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HE 39k % Bk pGlu—LFNPSTNPWHSP (PGP) % 3k i  #9 % 4% 3okt it 2 — , KA A 6 7% @ B B i PGP, v\ PGP s fif
F A xS R AN IEAT AR AR R OBA AR ST B2 Ak, A RAV  EREMEEERT AR ES
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TR (4 IR M 724~13 050 mg/LI 1 B 18 HP 1 35 bR
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Sela), DAEEIE A3 B A 2 9 R A R E R K pGlu—
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WRAK, I H A B Y 50 2% 13 1 A R U [
{E, 23914 0.160 mg/L 1 0.437 mg/L, X} 14 3K #
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mg/L, i P BE 3& {H (dose over threshold, DoT) &
0.0~75.4, H PGP & 5 I B 5 B A 58 4 (14 AH 56
PEo AR R BRTE £ 3 ol A7 AED N By
FER AR (pyroglutamic acid, pGlu), J& 4% 2 B &
(1) o— B LTI y— B 45 45 T2 LAY 2 N g o il -5 —
R (R Em ),

KA. 2022-03-18

EEWE . WiTa 9280957 W AUH 28 5 R RH AR I H
WL 2 5 BBl 5T H (LGN20C200016)

FE—1EE. WL, B W ARG R TR

BIS1EE . fif E-mail. jlu@jiangnan.edu.cn

DOI: 10.16429/j.1009-7848.2023.03.020

RZHOE R IR EA B m B KT, 580
b2 A S 7 el N 115 0 e e
ANHE RS AN By 77 R T Y AR BK g
JRHE & A7 A K PR R AL R B ST o0 ZR B Hh Ok,
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/NG 2 IR B R S5, v PR B 2 T RS, XA
AP UTF]H Proteax [ Ab BE/INZ2 10 i 25,4 h J5
R JIR R B 1) ~F- X7 0 7K PR AR A X 43 o 2 1 R
TR 175 FEE] 0.82, JHAIEAH AR H
B k4R B Neutrase A1 Protamex 4 F 45 1 B
KA K, A AR JICER 11l FI1 Protamex 7K fiff
Py (1087 A i P AN, S R BE A B2 Ry 3.66 , 1 4 A
XForF ol 420.6, W H{E N 1.01, Shimamura 0
VISKRIR T B 8 1A ¥ bR - Ik GPFPITV g #F 5%
XoF 4, O 0 L TR TR R il X LR A T R A, b LR 5L
FFE (L. lactis ssp. lactis)527 [R5 3508 e fE
Wik itk 383K 92% . W] UL 38 5 i 30 5 3 1 3 1 Rl e fi
B PR R I, BB AT AR B AR R i T R R, A
5% 5 7E 0 L i 1k [ A PGP B 25 1A, 76 7 TE XU
T T, 38 21 F AR B o bR 1 OR | IR R T U-
PLC-Q-TOF-MS 43 #r & [ i il fift % BR JIK PGP J&
(77 40 22 5, AT RGBS vy R 1 s 1A Ry it — 20
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1 #REFE
1.1 #R5iHF

BB FE, WL O 1L 240 R A A R
oAl EE; Z K pGlu-LFNPSTNPWHSP, i JC 45 W
JIKAE WA R w16 B B 2 TG (20 7 Ulg) , 1
BRBEE A= MR R WD 5 2R R (20 U7 U/
g), b A A W R A PR F] s Maxipro NPU (18
Ji Ulg) ,#5 r2 (h ) A B2 7 5 AR TR 9 Al (10
T Ulg) 1 T Vet 9 TR BRAS 7] 5 XU 25 14 il
(10 73 Ulg) ML FI (10 1 Ulg) , i 5t i MERE
YR RA T,

12 UB5EF

B HEAS T OB A 63 1260, 36 [ Agilent 23
A] ;Pegasus BT “UAH - i & & AT B[] 5T 3% 4%
(GC-TOF-MS), 3£ [E J3nl 2~ ] ;PHS-3E pH, %+
Mettler Toledo A Wl 5 # 5 RC AR €0 3% £ BX DU B AT
K AT B A 5 % B X (UPLC-Q-TOF-MS) , % [
Waters 2 F] .

1.3 REH*
1.3.1 B IR K PGP B i iF o2

1) BEEUB W A EC R PRI — 2 &
R Z Bk PGP F51fE §h (500 mg/L) , i& i T 15% . 1%
W, AR B 8 0.29% i FLRR |, 1 FH 7L R 4l
W pHHZ 4.0,

2) SMME AR BERE B 6 B AR S, 40
IINE) 15% & BRSPS i, 8 G 0
20 U/mL, {215 F 12 CHCE 24 h, 12 000 r/min
L2 10 min, B L3, SR H HPLC 300 22 v 0k £ ik
PGP &, (il 5 E ) 1.3.2 45 i =it B A

E%ﬁ%%(%):cgicaxmo

K C— B A P) 4 PGP 7 & (mg/
L), C——R i J5 B BN T 9 PGP & & (mg/L) o

3) R EE AR S D PGP B BER 4l
FHAR K EE (A B XUBR 25 1 6 R R P 25 1 g (20 U/
mlL) Zb BREC R & A BRSO 12 CFACE 72 h,
12 000 r/min &0 10 min, % 1.3.2 95 f kb 47 7
AIALER, 22 0F T BEAEHUR Cop BAHEERUS , R
HPLC 35 5E w7k Z Ikrh PGP & &
1.3.2 BEH PGP & Mlle  FESTAREE A
TSR A Lu 85807

A AL R . B 50 mL W AE , BEFE 75 % (0.1 MPa,
40 °C)EBR B, 50 mL IE T B S AL 3 ¥,
G IFIE T B Befe 25 & LR IE T S It T 5
mL 7K H1, Cig SPE B AHZEHUE (1 g,6 mL) , fRIK &
6 mL H AT 6 mL /KIG AL G, 5 1 T B 28 UM %%
WAL E BTG ALY SPE AE I, JHKWKH 6 mL K |
20% £ 80% HH BEPE B, LA 80% HH I Pk JBiAH
FEZ 10 mL, 229885 (0.45 wm) i € )5 , F HPLC
JE o

HPLC %0 @i Aglient 1260; (ot .
XDB-C 5(150 mmx4.6 mm,5 pum) ; Ji 3% : 1 mL/min;
A 342 4 280 nm; FEAE I .20 WL AE IR .25 Cs i
B A K(0.1% =R L) B HEE(0.1% = &
) 3% 5 78 .0 min, A/B (60:40,V/V, F [dl);5
min, A/B(40:60) ;25 min, A/B(30:70);30 min,A/
B(30:70) ;35 min,A/B(60:40),
1.3.3 UPLC-Q-TOF-MS Zr#r il 5. ik
1% :Waters ACQUITY UPLC; #; il 2% . WATERS
ACQUITY PDA; 34 . BEH Cg I (35 4T (2.1
mm X 150 mm, 1.7 pm) ; % % : 0.3 mL/min; 3#% K 1
75 B :200~400 nm; #EAE i .5 L AR 45 °C; 0
A A ZBE BK (0.1%HR); k5.0
min,A/B(2:98,V/V);0.1 min,A/B(2:98);5 min,
A/B(10:90) ;8 min,A/B (30:70);10 min, A/B(40:
60);12 min,A/B (80:20);12.1 min,A/B(2:98).

MS J5 3 S - H 8 U A L 55 H 2 (EST) , B
KO IE B TR BAE R 3500 V, B 5 ik
100 °C, #EFLHLIE 30 V, i fE K 6 eV, HliE
[l m/z 20~2 000 amu,
1.3.4 B H5 J& VE KUK 9 Jo ) 0 s 021 T2 [
AR BUASF . B 3 mL AN ] 4h BR A B R 5,
A 3mL 4K, 2.5 ¢ WAL, 10 wL AR (2-F
fi 60 mg/L) , A BUR JE 50 °C, B 15 min, A BT
6] 40 min, GC f#W 5 min(250 °C),

GC-MS /4. i =5 DB-Wax T 4145k
(30 m x 0.25 mm x 0.25 wm) , ¥ IH IR 40 C14#
¥ 5 min, A 5 °C/min A9 3 L F+ % 150 °C, LA
10 °C/min W93 & F T+ = 230 C, AREHRE 10
min, FA N E LA, W 1.0 mL/min, R O
T EE 250 °C, #EFE 7 SON AN T RE 0 MS 5 A - 45
FTIE BE 230 °C, B 25 U5 ET, 7146 75 [F (m/z)30~550
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amu, L THER 70 eV, B F IR 210 C*,

FE M AUE ATl S AR LS W R B
Fis [oa] R o i A b, G e XU 0 ot 47 P
O30T DA 2—SF B N AR AT B 00T
1.3.5 BEWHM &I 10 4 858 A4 F o
Z 5 HERE BVE, B PR v i R A
F BRUR R AR SR PR $E 0~10 T
4y, 3o E Fh 55 B0
1.3.6 4l kb2 R MassLynx V4.1 514 %t
MS #4547 20 M, I FIH BioLynx Peptide Se-
quencing X Z BRIEFT KT (de novo) . %X
i 53 B iz H SPSS20.0 # 4t , BB EL 3
W, B D S b5 I 22 o . FIHTERI R
ANOVA % Duncan % &4l 2Z 18] 19 22 5 5 & Ve AT
AT,

2 HRESMH
21 EABMHG

AR T BRI, IR 20 2 R 1Y ) 3 4K
e ) 3 A AR P TR R IR K A B R AR R
JE LR R R 7 o X 6 AR 1l Y A
WK PGP 7K HEAT LA, 45 S L 1, FE A48 3P
SR )\ A S 1NN S e S R g e g S 30
PGP [ & it SO B, 48 12 CHlF i 24 h, B R
I35k 95.7% ,79.8% 1 24.7% .,
22 EOEBEHRBTHAEA

PRI S o 28 T ) 2 0 50 A 40 B VS R A
Al RS R M B VR AR R, SO [R) 3 A R
B A AT RIS 3 AR RO G U v
R it PGP R 5 b 1) 3 2K 11 Il %o 5 i o £ 7
P, XAk B Y I E AT R AL 38 AR A
PGP o0 #r , 45 R UL 1, 3 iR g A B X

S
Rate of degradation/%

SHSEEYES

Protease types
1 6 MELMMEBELEEDIEKS K PGP
Fig.1 Degradation of bitter peptide PGP in simulated

Huangjiv by six proteases

TP ARG i 151 0 I R e U A 3
Mg M SR AR T e = T 4.4% M 2.4% PGP &
WRFET 25.2%, AJRER G AR Pk 2 1 i A 2
Jo, MR B IR S A M PGP L W E ARk, 3 A
R P il Ak P BTG A R PR A A AR UL IR 2,
URA T T B, b XUBR 28 BB RIOR B, 3 R
JEH 7.2 BE R 5.8,D0T i 64.4 B2 48.1, MR WK |
AitBR PR PR S TC B AL,

F] FHl HS-SPME-GC-MS % # 78 % UL i) 29
i3 5 M U ) T R AT 40, AL 46 7 FhEE L9 Fh
fis 4 FhEE 5 PR A 4 R, DL & 0 ik A
NS A X & i, 5 AL 2, 4 3 MR A
ABRS B P R KR ) T A Y 0
PR, 255 H LA AR AR B T R R 1 X
U715 T SN S A Yy el Sy ]
g SRS VARER A

1 REAENEBOEAEAL R PGP & BHIHM
Table 1 Effect of different treatments on physicochemical properties and PGP content of Huangjiu

S pH i 4 & %ovol. % E/g-L AAB AR/ L PGP 4 %/mg- L
kb 453001 16.650.17* 474+ 0.06' 0.530.01° 28.14 £ 1.66"
AINE G 449003 16.60 = 0.19° 4.84+0.03 0.53 = 0.00° 25.92 £ 1.95"
Rk & O B 449 +0.02: 16.54 +0.14° 4.95 = 0.04" 0.55 = 0.00" 21.04 +2.39°
B E O 6 450 £0.03 16.58 = 0.16* 479 +0.07" 0.53 + 0.00° 26.89 + 1.18"

R — SR F 8 (a,b, o) RARAATE I E 257,
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Fig.2 Odor radar map of Huangjiu and it was treated
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Table 2 Effect of different treatments on volatile flavor compounds in Huangjiu (mg/L)

AL RN & Wk & & B P 6 AL

Al E R B 0.20 = 0.02 0.21 £ 0.01 0.20 = 0.00 0.20 = 0.00
A2 F T B 78.44 + 3.25 79.7 £ 2.13 75.81 = 1.31 77.17 + 1.89
A3 R B 260.01 = 8.94 258.19 + 6.86 265.49 + 4.08 26191 +5.24
A4 B-R T Bz 283.53 + 6.48 285.22 £ 7.02 280.27 = 6.55 282.9 = 7.65
A5 ET B 0.79 = 0.11 0.71 = 0.08 0.84 + 0.06 0.74 = 0.08
A6 X ¥ B 4.47 + 0.08 45+0.13 4.1 £0.11 4.26 = 0.10
A7 1-3F M -3-8% 1.53 + 0.03 1.47 = 0.04 1.46 = 0.02 1.48 + 0.01
Bl 28 CTBEs 37.49 + 1.84 38.36 = 0.64 36.45 £ 0.61 36.62 = 0.14
B2 LBk T B 61.45 29 63.32 + 1.74 61.22 +2.01 60.11 = 0.77
B3 Z 5% % B 2.34 + 0.89 3.04 £0.18 242 +0.16 2.41 = 0.06
B4 8 T & 9.01 + 0.39 7.88 +0.33 7.11 +0.49 7.93 + 0.62
B5 T8 T & 13.88 + 1.36 14.77 = 0.36 13.88 + 0.34 13.73 £ 0.27
B6 ZBR K T B 26.66 = 1.78 28.35 £ 0.70 26.63 = 1.13 25.58 = 1.09
B7 TR =T 237.53 + 3.77 228.01 = 11.35 238.97 + 4.18 232.82 + 5.07
B8 X ¥ B T g 13.96 + 0.89 14.49 = 0.39 14.08 = 0.29 13.85 £ 0.3
B9 X T B T B 12.43 + 0.44 11.38 £ 0.28 10.98 + 0.32 11.52 + 0.39
Cl #Hemt 13.56 £ 0.6 12.42 + 0.47 12.76 £ 0.10 12.93 £ 0.13

C2 5- A& H i 0.22 + 0.01 0.19 = 0.01 0.21 + 0.01 0.20 = 0.01
C3 R ¥ i 61.14 £ 2.41 61.54 +2.48 62.7 = 1.31 60.92 = 1.7

C4 RTmt 347 £0.11 3.35 £ 0.08 3.06 = 0.06 3.23 £0.17

D1 Z & 7.84 + 0.65 8.68 + 0.29 8.20 = 0.21 8.40 + 0.23

D2 FBk 3.12 = 0.35 2.87 = 0.04 3.33 £0.13 2.89 + 0.43

D3 T B& 0.49 + 0.04 0.38 + 0.06 0.36 + 0.03 0.39 + 0.08

D4 Tk 51.64 + 1.48 50.31 £ 1.23 48.52 + 1.23 50.54 + 1.43

D5 X ¥ B8R 1.56 = 0.02 1.58 + 0.05 1.46 = 0.03 1.52 + 0.04
El12,4-=3 T K& 183.6 = 4.11 181.23 + 4.59 179.16 = 4.42 181.34 £ 1.52
E2 4-2 A& A4 Ky 0.39 = 0.02 0.37 £ 0.01 0.36 = 0.01 0.37 £ 0.01
E3 X & 0.37 + 0.01 0.36 + 0.02 0.35 + 0.01 0.36 = 0.00

F4 & 2% 0.12 + 0.00 0.12 = 0.00 0.12 + 0.00 0.12 = 0.00
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0L 5 T 5 P I AR P D O 4 R R B R
JIEE 1 Tt £ T Aot o 38 000 XU 2 8l R 2 2
Fit T SEL 7 FH T S XU B A T
IR E RS A G mim, Xt PGP 1 B fif R
1 o T AL 45 T2 2%, ME DL B R UPLC-
Q-TOF-MS 73 #r i WA JUK i it 0y, PRI 0 3 FH i 2

2 A A AT B B AR B VS A T Y KR
BNV W 9 48 3 PR U A% 48 h, FH UPLC-
Q-TOF-MS Y57 B fi =, a5 R W2 2 FE 3 &
4, AJNER AR 1 2R A B AE PGP S Y ) il
YER, ARJNE A EGEEEY) 0S4 TN Z 0, BT
[M+H]* m/z & 789.4 (pGlu—-LFNPST) I 737.4
(NPWHSP) 9 2 4> Z ik b Bt ; 2 V& B i 4% PGP

®3 EHESHPCPEEOHBBETEANSHKAR

Table 3 Identification peptide fragments of PGP degradation under three proteases
5 &G B AY & B i )5 69 % Bk R B [M+H]" m/z (4% 8 B 18 /min, % 35 51)
1# AN & B 789.4(7.88 ,pGlu-LFNPST) ,737.4(4.84 ,NPWHSP)
205.1 (4.14,W),243.1 (5.88,pGlu-L),280.1 (2.69,FN),302.1 (5.40,PW),377.2(4.57,
24 Rk % G B
FNP),688.3(7.88,pGlu-LFNPS),838.4(5.09, TNPWHSP)
3# BR R G B 688.3(7.88, pGlu-LFNPS),838.4(5.09, TNPWHSP) ,1 507.6(8.91, pGlu-LFNPSTNPWHSP)
© N
@'TE 1.0x1074 477 @;5 895
3 <
B § 5.0x107] =
= % " 0- o 1286 E 5 00 951 11811565 1320
] : AR Mt s st s as i L 20,
= 2.50 5.00 7.50 10.00 12.50 15.00 = 2.50 5.00 7.50 10.00 12.50 15.00
{4 B3 1) i) 1 B3 1) i)
Retention time/min Retention time/min
(a) ARJIEE 11 GG 4 TR 22 Ik PGP (#6435 %1 (280 nm) (b)) A VAR 1 il il Atk 55 WK 22 JIK PGP 1 688 F T 1R
g 414 536 § 111
= 2 5
- E 4.0x10 @ _g
= % 2.0x10? (= 43
=z 8 150 294 9 o1 fo55 = ©
7 0.0 Z 00 12211263 13.22
T { ] T T T T ! J L} L] T [} &
&= 250 5.00 7.50 10.00 12.50 = 2.50 5.00 7.50 10.00 12.50
DB I 7] 14 B4 B i)
Retention time/min Retention time/min
() AU 28 11 i A 7 bR 22 I PGP 1% 2315 151 (280 nm ) (d) PR 25 1 8 i it 3 DR 22 Ik PGP A 5 1 I 181
g
;g - 887 % 7868,91
m S 5.0x107 %l : 11 sor
=i E = £ ‘ 591 9.49
= gg 15 1255 = g 0.0 373 ﬁ 12.65.13.20
& o 00 1000 £ 5001000
B i) T B 1 i)

Retention time/min

(e ) PR 1 25 14 Tl G 305 1 22 K PGP 1) 2335 1€ (280 nm )

Retention time/min

(F) PR 5 7 Al B 2 R 22 JIK PGP 1) 6 8 7t 1

B3 AREOMEREEKSIK PGP HWEIEE (280 nm)F A E FiRE (TIC)
Fig.3  Chromatographic profile at 280 nm and total ion chromatography of bitter peptide PGP enzymolysis

by different proteases
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fifi fi# 2 B [M+H]* m/z &7 688.3 (7.88 min,pGlu-
LFNPS)%H 838.4(5.09 min, TNPWHSP)2 4~ £ fik

5 U 1 1ot 0 ot A JE 2 o BE /DN R 22 IR
ﬂl%% iR, N (a2 (W) Il 2 Bt 5e 208 (PW) &

§ 100 7373020
_‘g [M+H]* 1#
g NPWHSP
1 7383230
junsg 360.1512
T 31298 oo 730 3448
= 116.0708
;E 2121012 ] “‘I‘“h ’:’"‘" nouloin ""Ei‘;sem
200 400 600 800 1000 1200 1400
JB fif L
Mass charge ratio(m/z)
(a)Z Ik NPWHSP 1 it 1% [
280.1194
e 1007 N
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= FN
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AE é B
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100 T ey

24
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. I}

0 unlll
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10514734
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Relative response value/%

100+ 688.3037

3#
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11.3001
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AFG 0 o7
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X ) R
Relative response value/%

100 et
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8303804 TNPWHSP

2160858 6222085

4196813
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0Lty ) A e SO
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Fig4 MS spectrogram of bitter peptide PGP enzymolysis by different proteases
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Effect of Hydrolysis with Peptidase on Bitter Peptide pGlu—-LFNPSTNPWHSP from Huangjiu

Xie Guangfa', Lu Zhendong***, Wu Dianhui***, Yang Lixia>**, Lu Jian®**
("Zhejiang Shuren University, Laboratory of Pollution Exposure and Health Intervention of Zhejiang Province ,
College of Biology and Environmental Engineering, Hangzhou 310015
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Wuxi 214122, Jiangsu
iSchool of Biotechnology, Jiangnan University, Key Laboratory of Industrial Biotechnology,
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Abstract Bitter pyroglutamate peptide pGlu—LENPSTNPWHSP (PGP) is one of the crucial compounds in Huangjiu. In
this paper, six proteases were screened to degrade bitter peptide PGP in the simulated Huangjiu, and the degradation
rate of PGP combined with effect on the quality of Huangjiu was studied to evaluate potential application of different
proteases in reducing the bitterness of Huangjiu. Results showed different proteases had great differences in the degrada-
tion of bitter peptides, among them, flavor protease, papain and acid protease had better degradation effects, reaching
95.7% , 79.8% and 24.7% , respectively. Then three effective proteases were applied to commercially Huangjiv, flavor
protease had the best effect on reducing bitterness, degradation of PGP reaching 25.2%, and bitterness intensity from 7.2
to 5.8, while volatile compounds had no significant effect. Using ultra—performance liquid chromatography —quadrupole—
time —of —flight —-MS (UPLC-QTOF-MS), results showed that the flavor protease was a multi—site enzymatic hydrolysis,
which could enzymatically hydrolyze PGP to form tryptophan (W) and pyroglutamate leucine (pGlu-L) and other small
molecule amino acids and peptide fragments. This study revealed new insights into reducing bitterness of Huangjiu, which
may offer a possibility to reduce the bitterness and improve the quality of Huangjiu.

Keywords Huangjiu; bitter peptide; hydrolysis with protease; reducing bitterness



