$45%  H 3 Wl B % U R Vol.45, No.3
2024 4 6 H PROGRESS IN FISHERY SCIENCES Jun., 2024
DOI: 10.19663/j.i1ssn2095-9869.20230314002 http://www.yykxjz.cn/

WkitgK, BREAAE, B, RAX, EWBOY, LI, VI, 30K, HEE 6B RA R B A M i 5. il BlA ot g,

2024, 45(3): 245-257

GENG HY, CHEN L H, YANG F, WU Y, WANG S F, JIANG Q X, XU Y S, XIA W S. The construction of a low-odor background
model of silver carp (Hypophthal michthys molitrix) surimi. Progress in Fishery Sciences, 2024, 45(3): 245-257

f 5 £ ARG Sk A AT B M R 5T

gk BWE B O FC OE N ERE
ZREX I E UK

(I RFEMREEEAREZRELALTRE LM RFEENF5

LAEEM LS REER RO B0 TH T8 214122)

HE 2R R@WKHE N RRZEEF RO RERBMEZ —, X8 5k & W4 R R
BHRAEATAH, AA AR R T EARERRFHAT, EEHRA TR FT—ESAEZH
WHEHRAGE—E£F, B, ZTEHAGERTARARET2LEN, EXBET-NEA
KRB AR B ERREE, NTTT#— P HAREARR G2 ERREAN LR R, AFARE
BY 8 MARBERNAMNBERARBERA S RREN D ., % RKW, &4 (Hypophthalmichthys
molitrix) # B % SPME-GC-MS 4 65 F4E X 4 T, Aok iE 4 I(OAV>1)H 18 #; & 8 friE
ARG, AEERFLMNEH 6. 8, 7. 9, 6, 12, 951 9 M skEMRMF, ELERY
JRHY 7% AR K K (0.380+0.120)% . (0.610+£0.086)% . (0.280+0.033)% . (0.480+0.037)% . (0.150+
0.018)%. (4.330+0.160)%. (18.680+0.081)%7F1(0.490+0.003)%. %4 SPME-GC-MS. H F & f1& g
LR LB, 1% NaCl (W/W) + 1% Na,COs (W/W) + 4.0% CoHsOH (VW) IE A 438 J5, & 6k
JEWE R R R R G, BB EIK K (6.57+0.77) ng/kg, 17 FH & vk & M4 B OAV<I, L F

By OAV 4 1.34+0.05, T2 B KA Ry & BEARER

KA

hESEE TS254.4  XHELERINAD A

B EE S E L 2RI RS A, Hd,
A FRAE P R S R 2/3 DAL, 2021 AEFRE IR K
FRPEFE IR E] 3183.27 Ji t, MIEL 2020 KT
3.06% (AR M AR A F Ml 8 B B SR A, 2022), £
(Hypophthalmichthys molitrix)Jz & [E 1% /K fo i % 5
. BRI AEZ —, HEEREEERRZE .
TR SRR E A Lk AEAESEH, IF
A2 RIERENER . B, Al ERE .

Ak, BERRARMER,; ELAMDR; EBAREBR/ARKA; RREEME; T2
TEHE 2095-9869(2024)03-0245-13

AR, BARNENT . W S A A0, 2 1 fr 5
M FEEE SR, HATC 9 2 BT Tolk A A 7= £ g
il i (FVERSC, 2016), fEERINLANMEAL , fliy | fkk
SR TR . mEA M ESRER R, WZH R
B (RIS, 2019), HHKURIE I 2% % 0G0 1 5T
R PEZ — M SCHE SR P 5 1 R R TR
AN o BT A B BERIF AR o0 F 6w, EEh
AR 3 BT (O G TR BR T L O (35— o )
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FEVE . AR BRSO . T R ER ).
JE A2 T CRORTE B 5 B PRI 6 B o #r
SR . AR e S 90 55 ) R K f 0 7k (ELISA)
%o HAT, SRERE LR X SR L KIS
M BRI W% (Xu et al, 2019; Sun et al, 2021;
FAHt, 2022), HBUA S MM 5T 35 BRI E I Wk
17, FERHWAARBSUAR R EL (An et al, 2020;
T EHE, 2012), X5 FH SR PR i — 5 2
JBE 2 (8] () AH AR e — 25 5%, B, ST REESA
BE VAT SR IR T4 BB, ] LA A LB 98 45
WA o 5 B TR AR Z B BEAE G R .

i 5T [ 2 £ JBE A ROV R 2 i R AR
SEEHENT — IR B AR A A BEAR ISR JRIK
AW E ZME R, FERAERES B
XK RIS B IS S (E EEAE, 2012), UK
YVIFCRIRE 2, FEAFMEA R PHAEN L RE
(GEO)HI — H BE S5 3% s (MIB) . Bl (9 HEAL 20 % . T 8
JIE W7 TR 1) S Ak A i S DR 2R 3 B (SR HEHE S, 2016), H
I, F0UBE I Tk A8 sl SR R R Y i A B
OREHERGE . BsEse sk . WL . U ek
IR RRERE . BT . kR . B
AALRIE . BOUERIAERGE . REE) . B9kt
WL FLIRTE . BT IR A ) SE(MIER, 2015, 1A 4,
2019; #pizEk, 2021), Hr, Y3k 2N H Dy s A
B T5 s, A e fa BE W i i 2B P SR R T
i, A B LR AL . AR SR 5
(Yuan et al, 2021). A1, EPRAMRIE S CTEREA
JBE 5T K 22 S 3k F Qe S 4 s B T B AR R, 7
TRV Y e B LA AE — 2 JR BRE X I R 1) 0 ot
J13%Z MR, NIRRT R A 2, Tk T o R ik
SRR f BEAR AL, (R, ARDFoRESEER . Eh-WE .
R BRSFEEVEAN T, AR FEMERR, Eid A
[P A X f B AR I R PR AR, A AR A 1 B
I B PR AR A £ BE AR RS AR Y

5 A A 6 BU(SPME) B AT VR a7 B . R B &5
FIPELF RS, AT LR B BSR4 B 45 SR (Ma
etal, 2013), A IE- i (GC-MS) 243 B FL 4 5E #5
KB YOE Rk, &) 2T RS
48T (Iglesias et al, 2009), HLF & —F . 151
FRIVRGE I 5 2R FN A2 2 SR B AN o DR EL I 22 &5 SR B0
R NVEL . AR S SO SERE A, AT LU b
AN [ it 1] B 4 R PE O 1 B 22 |k, ) 12
M3z FH T 7K™ S5 A R A I, Ay AR R o 4
ERUES ZIKIE W IRIR S, 2015; FRERRE, 2018;
XFLAE, 2021), AMF5T LA (A filf fa BE A BFST T 42,

SPME-GC-MS ., i, F &b L K E PEAN T it 5% £ B8 vh
FERAERRY AER . SR R . BRI T
S RY B B R AR, 6T AT TE AR SRR
[ R R R — 2 2 AR AR T L
1 MBERE
1.1 #Rl5iRH

i 3% 1B £ 00 1 YT 548 TG 88 T U I8 DX R AR T
Jir e fr AT 2 e S (2.5+0.2) kg/F8, T 2021 4F 3 A
TAIZE 4 A AR ;2,4,6- = H FEIEBERRE M (trimethy]
pyridine, TMP)IJTF i H REFIF A F); NaCl, G
JK . Nay,CO,. CaCly, HCI Fl NaOH 254k 273571
B e, T E AL ERIA RA A

1.2 NEE5iE&F

MDF-U53V RGBT KA, H A=A F; £21)
BEE AN THL, WTEMmEER AR 4K15
%Ok ML, fEE Sigma /2 Al ; T10 Basic
ULTRA-TURRAX ¥JJE#L, 7 IKA (A5 % & A R A
A) 5 R URFE I AE , L AR 5 0 2K L VKA A PR
yH); TSQ 8000 Y — H PULL AT B FHIL(GC-MS),
2 E SRR K RBHE A ] 5 Heracles 1T AU S A
e &, ¥ Alpha MOS S.AA ],

1.3 FIHE

1.31 #sbl&  HEEOsEa SR LB Kk
EBE. KBRS AR AR, RIFEDE 3~5 &K, M
TEBYIL s, BBRMEE, F TR af], DIk
P o HSTHENLECRRARAT 1 A e g, R O A &
L%, MEFETEVKAE (20 CYP & H .
132 w“sk& FEayikks ik fOEEFESTE 4 CT
ff R 12 h, I PSR IR A B, S b BT A 0 R TR] vk
N BRI IZE 1, 218 Zhou %5£(2016), EVEA TR A
B. C. D. E fl F A EAMRERALIRINT . )5 1Y
0 RVRE it 43 0 BBORFL [) ot d, B S V3R 00E 3 k(5 A5 T
1 RV . B UCEVERTE R 15 min, TR
JE T ER B K (4 °C, 4 000 r/min, 4 min), DLtk
15 SIS PR 0 E

EEUEA T G A H A HARER S RIT : #
TG MR RRE S I 5 IR ZE1RK , IS P22
M, R 2H L% 1 mol/L HCI 3K 1 mol/L
NaOH #54& pH, pH 435Il I8 2] ¥ E 8 2.3 (G 41)F1 11.8
(H 4, FifE 15 min; SRJ5E5.04 °C, 10 000 r/min,
20 min), ZPEUINE. PR IEW pH HH] 5.5, K
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B0 (4 °C, 10 000 r/min, 20 min), F/ZFTTERN R iris
B E

PL_E A R e 28 K R, BB AT ik
XA LT . % R £ E A R A&
PE, KB ZEEAE SPME 2 HUK 7] fie 23 0 B 31 45 Hit
Sk, S A A% & P A IR . PRI, TR e R B
JEA R, RS B A S, B KT TR
— K, WAPRES TR e fa BE TP JCAR R o RESL B T
FRAEAST, T80 CHRAGIR VKA h I A7 A, &4 it
TEITE 0~10 CF#AE,

£1 REE®RNRNAR
Tab.1 The components of different rinsing media
#H %1 Groups EPEA BT Rinse media
0.5% NaCl (W/W) + 0.35% Na,CO; (W/W) +

A 4.0 % C,HsOH (V/W)

B 0.5% NaCl (W/W) + 0.35% Na,CO3; (W/W)

C 0.5% CaCl, (W/W) + 0.35% Na,CO; (W/W) +
4.0% C,HsOH (V/W)

D 0.5% CaCl, (WW) + 0.35% Na,CO; (WW)

E 1% NaCl (W/W) + 1% Na,CO; (W/W) +
4.0 % C,HsOH (V/W)

F 1% NaCl (W/W) + 1% Na,CO; (W/W)

G 1 mol/L HCI

H 1 mol/L NaOH

1.3.3 GC-MS | % 35 & M & o 0 &4k EREI s
HUL(SPME) 41« S 7E4R BT 12 BB Gao Z5(2016)1
il & IEE T T — 2B B 3.0 g BEATICA 20 mL
FRR TR A, A 7 mL 41 NaCl E A 2,4,6-
= H LN IE(2,4,6-trimethyl pyridine, TMP, 100 mg/kg),
ARG S5, RN . £ 4EFEBGL (65 pm,
PDMS/DVB){fi AFE B T ZS , 7E 60 “CHEEH 30 min
Ja, TE 250 CHRFEA L f#EN 3 min,

M AIE(GC) & 1F(Gao et al, 2020): f#i ] TG-5
B FE(60.00 m x 0.25 mm x 0.25 um); %< M He,
fEE & 1.0 mL/min, FHERT : PIHIRE 40 C;
WIS 3 ming HEAE CREE 280 °C; #E 40 C, &
¥ 2min, P15 °C/min 7+ & 90 'C, 4% 5 min; A%
TR ECHERE

B (MS) &4 - Af F ET 251, 25U 300 °C,
KETHI 25 pA; HFRER 70 eV; R ENR
JE 35~350 m/z; $2 i EE 280 °C #R M #5 HLH 1 000 Vo
134 ZHAZFHH JEVE B RS AR S
ZY5 H A H) NIST 2008 F1 Willey 7 FrifE B e LA K SCHik
I8 B B A e PEDC S, HLAN Y 1 s DT i B 3
KT 800 (FAMH N 1000)LEWATLRGE, [F

Af, DL C7T~C40 M IEFIBEREAE bR i, R bR 5
()R B B5F ) 31030 LR A R i R Ak S I G R R R 5, A
SCHR PR B HR AT L, 2 A B A 43 A 4
F, IR FE O B 45 R PR A R AT e e AT
(FEFRFRAE, 2018),

FEH: B 10 pL RGBT E 580 100 mg/kg 1A
R 2,4,6- = H BL0EEE(TMP) A (3.000+0.006) g ff
BERE SR, SEADE A ARG RS TMP (9 I
BUEAT Heg, TR AR R R A R B,
fEA nglkg (8 GE 245 & PR LA IE N F R 1.0), 11
BANXWT .

FE RN 1 B = (AcAT ) xme]xm ' < 10°
K, Acc AT HE RSy x 5 TMP I,
My 2 AR TMP BB H (ng), My e B I i 1Y) ot o
(g)(Gu et al, 2013),

135 X4EAarkiboteyahe R PEA 1 i £ 58
SRS Tk, AR E B A
OAV, = C/OTy
K, OAV, KR A KR Y T (1 ARG BE(E, Co Rom
HACB YR, OTy &b A Pae K b B8 N 59
B, Hid, OAV=1 L&Yl & SRR G
YI(Xu et al, 2021),
136 #EZXMERGEGITHEH IRV T A I
VSRR RFR, ITHEARXWT .
R=C,/C, x 100%
K, C Al Co 235l A S 4T RN B4 TRV I 4 4 x
R0 ) 5 1 2 B (ng/kg) (B EE AR, 2015),
137 wFF oM %% Wen 25(2020)89 77 B:If
R ek, 7 BIHERRFREL 2.0 g Aij A BRAT () £ BEAE &
BT 20 mL Wz, FEAABRHEE T Heracles
T H 7 & 34T 07 (4% DB-5 1 DB-1701 1,
10.00 mx 0.25 mmx0.25 pm, Agilent), % [ 3Tz
HERE, BEAREMEE 3 WIE., KA 7
40 C F £ 30 min, FID & #8 iR R 250 C, Ak
Y4B ARG T S5 BE 260 C 5 HHAEIREE 50 °C; W]
IR 250 °C; #EFEIIEFE 200 C; #EFEE 3 000 uL;
HERREE 125 pl/so AR MR GG FETR 50 “CLA 2 °C/min
BT E 250 C,
1.3.8 REFM MEMGSRERMH 10 40
(2 58 L)Lk 5 il AT AR (S 4, JEH R
455, 5k 35, BEE; 25, 595 141, B E)(Anet al,
2020), BB . ARMR . FFEk . Lk, B
RN & B IR 6 Fh SR B YR W E PR R b, RIF
flRE S R B, 25 R RIAE TR s B b o B I 7
T (22+2) CTFH#HAT, BANPE— 3 kT,
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1.4 #HFAIE

A ERE 3 K, ERasR AT E b
7%”(Mean=SD)F /K . i Excel 2019 HEFTHCHE 4b 34 ;
SPSS 19.0 H1f#) Duncan Z 3 BIAGK EALF- 125 5% 0
£(P<0.05)2E 47 i 3 # 5 Origin 2019b HAT4 A .

2 RS

21 HEEHGEFRELAMERSETE

2 SPME-GC-MS Kaill 74T, 1 6 £a )58 vp HL A%
KAEY) AL N B AR R 1 BTN . 48 NIST 3%
R, Mt gE AL E 65 MIE R R, Holr
B WA (23 By, BEAE(13 AL BIZE(10 ). ke
(7 FINFEABSEY (12 Fivy, 229 B A B 405
91N 37.78% . 24.34%. 8.83%. 2.90%71 9.14%,
Horpr, EEASFEEZEY) A o0 e dRe e, X f0UBE A AR
i F AR, X5 S0k B AR TE B i £ BE R 4 AT
AT FRAANTT (An et al, 2020; Zhou et al, 2016; Geng
et al, 2022), LA )X L S RPN A, R
FerbEE . OB, BREE . SRR, TERESEEE, 50
B EEER 1.76%. 21.10%. 3.22%. 2.84%F1 4.94%;
B OE O  IEC B BREE . 1R3-SR EES
o, alE R SR 1.31%.6.00%.2.02%.8.31%
1 3.4%; BAZsrh 2-0d . 2,5-F ZE&EwE, 5l
HESER 1.10%F 5.21%; BERIEEWH 3,5,5-=
FI - Bim, HESEN 1.15%; Hiks
YIrh IR . 2- R .\ SRR DO Ak AU e
R, ulE SR 1.92%. 1.54%F1 3.10%,
R DO i S 1T BB AR BCR VR 2 R W It
EIME . A 18 PP R RTE BE(H OAV =1, wnfift
#1PR, SRR OB, PBEE . FBE. (B)-2-
FWEmE . T/, (B)-2-THMsls . 2805, (B)-2-23 MM
+—WE . FOEE. BEEE . -3 SRR 1T
2-LFEUKI | 2-I LRI £ R TR

22 AEFEZEN B B8 & R R Y R R0

P £0 58 v SR A R 2%, T R &
H5®EA RS RS T YRGS G WY A O 545,
2014), SRAARFERA FALEE, AAAT LGE o J %
TEVEIR 2 AR LAY H Y, 38 AT DL B RS R
5 A5 Ko 9 5 2 8] R 45 A7 s B AR
AER B R H (ML, 2015), ANEESE T Z6A
fite A1 JBE F5 2 MEW R B SE R AN 3R 2 FIT/R o 48 8 FPEETREA
AL, 0 BE R R M A B s, R R

SN 6. 8. 7. 9. 6. 12, 9 Al 9 PRI TEY
T, $E RS IRY B B8R B K 16.53+5.11 26.72+
3.73. 12.08+1.42, 21.03+1.59. 6.57+0.77, 188.68+6.77 .
812.68+3.54 F1(21.27+0.12) pg/kg, HA KR B 243 51
7(0.380+0.120)% . (0.610+0.086)%.. (0.280:£0.033)% .

(0.480+0.037)% . (0.150+0.018)% . (4.330+0.160)% .

(18.6800.081)%71(0.490:£0.003)%, Hi, vk A, B.
C. D. E Ml H 411X 6 4%k 7 =00 1 i £ BE AL )
WY P N . Ol . PERE . SRl TR B
KPP IE OB . PREE . 126 05-3-08 SR B
TR, PRKREAR T AIREE B 4 (HEEURIR F 2%t
P 25 BT b B O T O Bk B R A (145.5344.88)
ng/kg, IEVER G AAXTEERY T EE . . PR
B TEEMEERY R P IIECEE . 1-50-3-FE AT |
GF R BRAVE R, TR ] BRI RO B R, 1T RE 86
Sy BE PR TSR, AR 1 0 4% 5 4 ) PEBE
i, M= 2RI . R 8 FIEESRA I,
RIEEVEWR E ZIXHaBESIRTR B A i, 5k
YIRS iRk, o, ERRE ORI 1-o0-3-REAY
BRI R 2.93£0.32 F1(0.26+0.09) pg/kg, 45 F IS,
AR B RN 0.18%F11 0.04%.

NaCl #l Na,COs; &% HIWEYE/ BT, NaCl F1
Na,CO; EAFAMRET, K= RSk S
Na,CO5 &A= W A BTG HER W I, I & ik — A7
NaCl [FE R MoK ™= 5w s (W, 2015), Na™fil
Ca” 45 B FRIMFAEREE H A g b I £r 85 1, B AR
BOHEIN, W5 T 5E R SRS RN AR, ot
I AR A 7 T P 4 R PE ) I B I . NapCO5 ] 55k
53 5 IO TG R B 0 I, A, T 2 o e i P
W) 5T 1) 3 PR 7K Ak B e VS T K Y v AR D R M R AN
HIm O 2, 2008), M5 SRR 5E B R 1)
Hi. B 1 R TAFETEGEA BN 18 F ARG 1
B OAV J8i/D 1 R . OAV 84k 1] L) 26 B A [ia] () 22
VA ] BE 2 5 BURE S 1 AR ASR A A A R AR
fb(Zhou et al, 2016), Z5A3% 2 FIIE 1 I, 7E 8 4
BEVRA i, 18 M ARRIGEY) Y OAV JEE 437 %
KM 7.66+2.56. 11.02+2.62, 4.80+0.99. 9.93+0.68 .
2.5240.25. 50.27+1.61. 283.22+1.60 F 8.77+0.04,
Horp, MEVER E ZH%F OAV M2 i 1 2 ; (B)-2-¢ 4
B (B)-2-THsls . 550 . (B)-2-58 MM . H—E A 2-
JHEIR IR S5 6 il A MG M 0 2 R A H AR B B o
H OAV Jl/DRIRFBN R K ; R, FlE. TR 1%
I5-3-BER) OAV FREIREEER, H OAV W/ R ITE
200 DA bo Zg BT, PR E ALEMA 4.0%
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OAV J&/ & Reduction of OAV
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LN RN B B N B I E E B N B BN N B B B N

E¥EA R Rinsing medium
Bl 1 IR RHEGE A B SR TP BT OAV By 52 iR

Effects of different rinsing media on OAV of odor active substances

Fig.1

A. B, C. D, E, F. GHHMKKRNESENF A, B, C. D. E. F. G H HAMSH@BEERES . TR,
A, B, C,D, E, F, G and H were the surimi samples treated with rinsing medium A, B, C, D, E, F, G and H, respectively.
The same below.

VWS, B 17 FSRIEED R OAV < 1, X
T-FEH) OAV 4 1.34+0.05, 33X K P AR £ BE SR 7% B 2
B TARGF A D RISV . BRI, T ARARLAR
FIRH, AR T BERR T ER AL, nbke T AR LA 1Y)
V5 TRl £ 58 T K, 3 e SO VAR A R 3
A AR, TR K MR i 5 8 SR
TR Z IS GVER S, R NaCl i
HEASE, SRR R B R, RORFRAIG
TR SR R 2R RIS A B BR R, DA AT A A AR
R I BE A JICAR T

23 HEFESH

F 5431 (principal component analysis, PCA)
S AT SR AR R IR i 22 4 5 P A0 3 A R 4 | Bk Ak
TR 28 M 00 2 el S M 6 I LA 2R B 8 bR i
P HREF SCEE, 2019), PCA AR —Fiy O RE 4k
Tk, BEMEHE AN R RE 44 B8 = B4R o 76 AN TR Y X
W, DX ] A B R R N R RE 22 A ) 22 S5 (R
8, 2022), HLF SRR PCA BT 2 R A&l 2a
ffi7R . PCA Bl 2 Ml PC1 F1 PC2 4H A%, Hrf, PCI
BT 2Z TTHk N 99.993 0%, PC2 Y7 2Z STk R N
0.004 5%, 2 ZH A BT R A 99.997 5%, B PC1 Al PC2
2 AN EZER Y T DA TUFP e 0 R i 1 2 A S e

fE. MIE 2a HATLAE Y, A R0 B ZRES, 5 fef £ 58
FEAAE PCL AYBE B K T AR S, FESR A4
AL, FUHERA T A 4R E 2 B9 PE85CR oh
o FI 5 K F 43 i (discriminant factor analysis, DFA)
D EINHFRIER AR R Z MR S22 5,
i1t DFA A3 AT LA S 25 ] B 15 B KA 1) s e 2
WS RN, TR, SRS R 22 75 PCA
B U0 XA BE (R P, 2022), HR4E DFA 434745

DF1 il DF2 J7 22 5TBR 3505108 85.714%F11 9.493%
95.207%I1 B AR T 25 BTk %, B DFA 43 B s A &L
WA R AR 22 5. RGN 2b WAL, A 4RI E
MG HeffaERE IR B i, TR SITERY
GC-MS st RHA —2, H—PUES A HHEH
) R R AL A RE AT S8 AT £ B Y SR B BA

2.4 BEBEEMN

S [a] fe BE AR BV R S B SR E R IA I 3
JE7R o 555t (1 % 00 ERE i OB A AT B, 8 iy
A AL B BRSBTS T f0 BE A SR E R, 7E—
TEFRRE AR T &A@ M4y, JE R
i A. B, C. D fl E HIEVEA RS, W<k, “fg
R YR T ELBR R R R A
&6 FIRMEMEYSA BEEm, X5 GC-MS T



553 WK S 1 £ B AR AOR AR IR A 2R (1 4 2 AT 5T 251
2 000
a
1000 - 4\;
= 0f= : \? —
8 *
S 3
g —1000 - ]
N A
QO . \
= 2000} 5 ¢ \\
* D 4“
E \
-3 000 \
+ g "
* Control . . .
—200 000 —100 000 0 100 000 200 000 300 000
PC1 -99.993%
60
b
50
40t
h3
30 ¥
x 20
o
$ 10f "
O;\ ¥
2 04
Q—m—:g
20t + D *
E o+
=30 N F
a0 | ‘
* Control | | %
—100 0 100 200
DF1 -85.714%
2 ANIE] o BEAE A L B i 13 80405 1) PCA(a) il DFA(b)
Fig.2 PCA (a) and DFA (b) of e-nose response data for different surimi samples
Control: #rfffgE, TR,
Control: Fresh surimi. The same below.
HVFMEREATE R — KA 8, TERIAEI(E 3) ik
BRIBRMEX 2Tk, Hh, B SRS X4 S
N . WK JE MRS A T, 6 AU R PR BB PEAME
Metalli Fish N W VRS S ,
PR Metali FRIRFISY 3ok 0, BV IF B0 RE, 020K ) TIRACRR K
-, A ARSI T A £ AT [+ A e
3 #ig
4R Mushroom FEBR Grassy % SPME-GC-MS 43#fr, 7E [ fi £a 58 op 4L 46

Y& 18k Earthy
—e— Control —e—A B C

——D ——E —e-F oG

B3 AN[R] fo AR i 9 ORI R A A

Fig.3 Odor sensory radar chart of different surimi samples

LB TS R — 2 SR, IR E IO LT RE
UEAR Gy ML X PR UE IR A Rl BERE A, JEHJEXT T A
B. C. D il E HEEA o, ENSRIE R 2 &

65 MR YT, ETALIEIESS 22 Bl B 13 Fl
i2s 9 Fh Ko de e 7 Fhds, Fovp, EESSRIEE2 ) 0T 7 bk
B, Ok BRI SR EE R TTERER . RIS
WRIG BE(EVE(OAV = 1), HRUOE Y 18 R BRIG MY i,
AT BT UL SRS P B DTk T R IR R .
GC-MS FrHras ], 8 B/ B 7 AN Al B2 B b3k
FEOREIC T 1 i £ B8 R SRS MR B 8% B A, AT
ST A IR R ASBR DR . AR T A I A I,
EREATTE A T BRI PMRINER, At i R M T



252 ook B

545 %

b, AR TR SR B 1R (6.57+0.77) ngkg, &
BRERFAUH 0.154%, OAV MHFELE 2.5240.25, %<
R 2R AR e A . IR, BT B G AR B TEA
LI T AN A A R i £ B 2 [ () A SRR
TE2E57 o A FE X T 7 AR 1 [ o £ BERR AT —
FIZEARTE SR X, NEE AL A T — Rl L

AN Y Q, QIAN Y P, MAGANA A A, et al. Comparative
characterization of aroma compounds
(Hypophthal michthys molitrix), Pacific whiting (Merluccius
productus), and Alaska pollock (Theragra chalcogramma)

surimi by aroma extract dilution analysis, odour activity value,

in silver carp

and aroma recombination studies. Journal of Agricultural
and Food Chemistry, 2020, 68: 10403—-10413

Bureau of Fisheries, Ministry of Agriculture and Rural Affairs,
National Fisheries Technology Extension Center, China
Society of Fisheries. China fishery statistical yearbook 2022.
Beijing: China Agriculture Press, 2022 [4& MbA& A 33 b vt
BUE R, AEKEORHET Suh, P EK A2 2022
tpEE GRS bR T ERAL AL, 2022]

GAO P, JIANG Q X, XU Y S, et al. Aroma profiles of
commercial Chinese traditional fermented fish (Suan yu) in
Western Hunan: GC-MS, odour activity value and sensory
evaluation by partial least squares regression. International
Journal of Food Properties, 2020, 23(1): 213-226

GAO P, WANG W X, JIANG Q X, et al. Effect of autochthonous
starter cultures on the volatile flavour compounds of
Chinese traditional fermented fish (Suan yu). International
Journal of Food Science and Technology, 2016, 51(7):
1630-1637

GENG H Y, CHEN L H, WANG S F, et al. Analysis of volatile
compounds contributing to distinctive odour of silver carp
(Hypophthalmichthys molitrix) surimi. International Journal
of Food Science and Technology, 2022, 57: 7774-7786

GU S Q, WANG X C, TAO N N, et al. Characterization of
volation of volatile compounds in different edible parts of
steamed Chinese mitten crab (Eriocheir sinensis). Food
Research International, 2013, 54(4): 81-92

IGLESIAS J, MEDINA I, BIANCHI F, et al. Study of the
volatile compounds useful for the characterisation of fresh
and frozen-thawed cultured gilthead sea bream fish by solid-
phase microextraction gas chromatography-mass spectrometry.
Food Chemistry, 2009, 115(4): 1473-1478

JIANG Y T, CAO J X, ZHANG Y L, et al. A proceeding of
research in the interactions of protein with volatile flavor
compounds. Journal of Nuclear Agricultural Sciences, 2014,
28(02): 285-291 [¥iitesr, EHREF, TREM, % HAMRE
PR R IS AR AT S 0 S . R 274k, 2014,

28(02): 285-291]

KANG C C, SHI W Z, FANG L, et al. Effects of different
freezing methods on the volatile components of grass carp
meat. Food Science, 2018, 39(14): 229-235 [FER#, ffisC
1E, Jibk, A ANTRIRES J5 200 A A R R O3 YRR
EEEE, 2018, 39(14): 229-235]

LIU M. Study on the volatile compounds and their combination
to proteins of silver carp. Master's Thesis of Zhejiang
University of Technology, 2015 [MIf8. i 4% & PR
WRY) B AT S A S ORI, Wi Tl R it
WA 2R, 2015]

LU Q. Identification of American silver carp and characterization
of key odor compounds. Master’s Thesis of Shanghai Ocean
University, 2020 [ /54, ¥8%:38 FE % 0 <R R 1 S R
PESCEESIRY BT ST, BRI R LW AR 2 e
3, 2020]

MA Q L, HAMID N, BEKHIT A E D, et al. Optimization of
headspace solid phase microextraction (HS-SPME) for gas
chromatography mass (GC-MS) analysis of aroma compounds
in cooked beef using response surface methodology.
Microchemical Journal, 2013, 111: 16-24

SU Y, JIANG Q X, XIA W S. Comparison of effects of different
deodorization methods on deodorizing sturgeon fish
(Acipenser sinensis). Food Science and Technology, 2019,
44(10): 138-146 [Jh1a, Zn2%, EIUK. AFEBE 3

X ta R IR RCR 1Y FL oY, &R, 2019, 44(10):
138-146]

SUN J W. Effects of washing on proteins and gel properties of
grass carp and silver carp surimi. Master's Thesis of
Huazhong Agricultural University, 2016 [#) HhSC. AR
X A0 R A B £ B A 1 MBI MERE RS ). AR
MR FE A 2R3, 2016]

SUN X Z, DU J W, XIONG Y Q, et al. Characterization of the
key aroma compounds in Chinese Jingliu by quantitative
measurements, aroma recombination, and omission experiment.
Food Chemistry, 2021, 352: 129450

TANG S W, GAO R C, ZHAO Y H, et al. Optimization of
rinsing process for sturgeon surimi and its effect on the
quality of productions. Progress in Fishery Sciences, 2019,
40(1): 155-160 [JHEIEE, %ﬁ%% X TCHE, %@ ﬁ%ﬁ@%
B T 0 XX B2 ol R g, 2019,
40(1): 155-160]

WANG G C, LI L H, HAO S X, et al. Research progress in the
mechanism of odor compounds in aquatic product and some
relative techniques of detection and analysis. Food Industry
Technology, 2012, 33(5): 401-404 [F[E#R, Z=RAs, Al
Bt SR AT IR SO AL S AR SR 23 B R
PIRFFEHERE. B TR, 2012, 33(5): 401-404]

WEN X Y, CHEN A H, XU Y S, et al. Comparative evaluation of
volatile profiles of Asian hard clams (Meretrix meretrix)
with different shell colors by electronic nose and GC-MS.
Journal of Aquatic Food Product Technology, 2020, 30(1): 1-15



WRIE K A5 P B £ SR AR R A R AR AL o MY 5 253

WU D, ZENG W H, XIONG S B, et al. Analysis of the
deodorization effect of barley green powder on silver carp
surimi products by SPME and SDE. Modern Food Science
and Technology, 2022, 38(3): 244-256 [ F}, B3k, A
SR, AF. T EARGLAL HU(SPME) Fl ] i 2518 2 L (SDE)
IR BB 1A S SR A ) 2 AR L B R
1%, 2022, 38(3): 244-256]

WU Y Y, ZHU X J. Progress on the source of fishiness materials
and their control methods. Chinese Fishery Quality and
Standards, 2016, 6(2): 14-19 [RFEHE, /N, P EOR
5NN P SV YNE il DR 1) ki L Rl = b R A8 ST e
2016, 6(2): 14-19]

XU X D, XU R, JIA Q, et al. Identification of dihydro-p-ionone
as a key aroma compound in addition to C8 ketones and
alcohols in Volvariella volvacea mushroom. Food Chemistry,
2019, 293: 333-339

XU Y S, YANG Y Y, LIU C K, et al. Modification of volatile
profiles of silver carp surimi gel by immersion treatment
with hydrogen peroxide (H,0,). International Journal of
Food Science and Technology, 2021, 56: 5726-5737

YANG X Y, LIU Y, XU C H, et al. Extraction and analysis of
volatile flavor compounds in aquatic products: A review.
Food Science, 2015, 36(5): 289-295 [#7ikla, XK, 4K
A, A IR R R R BT E HRORN BT S .
BRI, 2015, 36(5): 289-295]

YANG Y Y. Effect of hydrogen peroxide moderate oxidation
treatment on fishy off-odor deodorization and quality of
surimi gel. Master’s Thesis of Jiangnan University, 2021 [1%

IBEE. WU KT B S A A BN 108 B I TR IR JBE B3k A it J5

FRMERYREIE. VLR R =LA AR 22 AR5, 2021]

YOU L J, ZHAO M M. Advances on the formation and
deodorization of fishy odor for fish products. Food and
Fermentation Industry, 2008, 34(2): 117-120 [JifiiF, &
THERIT. o PR ot R ) BT J R I B O BIE S S
& BT, 2008, 34(2): 117-120]

YUAN S, LIU H, LIU M. Application status and prospects of
biological deodourization in China. IOP Conference Series:
Earth and Environmental Science, 2021, 631(1): 9-12

ZHANG J Y, LIU M, GU S Q, et al. Comparative studies on
volatile substances of silver carp by different rinsing
mediums. Journal of Nuclear Agricultural Sciences, 2015,
29(10): 1954-1962 (3Kt A, MMk, WFERE, 45 ARG
A0 BN 1 B A Y A R M SR SR R AT, 2015,
29(10): 1954-1962]

ZHAO L, CAO R, WANG L Z, et al. Study on the characteristic
flavor change of Porphyra yezoensis before and after
roasting. Progress in Fishery Sciences, 2021, 42(4):
199-207 [EX¥%, ®2E, THKEE, % ABEEIEHRTE AR
TERRAEARIFSE. B4k R, 2021, 42(4): 199-207]

ZHENG S W, CHEN W H. Evaluation of cod freshness based on
electronic nose and electronic tongue technology. Chinese
Condiment, 2019, 44(5): 164-169 [FR&F30, BrT4E. KT
L TSR Tl BOR (e fn e BEPP . b IR, 2019,
44(5): 164-169]

ZHOU X X, CHONG Y Q, DING Y T, e al. Determination of the
effects of different washing processes on aroma characteristics
in silver carp mince by MMSE-GC-MS, e-nose and sensory
evaluation. Food Chemistry, 2016, 207: 205-213

T B

The Construction of a Low-Odor Background Model of
Silver Carp (Hypophthalmichthys molitrix) Surimi

GENG Haiyong, CHEN Lihua, YANG Fang@ , WU Yi, WANG Shufen,

JIANG Qixing, XU Yanshun, XIA Wenshui

(Sate Key Laboratory of Food Science and Technology, School of Food Science and Technol ogy,
Collaborative Innovation Center of Food Safety and Quality Control in Jiangsu Province,

Jiangnan University, Wuxi

Abstract

214122, China)

In the Healthy China Strategy context, fish are increasingly in demand as a source of

high-quality protein. Silver carp (Hypophthalmichthys molitrix) is a resource-rich and highly
productive freshwater fish species found in China that is not edible raw or cooked in its original form

due to its many boney spines. However, due to its advantages of being low-cost, low in fat, and high

in protein, it is an ideal choice for surimi production. Currently, it is widely used in the industrial
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production of surimi products. The development of the freshwater surimi industry can significantly
improve the added value of freshwater fish utilization, which has attracted extensive attention.
Freshwater surimi is high in protein and low in fat and has a smooth and delicate taste, making it
extremely popular with consumers. It has a high output, low price, is growing in demand, and is
gradually being accepted throughout domestic and foreign markets. It has also driven the
development of some related industries and produced significant economic and social benefits. As
domestic consumers experience improved living standards and a faster pace of work, premade dishes
containing surimi products as well as recreational snack surimi products with increased shelf-life are
more attractive, as they save the consumer processing time, are enjoyed by the consumer, and meet
their nutritional demands, affording these products great market potential. With the development of
surimi products and related industries, specific requirements are being put forward for its production.
Although China supplanted Japan as the largest producer of surimi products worldwide in 2006,
ushering in a period of nearly 10 years of high production growth, the annual production of surimi
products in China since 2014 has stagnated or even slightly decreased. Moreover, the surimi industry
has entered a bottleneck period for quality enhancement caused by the expansion of quantity. The
fishy odor of freshwater surimi is one of the industrial problems that affect the quality and efficiency
of surimi. The flavor of surimi products (such as fish balls, fish intestines, fish cakes, and others in
hot pot) has become one of the quality attributes that consumers are extremely concerned about.
However, the adsorption and release laws of key odor-active substances are still unclear. There are
existing research technologies for surimi odor, mainly including instrumental analysis (gas
chromatography-mass spectrum, gas chromatography-olfactometry, gas chromatography-olfactometry-
mass spectrum, electronic nose technology, etc.), sensomics analysis (odor activity value (OAV),
aroma extract dilution analysis, odor recombination, odor omission test, etc.), and enzyme-linked
immunosorbent assay. The research objects of odor sensory experiments are mostly rice wine, oil,
vegetables, fruits, and fungi. Moreover, present odor research is mainly carried out in a prepared
solution, mainly using odor recombination of a liquid simulation system, which is different from the
interaction between the real odor active substance-solid surimi. Therefore, constructing an odor
model based on solid surimi is necessary to better simulate the sensory characteristics of surimi. To
build an odor model based on solid surimi, an odorless or low-odor surimi background model must be
established in order to investigate the interaction between various odor components and surimi. There
are several fishy substances and complex components in freshwater fish and surimi products,
including aldehydes, alcohols, ketones, esters, sulfur compounds, nitrogen compounds, and alkanes.
At present, most studies on rinsing surimi reported worldwide are based on how to better apply it
to the food system, ignoring interactions between components in the complex system of surimi, which
creates certain limitations in establishing a background model of surimi. Therefore, salt, salt-alcohol,
acid, alkali, and other rinsing media were selected in this study, which was not limited to food
systems. By comparing the removal effects of different rinsing media on the odor residue of surimi,
an odorless or low-odor background model of surimi could be constructed. Here, the effect of
different rinsing media on the odor residue of a surimi background model was studied. Specific
rinsing media were as follows: 0.5% NaCl (W/W) + 0.35% Na,CO; (W/W) + 4.0% C,HsOH (W/W)
solution (group A), 0.5% NaCl (W/W) + 0.35% Na,CO; solution (group B), 0.5% CaCl, (W/W) +
0.35% Na,CO; (W/W) + 4.0% C,HsOH (V/W) solution (group C), 0.5% CaCl, (WW) + 0.35%
Na,CO; (W/W) solution (group D), 1% NaCl (W/W) + 1% Na,CO; (W/W) + 4.0% C,HsOH (V/W)
solution (group E), 1% NaCl (W/W) + 1% Na,CO3; (W/W) solution (group F), 1 mol/L HCI solution
(group G), and 1 mol/L NaOH solution (group H), respectively. The results showed that
SPME-GC-MS detected 65 volatile compounds in silver carp surimi, including 22 aldehydes, 13
alcohols, 9 ketones, and 7 hydrocarbons, among which the contents of aldehydes and alcohols were
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high, which had a major contribution to the odor of silver carp surimi. A total of 18 odor-active
substances were detected by the OAV (=1) method, which helped illustrate that odor-active
compounds contribute to the overall odor of surimi. After treatment with eight kinds of rinsing media,
the residual amount of the odor-active substances in the silver carp surimi was washed or released to
varying degrees, affecting the sample's overall odor contribution. The rinsed surimi samples
contained 6, 8, 7, 9, 6, 12, 9, and 9 odor active compounds and residual rates of volatile odor
compounds were  (0.380+0.120)%, (0.610+£0.086)%, (0.280+0.033)%, (0.480+0.037)%,
(0.150+0.018)%, (4.330+0.160)%, (18.680+0.081)%, and (0.490+0.003)%, respectively. According to
the SPME-GC-MS analysis results, due to the synergistic effect of ethanol, the content of volatile
compounds detected in group E was the lowest, the total residual amount of odor-active compounds
was reduced to (6.57+£0.77) ng/kg, and the total residue rate was only 0.15%. Meanwhile, the total
OAYV decreased to 2.52+0.25, there were 17 odor-active substances with an OAV<I, and the OAV of
nonanal was only 1.3440.05, which could establish a low-odor background model of surimi.
Furthermore, electronic nose and sensory evaluations distinguished the overall odor characteristics
between different rinsed samples and fresh surimi.

This study took silver carp surimi as the research object and studied the influence of volatile odor
compounds and salts, salt-alcohols, acids, alkalis, and other rinsing media in surimi on the residual
rate of odor substances through SPME-GC-MS, electronic nose, and sensory evaluation methods,
which will significantly contribute to the establishment of an odorless or low-odor solid surimi model
and provide a novel idea for sensory analysis.

Key words Silver carp; Background model of surimi odor; Volatile compounds; SPME-GC-MS;
Odor activity value; E-nose
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Attached Tab.1 Composition and content of volatile components in silver carp surimi
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Compound Compound Volatile Retention Identification [t Peak area  JBiE /%K Odor Odor
species number substance time/min method percentage Mass fraction threshold activity
/% ug/kg)  /(ngkg)  value
sk 1 T Butanal 5.85 SLRSLMS  0.1240.03  9.05+2.26  N.A. N.A.
Aldehydes 2 JGEE Pentanal 8.11 SRS, MS  1.76£0.68 132.73+51.28 12.00 11.06
3 (B)-2- i 10.11 SI, RSI, MS 0.13+0.01 9.80+0.75 1500.00 0.01
(E)-2-Pentenal
4 C.% Hexanal 11.82 SI, RSI, MS  21.1042.92 1591.25£220.21 5.00 318.25
(E)-2-C s 14.33 SI, RSI, MS 0.21+£0.04  15.84+3.02 19.20 0.82
(E)-2-Hexenal
6 B Heptanal 16.66 SI, RSI, MS 3.22+0.01 242.84+0.75 2.80 86.73
7 (E)-2-BE i i 19.54 SI, RSI, MS 0.15+0.03 11.31£2.26  13.50 0.84

(E)-2-Heptenal
8 ZKXHEE Benzaldehyde 19.84 SI, RSI, MS 0.40+0.03  30.17£2.26  41.70 0.72

9 % Octanal 21.94 SI, RS, MS  2.84+0.36 214.18+27.15 0.59 364.87

10 (E,E)-2,4- ¢ ISt 22.40 SI,RSI, MS  0.11+0.03  8.30£2.26  15.40 0.54
(E,E)-2,4-Heptadienal

11 (B)-2-3FH s 24.85 SI,RSL MS  0.40£0.01 30.17+0.75  3.00 10.06

(E)-2-Octenal
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Compound Compound Volatile Retention Identification Lt Peak area  JiH /4L Odor Odor
species number substance time /min method percentage Mass fraction threshold activity
/% /(uglkg)  Augkg)  value
(S 12 T-#% Nonanal 27.21  SI,RSI,MS  4.94+0.60 372.55+45.25 1.10 338.68
Aldehydes 13 (E)-2-T-Js s 30.02  SLRSL,MS  0.13+0.03  9.80+2.26  0.08 122.55
(E)-2-Nonenal
14 4-7 FETEH P 30.36  SI, RSI, MS 0.26+0.03 19.61£2.26 123.23 0.16
4-Ethylbenzaldehyde
15 &% Decanal 32.27  SI RSI, MS 0.17+0.03 12.82£2.26  2.00 6.41
16 (B)-2-B I 3498  SI, RSI, MS 0.14+0.04 10.56£3.02  0.30 35.19
(E)-2-Decenal
17 +—M8 Undecanal 37.07 S, RSI,MS  0.10+0.02 7.54£1.51  5.00 1.51
18 BBF 1 Octadecanal 39.72  SIL,RSI,MS  0.50+0.03  37.71+2.26 N.A. N.A.
19 1+ —# Dodecanal 41.61  SI, RSI, MS 0.15+0.03 11.3142.26  N.A. N.A.
20 + =& Tridecanal 4590  SI, RSI, MS 0.21+0.06 15.84+4.52 N.A. N.A.
21 - DU e P 49.97  SI, RSI, MS 0.22+0.09 16.59+6.79 N.A. N.A.
Tetradecanal
22 + 53.82  SI, RSI, MS 0.20+0.01 15.08+0.75 N.A. N.A.
Pentadecanal
[l 1 1-7% 0 -3 - 7.71  SI, RSI, MS 0.85+0.28  64.10+£21.12 358.10 0.18
Alcohols 1-Penten-3-ol
2 %R 1-Pentanol 10.53  SI, RS, MS  0.85+0.28  64.10+21.12 150.20 0.66
3 (2)-2-J5.475 -1 - 10.69  SI, RSI, MS 1.31£0.22  98.79+16.59 89.20 0.19
(Z)-2-Penten-1-ol
4 1-0 Js-3-it 11.00  SI, RSI, MS 0.22+0.02 16.59+1.51 N.A. N.A.
1-Hexen-3-ol
5 IECfE 1-Hexanol 15.02  SI, RSI, MS 0.09+0.03 6.79+£2.26  5.60 80.80
6 1-Pi s -3-ist 15.59  SI, RSI, MS 6.00+0.47 452.49+£35.44 N.A. N.A.
1-Hepten-3-ol
BEfE Heptanol 20.19  SL,RSIL,MS  0.11+0.02 8.30+1.51  5.40 28.21
1-2F 475 -3 -t 20.69  SI, RSI, MS 2.02+0.22 152.34+16.59 1.50 417.80
1-Octen-3-ol
9 2-7. 3L 1-C 23.30  SI, RSI, MS 8.31£0.89 626.70+67.12 N.A. N.A.
2-Ethyl-1-hexanol
10 (E)-2-3 451 - 2532  SI,RSI,MS 0.50+0.05  37.71£3.77  40.00 1.00
(E)-2-Octene-1-ol
11 M Octanol 25.44  SI, RSI, MS 3.40+0.60 256.41+£45.25 125.8 2.04
12 1- Tl 30.53  SI, RSI, MS 0.82+0.18  61.84+13.57 50.00 1.24
1-Nonanol
13 L o i 30.85  SI, RSI, MS 0.18+0.03 13.57£2.26  N.A. N.A.
L-Menthol
EES 1 2- I 7.89 SI,RSI,MS  0.36+0.04  27.15+3.02 1550.00  0.02
Ketones 2-Pentanone
2 2,3-15% i 8.03  SI, RSI, MS 0.65+0.11 49.02+8.30 N.A. N.A.
2,3-Pentanedione
3 2,3-c —fid 11.19  SI, RSI, MS 0.09+0.01 6.79+0.75 316.00 0.02

2,3-Hexanedione
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Compound Compound Volatile Retention Identification Lt Peak area  JiH /4L Odor Odor
species number substance time/min method percentage Mass fraction threshold activity
/% /(uglkg)  Augkg)  value
EES 4 2- Bl 16.14 SILRSI,MS  1.10£0.01  82.96+0.75 141.00 0.59
Ketones 2-Heptanone
5 6-FH 3L-2- Bl 19.47  SI, RSI, MS 0.21+0.04  15.84+3.02 N.A. N.A.
6-Methyl-2-heptanone
6 2.5-3 . Fif 20.91  SI, RSI, MS 5.21+0.85 392.91+£64.10 N.A. N.A.
2,5-Octanedione
2-fil 2-Octanone 21.33 SLRSLLMS  0.45+0.05  33.94+3.77 50.20 0.68
(E,E)-3,5-3 —}5-2-Fl 26.68  SI, RSI, MS 0.30+0.10  22.62+7.54 100.00 0.23
(E,E)-3,5-Octadien-2-one
9 2-+—[H 2-Undecanone  36.44  SI, RSI, MS 0.33+0.07  24.89+5.28 N.A. N.A.
Rk 1 7K Benzene 7.25  SI, RSI, MS 0.16+0.04  12.07£3.02 3630.00 N.A.
Hydrocarbons 2 1,3-% 0 — 4 8.50  SI, RSI, MS 0.05+0.01 3.774£0.75  N.A. N.A.
1,3-Cyclohexadiene
3 3,5,5-= I H&-2-0 0 20.43  SI, RSI, MS 1.15+£0.15  86.73+11.31 N.A. N.A.
3,5,5-Trimethyl-2-hexene
4 T =%t Tridecane 36.69  SI, RSI, MS 0.18+0.03 13.57£2.26 2140.00 0.01
5 +PUkE Tetradecane 41.17  SIL,RSI, MS  0.32+0.03  24.13+2.26 N.A. N.A.
6 +75%¢ Hexadecane 4941  SIL,RSI,MS  0.20+£0.05 15.08+£3.77 N.A. N.A.
7 +-E%E Heptadecane 5320 SLRSL MS  0.84+0.06  63.35+4.52 N.A. N.A.
ot 1 FEHFH Ammonium 4.08  SI, RSI, MS 1.9240.10 144.80+£7.54 N.A. N.A.
Others carbamate
2 LR ZBE Ethyl acetate 6.24  SI, RSI, MS 0.07+0.02 5.28+1.51  5.00 1.06
3 A 6.29  SI, RSI, MS 0.05+0.01 3.77+0.75 11700.00 N.A.
Trichloromethane
4 AN AR 7.65  SI, RSI, MS 0.03+0.01 2.26+£0.75 N.A. N.A.
Hexamethyl disiloxane
5 b — s — B R 7.86  SI,RSI, MS  0.10+0.01 7.54+0.75 N.A. N.A.
Dimethyl silanediol
6 2-7, Kk g 8.25  SI, RSI, MS 1.54+0.45 116.14£33.94 2.30 50.50
2-Ethylfuran
7 NHER AR 12.99  SI, RSI, MS 0.19+0.01 14.33+0.75 N.A. N.A.
Hexamethyl
cyclotrisiloxane
HiAh 8 27 Rk g 21.40  SI, RSI, MS 0.72+0.03  54.30+2.26  5.80 9.36
Others 2-Pentylfuran
9 ANGEE 37N P E =R < 21.60  SI, RSI, MS 3.10+0.03 233.79+2.26 N.A. N.A.
Octamethyl
cyclotetrasiloxane
10 1-f - 1F O ke 24.13  SI, RSI, MS 0.37+0.05  27.90+3.77 N.A. N.A.
1-Nitro-hexane
11 WA/l Anethole 36.27  SI, RSI, MS 1.05£0.21  79.19+15.84 N.A. N.A.
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Note: “N.A.” means not acquired.



