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Insent A 7] ; cNOSE-28 HI L 1 8. | LR Z R A
B\ 7] 5 Flavour Spec %l GC-IMS 1, & [# G. A. S
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1.3 EWHE
1.3.1 BERERENHE JETHIISIE AR, i
L (A 28 W, 0. 5 mol/L NaOH 5l HCI %7
W pH {EHIA Z 6. 70£0. 05 ;— U ME A= E0h

) : mOKBEAB)=1:3),TF 51 CHEIRZHK
W PR 2.75 h 5, SLRITHE E 100 C, R R
10 min LUK, SR 5 VKK ISR A1 2 200 R B K
FNEZER T ;T 4 °C 7834 v/min 254 FEL 10 min,
1T B Ry Bl S R R} -20 CURAE, B H

1.3.2 TCA WIAHKEENE S%5% M)
W IFRSVEEE, HERGEEE S. 0 mL RRIURE S (26



B4R, % R B AR T 2 8 8 2K B TROROR AR AE RAR KM A LG & 40 B % o +53-.

WA 2K A R SR A S R LR, R R L A 15 mLL i
I3ECR 5% 1) TCA ¥R, 785118 5)JE #f 30 min, 25
OJalcsE W, BUL 0 mL FiEWS 4. 0 mL XU
MREBOR A IR 44), F 25 C 44 F R 30 min,
FE 540 nm P A E R
1.3.3 FAAEER TAVIIE 2.0 mL fFIEE
i, AR 0N 15% 09 TCA ¥R, B4 2 50 ml,
FEMRAE E W E 120 min, REWT 4C.
9821 r/min 5 F B .0 15 min, Y 5 5., B
5.0 mL _E3EW, 8 3 mol/L NaOH i & (/€ 4) 4
BT AR WA T IR B 9, 5 VA W pH fHoh 2.0~
2.5, A RGIRA), B & 10 min, 220, 22 wm fHfLIE
J 3k 0, A5 R
il 2R B 353 B A, R B8 5 28 4 — i =
Bt e e e E FAA S R0 . FHES
F2CHHE (4. 6 mmx60 mm) ; 73 B AL 57 C K
MR E 135 °C 5 s A E 0. 40 mL/min, B = i
P 0. 35 mL/min; AR RE 20 s A5 I 4300 Ry
570 nm(JH T 17 Fh & £ R ) 1 440 nm (JH T A
i) . Kz S A7 EZChrom Elite #4417
G3HT
TAV S i th 3L DR ot 5 et 55 L5 R B (B 1Y
FUAEL, AT FH T 014k 32 B8 305 R Jo X6 AR ot 5 4% 12 Ok 1)
BRI, BT RAR T T,
Tay ="
P>
X p, WEWREER SR/ (mg - g') ,p, NIZR
BEMRIER A (mg - g7') o 24 TAV>1 I IAHIZY)
JEXH A R TR XY TAV< 1 B TN %8
LR TTHRAL /N
1.3.4 ERBERSENE W5 0 mL FFNFE
i, 5 15 mL B E0 5% 1 HCIO, IR A
T, T 4 °C 6621 t/min £ F B0 15 min,
WCAERIR 250 M UTTE Y, N A 10 mL JT & 53 80h
5% HC10, ¥, ZEARTR] B0 4508 F AT B0
AbER . BE 2 RED A B WA IR, RS mol/L
KOH R IR AW pH (HZ 6. 75,48 0. 22 pm 1
FLIERE IR S AT HPLC A 24
i M R SR C18 RO @3 A (5 wmx

4.6 mmx250 mm) ,FEIEN 30 °C ., FEhHERH A
AH(0. 05 mol/L KH,PO, ZZ ik, pH A 4.5) #1 B #H
(FPBE) A, 3N 0. 8 mL/min,, AR VEBIFE %
BN HIIE BB (0~ 10 min) {54F 100% B #H;10 ~
17 min 534 15% A #5 85% B MR &R FR 17~
20 min K& % 100% B A, #l A 254 nm, i#F
FEARFN 20 L
1.3.5 AHBREEME M5 0 mL FENFEM, 5
0.25 mL JE =R 5% HCIO, WIRIR &5, #
BV 20 min, KRG T 4 °C 4081 r/min 551F
B 10 min, WA BVEW, 48 0. 22 pum GRALUENK
1HIE 2 W, #EAT HPLC Al o4
ko Mr R G R C18 A (A% 4 (5 wmx
4.6 mmx250 mm) ,FEiR A 30 °C, FBhAHH pH (E 2. 8,
0.01 mol/L £ 0. 22 pum JEAE T &Y KH,PO, 22 il
5 A AR 95 ¢+ 5 A, T R 0.5 mL/
min, RN 10 wL, EAMGIDE K 210 nm,
1.3.6 EUC R TI 8 EUC J&—Fh T & o ff
BRSE BE B 35 AR, LU 100 g AF & BT & 8 & R A
(MSG) A &R R, EUC(g MSG/100 g) A1t
AR R,

EUC = Saibi + 1218( 2 aibi) ( = ajbj)
K ai HEERE IR i/ (g + (100 g) ') sbi N
fief IR 2 JEE T R T T A R B ( MISG ) 1 R Xof fif R
B,Glu 2 1.000, Asp N 0.077; aj 9 5 W A% 1 82
(IMP AMP) &4/ (g - (100 g) ') ;b AR WRAET
FRAHRE T IMP (1) A AT B2 22 4, IMP 2 1. 00, AMP
0.18;1218 S PHFEIVEF R 2L,

SRy AU i B A I SR R B RS R A T
YERTH HE A7 . R AR EE T EUC WIS, I X I
HEATARIE L0 AL B, DL X0 b 2 B A A X T
HEREBR YY) ST MSG 14 S b A 8 LR TF 5 24 500
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1.3.7 HBFHME FHFWHMHZ0.45 pm F
0.22 pum B U85 A5 . B S0 AL AR €00,
AE1 AAE CAO F1 CTO #4736 fb K 1, 2R J5 X
80. 0 mL FEIK T HL & DS AR DA 3 o W AR 25
IR IR 76 S A5 0 T I R R A TR IR 9 R
S ORCIRY ST SN O I N S SN 7 1 713
1.3.8 WTRINE Z%aA%5 Wk, It
YEMB R, B 10. 0 mL 7 0RE & F 10025 i, A
RS 1, 2 R N #F R 30 min, B S B S
Xof KUK J5 6 A7 A6 I, g AL RE AT 3 IRk, HLF
B SO TR R, MR ] 120 s, W5 v a]
120 s, FLUAAb 2R AL i S O 1 80 I 25 744 A
1,

1.3.9 GC-IMS il 2% J. C. Bi % ik,
FEFEAEIE S, 45 A R AR & 19 £ B3 15 18] ( Retention
Time , RT ) FERS BT[], 3645 (F AL R VE R bm o it o
5.0 mL FRIURE & RIS B E AL B B 2% B T A
1E 60 °C 21F FIEHE 15 min, 7E 1566 r/min 510 F
R, T 45, IS 091 55 & 4%
500 L Wigs 54K H 3hdE A GC-IMS JEfE#e , TR AR
HREEN 65 C o MR B i B MXT-5 354k
(1 pmx15 mx0.53 mm) ,N, REEAAK, RN 60 °C .,

S FEBE)E 451 S 2 45 CHEBE R
BRI 150 mL/min P 3EEE, U HORE T 1%
T2 mL/min $F%E 2 min, 15 mL/min %% 10 min,
100 mL/min 4% 20 min, 150 mL/min 4% 25 min,

SEVEST T R 6 FhER S0 G W TR G A i i
ST RT 51 B850 ( Retention Index, RI) H# IE A5
B T HAMEE W ik 0 B AT AT R A
FH VOCal 73 B 84446 iU GC PR B 45 B s 1
NIST 2020 K¢ IMS iF 7% i [a] B8 22 1464 752 S L X 30
E A B Z AR B 2 A R G A AT D BE (L
Reporter , Gallery Plot, Dynamic PCA ZEAH) | F4) 4
VOCs Wy =4/ — 4 (0 35 FRAE BT 1% | 22 5 I ET RRAE
PRBHE 808 K 0o 73 Bt (PCA) RS S UA [a] £
DIRE T Z 18] VOCs 22 55 1 248 5 n] AL AT
1.4 HESH

FAS LI B L, HE DS 3k 45 H
CPEEbR 2 ) Foom, B F K TFh P<0.05,
K FH SPSS 22,0 4% 52 56 K s £ 17 ANOVA Al
Duncan 5387, F| FH Origin 2023 3R {F2: 4,

2 ZER5550H
2.1 TCA FJAME=EnH
TCA FIVAME IR &2 F fE £ A 2 rP e Ik 43

AR AR b, A 5 2 R BE S % WL WA 1 oK g ™
Py ABARX 5 B KB A AT B0, RIS Al

R AT BRI A i KA
Table 1  Chemical sensors and their corresponding target substances
R UYL WYL/ (mg - L) || &/ U T WG/ (mg - L)
S1 VTR S IEIUS 200~ 10 000 S15 VOCs S S 1~30
S2 RS S SR IR 1~1000 S16 T, WAL AR 500~ 10 000
s3 R 0. 01~1000 S17 H e, RIRR, 500~ 10 000
S4 ALY B 1200 S18 ke, Tk 500~ 10 000
S5 Bk, &K 5~500 S19 IR b 100~ 1000
S6 ALK, B S EGEY 5~500 $20 VOCs s 150
S7 KA bR, KRR THA 300~ 10 000 S21 W2, Ak 1~200
S8 S ot S 300~ 10 000 S22 A&, Be ks, A bela 1~100
S9 Bt b 0~500 S23 els Wiz 1~30
S10 A 100~ 1000 S24 ZIGYE R AR 30~ 1000
Ssi11 IR ALY 300~ 10 000 825 bt b 300~ 10 000
S12 P2, B 300~ 10 000 826 FERIN AN T 500~ 10 000
S13 FH b 300~ 10 000 827 i 1~30
S14 AR AR 300~ 10 000 S28 RSN 100~ 10 000
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AET R SN T AR BB SR W A R
BHep TCA AIEMEIR & R4 (110720, 73) mg/mL, i
FRTRERZAEWR((6.63£1.21) mg/mL) (P<
0.05) o 3X ] REAE K Ay 78 0 i v (9 AR P AR XS
T A T — A5 R 1 e DR R ARG A B, R B T
PR ZR v ) AT M O B B SRR R 7 A B, F
FEl O R H LR IR GEH <100 °C) ALREFR 4
TR S S5 /K A EL A P 25 vk i e, i o)
FRSEIL BRI/ 3K T AR B R AN SE
SR EBFH, AT, g ] T R A
JR K s, AR FHAIL A J2 B2 03 R el 2 1 et
IR T A3 (0 RS S PR A, 7R B S 3
el 2 P o e R M V) 1 A £ 2 1 T e )
GERRRAT R, KO B Vo R A IR X 43 o i K
Bt [FIBS, ZHZUHO S R 1 A 2 S A W] PR RS
3T B i s e R R, b 3 v 7K it 7 ) P s i
R T
2.2 FAA SEF TAV o#f

FAA 55 8 5 IRAS AT 37 7K ™ i ik |

iy

TR FRIR JRCOR | R S 2 E R R o R SR R
o Y LA DRI P 20 43 77 A I )38 80, DR Ot
TR SCHHEIE R TR A 20 o 2% €000 2 25 Tl A T U
FAA SEIESE R 2, 2 2 T, B L vk
TR SRR R A A= 3 A« R Bl 32 e A
ZHEMR Asp .Glu Gly \NZ B2 (Ala) Fll Arg [ 34
T o Ala DU BERITAR Jy F2 B RAE , 7616 7
AR T Glu AT Asp 2 B 1R P TR ik
Wyt , HOK S RAE & ARG Y pH 8 Bl (JHZ
TR ER R E 30 T 2 B A 32 T Ry L ) £
BR MR s W PR R M AR (Lys) (AR
(Met) | f Z R (Val) | 5 5c &R (lle) | 5¢ 2 W2
(Leu) %R (His) RN 2R ( Phe ) BARTEFNE
AR A S R AR T R R, By
R Z R A 38 5k PR [ AL R i A 5 i R 1 J
SEEE DY A T A R R ORI Ui R A 3 R
(TAA) E 38, 33 AT g A2 R Sk A0 P 358 ] 2 11 A
HMIIER I REAE T i 3R A S A DAk B o 4 1) 2 5
R MBS

A2 KERKARBMATGH FAA SFME LR
Table 2 FAA determination results of Ruditapes philippinarum cooking liquid pre- and post-enzymatic hydrolysis

N PRI = m
- R (mg;?ﬁa&/) B %‘%@mn?zs%i_ﬂ]?z - %%zﬂﬂ%ﬁiﬂ
7/ (mg - (100 g) ™) TAV 7/ (mg - (100 g) ™) TAV
Asp fif R 100 65. 52+0. 13 0. 66 111. 159. 04° 1.11
Glu fif 30 141. 240. 47" 4.71 352.25+0. 38" 11.74
Gly ek 130 251.51+0. 70" 1.93 361.91=+0. 72° 2.78
Ala GiS 60 166. 68+0. 34" 2.78 243.39+6. 37° 4.06
2252 (Ser) ek 150 7.82+0.11" 0.05 14. 97+0. 90" 0.10
IR IR (Thr) * FIIS 260 — — 14.54+1.51 0. 06
Lys* TR Bk 50 10. 43£0. 06" 0.21 16.83+1. 10° 0.34
Met * SUS 30 2.90+0. 02" 0.10 5.82+0. 42° 0.19
Val * FITAR B R 40 3.41x0.02" 0.09 9.00+1. 44° 0.23
Arg N RIS 50 83.130. 55" 1. 66 112. 56+6. 24° 2.25
Ile* TR 90 27.03+0. 13 0.30 43.97+0. 49* 0.49
Leu” TR 380 4.070. 02" 0.02 6.24+0. 51° 0.03
i 22 (Tyr) EEUN / 28.79+0. 11" — 50. 10£4. 52° —
His TR 20 9. 69+0. 30" 0.48 7.16£0. 11° 0.36
Phe* FRUS 90 9.02+0. 15" 0.10 13.20+0. 08" 0.15
DAA 624.95 1 068.70
BAA 95. 34 152.32
LT E IR (EAA) 56. 86 109. 60
TAA 811.24 1 363. 09
EAA/TAA 0.07 0. 08

i+ TR EEERL s DAA f045 Glu Asp Gly Ala; BAA f045 Lys Met, Val Ile Leu,Tyr His Phe;/3 7R JH 5 BR 50 B A U SCRR
3 s —F R IZ Y BRI B ; R T AR [R)/NG R R R 4 R 25 5+ . 3 (P<0.05) , R IRl
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WA E IR TAV, AT BLUL T Ak 4% 5L 0k 4 3
R AT ARG R 0 TTHRTE B0 AHAL T 2% (0 5 28 80
it e S A Bk v DR 4 i B R R 1 TAV H ]
BT, H P Glu 1 TAV £ (11.74) , HK R Ala
(4.06) , 2 W SE A7 R T 2 R4 R, B Clu
I Ala X it fifk S22 DA ARk 14 5 A R I I LA 4K T
BRO DR IMAED BT R, AR A T G AT 1A il
BRI TAV B R Glu A Ala; ) 85 4
WFFE & R, T EC Bk B UL PRy ity gk £ U v TAV B
AR BK Gl Arg B Ala, ABFSELE RS FRAF
FEEEARAE B, &5 I, o ) Tt e A A R A S A ik
RHE R LA BER ZERR ( DAA ) g0 TR SR
HBh PR E LR (BAA) B0 I B RAS R A
J3 i E A
2.3 EREEBRMAEVNERSESH

S IRAZ AT R A HILIR 2 4 J0 /K 7™ i R AR XU
(18 OGS S R O, FLRR AT 1) 2 A S P B b IRl A
[IPE 1K 7= i B B R R e B Horp A LR
(B AE L RAAE 37 22 3 9 4%, BE -5 26 A £ g
AR E ARG W M AT T E RS SN
V5 2R 590 04 U IR A o 24 8 s 28 280 VR I Ak 1T /s 1Y)
SRR MA IR S EE 3, hE3 TH, M
ZHRE ot PRI H S R (57-GMP) LR (57-IMP)
FRE IR (57-AMP ) , H Bt fif 52 R ELRHY 57-GMP Al
5-AMP 535 5 T 22 (LR 28 IR (P<0.05) .
SR , S [n) il e 2ot A FR SR BRI T R 57-AMP A
5'-AMP i 6= S 8O Tk i — P e R 57-
IMP, iX 7] fig J& 5'-IMP & i W A & % 48 1k 1Y Ji
PR AR SRR S e /N T L R B, X

LR TTHRE N (TAV< 1) B RERS 5 2 Fhilfe g Ak
R FIVE T B2 TH AR FRAE . BRFARRVE N —Fh A
FEIEPE SR A A HLIR , 78 D1 287K 7 i v 38 38 47 76 9F
RYEF T EWAEH T G Ak BS | 35
PR RO T B $E T (P<0.05) . [ ERER
S PHZHAE i BRI R B 4k 34 ) 3 Ao G S R
1B, FR W BEFARR S % €005 28 28 WL il 6 IR 7y o 22 07
BRI, HLE ) il A 1T fF — 20 o Ak L2 BRAIOR
F i EERARRAE B S

AT TAV 087 R I, B SRR TAV 3%
o TZEB W D R — SRR Bl R R A R Y TAV, X
F0 43U i A S A R 3 B A R R S R R A
R 2 (B A7 AE DI [ 35 280V T, Xk it i 7 ) ) 4 A4k i
PRARFE A P DTk
2.4 EUC &#7

5T KB R IR S5 A MR A=
0 28 O TP A 3 1 R O D[R] G PR, 2 26
SR BT [F) A7 AR I B 12800 AT A AR ) e R
5 AR R R X T EUC P AR T A
FAE, A OIRZE B BT 10 EUC 7350120 1. 46 ¢
MSG/100 g i1 5.31 g MSG/100 g, H.J fi# J5 iy TI
(177 ,MSG M EBRBIE - 0. 03 ¢/100 ml.) 24 H it fif
I (48.67) 11 3.6 1%, 22 B 22 [n] g it nl fm 2 42 T 2%
000 78 38 VR I B AR B
2.5 BFHEERFES

HL 75 BT SR8 BB B B4, RS
PR TR | 2 O X B A R R H AR R AT E
OIRTET A Coi 7 5 R T A T R TR R
TIREWE 1 iR, mE AT 52000 2%

k3 LG ARFIRERA G0 Z R B A HLER M T 45 R

Table 3  Determination results of flavor nucleotides and organic acids in Ruditapes philippinarum cooking liquid

pre- and post-enzymatic hydrolysis

Fe51 SR SRR ( %ﬂﬂﬁl‘aﬂ{ﬁ/_l _ %r‘:ém%?é%ifii& _ E%%H&%ﬂ
mg - (100 g) ") &/ (mg-100¢g") TAV  &H/(mg- 100 g™) TAV
5'-GMP E3US 25 1.78+0.01" 0.07 3. 1320. 42° 0.12
O 5'-IMP fif R 12.5 2.57+0.01° 0.21 2.77+0. 18" 0.22
5'-AMP BRI EHBR 50 3.91x0. 58" 0.08 7.200. 06 0.14
a8y 8.26 13. 10
LR BEIIIR fief R 011 8.79+0. 82" 79.91 15. 68+0. 24 142. 55
B 8.79 15.68
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HH B Tt ik S22 DR B 1 G R R e JE J 4 W I e 0
X ] B PR A IR S LR ( Glu  Asp 55) 5 .35 1Y
AR TERR (5'-GMP 5'-AMP) Z [i] 7= 4= 1 58 51
(R DM RIS R T, 3 552 B 40 Ik 114 P ) 5 3 ) 4
JI T e JEE IR PR Ao G R I 3 W A ) A
PRI S RAZ IR | XU = 6 1R | ff R UK 45 S iR i o
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Effect of targeted enzymatic hydrolysis on flavor characteristics and volatile
organic compounds of Ruditapes philippinarum cooking liquid

TIAN Ran',NING Yue',LUAN Hongwei' ,BU Ying',ZHU Wenhui',JIN Linxi’,LI Xuepeng',LI Jianrong'
1. College of Food Science and Engineering , Bohai University , Jinzhou 121013, China;
2. Tianjin Chunfa Bio-Technology Group Co.,Ltd., Tianjin 300300, China

Abstract ; [ Objective] To achieve the high-value utilization of processing by-products from Ruditapes philippinarum.
[ Methods] With Ruditapes philippinarum cooking liquid as raw material, the enzymatic flavor base was prepared
via the targeted enzymatic hydrolysis process optimized in our previous study. The flavor characteristics were

comprehensively evaluated based on multiple indicators, including the contents of TCA-soluble peptides, free amino
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acids (FAA), flavor nucleotides and organic acids, as well as taste activity value ( TAV), equivalent umami
concentration ( EUC) and taste intensity ( 7). Combined with electronic tongue and electronic nose, gas
chromatography-ion mobility spectrometry ( GC-IMS) was adopted to analyze the evolution of volatile organic
compounds ( VOCs). [ Results] Targeted enzymatic hydrolysis significantly increases the contents of key flavor
substances such as TCA-soluble peptides, FAA and flavor nucleotides ( P<0.05). In the enzymatic flavor base,
the TAV of glutamic acid increases significantly from 4. 71 to 11.74 (P<0.05) , the EUC rises from 1.46 ¢ MSG/
100 g to 5. 31 g MSG/100 g, and its TI is approximately 3. 6 times that of the original Ruditapes philippinarum
cooking liquid. Electronic tongue analysis shows that the umami and richness of the enzymatic flavor base are
significantly enhanced. Electronic nose-PCA reveals remarkable differences in odor intensity of the cooking liquid
pre- and post-enzymatic hydrolysis, confirming that targeted enzymatic hydrolysis effectively alters its volatile flavor
profile. A total of 72 VOCs are qualitatively identified by GC-IMS. The contents of flavor substances such as
esters, aldehydes, ketones and furans in the enzymatic flavor base increase significantly, while the contents of
undesirable flavor substances like isobutanol and triethylamine decrease obviously. [ Conclusion ] Targeted
enzymatic hydrolysis can not only improve the umami quality of Ruditapes philippinarum cooking liquid, but also
endow it with diverse composite flavor characteristics of fruity and fatty aromas.

Key words: Ruditapes philippinarum cooking liquid ; targeted enzymatic hydrolysis; flavor characteristic ; volatile

organic compounds
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logarithmic growth phase (8 h of culture) , it exhibited the best spore inactivation effect, with the final spore count
and sporulation rate being 7 log CFU/mL and 1%, respectively. In addition, although this treatment did not
completely inhibit the proliferative activity of residual bacterial cells, it significantly reduced their spore-forming
ability. Compared with pasteurization alone, there was no significant change in the spore survival rate of B. subtilis
168 when pasteurization was combined with H,0,. However, the spore survival rate of B. subiilis 168 was
significantly reduced when pasteurization was combined with nitrite, glutaraldehyde, or povidone-iodine,
respectively. Among them, the combination of pasteurization with nitrite or glutaraldehyde achieved a significant
spore inactivation effect within a short time (90 min) , with the spore survival rate being approximately 20% ~30% ,
while it required 4 h of synergistic treatment with povidone-iodine to achieve a similar inactivation effect.
[ Conclusion] Both nitrite and glutaraldehyde can significantly improve pasteurization’ s effectiveness in the spore
inactivation of B. subtilis 168.

Key words : pasteurization ; Bacillus subtilis ; spore inactivation ; sanitizer
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