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Preparation and Stability Characterization of Gliadin Hydrolysates from

Bitter Almond Kernels with a-Glucosidase Inhibitory Activity
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Abstract: The optimal protease for preparing bitter almond kernel gliadin-based a-glycosidase inhibitory hydrolysates (AGIH) was determined
according to the inhibition rate and degree of hydrolysis. Based on the o-glycosidase inhibition rate, optimal process parameters for AGIH preparation,
including the substrate concentration required, amounts of enzymes added, pH, temperature, and duration, were examined in single-factor and response
surface experiments. The physical stability (against pH and temperature) and gastrointestinal stability of the resulting AGIH were characterized. Papain
was found to be the optimal protease; the optimal conditions were as follows: substrate concentration of 4.0% (m/V), enzyme addition of 6000 U/g, initial
pH of 7.0, hydrolysis temperature of 55 °C, and reaction time of 6 h. AGIH prepared under these conditions showed an o-glucosidase inhibition rate of
18.10% and ICs, value of 17.66 mg/mL, and was stable under relatively high temperature, extreme pH, and gastrointestinal digestion conditions. This
study provides a foundation for developing bitter almond kernel gliadin-based bioactive hydrolysates.
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Table 1 Optimal enzymatic reaction conditions for various

proteases
Eals  RMRE/SC REpH AeBEE/(Ulg)
Rer& & B 50 7.5 6000
RAINE-E By 55 7.0 6000
La&a 45 7.0 6000
PG B 45 7.0 6000
AR G Bl 55 9.0 6000
K¥ &G 60 6.0 6000
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WEHR iR et R AR AT MR, IR IR pH
fl JERPIREL. Il B RRR, DL o3
IR BRI R AR AR VRO TR, i A
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Table 2 Factors and levels in Box-Behnken experimental design

KF A: pH B: BfigiR/E/C C: #mEEZ/(U/g) D: JEMIRE %
-1 6.0 50 4000 2.0

0 7.0 55 6000 4.0

1 8.0 60 8000 6.0

3 o EENEEEEHIGI AN R MR R RILERK
Table 3 The composition of a-glycosidase inhibition testing system
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A st R4 50 50 (Zrik) 50 100 (&%)
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T, BARSEIGUTTINGR 2 FoR, WA RAE A AR
R ARG o AT R, AT AR I A
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37 CTH¥E 10 min, 7R5MEA, 2ASEFMA 100 puL o-
A B RUE B N, AR RS R4S E 30
min, SEAUEZIEIRERE, BT RIS 150 pL
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PV o- IR BRI 5 2 e T e RN, 10
130N 18.82%, UG FIREHEAL K1, 0
130N 13.42%; BRIEEABIKBERE G THEL
Ty 39.78%, AJNEE MR EEE =, KN
26.45%. [, ZREDIRETEIERKIERCR, AB Tt
BORTVER B et I o

T N S L 18
X H Z e 7K %
o 16§ % 135
= 14 b b% b 120 =
g 12 &2 7 Y 125 >
ol | U e | L4 P 120
I I el W BRREE-
R0 I i
sl o d ol o
il I 1IN 1N 1N
AR
&1 FEEBEM/KESIN o-EEEEEEIIHRE K EE
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Fig.1 Effects of various proteases on the hydrolysates as to their
a-glucosidase inhibition rates and degree of hydrolysis
E: FERRAREEZFAZFE (p<0.05).
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o B B 2 / %

5|.0 6I.0 7|.0 8{0 9I.0
pH
[E] 2 pH XIEGHEF N o -BIEVEEEEHIH A0
Fig.2 Effect of pH on the a-glucosidase inhibition rate of
hydrolysates
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HEGIH R SRE N =2 AR, FE 55 TRk
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Fig.3 Effect of hydrolysis temperature on the a-glucosidase
inhibition rate of hydrolysates
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T RPUCIZE TR, 6 h RHERITSE, BEJE KT
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Fig.4 Effect of reaction time on the a-glucosidase inhibition rate
of hydrolysates
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Fig.5 Effect of substrate concentrations on the a-glucosidase

inhibition rate of hydrolysates
225 AoBaZ3TEERR A0 H)E G R
InilEE >y 6000 U/g I, B =) a4 ik 2
B A e 6000 Ulg I, sl S B (&1 6).
X AT ResE RN A i, AR RO o 2
V| Bl DAt o I, AT S S A A i
PEREAR. AL, iR EinEEREy 6000 U/g.

20 F a
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gk

I [§]

o- T ETHE T BRI / %

[=2 S RN e

ZOIOO 4OIOO 6OIOO 80|00 10(|)00
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Fig.6 Effect of enzyme amount on the a-glucosidase inhibition
rate of hydrolysates
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HEFEEEEER, X pH (. M. IR
W T%%2, ilid Box-Behnken ikZ6 i3k — AL
fif ok A, AL AT ) A IR AN Tl S A EL
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FIH Design expert HAFXTER 4 Hdiidt 1T 2 okl

38

G, A2 NAE Y R o781 26 K BT 2 R R 5%
BRI IR AR . Y=17.85+0.30A-0.39
B-+0.96C-0.39D-0.025AB+0.071 AC+0.24AD-0.075BC-
0.057BD-0.050CD-1.96A-2.64B*-1.10C*-1.44D"

[ AR Ty 22 b a5 RN 5 . i BEH T2
[P ZECN 0.9481, FKBHRHZBIARY e a8 =
BABHFILAE S 94.81% 1784k, BRI [ AREAL 2 AT
TR . H. p<0.0001, FBIZAR R R 2E 1.
—UIH, C ik, B. D MWEE, IR
t, A% B CP DM, A EIR AR A
TN S R Z B AR TS AGIH [P35 HERZ M AN
FAME, BRI A: X>Xp>Xp>Xa, BUNkGEE>
AR >R EE>pH

% 4 Box—Behnken Ma Sz H 3 4TiR i T R LGSR

Table 4 The design and results of the Box-Behnken experiment

k% A B C D oF HBTEHHEY%

1 -10 1 0 13.18
2 0 0 0 O 18.82
3 1 -1 0 0 13.63
4 0 0 0 O 16.82
5 1 0 1 0 14.23
6 0 0 0 O 18.13
7 0o o0 -1 1 9.34
8 0o 1 -1 0 8.97
9 -1 -1 0 0 13.33
10 -11 0 0 12.05
11 0 0 0 O 17.94
12 1 0 0 1 14.71
13 0 1 0 1 13.47
14 0 0 0 O 17.54
15 0o 1 1 0 12.58
16 1 1 0 0 12.25
17 0 -1 0 -1 14.52
18 0o 1 0 -1 14.03
19 0 0 1 1 12.96
20 -10 0 1 13.45
21 1 0 0 -1 15.26
22 0 -1 0 1 14.19
23 -1 0 -1 0 9.63
24 1 0 -1 0 10.11
25 0o 0 1 -1 14.03
26 0 -1 1 0 13.26
27 -1 0 0 -1 14.97
28 0o o0 -1 -1 10.01
29 0o -1 -1 O 9.05
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5 BRI FESR
Table 5 Significance test of the regression model

7 E R B wE “F7 #2SS ¥} MS Fia Pr>F REM

AR 14 202.01 14.43 37.53 <0.0001 Ho
A 1 1.07 1.07 2.78 0.1178
B 1 1.79 1.79 4.65 0.0490 *
C 1 44.58 44.58 115.97 <0.0001 Ho
D 1 1.84 1.84 4.79 0.461 *
AB 1 2.05E-03 2.05E-03 0.01 0.9369

AC 1 0.08 0.08 0.21 0.6528

AD 1 0.24 0.24 0.61 0.4471

BC 1 0.09 0.09 0.23 0.6360

BD 1 0.01 0.01 0.03 0.8555

CD 1 0.04 0.04 0.10 0.7518

A? 1 24.89 24.89 64.73 <0.0001 H
B? 1 4529 4529 117.82 <0.0001 H
c? 1 125.01 125.01 325.16 <0.0001 o
D? 1 13.47 13.47 35.05 <0.0001 H

KRE 14 5.38 0.38

RIE 10 3.20 0.32 0.59 0.7757
YhiR £ 4 2.18 0.55
B 28 207.39

E: O RTRMEE (p<0.05), ¥ RFHARIE (p<0.01).

2.3.3 R AT R IRAEBEMR T A 0

B =011 o= 80 60 PR I v PE R 2 0] pHL (A
HE (B). INEFE (C). JRMIKE (D) . LK
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o7 E BE YRR %

50.00
6.00 6.50 7.00 7.50 8.00
A:pH

B: fif§ mw.mm =20
&7 pH 5iREAIAZ EAER /NN R A S 2 E
Fig.7 Response and contours of inhibition rates versus pH and

temperature
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Fig.8 Response and contours of the inhibition rates versus pH

and papain amount
FIH Design Expert 8.0.5 Ffxt L2 TARL
1, BRNWET AGIH AR R RV

J 3.73%, & 6447.15 U/g, pH 7.08, 5% 54.61 C;
TESLEAT T, PsE v TE A 18.12%. SEBR
BB R B S A B I 6, (R
¥ B T 2B IR TRYIREE 4.0%, INEGE
6000 U/g, pH 7.0, i 55 Co @i 2 ICPAT LIS
HAERATIONE, 19 HEGART D0 o581 210 H IS TE
1264 18.10%, S FMIE 1704t . Kb &4+
NERRIBHRRR T EBCS, WS 1Cs H4 17.66
mg/mL. R AR (R LA &
FERIR T o- I G HE B BEHIAIEAARY),  HAIHIZEH] 1Cs,
H53 518 14.22%. 80 mg/mL, SAHIFAHLL, 0]
FAK 3.90%. 1Cso 1 62.34 mg/mL, T W, AHFFTH]
21 AGIH EAT 5 = A o

6.00 grry

D: KRS
I8
8
-] & BT AR ) 3

2060 650 7.00 750 8.00 300
A:pH D: AL

9 pH SERYNRERIZ EfEMFZNana R thE S =% E
Fig.9 Response and contours of the inhibition rates versus pH
and substrate concentration
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Fig.10 Response and contours of the inhibition rates versus
temperature and papain amount
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Fig.11 Response and contours of the inhibition rates versus
temperature and substrate concentration
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Fig.12 Response and contours of the inhibition rates versus

papain amount and substrate concentration
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241 #AEE M

Y EGARE T 37 CHIRERT, AGIH BIFIHE P
IR ER 2N 97.89%, MIEIEIE A 50, 70, 90, 121 C
N, AGIH V&M FTFAK, HIRERE, s,
AR 121 °C, {HILT AGIH FRIHMH) P A B 2%
H90.17% (& 13D, B AGIH A BT I FEE e 14

! I I d
50 70 90 121

W/ C
[E 13 IREXT AGIH By o-BEFEEERHIHIE RIS
Fig.13 The effect of temperature on a-glucosidase inhibitory
activity of AGIH
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Fig.14 The effect of pH on a-glucosidase inhibitory activity of
AGIH
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Fig.15 The effect of in vitro gastrointestinal digestion on
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