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Abstract: To enhance the high-value utilization of Zanthoxylum seeds and develop novel Zanthoxylum-based specialized
seasonings, this study utilized Zanthoxylum seed protein as the raw material, subjecting it to sequential enzymatic
hydrolysis with alkaline protease and flavor protease, followed by the Maillard reaction to synthesize umami peptides. The
Maillard peptide preparation process was optimized by single-factor experiments and response surface methodology with
browning degree and sensory evaluation as indicators. The effects of Maillard reaction on the flavor characteristics of
Zanthoxylum seed protein hydrolysates were investigated using an electronic tongue in combination with the analysis of
molecular weight distribution, amino acid content, peptide sequence, and other characteristic indicators. The results
indicated that the optimal conditions for preparing Zanthoxylum seed protein Maillard peptides were as follows: Protein-to-
sugar ratio of 3:2 (g/g), reaction temperature of 106 °C, and reaction time of 52 min. Under these conditions, the product
exhibited an electronic tongue response value of 10.06 and a sensory evaluation score of 8.38. The umami-enhancing effect

RS EHEE: 2025-03-10

EELWAB: +EHEE@LEMA (2023M742189) ;% 4 EAAL —FR B (2024NC-YBXM-069 ) ; K5 A41#74] L XK A (202410718022) .

TEERN: £@E (2002-) , %, MEAFR A, BIR T 8 M O KRR F | E-mail: zyufeiy@163.com.

* @IS 4% (1994—) (ORCID: 0000-0002-7629-6480 ) , %, H 4, SIAFA R , HF 77 #): A 56 Rkt 5F, E-mail: hewanyinghzau@163.com.
3 (1981-) (ORCID: 0000—-0003-3649—-1860 ) , %, ¥4, #d%, B 7 7 ): & Fo kAL, E-mail: zhanping0993@126.com.


https://doi.org/10.13386/j.issn1002-0306.2025030114
https://doi.org/10.13386/j.issn1002-0306.2025030114
https://doi.org/10.13386/j.issn1002-0306.2025030114
mailto:zyufeiy@163.com
mailto:hewanyinghzau@163.com
mailto:zhanping0993@126.com

- 116 - £ Tl B4

2026 4 2 A

was statistically significant (P<0.01), achieving an effective 44% reduction in monosodium glutamate content. Following

the Maillard reaction, the proportion of peptides within the 500~1000 Da molecular weight range increased from 6.14% to

14.88%, while the content of umami amino acids increased by 8.95% and the content of bitter amino acids decreased by

5.32%. These results suggest that the Maillard reaction effectively enhances the umami taste of Zanthoxylum seed protein

peptides and enriches their flavor complexity. This study provides important theoretical support for the development of

novel seasonings that can replace sodium salts.

Key words: Zanthoxylum seed protein; enzymatic hydrolysis; Maillard reaction; umami peptides; high performance liquid

chromatography-tandem mass spectrometry
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Table 1 Optimal enzymatic conditions and addition levels

for different proteases
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Table 3 Matching information between sensors and taste
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Fig.1 Effects of different proteases on the hydrolysis degree
of enzymatic hydrolysate of Zanthoxylum seed protein

B TR, T DI H R SIS 1 7 /K Pk 2 SR ANy
FIEEFEIRPY SR, HoK i i S a4 e & ik vk
FAHEIR 1 22 A i, TGRS R IXURPY S UK R
PR S Z2 PP NI, T 7 IREE A i i R U, 507
R KR A Sy 2 R, I 22 R Rl 2 BR A 22 %, A
TS EFTRRREAL . BEpRIg R >, B 1 R E &
itk kA P Tt AT AU B P B UK 3 2B Bl 2 h, 7K
fRBETTIRE] 13.45%, 13575 T PR R i S5 B il
fift (P<0.05) . PRI, 1566 52 45 il TRl F A ABORT 25 11 7]
F TR
2.2 THFFERBBRRERER K T ZEH0IHL
2.2.1 PRRIESEE  SRAPNAT LGS I M SE AR I
FERR, FoH A, (ELFRBH SR /2 0 77 ) (Maillard
reaction products, MRP) & AEFREE, T A, 1HIIFE
HH S A s B v () P IR P, aniE 2A, TR,
Angy T Ao BEBEVS I LGB T2 43 i, 22 H 5
PR SN RCFEIEIN HAEBE ARG S DA NG 3B
Wi B2, 4B AR INEE, FIRHE 2B, o SR A fE
WS I G I v 52 B S s BRI A, 2SR -
LGSR 3:2 B, SERTE 53 s (P<0.01) o MR-
BELLGI/NT 2:3 Jo, FERIERB] 3N (P<0.01), FRIR
IR/IMIERE N, P SEBEER I -BEEL B 3 12 BHEARURT
EREE A L IE NI S S EE

&l 2A, FE 2B, S 1 52 B a] X MRP Y 2
REFRBEFEBE PRSI . I W BT A 60 min B fief
WA R 114 JER B DT 4 X4 b 2 v T R At s N B[]
(P<0.01), Hi=#7E 294 nm Ab i G R IR B B ok,
Ui EH RS H ] A i 22, B )T his /v i)
KA. M 40 min FFAR, SV ARG, A, (EEKR,
FRWIE S NI R P 2 208 FRZR I B BT o, O
BB BRI G RAT T, AN )
58, PR P DR AN AR R S5 2 R AR B, F kAT
W, 60 min A AEAURF AR F IR & HL A5 B2 N, 19 i3 SO W,
CRRIEe

JNE U5 B s v S A I N AT AN Rl i A%,
A AN TRURUR =420, P 2A, FIE 2B, AT,
SRR BRI 130 °C )=, 7P IAE 294 nm Al 420 nm
A AR ' YA BH Sl B0, AR IR B 2 N (P<0.01),
I O iR S R T SE R AR S N T R
RE M EERLT YRR PGE BT RO IR
{IGAF 4 90 °C 1 100 °C, Wi R 18, =i/,
RGBS YR EE N 110 C B, FEYTE
294 nm AP GIE B, HLEERPP535 w5 (P<0.01) o
2 1, ¥t 110 °C YE R Bab VIR
2.2.2 MR L AR Y5 Box-Behnken M N AT i
i, 45 R R RE 4t L, LA B L] (A) |
SBPREE (B) . RN ATRI(C) SRy H AR5, SRR 53 A ]
RAE, fife = 2R =K g5 R ansk 4 iR, F
JH Desingn-Expert ZA/F%F FiRgE Rt 72250 —k Ial
VLG, 159 S EEIRIERCE PRS00 R I [B15 7 # h



547 % 5 41

FE: AR R 256 SE R RN =4 #F 294 nm T 420 nm AbWESGRE ) 520005 B IS FLAE R0 P MR 4

WK, & TEHUR A SRR 25 . FAF B B Rp - 119 -
A 1.0¢ A, 107 A, 1.0
! —— 294 nm 2 1.0 —— 294 nm }
08F ° +- 420 nm 09t 0.8+
08t
= 0.6} N = 0.6}
R 207+ S
= 04t =) X 04
06
02 05t oo 0.2¢
e o4l ol
5:22:13:21:12:31:22:5 40 60 80 100 120 140 160 90 100 110 120 130 140 150
2 1-HE i FF1H] (min) IR (C)
B, R B, ff R B, R
10 10 8
8 8 6
FERIT 0 J FERITE 0 JE FET JR
0
fUS AR fUS AR 'S fig
BN Bl fltk
—n—5:2 ——2:3 —u— 40 min —&— 120 min —u— 90 C —e— 130 C
—e—2:1  —x—1:2 —e— 60 min —x— 140 min —e— 100 °C  —+— 140 C.
—a—3:2 —e—2:5 —a— 80 min —eo— 160 min —a— 110 C —e— 150 °C
—v—1:1 —v— 100 min —v— 120 C
Bl 2 FERURF R 1 Tl A IR S 404 ez o7 P PR R S 6 45

Fig.2 Single factor test results of enzymatic hydrolysate of Zanthoxylum seed protein Maillard reaction
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Table 5 Analysis of variance of regression model
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6 6:5 120 60 5.125 W35, ULHAAR R B A 7 R LA A9 2 i et 24 1 T
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13 : 110 50 5.74 . e . .
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Fig.3 Effects of protein sugar ratio, reaction temperature, and reaction time on sensory evaluation of Maillard peptides
from Zanthoxylum seed protein
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Fig.4 Radar image of enzymatic peptides and Maillard
peptides from Zanthoxylum seed protein electronic
tongue response
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Fig.5 Sensory evaluation of Maillard peptides from
Zanthoxylum seed protein for enhancing umami taste
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T3>k 500~1000 Da (=)L FEhifE R v 5 & &
e 6.14% 32 14.88%(P<0.05), Zhang &5 4355
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Fig.6 Molecular weight distribution of enzymatic peptides (A)
and Maillard peptides (B) from Zanthoxylum seed protein
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Table 6 Amino acid content of enzymatic peptides
and Maillard peptides from Zanthoxylum seed protein

FILRRFNS A R 2 i (%) FEPIER (%)
A2 (Glu) 2.87+0.07° 2.47+0.03
KA (Asp) 1.25+0.00° 0.94+0.01°
B2 (Gln) 11.3740.14 21.54+0.16"
a2 (Lys) 3.56+0.04° 3.61+0.03°
Jifi %42 (Pro) 0.65+0.01° 0.43+0.00
J1ad MR (Thr) 4.03+0.16* 3.2740.04°
SR (Leu) 7.3740.17 6.630.02°
S5t AR (1le) 3.87+0.01° 3.37+0.01°
#i54R (Val) 6.04+0.06° 5.43+0.02°
AR (Ala) 2.46+0.03" 1.79+0.00
H& & (Gly) 0.87+0.01° 0.59+0.00°
2251 (Ser) 4.39+0.07* 3.40+0.01°
F 2R (Met) 2.6140.02° 2.45+0.01°
KAPME(Asn) 2.94+0.08" 2.42+0.03"
K =R (Arg) 24.15+0.09° 22.1740.05"
2H %2 (His ) 3.00+0.022° 2.8440.02°
KN R (Phe) 4.79+0.05° 4.27+0.02°
fi% &2 (Tyr) 11.76+0.29° 10.50+0.02°
5% (Trp) 1.2240.08° 1.23+0.01°
55 itk (Om) 0.59+0.01° 0.590.00°
y-Z T2 (GABA) 0.08+0.00° 0.06+0.00°

I ERZ (Hey) 0.170.00° -

Bk E AR (HAA) 37.08+0.12° 33.08+0.04°
fiE R LR (UAA) 18.43+0.01° 27.38+0.20°"
R E SRR (BAA) 57.54+0.06" 52.22+0.09

T ARVNE FREFOR AT 22 57 B34, P<0.05; "R ARk o

W R 2 —B7381 ) [RIs, SERfm R v S R
iz (Glu., Asp. Gln F1 Asn) 5 LI 8.95%(P<0.05),
TR ILRZ (Arg. His. Phe. Tyr. Met. Leu #l Ile) &5
EIgiZb 5.32%(P<0.05), HF—H A SR fEAR ] 23
H N SE A IRUBR . 3 —AR b P T I P
VRN ol BY ) NTB Y Yy eI S R/ B o W 5 A VA
FNASHR SN, CACAR i 5 2 R MR (A 2H B, B s e R IR
AIRTER, PTTHETH =y e AU BT 113
2.7 TEHFFERERERFIILE

FH HPLC-MS/MS X AEHUFF 85 (&P = ikt
AT INEERE M, G5 UNER 7 PR, M Z KA
6~16 NEILHR, 4y TS5 T 791.4177~1752.81 Da.
ARPEEE PPN 5 T T4 RUE S e 85 1 58
PLAE IR S ] R & 4R 1 I JH 2 08 A Rk R A A
HEGRVEH . MO AR RHBI G R A JOKRE
FEPITEIRAEAT R 5 ag | SRl Pk, FUERL b
I B RS AL T Asn FRILNSO BRIk B
H 5 SRR A IR U R 2R (B) . RS
2 (D) . 225818 (S) FNRACTNE (N) v () —Fh sl S LA,
HRZ BAHELIRIEEIL%RL5F (DD . DE. ED. EE),
P a4 S Sk 1 A8 L S £ R A 1 SZ AR LS S TR
PEOLA HAA B PRRE S Sy e — 2RI
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Table 7 Results of LC-MS/MS identification of Maillard peptides from Zanthoxylum seed protein
izl 4y F it (Da) KB m/z G ERCTE L EA ] (min) VTR (x10°) TR 28R
AVEDVLRQQ 1056.556 9 529.288 2 39.7032 1.87 HEREEER
EADSNDFRPL 1162.525 10 5822727 2 45.047 1.90 CupinBE
EEDENPY VF 1140.461 9 571.2411 2 67.1127 21.0 CupinZiZE H
EEEEDENPY 1152.409 9 5772136 2 21.7268 5.17 CupinBE [
EEFRVL 791.4177 6 792.4257 1 65.0235 5.30 11SERIE X4
FDTRILAE 963.5025 8 482.7601 2 59.8349 115 CupinZlZEH
FNVNPEIR 1100.598 9 551.308 2 67.5168 475 11SEREEHX3
GFDERLLAE 1048.519 9 525.2698 2 62.0887 3.05 11SERIE X4
VEEEFRVL 1019.529 8 510.7704 2 65.0235 2.77 11SERTE X4
VEEELEVLR 1114.587 9 558.3048 2 57.5058 2.48 11SEREEX3

T SRR AR A S ER AT A ZE 11, fF Bl Peaks 8 {7
B AT T KT PRIESHT, Z480E AT AQ-9.
EL-10. EF-9, EY-9., EL-6, FE-8, FR-9, GE-9, VL-8,
VR-9 i Cupin BRI, HEREHELE M 11S BRE
F1 X3, X4 PRI, 3X 5 S8R 5E— 28, Bao 451
W R IZEACR /K AR BRI IR T 11S BRER M.
3 g

AT AAEARORF B P R JEORE, 3 1k f A it e 5
S PLAHE N SR A ] A AERBURE B 1 S5 P A8 S 0 1 fief
Ko SRR LIRS FabR, Tk st 25 11 i
IR ER P B RS 75020 Tl AR A8 FE A B 1T h
FEbR, 383 DR 2R S A 3 TGS B AEACR AR
EPIE AR T 24 EA-bE L E] 3:2(g/g),
JNIEEE 106 °C, R NETE] 52 min. AEMUFFER 38
PIAERK LA 3.5 mg/mL MYH I A RN
BRI R AT IR R 61.69%., HL T 5 455 58 E VRN
SR, AR W R . BSEPIE NS, 4T
HEA5T AT 500~1000 Da BYMREBE &5 ELl 6.14% 34
& 14.88%, H A BRI (5 ELIGTIN 8.95%, THIRE
FERR N LI 5.32%, 2 FEHH SRR B AF AR
AT EE IR £ B 7 3 5 HL AR AR XSRS i .
B e 3 B 4% O 2 W G IR IR 17 SC B BT 2R 1 U T
Cupin BUFE . HZEMR & LA M 1S BRET M, HA
HEMR TR IL I AT A AFAE 2R S o () S R AZ AR 4
GOSN A o SR R T ISR S N 1 5 4 Ry ik
R FATAE I ARV, SERI TR S SR SZ AR TR 1 18] 1Y)
BAAYE RN MR 2E— 2R3, AR G
SRR AR, HESE NS A B E R ) R G
Wi, SIS R LB A AT BT A . AR
SHAEABURT 2B FURS RN T R A% £ i el fef il 21
KR AR T B IERE S SE R IR .
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