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Optimization of compound neutral enzymatic hydrolysis of
B —lactoglobulin in whey protein
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Abstract: The purpose was to optimize the production of hydrolyzed whey protein by double enzyme hydrolysis technology and

to explore the optimal process of B—lactoglobul hydrolysis under moderate hydrolysis conditions. The enzymatic hydrolysis of

whey protein with F— Neutral protease and G- Neutral protease was optimized using a Box— Behnken design with response

surface methodology.The 8- lactoglobulin hydrolysis rate of whey protein hydrolysate was 58.99% +0.02% when the optimal

hydrolysis conditions were established as follows: 0.44% ( equivalent to 2672.32 U/g) F - protease 0.08% ( equivalent to

362.24 U/g) G-protease and hydrolysis at 55.2 °C which represented a maximum value over that reported for commercial

whey protein hydrolyzate.Mass fraction of molecular weight 1000~180 u was 51.76% and the free amino acid was 2.34%

significantly lower than the market similar products.

Key words: whey protein; complex neutral protease; 8- lactoglobulin hydrolysis rate; molecular weight distribution; response

surface methodology
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o WPC80 1:9
F G
( Neutral protease F F 04%  0.07%
Neutral protease G G ) B- 450 r/min-~ 40
45.50.55.60 °C
12.1 B-
( 10% .
) 1.23 F WPC80
B- 1:9 E /S 0.4%
£ F 450 r/min
o 55 C 2 h
1i 1 mol/L NaOH pH 6.8~7.0
1.1 85 °C 10 min 50 C
Neutral protease F 607345.5 U/g °
; Neutral protease G 452800 U/g 1.2.4
: WPCS0 ( TNBS) e
80.2% ; 1.2.3 1.25 pB- SDS—-PAGE
3 ; B—La( ) . S B
( Marker) . Tris — Base. C B- (%) =( B-
(MW12384) . ( MW1450) . - - - B~ )/ B~
- ( MW451) . - - x 100
( MW189) Sigma . 1.2.6
T6 - °
- MIL1602 : 1 TSKgel 2000 SWXL 300 mm x
LSHZ— 300 : 7.8 mm : : : 45:55: 0.1
BUCHI B —370 BUCHI : (V/V) UV220 nm 0.5 mL/min
1200 ; iMark Mini— 30 C.
PROTEAN . - 1 mg/mL
1.2 2 mL 10 mL
1.2.1 WPC80 1:9 °
450 t/min (1g Mr)
2 h 1 mol/L NaOH °
pH 6.8 ~7.0 85 °C 1.2.7 Box—Behnken
10 min 50 °C i Box— Behnken
122 B- F
1221 F B -G
WPC80 1:9
G 1.
0.08% E /S 0.1% - 1
0.2% .0.3% .0.4% ~0.5% 0.6 % F Table 1  Coded values and corresponding real values of
55 C 1.2.1 the optimization parameters tested in response surface analysis
F B
¥ : -1 0 1
1222 G B AF (%) 03 04 0.5
WPCs0 1:9 BG (%) 0.04 0.07 0.10
¥ c (C) 50 55 60
0.4% E /S 0.03% -
0.05% 0.07% -0.09% .0.11% G 1.3
55 «C 1.2.1 Design — Expert7.0 ( Static Made Easy
G B- Minneapolis MN USA) o
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Table 2 Box-Behnken experimental design :%_'
and results for response surface analysis %
T ;;’::i'[;,::;f;;;gq:;ag»::c,:
Y: g- o '—'Lf,fj’;;:.3’-‘::”—‘:3"3;'::*u
A B c S ﬂ o
i it
1 -1 -1 0 54.91 i 2 ’_,jg:,j:gjf
B 4 0.50
2 1 1 0 57.41 40 45 o
3 -1 1 0 55.27 A\
4 1 1 0 58.24
5 -1 0 -1 50.84 4 F C B
6 1 0 -1 54.08
L -1 0 ! 52.02 Fig4 Response surface plot for the effect of cross—interaction
8 1 0 1 54.40 ) .
between F—protease concentration and G- protease
9 0 -1 -1 54.06 . .
concentration on 8—Lg hydrolysis rate
10 0 1 -1 54.02 _
11 0 -1 1 54.50 ;%
12 0 1 1 54.74 43
'{’ OISR
13 0 0 0 58.89 i Y
14 0 0 0 59.17 g BRI |
15 0 0 0 58.65 &
Y
16 0 0 0 58.34 60.00
17 0 0 0 58.7
; F
B— G
. F B- B-
G Fig.5 Response surface plot for the effect of
. cross—interaction between F—protease concentration
5. 6 F G and hydrolysis temperature on 8- Lg hydrolysis rate
B- p- :
B-
F 0.44% (
3
Table 3 Analysis of variance for the fitted regression model
F P
105.80 9 11.76 159.36 <0.0001 ok
A 15.37 1 15.37 208.40 <0.0001 *k
B 0.24 1 0.24 3.27 0.1133
C 0.88 1 0.88 11.99 0.0105 *
AB 0.055 1 0.055 0.75 0.4156
AC 0.18 1 0.18 2.51 0.1574
BC 0.020 1 0.020 0.27 0.6221
A’ 15.10 1 15.10 204.70 <0.0001 *%
B 0.67 1 0.67 9.08 0.0196 *
(o8 68.09 1 68.09 922.98 <0.0001 *k
0.52 7 0.074
0.14 3 0.047 0.49 0.7051
0.38 4 0.094
106.32 16
R 0.9951
R 0.9889
P (p<0.05); ** (p<0.01) .
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Fig.6 Response surface plot for the effect of cross—interaction
between G—protease concentration and hydrolysis

temperature on B—Lg hydrolysis rate
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Fig.7 HPLC diagram of whey protein hydrolyzate
01 HPLC
2 F HPLC
3 F G HPLC o
4
Table 4  The analysis result of molecular weight distribution
F F G
(u) ( WPCS0 %) (%) (%)
> 10000 55.19 28.88 19.61
10000~3000 8.99 7.61 5.98
3000~2000 19.09 5.52 6.40
2000~1000 10.33 12.62 13.91
1000~500 2.75 13.67 18.88
500~180 1.63 25.16 32.88
<180 2.03 6.54 2.35

Vol.38,N0.08,2017
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Fig.8 Electrophoresis results of whey protein

concentrate before and after hydrolysis
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Table 5 Comparison of key indicators among different brands of whey protein hydrolyzate

(%)

B_
(%)

1000~180 u
(%)

<180 u
(%)

10.02 £0.20
11.38 £0.15
12.64 +£0.18
9.57 £0.11

62 +0.23
53.53 £0.19
58.61 £0.31
45.32 £0.27

51.76
44.24
48.96
37.53

2.34
5.92

14.22
14.8

8
10000 u
WHP1.WHP2 . WHP3 B-
60% 73% 55% 62.6%
10%

B .1000~180 u
( <180 u) 5 .
5
B 60%

1000~ 180 u
( <180 u)

Box— Behnken
B-

F 0.44% . G 0.08% -
552 °C B-
58.99% +0.02% .

1000~180 u

208 o17z%088 )

1 Guo H Kong BH.Health and Function Food M .Harbin:
Heilongjiang science and technology press 1996.

2 Adler— Nissen J. Enzymic hydrolysis of food proteins M
London UK: Elsevier Applied Science Publishers 1986.

3 Renate Jonker Nicolaas EP Deutz et al. Hydrolyzed casein
and whey protein meals comparably stimulate net whole — body
protein synthesis in COPD patients with nutritional depletion
without an additional effect of leucine co—ingestion J .Clinical
Nutrition 2014 33(2) :211-220.

4 Argyri K Theophanidi A Kapna A et al. Iron or zinc
dialyzability obtained from a modified in vitro digestion procedure
compare well with iron or zinc absorption from meals J .Food
Chemistry 2011 127(2) : 716-721.

5 Caroline Mellinger—Silva Luisa OL Rosa et al.Dual function
peptides from pepsin hydrolysates of whey protein isolate J
International Dairy Journal 2015 48:73-79.

6 Tavares Tania Contreras et al.Novel whey—derived peptides
with inhibitory effect against angiotensin— converting enzyme: In
vitro effect and stability to gastrointestinal enzymes J .Peptides
2011 32:1013-1019.

7 DERECK E W C GEOFFREY S PETER R et al.Bioactivity
of B - Lactoglobulin and « - lactalbumin — Technological
Implications for Processing J .International Dairy Journal 2006
16( 11) : 1229-1240.

8 Barros RM Malcata FX.Molecular characterization of peptides
released from B-lactoglobulin and a—lactalbumin via cardosins A
and B J .Dairy Sci 2006 89(2) :483-494.

9 Lucia de la Hoz Vera S Nunes da Silva et al.Small peptides
from enzymatic whey hydrolyzates increase dialyzable iron J .
International Dairy Journal 2014 38(2) :145-147.

10 WEBB K E.The Developments in Gastrointestinal Absorption
Tissue Utilization of Peptides J .Dairy Science 1993 76( 1) :
351-361.

11 ) J.
1994 15(11) : 65-67.
12 .
J. 2009( 6) : 35-37.
13 . B-
J. 2015 43(4) :10-12.



