobic groups on the surface of the 

SPI-MD protein. Simultaneously, the dissociation 

promoted by disulfide bond formation and hydropho-

bic interactions results in a series of reactions, thus 

forming a dense and uniform gel network.  
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4. CONCLUSION 

The glycosylation of the SPI solution significantly 

improved the functional properties of SPI and the 

structural properties of the MTG-induced SPI-MD 

gels. DG and SDS-PAGE analysis confirmed that 

glycosylation had occurred. The solubility, rheologi-

cal, and gelation properties of SPI were improved by 

glycosylation. The experimental results show that the 

gel strength, storage modulus (G'), loss modulus 

(G"), and WHC were improved, and a denser and 

more uniform MTG-induced SPI-MD gel network 

was formed. Furthermore, there is a correlation be-

tween these factors. In addition, based on FTIR 

measurements, we found that glycosylation altered 

the secondary structure of the gel samples, which 

showed a reduction in α-helices, β-turns, and random 

coils and an increase in β-sheets. These results indi-

cate that glycosylation promotes the cross-linking of 

MTG by changing the structure of the protein. There-

fore, glycosylation can be used to promote the gela-

tion of MTG-induced SPI-MD gels and may expand 

their use in the food protein gel industry. 
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çAlves, Food Hydrocolloid. 24: 726-734 

(2010).  

[30] M. Yang, F. Liu and C. H. Tang, Food Res. Int. 

52: 409-418 (2013). View Article 

SIFT DESK JOURNALS                  Email: info@siftdesk.org 

https://doi.org/10.1016/j.foodres.2009.05.008
https://doi.org/10.1016/j.foodchem.2008.05.033
https://doi.org/10.1016/j.foodchem.2005.02.036
https://doi.org/10.1016/j.foodchem.2004.06.027
https://doi.org/10.1016/j.foodhyd.2011.04.011
https://doi.org/10.1016/j.foodhyd.2006.08.017
https://doi.org/10.1016/j.foodhyd.2004.06.004
https://doi.org/10.1016/j.foodhyd.2004.06.004
https://doi.org/10.1016/j.foodchem.2016.07.037
https://doi.org/10.1016/j.foodchem.2016.07.037
https://www.ncbi.nlm.nih.gov/pubmed/27507490
https://doi.org/10.1016/j.foodres.2011.11.012

	Transglutaminase-induced gelation properties of soy protein isolate glycosylated with maltodextrin
	ABSTRACT
	1.INTRODUCTION
	2. Materials and methods
	2.1. Materials
	2.2. Preparation of the SPI-MD glycosylation  product
	2.3. Determination of the degree of glycosylation
	2.4. SDS-PAGE of the glycosylation product
	2.5. Determination of the solubility of the glycosyl-  ation product
	2.6. FTIR spectra of the glycosylation product
	2.7. Preparation of MTG-induced SPI-MD gels
	2.8. Determination of gel strength
	2.9. Water holding capacity
	2.10.  Rheological  properties  of  the  glycosylation  product
	2.11. Scanning electron microscopy
	2.12. Statistical analysis

	3. RESULTS AND DISCUSSION
	3.1. Determination of the degree of glycosylation
	3.2. SDS-PAGE analyses
	3.3. Determination of solubility
	3.4. FTIR spectroscopy
	3.5. Gel strength and WHC
	3.6. Rheological properties
	3.7. Scanning electron microscopy

	4.CONCLUSION
	ACKNOWLEDGEMENTS
	REFERENCES

