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Abstract: In this study, hairtail by-products were used as raw materials to optimize the enzymatic hydrolysis conditions for
preparing a-glucosidase (a-GLU) inhibitory peptides using flavourzyme, through single-factor experiments and response
surface methodology. The optimal hydrolysis conditions were determined to be an enzymatic hydrolysis temperature of
55 °C, pH8.0, enzymatic hydrolysis time of 5.3 h, and enzyme addition of 9620 U/g. Under these conditions, the a-GLU
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inhibition rate of the inhibitory peptide from hairtail waste (IPHW) reached 64.8%+0.6%. Molecular weight analysis indi-
cated that IPHW was mainly composed of oligopeptides with molecular weights below 1000 Da, accounting for 89.5%. In

vitro stability tests showed that IPHW exhibited high stability under neutral or mildly alkaline pH, non-high-temperature,
UV-shielded, and metal ion-free conditions (Na*, Mg®*, and AI’"). After simulated gastrointestinal digestion, IPHW retained
more than 85% of its inhibitory activity, demonstrating good digestive stability. These results provide a novel approach

for the high-value utilization of hairtail by-products and offer a theoretical basis for the development of natural, safe, and

effective a-GLU inhibitory hypoglycemic peptides.
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FFER K (1422 Da) . 2R -2, 2 1% - 1 220 1R A 2 1%
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FARSEDTTES SRR NIk, 7 O BE R 5 B T
—20 C VKFA#SH . B RFES 5 258 T /K3 1:4
(w/V)IREI9%5], 1 mol/L NaOH F1 1 mol/L HCI #4745
I Pl IE pH, IR I, TR IR 45 v
fift o WA — a2 B () S, KRR RS 22 95 °C KR
F, A3 15 min K, W ZEZETR; 4 °C F 9000 1/
min 2.0 15 min, I8 _IERT—20 °C %7, & H.
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a-GLUHIH 2 (%) = (1 _A- )x 100

* 1 EABRIESE

Table 1 Protease screening parameters

; =360 PR Ut 2

s bo omo PR
R 2 1 5.0x10* 3 50
B 7 1 2.0x10° 10 50
R 2.0x10° 7 50
R 1 3.0x10* 7 50
AR H 6.0x10° 7 50
25 TR G 1.2x10° 7 50

1.2.4 FARIZESCE:  LAGHLE A XU ER B S EEFD, o-
GLU il A N Fe bR, DAEGG & 7<10° U/g. Fif
fRERTE] 5 h. BRI 50 °C. pH7 NIEEAS S, HRIK
FZELFE TR NN (4%10%, 5%10%, 6x10°, 7x10%, 8<10°,
9x10°, 1x10* U/g) . pH(4. 5. 6. 7. 8.9, 10) . HEfH
TR (35, 40, 45, 50, 55, 60, 65 °C) . BfRHTE] (2.
3.4.5.6. 7.8 h4 MHRFEMEARRXT a-GLU HH
R

1.2.5 ma RIS A A S 4 N v e Ak s
1 [ MBI B ARl 86 T2, LA a-GLU 32 (Y) N
i L, 35T BALPR 3R SRR A L, e E pH(A) |« BN

#2 Box-Behnken &K
Table 2 Factors and levels of the Box-Behnken design

(5ES
wr A:pH  B: [ iNEE(U/g)  C: S ] (h) - D: FEARREE(C)
-1 7 8000 4 50
0 8 9000 5 55
1 9 10000 6 60

5 (B) . BEfFE[E] (C) FIEEAR IR RE (D) A8 i, A
Design-Expert 13 ¥, &1 P4 K 2 = /K ¥ /Y Box-
Behnken 2GR04 7 T 2004k, (RIS L& 2,
TE e A3 55 A8 TR I A 00 T 0T D AR} 1R A UK A 4
IPHW (Inhibitory peptide from hairtail waste, IPHW ) .
1.2.6 S FESMAIE SRS A Tk [21],
% HPLC % TPHW 14> 1404 ; IPHW I8 T
FLhAH (M -7K- =T L8=40:60:0.05), £ 0.22 pm
VE G B JE PERE D A 5 (3 A5 A% A TSKgel
G2000 SWXL(7.8 mmx300 mm), ZEFE{AFR 10 pL,
WK 0.5 mL/min, #1#& 30 °C, Z4MEIIE K 220 nm,
IZATHTE] 30 min. DIAHffAZR C(12355 Da) . fIPik
B (6511 Da) . FFEIIK(1422 Da) . L& RR- . ERR-HE
SR KE E R (451 Da) 1 H &R -H & e - H & 1R
(189 Da) MFRUES A bR UETZR I 53 HT IPHW 2H 53
SRR o

127 BEREMN =% Hwang 55 Y7k, 3F
M. modl 80 mg/mL 1Y IPHW &K, 45 BB
10 mL #E 5 E W, TE—20. 4. 20, 40, 60. 80, 100 °C
TRIE 2 h JEPRE EZR, W5E SRR a-GLU #1iHi]
R, LIEIREE . RIS R IPHW IR
VeI HELH o

1.2.8 MRBEFaEME 2% Cai &P fyJyek, IERIN
k., BeHl 80 mg/mL (19 IPHW AW, 43 BIH 10 mL
FES&L, JE T pH D 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0,
9.0, 10.0. 11.0, Z=/R#E 2 h )5, F-¥ pH ¥E 4 8.0,
M2 AT o-GLU il 3G, LIRS pH IE 5 . =
IREEAR RIS AR IPHW SR X 8L .
1.2.9 SelfoeEt: =% ErmaSECY Wk, JFEm
&, Bl 80 mg/mL A IPHW I, 43 5HL 20 mL
FERMIAW, B T AFEDEIEFREE T 30 min(Z4M6,
BE . HIGKT), LLASRIE T IORE S EXT L, e A
it a-GLU 12, SR IPHW G RRER e M.
1.2.10 &EBEFREN =% Cai B gk, it
s, BEil 80 mg/mL A IPHW ¥4, B 20 mL
FE LW, S BB IR L 1 mg/mL (19 NaCl.,
MgCl,. AICl;. KCI1. CaCl, # ZnCl, ¥, 25 °C i
B 1 h/)E, AR 4 EE 7B IPHW 1Y o-
GLU i 514 520, 15 B 3 I SRR 25 85 17K 1 [H]
HeRE TPHW BEUCA T RELH,

1.2.11 HFEEAREN: S35 30k [32-33] il
M) 7 IS & e . Bl 80 mg/mL 1Y IPHW #¥
W, B 100 mL JE7 pH = 2.0, 0 4.0%(w/~v) BRI E
HABIFAE 37 C KBRS 1.5 h, 4595
Fr—FBAFES 95 °C KW 15 min KEE, b H 14
AR S AR50 R pH 2 7.5, LA 4.0%
(w/iv) B R R BT 37 °C KRR s b i1k 2 h,
95 °C /KWK, v B il Ak S . 353 IPHW A
ah . EIHARRRSL . BB THARRE Y a-GLU iR
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Excel 2021 X #0447 Hi4b ¥R, >k IBM SPSS 27
BEATEA ST, P<0.05 AT W 255, P<0.01 5%
INE W 2E SR . KA Design Expert 13 #4F3E47
Box-Behnken i1 545 5381, {#H Origin 2024b
AR
2 HBRES
2.1 ERAMIFE
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R N A S S A N SN IA S /Ry e M PS [ i e
FR )l A ek A Y e R OGP 6 AL R
P Bt 25 B B IR o-GLU IR an& 1 . 45
SR, AU R P RN P P 2 1 T o i v LA
B E 1 a-GLU il s S8, il 355 51 28 35.98%+
1.43% Fl1 36.15%+1.55%, 325 25 [ Bl FIA TNER 11 i
PR A0 151 250 R B A, AT R 2R 53 501 SR 1.25%+0.57% Fl
2.05%+0.68%. KBRIE HNEEA NUI 54T aFTE
Tk, YIS PERE A U)W 1 NIRRT BIRERE, PAITTE i
B, S0 U0 PE U BB 65 I 22 KA 19 2R i (N i 2%,
C i) B — i K PSR, T E—2540 08 1T K
FERS S PRI, XU AR I B REAS IR RS ZZ RS0/
SrF KRB . BFFERWL, /NGy KB AT RE A BT =5 1
a-GLU M=, H/NMrFIKEHE A S 5 a-GLU {H4E
PEASAELE GO, R, KU SR AR AR T IR R 2 P il
SN SAF TR AN . AR TR . AT e 43 XUBR 2 1 i
NEGE R AN, F T 2550,

40 a a
_ 1 I
IS
; 30F
g b
-’%— 20 I c
O 1
S 10f
d d
0 —F— L L L -
& & B o o
*@@Q\ @@Q\ Y\\‘&@Q\ -ﬁég\ %g%?\ &égg\
FOXT &  x
B RIZES

B NIRRT P00 a-GLU ] 28 52
Fig.1 Protease effects on a-glucosidase inhibition by protein
hydrolysates
E: AP RERA B 22 57 (P<0.05), 181 2, 14 5. [ 6 [A].

22 HREEXE

2.2.1 BEAAINEXT a-GLU RIS BN
Xt a-GLU #iil 2R A2 i AN &l 2A Fron o 7E il &
4x10°~10x10° U/g L6 P, BEf# I a-GLU #Ii] 5
S BRI FREES. SN 9<10° Ulg

s, BRI o-GLU i 5 IA B i i {E, A 45.82%+
0.48%. L), BEFE T 0 12— 20 B0, il s -3
A TN, Bl IS FE 0 SN, Bl ) o-GLU 4100
RS TR RSN o R, S i AT TR, —
6 HAT a-GLU $HI4E A9 A 8O B n] fE Rt — 20
Tt it by 35~ B S /N ) IR Bl i B R, AT R 25
T o-GLU i) 15 P, S 208 s BER g in 1 T
[;%[37-38]0

Asop B sor
a

Sast : SRy b A
g g be
a0t a0t c cd
= £ Hd
F35r =35
=} =
=} =}
G0 G 30t
25 25
20 20

4 5 6 7 8 9 10

pH

Cso D so
g-ﬁ ¢ b o . 545 a a
% 40 a0t . b be e
=y [ E d
= 35 =35t
=} =
530 ,:I.’w
TS T 2s
20 20

T35 40 45 50 55 60 65 2 3 4 5 6 7 8

FfRE (°C) FiEfF i) (h)

K2 Egdsinit(A), pH(B) | BEf#EEE (C) MR I E] (D)
X o-GLU i 3R 155
Fig.2 Effects of enzyme dosage (A), pH (B), enzymatic hydrol-
ysis temperature (C), and enzymatic hydrolysis time (D)
on the inhibition rate of a-GLU

2.2.2 pH X o-GLU il 2 pH X a-GLU
IR AN K 2B iR, 78 pH S 4~10 17
N, BEAF IR o-GLU 25 52 5 T s BRI i A2
fL#aF, IFAE pH Sl 8 B, BRI a-GLU fiil iR
=5, N 44.22%+0.64%, 24 pH 4T i), MHIRT
Bfo pH JZ5EM & I A BN 2 —, A
[F] pH 4544 F & B4y T R ERIRS AR F] . ANiEE
1 pH 1] REMEIR TR 1B 45 25 TR 2544, DA 5 2l
AR T RERY, [HIET, pH 23520 a-GLU #i AR 7E
WS TP IRES, NS B pH & B BER,
16T NG 175 1 S e = NS £ S3 1162 \e~ S VN1 (1 = AL ] a3 7443
i) a-GLU HpihilfE S,

2.2.3 PRIREEXT a-GLU IR & 2C &
N T A TR Xy AT IR IR o-GLU il 375
PERISER . TE 35~65 °C JLEIN, BB Y o-GLU #1j)
R EISCTH S M. 76 55 °C B, #f] Rk ik
{H, S 45.73%+0.41%. IEEEIERZNER (ARG 1Y E
LR ZR Z —, BARIGEE R 85 H B A 5310 s e
JE, - A5 P G R BRI, S 2 Ps e ™
e AR P AR 2 T ke Ak v D) 5 g | AN A AR
P, BRARHAR AR TG M, SETTU T HA a-GLU HiiHi
VEFI MR BE R A 438410

2.2.4 FEEFEXT a-GLU INHIZRAG5EM ]
*F a-GLU M5 A9 5200 anEl 2D i, 76 2~8 h 1Y
JEFEIN, BHR a-GLU MInHR 23 BT SFZ% . R
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B3I EAE S h IR BIE(E, 8 41.68%+0.70%, ih
Y G- JiESE S TR A R S RS 740 SO, AR =2
HA a-GLU #1175 P 4 U B s A il i e id < mT R
ST A TG PR IR B R IR sl gt — 2l A
IR, a-GLU IR 5 Fu T B, AT it i
B a-GLU HIVE A4 0T BE 55 i B, 30
FEAARID TG PEREARA243
2.3 Mg EAAIRLE

FEF AN AR, fERHREL 1:4(wiv) SF T, 1
£ pH(A) . BEASINEL (B) | BEEARET 6] (C) RNl 2
(D)VE M 3286 A AR, a-GLU 11930l 5 Ay ni 0 {8
(Y), #1475 g b7 w305 . >R Design Expert
13 AP PUPE 3R = /KPR S8, Sese B S e R an
2 3 iR,

23 Box-Behnken &t 5458
Table 3 Box-Behnken design and results

B: BN C: MR D: MRS Y: a-GLUHIH]

=]

TG ApH T ) (h) (C) (%)
1 8 8000 5 50 55.0425
2 9 8000 5 55 56.5679
3 8 9000 4 50 57.1517
4 8 9000 5 55 63.6926
5 7 9000 4 55 59.8746
6 9 9000 5 60 60.0417
7 7 9000 5 60 60.4985
8 8 9000 6 60 61.0511
9 8 10000 4 55 61.2899
10 7 8000 5 55 57.648
11 8 9000 5 55 63.0891
12 9 9000 6 55 60.2151
13 8 9000 4 60 60.4132
14 9 9000 4 55 59.5001
15 8 9000 5 55 64.3425
16 8 8000 4 55 57.7261
17 8 9000 5 55 62.7497
18 7 10000 5 55 62.3886
19 8 10000 5 50 61.1774

20 8 8000 6 55 57.9438
21 9 9000 5 50 58.3154
22 8 9000 6 50 59.761

23 7 9000 5 50 58.8524
24 8 9000 5 55 63.9789
25 8 8000 5 60 57.7823
26 8 10000 6 55 63.6262
27 8 10000 5 60 61.5286
28 7 9000 6 55 60.9568
29 9 10000 5 55 62.1873

PO D VATOR =N 4 & i NS EiY B2 s A d = =S
B R ZTa RN Ty

Y=63.57-0.2826A+2.46B+0.6332C+0.9179D+
0.2197AB — 0.0918AC + 0.0201AD + 0.5296BC —
0.5972BD—0.4928CD—1.80A>~2.07B*>~1.49C>—2.48D”

t 2 4 Jr 225 M 4h RnT g, BRI R i 2 (P<
0.01), eI B 35 (P>0.05), FE AR FUAT B 414 '
EEHMGE R4 R RE R S 0.9832, £ H]
98.32% HY MR N (B AR Ak AT DA s AR A T, $00A R A

4 AR 220 b

Table 4 Analysis of variance for the regression model

KIR FHA AmE M FlH Pl B
fEiF 159.90 14 1142 5864  <0.0001 Ho
A 0.9584 1 0.9584  4.92 0.0436 *
B 72.46 1 7246 37199  <0.0001 o
C 481 1 481 2470 0.0002 ok
D 10.11 1 10.11 5191  <0.0001 o
AB 0.1930 1 0.1930 09911  0.3364
AC 0.0337 1 0.0337 0.1730  0.6837
AD 0.0016 1 0.0016  0.0083  0.9288
BC 1.12 1 1.12 5.76 0.0309 *
BD 1.43 1 1.43 7.32 0.0171 *
CD 0.9715 1 09715  4.99 0.0424 *
A? 21.03 1 21.03  107.99  <0.0001 o
B2 27.74 1 2774 14242 <0.0001 o
2 14.46 1 1446 7422  <0.0001 o
D? 39.88 1 39.88  204.75  <0.0001 ok
B2 2.73 14 0.1948
AT 1.04 10 0.1037 02454 09674 AEE
alif 2z 1.69 4 0.4225
BEZE 16262 28
R 0.9832
Ry 09665

T * R 2257 (P<0.05), ** FnA il H 35 22 7 (P<0.01) o

e, BIEIS PRGE B R, M 0.9665, HE— L3
TRERIP AT SRR M. A, —RT B, C. D,
WRIT A%, B, C°. D ¥aA # R UK (P<0.01);
—RIF A, ¥RI BC. BD. CD ik 3 g 3 25 7
(P<0.05). ZZE LA ERM FEK/DM ALB. C.
D %7 IPHW 1Y a-GLU | 38 a4 52 i A2 5 2y BiEs
i (B) >Rkt RE (D) >R ] (CO>pH(A) .
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