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pH
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167% 22.68% 13.8% 7.35 2.47 0.28

Study on Modification of Functional Properties of Malt Protein with Alcalase

XIAO Lian-dong HUANG Xue-zheng WEI Dong

(College of Biochemical Engineering, Nanyang Institute of Technology, Nanyang      473004, China)

Abstract Through controlling the degree of hydrolysis, some functional properties of malt protein were improved by means

of enzymatic modification with alcalase in this study. The effects of alcalase amount, pH, hydrolysis time and temperature on

functional properties of malt protein were investigated in single-factor test, and then except temperature that was confirmed to

be 45  in single-factor test, three other hydrolysis conditions were further optimized via orthogonal test, as follows: alcalase

amount 4000 U/g, pH 10, and hydrolysis time 15 min. After enzymatic modification under the above conditions, the foamability,

water solubility and emulsifying capacity of malt protein reach 167%, 22.68% and 13.8%, respectively, which are improved by

7.35 times, 2.47 times and 0.28 times than before, respectively.
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1.2

PHS-3C pH

721

BS110S

Sartorius

1.3

1.3.1

1 0 0

95% :0.05mol/L 2:1

1:30 60min

[ 2 ]

1.3.2

0.5g 10 20ml

30min

5min 0.1mol/L

pH

0.05mol/L pH

100

3min NaOH

( 1 0 0 0

2000 3000 4000 5000U/g ) pH (8 9 10

11 12) (5 10 15 20 25min)

(35 40 45 50 55 )

1.3.3

L9(34)

1

A pH B (min) C (U/g)

1 9 10 2000

2 10 15 3000

3 11 20 4000

Table 1   Factors and levels of orthogonal test for optimizing

hydrolysis conditions of malt protein

1.3.4

550 105

1.3.5 (DH) [5]

p H

pH

0.05mol/L NaOH pH pH

             1        1           1
(%)=B Mb 100

 Mp htot

B NaOH (ml) Mb NaOH

(mol/L) 1/ 2.26 Mp htot

(mmol/g pro) 8.2

1.3.6

[2 ]

1.3.7

[6 ]

2.1

2 3

75.49%

(%) (%) (%) (%)

8.36 4.11 28.98 7.25

5.29 7.32 75.49 8.54

Table 2   Components of brewer s spent grains and malt protein

(%) (%) (g/g) (ml/g) (%)

20.0 6.54 4.44 2.0 10.80

Table 3   Functional properties of malt protein before

modification
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2.2.1

pH10 10min 45
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3000U/g

4000U/g

3000U/g

3000U/g

2.2.2 pH

3000U/g 10min

4 5 p H 8 9 1 0 1 1 1 2

5

DH

(U/g)  (%)  (%)  (%) (g/g) (ml/g) (%)

1000 9.14 90 12.47 3.24 1.48 5.3

2000 12.81 100 14.43 3.97 1.67 7.1

3000 15.15 130 21.72 4.18 1.71 10.2

4000 15.11 76 20.04 4.09 1.92 10.0

5000 15.06 40 18.80 4.07 0.74 3.7

Table 4   Effects of alcalase amount on functional properties of

malt protein

pH DH(%) (%) (%) (g/g) (ml/g) (%)

8 5.78 72 7.48 3.19 1.25 6.2

9 14.27 88 15.69 3.63 1.54 7.8

10 14.76 150 19.87 4.21 1.82 8.4

11 13.14 116 19.47 4.05 1.43 10.4

12 12.82 80 11.66 3.89 1.38 8.1

Table 5   Effects of pH value on functional properties of malt

protein

5 pH 10

pH10

p H 1 0

pH

pH10 pH

1 0

2.2.3

3000U/g pH10 45

5 10 15 20 25min

6

DH

(min) (%) (%) (%) (g/g) (ml/g) (%)

5 6.06 80 8.87 3.84 1.30 3.8

10 13.14 104 13.45 4.26 1.95 7.5

15 16.33 124 19.12 4.31 1.87 10.9

20 16.37 117 18.97 4.37 1.05 11.3

25 16.48 120 17.49 3.82 0.87 11.0

Table 6   Effects of enzymatic hydrolysis time on functional

properties of malt protein

DH

( ) (%) (%) (%) (g/g) (ml/g) (%)

35 15.38 115 18.05 3.76 1.56 8.9

40 15.95 117 19.64 3.82 1.64 9.6

45 16.27 121 20.06 3.79 1.66 10.4

50 16.77 113 19.72 3.68 1.58 11.7

55 15.92 110 17.88 3.01 1.48 10.2

Table 7   Effects of enzymatic hydrolysis temperature on functional

properties of malt protein

6

15 25min

15min

20min

1 5 m i n

2.2.4

3000U/g pH 10 15min

3 5 4 0 4 5 5 0 5 5

7

7

45 50

5 0

45 45

2.3

8

8

A C B A2B2C3

45 pH10 15min

4000U/g 16.18%

167% 22.68% 3.98g/g

1.28ml/g 13.8%
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A B C
D H

(%) (%) (g/g)(ml /g ) (%) (%)

1 1 1 1 1 8 1 9 . 2 8 3 . 0 3 1 . 0 2 9 . 3 8 . 1 3 5 8 . 5 0

2 1 2 2 2 9 2 1 3 . 2 9 3 . 4 2 0 . 9 8 7 . 6 1 7 . 8 96 2 . 1 9

3 1 3 3 3 8 4 1 2 . 3 1 3 . 1 4 1 . 0 5 1 0 . 7 1 9 . 2 16 4 . 4 5

4 2 1 2 3 1 3 9 2 0 . 8 4 4 . 0 7 1 . 5 6 1 1 . 6 1 8 . 9 29 0 . 7 2

5 2 2 3 1 1 6 7 2 2 . 6 8 3 . 9 8 1 . 2 8 1 3 . 8 1 6 . 1 89 4 . 8 8

6 2 3 1 2 1 4 5 1 8 . 8 2 4 . 2 2 1 . 5 1 1 0 . 9 1 8 . 7 58 8 . 7 0

7 3 1 3 2 1 2 1 1 6 . 0 9 4 . 3 1 1 . 0 6 1 0 . 2 1 6 . 8 07 7 . 0 5

8 3 2 1 3 1 2 4 1 5 . 2 7 3 . 5 8 1 . 2 1 9 . 6 1 2 . 4 87 4 . 3 5

9 3 3 2 1 1 3 0 1 7 . 0 2 3 . 2 6 1 . 1 5 1 0 . 4 1 5 . 5 97 5 . 5 2

K 1 6 1 . 7 1 7 5 . 4 2 7 3 . 8 5 7 6 . 3 0

K 2 9 1 . 4 3 7 7 . 1 4 7 6 . 1 4 7 5 . 9 8

K 3 7 5 . 6 4 7 6 . 2 2 7 8 . 7 9 7 6 . 5 1

R 2 9 . 7 2 1 . 7 2 4 . 9 4 0 . 5 3

Table 8   Results of orthogonal test and range analysis

7.35 2.47 27.8%

2.4

Kuehler [7]

Bigelow [8]

( NH 3 COO )

[ 4 ]

3.1

45 pH10

4000U/g 15min 16.18%

3.2

7.35 2.47

2 7 . 8 %
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