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Abstract: An enzymatic process for preparing flavoring bases from river snail meat was developed using a systematic
approach involving protease screening, single-factor experiments, and response surface methodology-based optimization,
with the degree of hydrolysis used as the key index. The free and total amino acid contents and sensory characteristics of
the snail flavoring bases were then evaluated. Subsequently, a novel river snail-based rice noodle soup was formulated
using the optimized flavoring base that had been developed. The optimal enzymatic parameters for preparing the river snail
flavoring base were as follows: a trypsin-to-substrate mass ratio of 0.19%, solid-to-liquid ratio of 1:2 g/mL, pH value of 8.0,
temperature of 50 ‘C , and duration of 3 h. Under these conditions, the degree of hydrolysis reached 26.82%, resulting in a
final solid yield that was 6.3 times higher than that achieved using the traditional boiling method. Overall, the flavoring base
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derived from river snail meat had an excellent flavor, with a prominent umami taste (6.64). Notably, amino acids with umami

and sweet flavors constituted a significant proportion (57.48%) of the total amino acids. The formulation for the new enzymatically

hydrolyzed soup is as follows: the original soup serves as the solvent system, with additions (in mass fractions) of 25 g/L flavoring

base, 3% salt, 1.25% white sugar, and 1.5% monosodium glutamate. The total free amino acid content (142.21 mg/100 g) and

total sweet amino acid content (17.28 g/100 g) in the new enzymatically hydrolyzed soup were significantly higher than those

in the traditional boiled soup (14.25 mg/100 g and 13.48 g/100 g, respectively), rendering the flavor of the enzymatically

hydrolyzed snail rice noodle soup superior. This study provides novel insights and recommendations for the efficient

utilization of river snail resources and the quality enhancement and industrial preparation of river snail rice noodle soup.

Key words: river snail; enzymatic hydrolysis; flavoring base; response surface method; river snail rice noodle soup

WRWERY ) PR SE B, R GUIRRY LA K]
JEASEE N, (HT AR RIZ T TS B R R S A4S
PR R EEAR . 2021 SE M P BE WA 4 77 b BE A U
NILF] 501.6 1470, FHe A 48 R A0 1 B2k 49 45 N
151.97 1256, [FIELHEK 38.23% ; H O 508, 2021
T 60, 8 MM BRI Y A 5 256 . 48
MR (1) 32 BELH BGER oA KR L R K 2 T R
AR AR Rl 2 P X T Rk 7= i it 98
A, 2 B R AR RR MR 1) 2 A VEVEAN AR SR
T2 BBV, SRR R R R A LA € (1 3
4, 24T EA L TR R AR R AT AR A R A
GoKETLZ, EAEGRYEZ RN T 7 XFENFE ),
JERIRIF 2AK, SR8 AN 2438 2 52 37 kL Rk
FECIR A P R E AR E . RN, BEAE TR
R 7 Ml () AN W R Rk K, BRI B Y AN RLR
BRI, ] v 28 o JO R P R 55 90 R R AT
VR I 8

EAMBE ARG FMARM. S8 5%, %
AR, RH DR E R I . &
1 J5 20 £ [ g P A S e AR R B B A N AR TR R 2
B N FIEERREI T, XN s TR A
YIS MERS 1) SR 31 = RN /1 1= K b 1B AR 1]
FIVV A TR, i L RS RO i XU R
T RE A 1 EIRA IR o 3R o SR O B R
o I A5 2 B PR N B 45 7 AR IORE £  R
TR ANBEE B BEMR AN ED . Wik, 2HRAERHN
UL AE SR [ N ANAIE T B B . T R P o R
1 K i 2 A £t R 15 B/ oy 1 B I R BRI
Liu 251 0 $ld 5 Ak BE 2T 68 78 J7 i 45 3] 7 Fofr i 704
BEIR K, FFIESLIX K B R U EERREAE . Sun
SV BLEELR R AT ARSI R T8 R i, RN I BIXS
R R I W 22 A 2 o v I e e . R T el
FH F 1 T A ARG A o SRR, o) 5 A R R

130

PREEDRIRAL, FFAREIA, BARKIRREF. 2R
5 HAA A IR L B R 24 B
Yo, EURBEARSEI S, X FIR I AR A & B
PN £ o =4 = DO A E NG R R =i R = 8/ RS R
TR o

A TS A G 7K 8 AR Wik 7 k) 0 T3 AR i
il JEr R AR T B 2 IR, AR )
WA 15 A et ) 5 R SRR, ORI = R
T AR DAY 73 B R0 52 RS R ) SR A7) 5 Lt AT
EIRICR . IR 2RI R B b, PO R
BRI kL. B AR B LRI 2 RO A PR A
PR TR AR SR

1 RS

1.1 #H5RA

WRWEPA, PR AR SE T AR AE R A PR A B HE
Bl Ik 2 S (20 )7 U/g) BEE A EE (4 000 U/g).
ARINE AR (80 77 Ulg). FHEAR (17 Ug.
HEEA/ (15 5 Ulg), MTEEAEY TEGR
ATl 9=95% 2,4,6- — fiff 3 2K B B2 15 W (TNBS),
AL E A BR A F] s PBS 220 pH 1H 7.4,
R A ERS (dERD ARAR; &
R 7R RS A0 3 5 AR R Rk oK 2
REETIN ; L- 228, L&k R}
HARAR; M, 2B ARAA
HC1. KCI N A R 23R 7 3 8 o b 465 B i 1)
T B R 2R 2 RN P T R X AR 25 A T
71 AP

12 EENHHFHA
HH-4 R AR IR, G Ia TR e seia 4X
&) s AL104 Tip 2 — WK, MpRsE) - 558 2



MK ERBHL

Modern Food Science and Technology

2024, Vol.40, No.11

48 (Bl BIRAF; FD-1 W& TN, 1
FOMR DURAX A5 1) 1 A7 B2\ PHS-3CW pH it b
AR 2 R B AER A R 2 W] s DH5000B 11 HL#vE
IR, RN AR AR s L530 & AR
H 3 B0, WIS AT KA IR
] ; Enspire 2300 £ I Al bR 1, & [F PerkinElmer
/~ &) ;5 Smarttonge HL 775, LI F G R E AR

NG
1.3 L7k

1.3.1 /K#EE (DH) #mle
ZIRIE &M 1 kAT E . DAL A
FRIVE NPRUEI R, 2 bniE i 2E . WX 0.125 mL £F
DB AR N 1 mL pH 15 7.4, 0.2 mol/L PBS Al
1 mL 0.1% (I&F15%0) TNBS, fEEE%MHT, &
T 50 CRBR RN 1 h, HREAHE =5 578
JE 2 mL 0.1 mol/L HCI #%3% PAZ& 1E [ B, 340 nm
TN IR, A A R A A T VRIT)
WBE o Tn SR i I W ' R R A o T 282 1 B KR ' B
VA, DU BOEATIE SR, TSR IR LU
BB T A B RE VA TORE . O & BIZE bR
GB 5009.5-2016 H (1)L K BRI E o« KA A

= (1D Firw.
y (Xy=X.) x0.16

T QP)

BN

D——KfEE (DH), %;

y—— R RABRKE, mmol/L ;

X y——Hf 5078 340 nm T AR AL
Xy——,&F/KE 340 nm FHFOLE;
m——BEH L RE, g;
P——BfEAf T VRO RS E, gg
H,——%&&af &KL, 7.85 mmol/g ZE R

132 B EZARMHE L ZHE
1.3.2.1 HfrREgEmik

DASZWR P A JE k), GREX S Ph R (BT L HEE 4%
P NEEAR, BB S A (pH {H 9.0, 55 C).
H&HEAM (pH 1 6.0, 50 'C). AREHAEF (pH
8 6.0, 55 C). BEEHEF (pH{H 8.0, 50 'C).
PEE AR (pH1H 6.5,55 C ). K B2 P54 R P JBE
HUS g PABE, B0 15 mL Z&8087K, 897 pHAE, 2%l
Il 9 mg, THIR/AKIGEGME 3 h, BTG ¥ %
ZhKH 10 min KEEALEE, AHEEHE, &0

(4 000 r/min, 15 min). B by E K AgE, T
i m A
1.3.2.2 B[R ZESLLE

e R RE O AEREORE, JFRU R
PR 2 52 56

Pt A BT [ 06F 7K A P () s = 2 BB AAIRLEE S50 °C
pH 18 8, BHEEL 1:3 g/mL, BEJEF &L 0.18% K4
PR, HEEEEHENT] (1. 2. 3. 4. 5 h) K2R
TK A 5 () 5

Pty g i PR 7K f BE ) 5 AE AN 1] 3 h, pH
8 8, BHELL 1:3 g/mL, BRI ELL 0.18% MIZAFT,
LSRR (40, 45, 50, 55. 60 ‘C) X hZiii Al
TK A FEE ) 5

pH BT /K AR BE RS20 - FEBRARIST (8] 3 h, FfE
T 50°C, RBREH 1:3 g/mL, B 0.18% i
%R, % pHE (7.0, 7.5, 8.0. 8.5, 9.0) Xf
R PA) 7K SR FEE R B2 )

BHE LE T 7K i BE RS20 = CERRARIN [A] 3 h, B AR
M50 °C, pHH 8, EEIKHAELL 0.18% HIZ&MH T,
FEORLREL (1:1. 1:220 1:3, 14y 1:5 g/mL) XHig
W PR) 7K FEE PR S

Pl IO 5 2 BT 7K 2 RS2 ) < AE TR EF [R]) 3 h,
il f iR 50 °C, pHH 8, BHEEL 1:3 g/mL, # %
B E L (0.16%- 0.17%- 0.18%- 0.19%- 0.20%)
o WG PR 7K A FEE D 520
1.3.2.3 MR

ETRHEZR AL R, B pH fE. BHR
BRI Lo B AR R, DAKAREE e AR, AR 4
Box-Behnken W08 A& it R BR3EAT = R R =K P
Wi 7 TR, AR A K AR B K A & T2, IERK
AR 1,

1 MEmEITEZEKER
Table 1 Response surface design factor lever table
KP
-1 0 1
B fi# pH & 7.5 8.0 8.5
FhHR b /(g/mL) 1:2 1:3 1:4
B JRJR 2 P /% 0.17 0.18 0.19

1.3.2.4  Wgif 2 R R ) %

TE I B AR 26 A T 1) £ Wil S R S ), B 52
W R K R ET 10 min KEFALFE, AHIE=R
I, B (4000 t/min, 15 min), B0 )5 AT T
VO3 LI

BE

131



MK ESBHL

Modern Food Science and Technology

2024, Vol.40, No.11

& 2 BUiHLARREITNR

Table 2 Sensory evaluation of river snail rice noodle soup
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Table 3 Response surface design and results

K¥ B pH  BARE Hk AR
5 1A b B/% C(g/mL) Y/%
1 8 0.19 122 26.82
2 8 0.17 1:4 14.35
3 8 0.17 1:2 18.32
4 8 0.18 1:3 24.23
5 7.5 0.18 1:4 14.27
6 75 0.18 1:2 16.21
7 8.5 0.18 1:2 2222
8 8.5 0.17 13 17.47
9 75 0.19 1:3 20.67
10 7.5 0.17 1:3 15.44
11 8 0.18 1:3 24.55
12 8 0.18 1:3 26.95
13 8 0.19 1:4 14.26
14 8.5 0.19 1:3 16.37
15 8 0.18 1:3 23.22
16 8.5 0.18 1:4 11.25
17 8 0.18 1:3 26.04
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Table 4 Variance analysis for regression equation
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Fig.7 Effect of the interaction diagram of enzyme/substrate

2.0
0.170

mass ratio, solid-liquid ratio, and pH value to the degree of
hydrolysis

2.2 RN E ok AR B A R A B AR AT

FEJREE E R VR T, WRIE P 2 5 20
FELIDR AN i B R, MR 52 A R ) S R X
WRAT S 35 50 . MR S DR OB 0 B B R R A B A
FERH AR 5 FToR .

S B LR B I E R AT A LE SRR R
FE R EE Gl o SR R RL A S A BRI Y 17
AR, P EEER A FER y 29.54 ¢/100 g, &
BRI SR 57.48%. AT IR R KUK B A
Pty Tty e b A AR Sk BT A O R, BRI 20 T L
R B R R SRR R Y 53.51%. MBI 52 vk
BRIk EER S ENEAERE B S TkE
e i VG 0 o AR P SRR IR R, 1 R
Wi SR OB B T AR R T . RERE E
ERRAEREE T RE, N10.04 g/100 g BA
MR Ry 7 AR Nk R S R AR LR A, IR RENE R TT
B ity FRD A R G R DL R g R 1 JRE LRI A, S it
2] ) P i P 1K

135



MK ESBHL

Modern Food Science and Technology

2024, Vol.40, No.11

BRI SRR ER T B B E IR IME SN, &
BAF & W AR IR 5= R KU i) 32 22
EkE 2 —, X EEAERANE G ARA —E
IR 7, T HLIE BE -5 H Al XU Joi 7 A= ik ] 25
R, 5% WA 2 0k RS Rk () B A R R R s T
T, R R ORI B 2 R S BN 10.93 /100 g
W BRI PR B 11 T )4 P T A A RGN 21 AN
IR, BT KIRBERI T . A2 IR0 2 Rk AL
BH & AR R R R S B, v 3.23 ¢/100 g.
Zhang 55VR DURE SRR S RERE . ARV BUFE IS SUR
7ty (R SRR PP o B F AR, SRS 2R T A
G SR PEEHE RN ROR, FRIRTEERR . RO AN IR
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Table 5 Analysis of total amino acid content of the flavor

base material of snails

ERABE2E HBRLARSE

RAmA X /(g/100 g) /(g/100 g)
SRR (Glu) # 10.04 0.13
RARBR (Asp) # 5.79 0.02
RER (Ala) # 3.64 0.21
HAB (Gly) # 3.44 0.02
ZEBR (Thr) *# 2.58 0.30
2 R B (Ser) # 221 0.12
JHZER (Pro) # 1.84 0.21
R (Arg) 225 3.23
02 (His) 1.05 0.10
ERB (Met) 1.01 0.31
FaAm (lle) * 2.02 0.46
KA EFR (Phe) * 1.58 0.99
4AB (Val) * 2.54 0.51
ZRB (Leu) * 431 1.76
EEER (Cys) 1.75 0.21
BAFL (Lys) 3.63 1.18
B& 2B (Tyr) 1.71 1.17
SRR AR S E 29.54 1.01
%F BB A F BEAA 13.03 4.02
AABRE T TAA 51.39 10.93
EAA/TAA 25.36 36.78
Er W RTFEHRALR; Y RTFF ALR;
= RARA.
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*6 MMIHEERSELILR

Table 6 Comparison of acid contents in two kinds of soup

HHRALAREE  ERARSE
FULEAP R /(mg/100 g) /(g/100 g)
KAE A KAR EMA

BR2ER (Glu) # 4.67 10.25 3.04 482
RARBR (Asp) # 092 2.97 143 259
AR (Ala) # 2.80 9.78 232 2.63

HAB (Gly) # 1.67 2.52 375 342
MEEL (Cys) 0.01 0.85 049  1.07
7 RE (Thr) *# 0.69 7.28 055  1.03
L 7 (Ser) # 0.29 1.64 190 172
B& 2B (Tyr) 0.43 17.42 142 143
JHZBR (Pro) # 0.21 0.58 0.76  0.86
4 RE (Val) # 0.69 8.51 0.18  0.48
A (Arg) 0.78 5.34 037  0.90
2088 (His) 0.32 4.08 034  0.64

EHFL (Met) * 0.24 6.04 0.58  1.18
RARE (Phe) * 0.41 14.27 0.85  1.81

Z 2B (Leu) * 0.85 26.71 0.63  0.80
F AR (Ile) * 0.48 8.29 092  1.65
AR (Lys) * 1.00 15.68 0.19  0.65
BHARABREE 1125 3502 1348  17.28
%F RIS E EAA  3.67 78.27 373 712
AAEREF TAA 16.46 14221 1972 27.68
EAA/TAA 2230  55.04 1891 25.72
E W ATEHPARIAR; 7 ATFLFE ALR.
3 g

R S 00 38 I A A MR W A T2, AR SRR R R
B A b, kB R AT A, B T i
g T 20N AR B & N 0.19% BRI
Eb N 1:2 g/mL. B fi# i B2 50 “C. B ff pH {E A
8.0. FfAMS[H] A 3 ho MR 2 R ERIRIE R, B
A& QIR RVRRAE R, o U IR A
BB 25.36%, SFFETRZELIR o E B IR R Y
57.48%, i BRI SN 10.93 g/100 go TR
A W i PR T T 2 ) 4 R SR R SR, R AE A
EFFR R E T AR, HE R R R S R
142.21 mg/100 g, &/KEIN 8.46 fi5. FHLL L4
KRB T m R s AR A 2, e f g e
BRI 7 B P R BRHE T TSR R . )5
SN0 2 JIRORT SR /N 431 2EL R 52 R A i A At A
SERMLHERAHIFT -
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