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Optimization of preparation process of a—glucosidase
inhibitory activity peptide with microwave assisted enzymatic
hydrolysis reaction by response surface methodology

YU Li-na' ,DU De-hong’ ,ZHANG Chu-shu' ,BI Jie' , WANG Ming-qing' ,JJANG Chen',
YANG Qing-li*,PENG Ya-ping',YANG Zhen' ,SUN Jie" "

(1.Shandong Peanut Research Institute , Qingdao 266100, China;
2.Qingdao Agricultural University, Qingdao 266109 , China)

Abstract: In order to optimize the preparation process of a— glucosidase inhibitory activity peptide with microwave assisted
enzymatic hydrolysis reaction, cold pressed peanut protein powder was used as raw material , the a—glucosidase inhibitory rate of
a—glucosidase inhibitory activity peptide complexes obtained from enzymatic hydrolysis reaction was used as the index.On the
basis of single factor experiment, the process was optimized by response surface methodology and Box—Benhnken design. The
results showed that the optimum technological conditions were substrate concentration of 9.77% , enzyme dosage of 0.94% ,
temperature of 59 °C ,time of 10 min, pH value of 9.0, microwave power of 1000 W.The model predictive inhibitory rate under
this process condition was 84.80% . And the inhibitory rate of verification experiment was 90.21% + 0.93% .The difference
between the two values was 6.38% .The results provide a theoretical basis for studying the isolation, purification and application
of peanut a—glucosidase inhibitory activity peptide.

Key words: a—glucosidase inhibitory activity peptide ; response surface methodology optimization ; microwave assisted enzymatic
hydrolysis reaction ; a—glucosidase inhibitory rate
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Table 1  Factors and levels of response surface methodology
BES
K X, RIE X, R X X, If1a]
(%) (%) (€) (min)
-1 8 0.6 55 6
0 10 0.9 60 9
12 1.2 65 12
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] 3 mmol/L [Y) PNPG ¥ A 10 mL (175 Z1 5 (¥ ¥
BEESCAE N, 7E 37 CoRWE E MR K VA 10 ming ] B
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Fig.1 Effect of substrate concentration
on the a—glucosidase inhibitory rate
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Fig.2 Effect of pH value on the a—glucosidase inhibitory rate
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Fig.3 Effect of enzyme dosage

on the a—glucosidase inhibitory rate
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Fig4 Effect of temperature on the a—glucosidase inhibitory rate
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Fig.5 Effect of time on the a—glucosidase inhibitory rate
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PR, T BBV LS 1k S FARE , i8R 11 00 T 25 [E) A
R WA F R T TR M. 7340, TR
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ZEPHEE RIS R a2 Hh 2, 2545 1000 W AR Sy i [y
THT S 50 T T3 PR 2R Y [T (B

100.00

90.00 -

80.00

70,00~
60.00

50.00+
40.00

30.00+

20.00 -

10.00
0.00

IR (%

500 600 700 800 900 1000
PPN ZE(W)

B 6 TR T 2N co— 8 2 A BT A 23R 119 5 M

Fig.6 Effect of microwave power

on the a-glucosidase inhibitory rate

22 MMNEZITERS T

2.2.1 Box—Behnken SZE&45 R A5 8 K] 2 S 06 4%
S, pH AN T 38Xt oo— 87 25 B AT 11 S35 ) AN i
S5, T AR R ) I TR S 46 PRI 2R A IR R BE (X)) I
HBE(X,) VR (X)) FNES ] (X)), oo— 5 285 B 7 il 400 4]
M RAE (Y) , >R Design—expert 444 I8 Box—
Benhnken ZZEG U1 T 29 2H 3256, 24 ¢H S B A 5 52
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oo~ HHI A BE T B A AR TIME (Y ) Sy FH AR BR g — IR
CIVS P
Y = 84.44 + 028X, + 0.44X, —0.4X, + 1.79X, —
2.57X,X, —0.35X,X; -3.79X,X, —2.92X,X,-2.02X,X,
-4.53X,X, -5.01X,* —4.14X,> -3.57X,’> -5.14X,’
22 0 M Box—Benhnken SZIG I M 45
Table 2 Design and results of the response surface

methodology (RSM ) and Box—Behnken

i X Yo AT

ks

X, X,

MR (%)
1 -1 -1 0 0 69.98
2 1 -1 0 0 75.14
3 -1 1 0 0 78.38
4 1 1 0 0 73.27
5 0 0 -1 -1 67.48
6 0 0 1 -1 77.41
7 0 0 -1 1 80.87
8 0 0 1 1 72.70
9 -1 0 0 -1 68.88
10 1 0 0 -1 76.29
11 -1 0 0 1 79.25
12 1 0 0 1 71.49
13 0 -1 -1 0 74.54
14 0 1 -1 0 81.26
15 0 -1 1 0 7742
16 0 1 1 0 72.45
17 -1 0 -1 0 76.15
18 1 0 -1 0 78.68
19 -1 0 1 0 76.55
20 1 0 1 0 77.68
21 0 -1 0 -1 73.48
22 0 1 0 -1 76.02
23 0 -1 0 1 81.15
24 0 1 0 1 75.62
25 0 0 0 0 84.59
26 0 0 0 0 82.99
27 0 0 0 0 86.37
28 0 0 0 0 83.68
29 0 0 0 0 84.55

SR Ry B A Sl B B 1 g o S AR 2R o — T A HE
U1 i) 35 P UK T 25 B (B 3 O R A R L X Bl ) O
AT IT 2200 AL S PERGEG , S5 R Lk 3, sk 3 T
I, TZ S8 T R ST ) R 2 TR R HLA ) B Y
P (ARG FR A4 p < 0.0001) 5 2T p =0.1475 > 0.05
A BEEYRGE R R, =0.8314, FRIIAIRY I K
ZIA 83.14% 1 o— 48] 24 WH T Bl 10 1) 22 1 A2 Ak BE Fh itk
MR A7 i B s T RR AU 2 R R® = 0.9157, K W]
o— ) 220 WY TRV A1) SR ST B0 7 R X S 06 B UL R
B, PR AR A AT D TR SEBRAE Ol R RsE, AR )
AR R EL CV =2.59% , {5 M b ( Adeq Precision) &
11.179 >4 b 3R BHAR TR J7 FR 40L& BE 34T, i A T m]
T oo — ] 45 Bl A0 O 2R A BRS TN . R S G 36
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KWK 3) IR — IR R X, () X oo~ 75 2 0%
TR ) R A LR 2KV 7 B I 3 (p <0.01) 5 %5 IR
B F BRSNS e 1 JHG X S5 6 e 7 {52 W) ) o 22, P
R R DU 552 i i D, PRI I, 4% PR 3R X o~ A 25 B 1 il
I ASE AR BE /N Sy - B TR) > B > R > R
W o SEE I X X, XXy X oo ) A B AT ) A
B BN 5 (p <0.05) , X, X, X oo~ 55 2 B 1 B
il A B 52 BRI R BE 25 (p <0.01) , XX, X eo—HHi] 4
WEHE T ) 55 10 22 B A R 3 (p < 0.001) o Ik
X, XK, X R X, X oo— A B T A R 1 il
AW AR ik 25 (p < 0.001) ¢

K3 BRI T 255 B

Table 3 Variance analysis of regression model

Wx ViR AME 77 F{H Prob>F
intercept  603.73 14 43.12 10.86 <0.0001
X, 0.95 1 0.95 0.24 0.6327
X, 2.32 1 2.32 0.58 0.4576
X, 1.90 1 1.90 0.48 0.5009
X4 38.61 1 38.61 9.73 0.0075
X, X, 26.38 1 26.38 6.65 0.0219
X, X, 0.49 1 0.49 0.12 0.7307
X, Xy 57.53 1 57.53 14.49 0.0019
X, X, 34.12 1 34.12 8.60 0.0109
X, X, 16.25 1 16.25 4.09 0.0626
X, X, 81.94 1 81.94  20.64 0.0005
X, 162.61 1 162.61  40.96 <0.0001
X, 110.96 1 110.96  27.95 0.0001
X, 82.83 1 82.83 20.87 0.0004
X, 171.62 1 171.62  43.23 <0.0001
Bk 2= 55.57 14 3.97 / /
E=iveit 49.12 10 491 3.04 0.1475
4Rz 646 4 1.61 / /
payi| 659.3 28 / / /

R* =09157;R,,; =0.8314;CV (% ) =2.59;
Adeq Precision =11.179
1 :p<<0.05, W2 5 p < 0.01, %W = J¥ . 3 ; p < 0.001, 5%
Wi B . 2 5p > 0.05, LM AN 3%
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Fig.7 Effects of various factors on the a—glucosidase inhibitory rate

B AR B 25 A AR o — ] 4 08 T e 9O 3 P IR 0 B
TR SR IE 9.77% SN+ 0.94% JRIE
58.47 °C (B [E] 9.99 min, FE UL 554 T oo — ] %5 Bl T g
F I AR 750 T A8 Sy 84.80% o Sy A 6 N 3 T S Uy
LEIRMTSEVE ITLE G 5 I SEBR R AE AE R ME % T
SRS IE R R EE 9.77% I &L 0.94% IR E
59 °C B[] 10 min, $EA 7100 5 B 2 1 B il 25 A6 A
oc— ] e BT A0 ) 0 PR B SE 88 . 3 URCPAT LIRS
FN 14 o~ 8] 4 B8 BEHD ) %< 90.21% +0.93% ,
T IF S 56 (B 55 A5E 7R T 0 A 19 25 (B 2 6.38% , 158 B A5
B L5 S B 0 4L B, S UE T T TN A AR (1) 1E T
P PRI, i N T 9 X 1R A B AR 1 B o A e 2R
oo AR 2] W T A S R T 2 A S B AL = T
70,15 8 0 T2 A A SRR (B .
3 #Hit

DA BB A5 A A% G 04 7K W i 4, 3 3o e 17 TRT A
Box—Benhnken 2563040 T i 5 Bl Alcalase Jiff
i i) 2 AR A oo— T 20 Y A 0 P BRI T AR
PAFIIRALE T 20 IR 9.77% pH9.0 | i il
0.94% R 59 °C AfiE] 10 min %55 1000 W, %
FAE T2 T il A8 R K 72 X0 oo— 7 A B 1 i)
A 90.21% £0.93% % T. A AR I HAE 45 T Fif
fidt B2 B[], K B i B TR) R AR 50 3 h L 455k
10 min, 255 T B RCR , BEfE st m . Ao

122 20184 504141

AW B RIS P K RIF SR AN & it — 2B &
B X LB ) S 1 BRI T — ST IR AR
FEXTAEA oo A APHETT B )1 P AR 43 28 alifl (45
T 5 KOG R M BF TR P T B LA

Sk
[LTBSU, FMD USRS A BT Je 4 b5 48 g % A 89 BT L1
JE[J]. 2R3540 52,2017 ,36(4) :753-766.
[2] Mishra S, Mishra B.Study of lipid peroxidation, nitric oxide
end product,and trace element status in type 2 diabetes mellitus
with and without complications [ J ] . International Journal of
Applied and Basic Medical Research,2017,7(2) :88-93.
[ 3]Cadegiani F A,Silva O S.Acarbose promotes remission of both
early and late dumping syndromes in post—bariatric patients[J].
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy,
2016,9:443-446.
(4] £, R, SR AR, 5 B & ) & I R 3 1% b5 Rk
TERMNBLA a- B HAEFHG R LRI ERAF,
2017,38(6) :88-95.
[S]EAk, Z05, 28,5 KGR G T a- ) H4EF 847
B K EG ARG [T] .2 R4 ,2015,40(4) :315-321.
[6]7Kbh, X F 4k, TE 2248, 5 BE MRS F A & o H 4B
B AR a9 AT T[T ] o 5 ALK ,2016,32(11) :137-141.
[71Bk, 7%, b, F ol 5% G R o) 2485 87 ) Kk

(TF#:% 136 1)



I@%sﬂ@h‘«i

TEHM

Science and Technology of Food Industry

2015,17(3) :277-286.

[4] Goncalves JL, Roma EH, Gomes — Santos AC, et al.Pro—
inflammatory effects of the mushroom Agaricus blazei and its
consequences on atherosclerosis development [ J ] .Eur J Nutr,
2012,51(8) :927-937.

[5]0h TW,Kim YA, Jang WJ, et al.Semipurified fractions from
the submerged — culture broth of Agaricus blazei Murill reduce
blood glucose levels in streptozotocin—induced diabeticrats[ J].J
Agr Food Chem,2010,58(7) :4113-119.

(6] 208 dh AE A % 45 SPB a4 5 & LAl VL B e ah 4
F R [J]. A A4 ,2010,35(9) :236-238.

[7] Zhang J Y, Chen X G, Hu Z D, et al.Quantification of
noradrenaline and dopamine in Portulace oleracea L.by capillary
electrophoresis with laser — induced fluorescence detection|[J].
Analytica Chimica Acta,2002,471(2) :203-204.

[817RIE T .40 -F 45 B 24K % 4B 0 LR 28 M) 5 7 o 4048 SR I
VERAR[D] L& b AR K % ,2016:5-6.

(9124 % P4 545 & shie 25 MR AL 1546 A 3 AL HE
w9 AF R [ D]. M M K5 ,2013.2-3.

(104 ¥ 38, i 5ok, i b A, % . vf B B AT ik AR A 4B Ao 3
SHEILE TE[J]. A% Tk AH45,2016,37(9) :207-212.
[(NMJERK, AT A, REE . FEAT S ERAARE T L
e[ J].337 P B %K F R ,2016,18(9) :60-62.
[2]RAKX,F2%, FHA,F HHLIBOELRME
T EARE[T]. P B F Iy A 5 4 &,2013,19(12) :43-45.
[13]F & ARMKRIMIESRZ SBHLEHART[A]l FTEH
1111111111111+ 1111111111111 1111111111 ] -
(B35 122 7U)

45 B LRALR SR [T ] P EARE #4R,2016,31(8) :116-121.
[8] Yu L. N, Yang Q L, Feng J X, et al. Preparation and
antioxidant activities of peanut ( Arachin conarachin L.) protein
peptides by lactobacillus solid state fermentation method [ J ] .
Applied Mechanics and Materials,2014 ,668-669 :1573-1576.
[9]Yu L N,Yang W Q,Sun J,et al.Preparation, characterisation
and physicochemical properties of the phosphate modified peanut
protein obtained from Arachin Conarachin 1.[ J].Food Chemistry,
2015,170:169-179.

[10] Yu L N, Sun J, Liu S F, et al. Ultrasonic — assisted
enzymolysis to improve the antioxidant activities of peanut
(Arachin conarachin 1.) antioxidant hydrolysate[ J ] . International
Journal of Molecular Sciences,2012,13:9051-9068.

[11 ] Jimsheena V K. Arachin derived peptides as selective
angiotensin I — converting enzyme ( ACE ) inhibitors ; structure —
activity relationship[ J ].Peptides,2010,31(6) :1165-1176.

[ 12 ]Zhang S B.In vitro antithrombotic activities of peanut protein
hydrolysates[ J ].Food Chemistry,2016,202:1-8.

[13]Yu L N,Gong Q X, Yang Q L,et al.Technology optimization
on microwave—assisted extraction water soluble dietary fiber from
peanut hull and its antioxidant activity [ J].Food Science and
Technology Research,2011,17(5) :401-408.

[14]Zhang H C, Yu L N, Yang Q L, et al. Optimization of a
microwave—coupled enzymatic digestion process to prepare peanut
peptides[ J].Molecules ,2012,17 ;5661-5674.

[15] Rashed M M A, Tong Q Y, Nagi A, et al. Isolation of

essential oil from Lavandula angustifolia by using ultrasonic —

136 20184 504141

>.
&)

MFELS TERFARAAI L F
S HRE[CILYREAHF L TR
1-2.

[14] 2] &R A KA E P8 K 0 BRBAT[D]. Hrix.
Wrir Tk X 5,2013.3-4.
[I5]E2%,FFEX, KKk, 5 05 @ EheHs iR
B s ABLE T []]. A% Tk ,2014,35(6) :147-151.
[16] P A&, KE, F e mERRELE T EHBE
MR BLE T [)].F B2 5 ,2011,22(47) 4443-4446.

(17] 404, v A, &Y+, 5 FEMEBERENE T
). %8 K35 W . AR ,2013 ,37(4) :382-385.

(18] x4, S 4, R 3R By — BB ok ) 2 b AN B % 4B 4
FAHR[T]. 0% EE R ,2010,21(6) :1526-1528.

[19] =8, RAg s, 4 T4k, F v 2 @ kAL R b 245
$HERLE T H[]] A% T k,2014,35(10) :31-35.

[20]Liu C L, Lin T H, Juang R S.Optimization of recombinant
hexaoligochitin — producing chitinase production with response
surface methodology| J ].Carbohydrate Polymers,2013,62(10) :
518-522.

[21]Ghorbel B O, Hajji S, Younes I, et al.Optimization of chitin

extraction from shrimp waste with Bacillus pumilus Al using

JUJa - B RR ) F AR
KRR E 42,2010,

k)
W

Vs

response surface methodology [ J ] .International Journal of
Biological Macromolecules,2013,61(2) :243-250.

[22]3KAL9, S5 A8 , AR K, 5 . of0 B2 @ AR AL Ty ol vt % 5 R
RBRIEERLRBEAFRFAR[]] AARRSAL,2014,30
(4):233-239.

1111111111111 1111111111111 1111111111111

microwave assisted method preceded by enzymolysis treatment,
and assessment of its biological activities[ J].Industrial Crops &
Products,2017,100:236-245.

[16]k =, 45, K—W., 5 AR @ ERALEREGR a-H
B AR A ) KB A AR [T ] P B RS 3R ,2016,16(4)
137-144.

[17] bk, 2, & 8%, % A Trapw@int 2458
AR BT LA T[] A T AH3,2016,37(10)
236-241.

[18] Wang L, Liu H Z, Liu L, et al. Prediction of peanut protein
solubility based on the evaluation model established by supervised
principal component regression [ J ].Food Chemistry,2017,218;
553-560.

[19]34, A F), fe-EH, 5 KGR TBE X5 &0 & 8
IR G MM AR g Frm [ ] 4 R A K 53R ,2017,36(1)
103-109.

[20] 235, 2, B 5%, 5 vh o @ ik A AL i SEAT # F AL
B L LR LR = i AR R ey F AR [T] A T Ak A
#,2017,38(5) :264-268 ,273.

[21] Bpksy, T4, 238 MBI kR AR QEMNE
wyAFs [ J]. P B Ag,2017,22(1) :93-98.

[22 ] Moreira M M, Barroso M F,Boeykens A , et al.Valorization of
apple tree wood residues by polyphenols extraction: comparison
between conventional and microwave — assisted extraction [ J ] .

Industrial Crops & Products,2017,104 :210-220.

(23] F 4R, F b &, 05, F L5 8 NaOH T 242 5 i
RALAT B AL R ey AE A0 [J]. 5T B £ 48 9R ,2012,30(7) :46-50.



	023
	001

