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ME: ATEAEELEEENTIR, ZRUAURSFFRELFELEES, RALE
FERUUHMEXRLRRUTRRLEBENMTITY, XATWEEMBER-SH €%
% 7% (SPME-GC-MS) 4 A W &y e B oy L& F i B 5 R Bk (R & & A
A k) LB RS, LERERE GHRERRREER. AR EAH. &
FlghAn e F R ) PR R ERCRE RN, B GC-MS MRk EQMGH LiEES
WEZRAMAY, RAGREAMEEE HPLO) ME EABRHE®R. ERET, thitTZ
S8R R T 6 min, RER G E W/ A=A 3. SR EHELELE N
RIH 37, 47T Au 55 M, HpEEE. BX. BX. FEXPEASMEAN AT LERAENY
TERRMEH. NERZTEHRBER. HRELY, sREBEIBFREHERER
B #hMef. FRATBRANLAHTEREME R, Wi bLiEEEGREERK. BifmkER

HEAF SRR LEM I T Y,
XA kO Be, Ea,
MS); & %K A €% % (HPLC)
FEDES: TS 254.4

bR O RS BRI
GhA3T, BIPRA. G5 LG EA LI G
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ROB PR ok TR B AR 2 -S4 - i 7% (SPME-GC-

XHEKARERD: A

XL gL, EACPROKM RS, A E
FEHIE gt Jaaeit, 2019 45 AR5
N 67.96 1 t, 2018 Ak 1.69%, HfhFEGH
Ik 55331 5 t, L T R, BrLIRE
B g A T sk, ARIE, B
MR A, REREE, HEAM
YA NUER, B ANFNEA T

KO BAYT (Micropterus salmoides) X 44 N,
J&&JE H (Perciformes), J&LAKR &N F M E M
oK A, AL 2 SRR R B
4% LA b, ZORHRIR TR Lo 5 43.37%, L1
THA, Ao ARSRAEOE BT A RO BT
EFEE, TIEKRKREOMEMR, HRRMN
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. JCWLIE ], CUECR RS T, K
NEEZ ., 2019 45, A [EIRKFRIE B 5 R 47.8
T t, #2018 4EME K 10.59%, HA—EMHis L
BHRL KO BEL G 40 AERY S HEFRAE , HAR
B, PrEBAERL S, MM TAT, XFFREE  R
BT . KO RE T RN, NEATEZE,
Bl # I R IG, TF R A R SR in T
T, WIE I KRR . D RCE AR — N E
BT RS, AT, AR RORHR 15 58 T
A O AR R, (B R SR ] A
B g A R WL, ARSI AR R T2
fili b, BERITEAFR IR, HERR IR, kI RH
SR T
SEERHEEUK MR, S IRE S g S A N
Tk AR, S ORI T 2 A ek, H
FEMEAVEHRI T, SIER R i, A
PR P T 3 R ) B2 A i £ PR IR )
BRI FE R T B A v S A R
[) o B rp XU g A8 Ak, AR S2 36 R FH 002 3] AH i 4%
H-SME (0,3 - 3 v (SPME-GC-MS) Il 52 £ [4 Y
FERVEYIRT, >R H @ 80 A (L35 % (HPLC) I &
R EER DT, XU BT L2

1 MEHS A

1.1 SCIg# Rt

KB (BREZ 1.5 kg) 4 [ i 17 2R 87
KPR g, Rfiehl, F4. 22 WA
T AR R X AR B AR TR s RS R
A R ERMEMARAR; AR . F
B, ZEM TR B ST BR A F] . AR
g ih, ik R A E] SRR, 4
Jefh s EHEMOCGA AR, BRI AR (%R
W AR EEREME T, A (W&
Bty NSk . NEITERY . e . BB . T
FR), BlRESEEMARAR A, LifEk
GFRE AR R RHAgoK, BUM s 4
MR AR ; NaCl, i, [ 254 k2t
AR E] MoK B IR SHOCH ) br i
Jif B2 W5 4% H = W B2 (adenosine triphosphate, ATP)
FRUE S . B R AR 1 R (adenosine diphosphate,
ADP) t5 #E i . WL B2 (inosine monphosphate,
IMP) R i & . R BEEEIS (hypoxanthine, Hx) FpfE
i, 3 [E Sigma /A F 3 — B R IR (adenosine
monophosphate, AMP) b5 #E iy . K BT 2 04 B AF
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(insoine, HxR) bpifEfh, HAR TCIAH; W —
A, BRRAE A . WEE, @ik, EZ%ERL
AR A A, =SB (perchloricacid, PCA).
[ELE . REE, abral, E254ER AR
FIABRAH]
12 UFE5EE

S 7890-5977a S AH €4 1% -5 1% B AN,
FHE; B WA/ LM% (PDMS/DVB)
A AEBCK (R )ZEE 65 um), i@
B H B A FR 2 7, Waters 155 30 AH €4 535 12
W2690/5, ;5 NH, fifH: (25 cmx4.6 mm,
5pm), HZA; H2050R Al did R .o fl, Kb
HACABRA R B E AUW320 B HL T 40 #1 K,
HA<; AD200L-P BY & o #8 bl, & e AER
HY-81 B #KE Y, b LT R SR & &
FR/AT]; C21-RT2120 RUSEM ZDIREHLEEY", )N
F AR AR HIE A PR F]; DF101S AU TE
TP FERS , T PRI A IR THEA AL

1.3 E&MITIZEEF

LHEFaEARIERE RO
PR T — W T i B - T -l 8 5 32 -

Tl
RAGTAIE  HHBETR RS, )

BEELM, BEaLk, W8k BRAE, HA
KKk AR M, K DI RUR Y 1.5 em
ot bR, B ) R

—RizaridAE  DUR MR e
BEREMEHSTRITE . —REBERNH & B
W 18%. BHE: 1%. FEMK 1.5%. F2 3%.
E%1.5% H—KIRBRI AT E e b, Bl
fadl, HRRBURSAE), 1295 15 min 5 FHKHE
B, KSR 15 ming

kit AE M A BRRER R, &
SETRLEE R 185 °C, ILEFFHEFE /AR IT 72 . 2 H
FRRAT SRR O, TR — R ] (RR
SE)o MR R P 1k R

WG R TEAR MBR IR TR A A
i (HERFE), AW HERE). BH
1%, HEH 1%, NAEE 0.8%. HYIH 6%.
10 AR SR K, K R A I 2 0 19 5 2%
8 min, 15 EVHERF IR . PRI 1) b oE 4
B ARG R 5 P — 2 i R) A5 3] i A Al
Ao AN B A SR IR 5 R BRI VR RN &
L. HEB R AR
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14 Z&@EITNSLZSHMMIE
Ta e TR BRETS: GA
JEJR VAT S B IIMIE (3R 1) IR 1 R
& LA T T S8, S8 N GUR VR Lr
HUPNIRERSY Tl RS T8 (= s Bl B0 1= R/ i o1 77 L
e 20 AERE VN BB TIRVEEE , O Tl
i 2 S5 PR S5 SR B2 R, o7 PR IR B R T
SE 2 ph BRI 51 AR TR B AR A9 /) SR i B
11, TPESEHAHSSH . RV B REAET, A O
BHTEKIE T, DAHERR B — 4 fh (10 5% B R

TSR — N il A S

®1 KOERSFELEERNBRERBITORE

Tab.1 Sensory evaluation criteria for Shanghai smoked fish

VP33 () Wb IHH
rate range (weight) scoring criteria score distribution

SN (2043) W 5EhF, TRl 20~15
appearance
YR se s, B 15~10
YA 15ces <10
1 (3043) JRETEH, S 30~20
tast
e R, (R (T 20-10
KRRECKET, AR sK i <10
(2557 TR, IR 25~15
odour
JRRR, B R 15~10
fEnk EE, FRER <10
B (2597) i, BHE 25~15
1
o REVRRAIE 15-10
R, ThE <10

B O 2 A 56 . SR I E 20 S PEA B XK H
SR A Y O S A R A R A, R
DI J5 1 T 228005 )il 48 K B R G | 1A 5 0 R
Fofn g A, JRIEAT OO I A g . R T 4R
W, FHWEZKWR I, 7 NS 247 s 2 AR,
Pl i 2 A ) S A

Fo T AL REHE R E .
a3 B HAE B — K2 S 4. 6. 8. 10 Al 12 min
o, AR R R R R T/ AR LB D 1 1
(BMabTEY 20% : 20%), JHEEIREHTEA 10 min
W, #%R 1 MAREF AT RCE PR IR IC R g R, ik
5 R B TR ]

TG/ FVRDE LU DR A« LR TR ] 1Y
Al b, AR R R TR T R L 1]
(3:4.4:5.1:1,5:4,4:3, A5l htad)s
B 15% : 20%. 20% : 25%. 20% : 20%. 25% :
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20%. 20% : 15%), 14 J5 ¥ 35 B [E] 2 10 min,
e 1 AR ESEA T IR PP I e R A, R
TR 5 IR BRI 5 T/ R BE T L

TR S5 R BT (B A« SR L AR e R e (]
/AR B], Rl E S, 10, 15, 20 1
25 min ISR I R, e 1 AR EIEA TR
BIEEIFIC R R,

W T M IE LR LIAS R s e [
TS R BUR TSR 0% T TR BE 0 ] L b
Ja AN E R R EEE RN R, L LG E A
B VR ST F LSRR, B e T 2%

EHNFERL MRS TNT  BHHTRE
ML, WA S, B AL RE A T LA bl RR
¥ 5 gEfNS S mL 5580 18% I NaCl %
WIRG, KRR PG ET 20 mLI =z il
R 22 65 pm ) PDMS/DVB #6 Kk, i
H IR K TRl 60 °C, ZEHL 40 min, 5 %X
BRI IR AWM R 2 L o BENREAR 3 IREAT,
SERBCE

S S . HP-5MS 1 35 B (30
mx0.25 mm, 0.5 um), f#EWESEY 5 min; 2EH
BiaURFTHE, 3543 min: WIIRIRE S E N 40 °C,
1#4F 1 min, FE)5 LA 4 °C/min B3R AT THE, T
% 160 °C J5, LA 10 °C/minf¥ 3 ZF+ % 250 °C,
P-4 3 min; 23 (He) (¥ #E A 1.0 mL/min; F
FERESR: AN

JRE S BT RER 70 eV, ATZ K STHIR
200 pA, B TIRIEEE 250 °C, PUHATIREE 150 °C,
Ko 2R 250 °C, 2 IR 250 °C, Kol 2% H,
JE 1.2kV, B4 50~450 m/z.

T B ER MR AT IR S.00 g B
i T 50 mL B0, A BT 53 E0Ch 10% 1Y
PCA ¥ 10 mL, )%V 250> (10 000 r/min
15min . 4°C), B EiEW, F 5mL 5% 1) PCA %
WG UITE, HREL, EEL FRE2 R, &
I W, F 10 1 1 mol/L A9 KOH IR 415 pH
= 6.50, # & 30min, B EHBRERZE S0mL,
PES), 3L 0.22 um JERE S AR . RS0 FR IS AR Y
TE 0~4 °C 5F FEEAE . 3 A PAT SR BCE (.

i 40k B ODS-3 Cjg (4.6 mmx25 cm,
5 um) EERE; FaA A B EE, A B A 20
mmol/L #J KH,PO,-K,HPO, (1 : 1) & &k , FH®EmR
JE pH 4 6.50, VRBEREIT WGV, Wt A/
A B N3 :97; WM 1.0 mL/min; FEiF 30 °C;
HEFEEE 10 uLs AT 254 nm,
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1.5 #ESH

BB TR 45 R AT 43 %I} SPSS
17.0 Fi1 Microsoft Excel 2013 % {F #4752 56 B4 4k
PR Feks 221 . A SPSS Statistics 23.0 X F AT
HRZR I 200, BEMEKFE R P<0.05,

SPME-GC-MS B | 52 3 4k 35 4L 32 HE
PR 82K FH NIST2011 1 Wiley 5t £ 4 e 647 UL
B, HYIE R VCELEE IR T 800 b & WA
TURIE .

ROAV,=100 x

Cri T stan
X

Cstan Ti (1)
Kb, Cq NS LTS WX & & (%);
Cigan F VT B 42 XU BT K S5 K 1) £k B 0 1) A X
i (%) T, AR AL A YA L ) B0t 34
Togan VA it 8 A XU TR e K 118 16 & 9 11 b
I {E ; ROAV FAHXTKIG (A ; ROAV, HH:Fh
YT (i) AOARX AR BE A

0<ROAV,<100, {H R K158 B2 40 Jo %o 2 4R XL
BRI TTHRB R, ROAV =1 FBIZ W) 5t 2 56 Hi XUk
L&Y, 0.1<ROAV<I £IZILA WXt B R
A E BB,

M H BAL - Sh 3 A X JH Microsoft
Excel 2013 B Z:ilbnifeth 4, 1HEALG Y & i
2 R

BRI T T 28— ik
BRI SR 3. —RBBABTAE, &
TR L AR B AR B KUK, TR S R
BT, RSB AR ST, E— R
ThE A R, WA, DR FRMGE 4
AHER, W0 T IR R R A5 A
2.1 GHIEREIAIEEE

T 18 R s 18] 3 ] PR X6 K 11 B B £ BB A T AR

AN T T, A5 30 0SB An ] R PR S S, O
B, MU 73 T 22 R (P<0.05), HHr, i
1 4 F1 6 minB 154385, AR E AL 10 min J54b
NAE R AT 4> TF UG T M o Sl 4 1 8 min B (1% f e
TE B8 bR 1 15 43 i 25 IR Tl 4% 6 min A9 fA 3R
(P<0.05). Mk 4 min B b OB SR, fabkim
W AT W R A PR A 2R K 5 TR 6 min 1Y fa B Ab
Bk B0, SRR A bR 05 8 min Y £ B R A
W, HARUNHAE 6 min (bR, A 8 min 2,
B 25 gk 5 TE) 0 RE K, fA B R R B
(P<0.05), 7EHE& L35 TR, SLod My Jo e
R, HARWAR, EERIES LSS TR EES
(P<0.05), THIE 4 F1 6 min 19 a5 09 658 5l 8 .
10 F1 12 min A9 faBRAE EEFE bR LIS o0 A 22
5 (P<0.05), MM 8 min J5 MR EORIW . ThIE
12 min i A CE B 15 4 3 (P<0.05) Ik T3
a2, Sl 6 min 52 A4 1 g 5 A0 R E T E
o, W B AR ] 8 6 min (38 2).

22 RIRFHHHE

g EAEERTRE N T LA A
W, ZEA BN, DR, FARMGE 44048
bR, 2 TR R B

IR G B TR G BV YA 64 AR
FRAEZ 2 MR E ISR, i IARATA] Y 6 min,
UL IR R IR B (5T S/ R L, o
BIAN3:4,4:5 1:1,5:4, 4:3, E&EMmE
JE IR HA A 10 min, FEFT 1R G HIE, 5
T IBRES TR E T, S5 3,

LR —FE G R K R B b, EA R
M EalER, 2o G b Al D p ek st
O IR S R R R T DA A E R, i
IR . R B R 2 BRI, P/
HA B R LB R 3 4 Bf,  fa b 11 8% i 2 i

R 2 CHIEREX SRS RE &R

Tab.2 Sensory evaluation for Shanghai smoked fish for different deep-fried times

T []/min S F B wiF ISYn
frying time appearance taste odour color score
4 17.90+0.67" 23.40+0.85° 20.60+1.16" 21.20+0.53 83.10+2.33"
6 18.40+0.45° 29.10+0.31° 22.80+1.02° 23.10+0.99° 93.40+1.25°
8 15.80+1.25° 23.50+1.05° 22.70+1.00° 18.00+1.80™ 80.00+4.34"
10 16.40+0.83" 20.50+0.89° 22.60+1.08" 17.30+1.14* 76.80+2.36"
12 15.70+0.59° 18.50+0.63" 23.20+0.85* 15.70+1.19° 73.10£1.37°

T FSPARR T REORFAE R E 2R, P<0.05, TF

Notes: different letters in the same column indicate significant differences, P<0.05, the same below
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Tab.3 Sensory evaluation for Shanghai smoked fish in different fried soakage formation

il G (BP9 A P By
soy sauce . white sugar appearance taste odour color score
3:4 18.20+0.55° 18.70+1.46" 16.60+1.22° 18.20+0.96" 71.70+£2.36°
4:5 18.50+0.42° 22.80+1.19° 19.60+0.95° 20.90+0.88% 81.80+2.18"
1:1 18.40+0.45° 29.10+0.31° 22.80+1.02° 23.10+0.99° 93.40+1.25°
5:4 18.30+0.36" 29.10+0.27° 23.90+0.50° 23.70+0.51° 95.00+0.98°
4:3 18.10+0.54" 29.60+0.22° 24.60+0.30° 23.00+0.96° 95.30+1.30°

MR, TR
Notes: soy sauce/white sugar means weight ratio, the same below
(P<0.05). ZHHG N ah i L s, i 2 4o 1R AR
FRERGE IR RSN, S/ R
Jp 4 3F, 154K 29.60, KBTI HiR., FX
Tebr T, BEE B/ ARG N, P 14T
Sy, EYSEM/EREES T 1 15, 550
TG #2257 (P>0.05), 2RI 5 = R AL BE 10
min J5 AR L BB, HANE. H
L, Ea/ A E T LR, FAEREST
I 3 04 J 405 SEERA (P<0.05). Z565 44>
REEVEE SRR, B S/ BB 4 3,

s M 5 12 3 B TA) 69 AR ) 2 YRR 15 ]
6 min, HIM/ARIHERS 435, S RIBEEC S,
10, 15, 20 F1 25 min A ilEE SR E], FR5T
5 I B0t I () X6 1 g B RO L TR S e, R
1 MARET TR PEE , S5 4,

TR S5 = TN (]2 10~20 min I, b FE 4R
RS P MRS IR IR R 5 min B, fd A
MAREEAE, B ORI 25 T HARL (P<0.05);
TR S IR 1] 2 25 min B, FUBUR R, SRR
FEAF T TR 8 X R T BT B AT, B E
A0 M55 VR 5 R R 20 mins

23 LSE&TZSHNMIERME
IR 25 AR . MRS R BRI . AR

PR KO-S54 1 iR R] 6 min, VR IR
TR (KT I/ AREE R 4 ¢ 3, SR R
F] & 20 min FF, 1 I S AR5 0 A A S 06 40 A543
T dE T B D R A P R PR E B B ARk
R, e IS B FEKOF (38 5)

Fe e 5 IESC A F/KRP I Lo (3%) IEAE S5,
K. Ky Ky 5r 3R EA R & KE T 4R bR
M, ki ko ky SRR A RS K TR0
SEHE, R W (R=F KA~/ NEAME)
I IE 58 SEBGH0H S 25 Ay BT ol AL, R R ) R
ST A>C>B (36 6)o T MRS 8] %o R 1) 5
M d5e K, HRJE IR G R BT 1], AR IS 12 R
1435 T/ DB B L JRR B R i R /N . X A
HNEA >k >k, YT BREH k>k>k,, XFT C
HWEA kyk>k, HILEHNERENT TZH4
K AB3Cy, BRI [E] A 6 min, AR5 = BOR
/AR 40 3, RS R EHE N 16
min i, b A B PR A f e o
2.4 HEXHREANER

20 EPPH BT, A 19 AR 2 K I R B £
Y g AR A ] OGS i 2 A 6 2% A R K -
RIS S W G B N (BT ) T,
XL 20 PSEEEE 0.01 AR T B/ VO 17, 3

x4 HBEEHREN LEESRERRNTNE

Tab.4 Sensory evaluation for Shanghai smoked fish for different fried soakage times

PR 52 B () /min LN F B [ERES Moy
soaking time after frying appearance taste odour color score
5 18.00+0.55 23.80+0.72° 18.70+0.94° 19.10+1.00° 79.60+2.03"
10 18.10+0.54° 29.50+0.22° 24.60+0.30° 23.10+0.98° 95.30£1.30°
15 18.40:£0.42° 29.50+£0.22° 24.80+0.20° 24.10+0.54° 96.80+0.97°
20 18.50+0.42° 29.50+0.26° 25.00+0.00° 24.90+0.10° 97.90+0.48°
25 18.50+£0.42° 27.100.52° 24.80+0.20° 23.00+0.39° 93.40+0.70°
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Tab.S Sensory evaluation for Shanghai smoked fish of

the L, (3*) design
A B C
K - NN
level I ) /min T/ bE R JR 125 [A)/min

frying time  soy sauce : white sugar soaking time after frying
1 5 1:1 10
2 6 5:4 16
3 7 4:3 22

PRI 57 A0 A 255 M 2 K 1 PR i 1 119t
25 LisEEMIIEFHSKIRENR

2t T ARG g st BPLIK IR
A JEORE, AR E] N 6 min, ISR T
MW/ERPRE N 4 03, I E IR BT A 16 min
30 B AR5 4, R ] SPME-GC-MS,
W AR T ESECR & MR G S
HE#E7).

R R T SR £ e b LA 37 R &
TG, HAhEERASY 8Fh . MK EGY
2Fp . BERILAW SF . BRIAEY 10F . FF

BALG Y 3. BRBEE W 28 . BREIEY
LR SRS A S P, Wi 1 Fh, 4H
XoF A e BRI B (23.78%) RS AL
KB 34.15%). WEERBRALHEMN .
AOWE R i 2E i v 2 e SRR 47 g R
PG, HrhEERAGEY 11 A WG Y
LRl BRI EY S A, BEAEGW 128, SE
B G 6 Fh . BRI AW 3 M. RBIEY
AFP . TREGHRIAL AW SF . WS 1R, A
XF O A R AL B (36.71%) RS AL G
W (32.06%). b 15 B A Bl HR LA I 55 FRAE K
PR G, HrhEERAGY 11 A WG
4Fp, BERAEY R, BB Y 1ISF . TH
ARG TR RS 4R . RBILED
3F . FASTHEEY LA, wkmgE 1 R, A
XF A e R ERAL B (27.07%) FDF A4k
G (57.86%)o 3 AHE AL LA T 81 A4 K PR
G, WA 15 F . BIZEY S .
FERAE Y 1350 REALEY 197 JFEHAL
W 8Fh . FRIEALAW 7R MREALAB Y S Fh .
TR E Y 8 Fh . R 1 Fh (R 7).

x6 LEEGTZESREXTUARBRETDR
Tab.6 Sensory evaluation for Shanghai smoked fish of the L, (3*) design

A

B

C

%5 /bR G WIS Ky
sample/indicators RIS [E]/min i/ b B YRR VR 5T ] /min test design score
frying time soy sauce . white sugar soaking time after frying
1 1 1 1 AB|C, 90.20
2 1 2 2 AB,C, 93.90
3 1 3 3 A B;Cs 91.40
4 2 1 3 A,B,C, 94.70
5 2 2 1 A,B,C, 90.30
6 2 3 2 AyB;C, 97.90
7 3 1 2 A;B|C, 86.10
8 3 2 3 A3B,C, 90.40
9 3 3 1 A;B;C, 86.50
K, 275.50 271.00 267.00
K, 282.90 274.60 282.20
K; 263.00 275.80 276.50
ky 91.83 90.33 89.00
ky 94.30 91.53 94.01
Iy 87.67 91.93 92.10
R 6.63 1.60 5.01

e Ky Kon KRRGARRERSKETIIERER, k. ke LBREANERSKE T RIERIFME, RAREM

Notes: K, K,, K5 represent the sum of the indicators at each level of each factor, ki, k,, k3 represent the average of the indicators at each level of each

factor, R is the range value
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Tab.7 Relative content of volatile components of Shanghai smoked fish in different processing parameters

b AHXSE#/%  relative amount

compounds A, B, C
B4 aldehydes
C.fi%  hexanal 1.514+0.36 1.334+0.35 0.08+0.00
2-F%E T 2-methyl butanal-1 nd. 0.410.08 nd.
J'ZE% butanedial n.d. 0.16+0.13 n.d.
4-(2,2- " HHE-6- T ELFA ) THE  4-(2,2-dimethyl-6-methylenecyclohexyl) butanal n.d. 0.11£0.02 n.d.
% heptanal 1.3140.35 0.38+0.26 0.02+0.00
T (KZ%EE) nonanal 8.05+0.35 7.29+0.18 1.23+0.12
251%  decanal 0.66+0.03 0.7340.02 0.16+£0.01
2-%4%  2-decenal 0.60+0.19 0.96+0.04 n.d.
(E.E)-2,4-% "I  2,4-decadienal, (E,E)- 8.68+1.62 23.16£1.20 6.1120.34
Jx-2-+—J%l%  2-undecenal 0.4440.05 1.324+0.26 0.38+0.08
(2)-7-+7"Wifil%  7-hexadecenal, (Z)- nd. 0.87+0.22 0.13+0.06
4-HEEEFTE  benzaldehyde, 4-methoxy- n.d. n.d. 16.75+1.10
S-FIE-2-BRIE @S 2-furancarboxaldehyde, 5-methyl- nd. nd. 0.36+0.21
KL% benzeneacetaldehyde 2.54+0.33 n.d. 0.560.02
PWAERE (E)  cinnamaldehyde, (E)- n.d. n.d. 1.29+0.02
&l total 23.78+0.32 36.71+0.58 27.07+£0.47
FiZ  Kketones
5-H%E-2-CUffl  2-hexanone, 5-methyl- 0.23+0.16 n.d. n.d.
2-2-T#)¥ il cyclohexanone, 2-(2-butynyl)- n.d. n.d. 0.08+0.03
2-BEfi|  2-heptanone 17.08+0.33 0.98+0.06 0.17+0.00
PUIR[3.3.1.0.1 (3,9)]%%-10-/f]  tetracyclo[3.3.1.0.1(3,9)]decan-10-one n.d. n.d. 0.09+0.00
¥ERIAR  D-verbenone n.d. n.d. 0.10+0.01
&l total 17.30+1.90 0.98+0.36 0.44+0.05
B2  alcohols
1-(4-F S R ORHL)-2-TNEE  2-propanone, 1-(4-methoxyphenyl)- n.d. n.d. 0.58+0.16
2,4-"HEIRCEE  cyclohexanol, 2,4-dimethyl- n.d. 1.13£0.24 0.25+0.00
1-F2E-4-(1-H 5L 20 3%)- Z B OB cyclohexanol, 1-methyl-4-(1-methylethenyl)-, acetate 2.75+0.20 n.d. n.d.
4-FRHE-1-(1-H B 2 35)-3-FF O Jfi-1-B%  3-cyclohexen-1-0l, 4-methyl-1-(1-methylethyl)- n.d. n.d. 0.4120.01
1-3[%  1-octanol 1.7940.17 2.64+0.28 0.47+0.03
1-3¢4fi-3-B%  1-octen-3-ol 1.934+0.33 2.09+0.31 0.26+0.02
5,7-+ = hidk-1,12- " 5,7-dodecadiyn-1,12-diol n.d. n.d. 0.04+0.01
11-+75%8E-1-B  11-hexadecyn-1-ol nd. 0.10£0.01 0.03+0.00
Z, B-2,13-+/\"J#-1-8F Z,E-2,13-octadecadien-1-ol 0.10+£0.01 n.d. n.d.
2-Q-FFENARE)-3-FFEIKFE  benzenemethanol, 2-(2-aminopropoxy)-3-methyl- 0.32+0.18 n.d. n.d.
SEAARE  isopinocarveol n.d. 0.55+0.07 n.d.
FZm(H)EE  eucalyptol n.d. n.d. 0.74+0.06
WAz globulol n.d. n.d. 0.04+0.02
&l total 6.884+0.50 6.50+0.51 2.824+0.03
3  alkanes
FPUbEHEIRE L)t oxirane, tetradecyl- nd. nd. 0.03+0.00
+—%t undecane 3.35+0.73 6.38+0.41 2.3240.38
+t (HHESE)  dodecane 0.39+0.05 0.40+0.01 nd.
+VU%kE  tetradecane n.d. 0.57+0.04 n.d.
2,6,10-ZF%APUJ  tetradecane, 2,6,10-trimethyl- 0.46:0.08 0.65+0.05 0.17£0.11
+H%E pentadecane 0.58+0.00 1.49+0.22 0.39+0.09
2,6,10,14-PU L+ F §E  pentadecane, 2,6,10,14-tetramethyl- n.d. n.d. 0.34+0.07
2,6,10-—H %75t  hexadecane, 2,6,10-trimethyl- 0.41£0.01 n.d. n.d.
+t4%  heptadecane 0.39+0.02 1.23+0.16 0.35+0.08
1,5,5- = HHE-6- W H IR CJF  1,5,5-trimethyl-6-methylene-cyclohexene 0.21£0.02 0.26+0.09 0.05+0.00
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BET -
Wi AHXF /%  relative amount
compounds A, B, C,
8-+-Lli/A 8-heptadecene n.d. 0.29+0.03 n.d.
)% camphene n.d. n.d. 0.05+0.01
3-¥J  3-carene n.d. 12.08+0.71 1.77+0.27
HAMUA  copaene n.d. n.d. 0.96+0.00
JRA-Z-mIN B LM trans-Z-nbisabolene epoxide n.d. n.d. 0.13+0.06
Fi¥ M (T %&K)  caryophyllen 2.29+0.64 7.2240.13 1.05£0.30
w714 mcaryophyllene 0.27+0.00 0.87+0.16 0.19+0.09
FHATTIHEEN T FE)  caryophyllene oxide n.d. n.d. 0.030.00
7-TTiBkHE  7-pentadecyne 0.14+0.10 0.62+0.07 0.18+0.00
it total 8.49+0.18 32.06+0.10 8.00+0.73
FEWR aromatics
1,3 - HIEEK (J8) —H2K)  benzene, 1,3-dimethyl- n.d. 0.13+0.06 0.02+0.00
2, 6-ZAUT HXTHIY (THAHEFIK)  butylated hydroxytoluene 0.91+0.02 1.94+0.10 0.45+0.09
1-FFE-2-(1-H 2 2. F£)7K  benzene, 1-methyl-2-(1-methylethyl)- n.d. 1.97+0.16 0.32+0.01
1-FFE-3-(1-H 2 2. FE) 7K benzene, 1-methyl-3-(1-methylethyl)- 1.26+0.46 nd+ n.d.
1- 4 3E-4-(1- A 3E) 2K (i & i) benzene, 1-methoxy-4-(1-propenyl)- n.d. nd+ 54.44+2 .74
THZK  benzene, butyl- n.d. 0.68+0.00 0.12+0.01
%% naphthalene 0.43+0.05 0.34+0.00 0.08+0.01
BEMG  estragole n.d. 0.35+0.00 2.4240.29
it total 2.69+0.36 5.40+0.00 57.86+1.93
K esters
10-+-CH5-8- MR IS 10-heptadecen-8-ynoic acid, methyl ester, (E) n.d. 0.31£0.10 n.d.
9-+ )\ Je-12-4G B 1l 9-octadecen-12-ynoic acid, methyl ester 0.71£0.18 n.d. 0.11£0.10
5,8,11,14- =B FEER I (all-z)  5,8,11,14-eicosatetraenoic acid, methyl ester nd. 0.10£0.03 nd.
2,5-+ )\l —JEIRH e 2,5-octadecadiynoic acid, methyl ester n.d. n.d. 0.06:0.02
T RS FME  dodecanoic acid, isooctyl ester 0.06+0.01 n.d. 0.01+0.00
SRR HER 5 3EHE  phthalic acid, isobutyl octadecyl ester n.d. 0.07+0.01 n.d.
SRR EM S geranyl isovalerate n.d. n.d. 0.02+0.01
&t total 0.76+0.20 0.49+0.07 0.20£0.13
B2k acids
WA tartaric acid n.d. n.d. 0.03+0.02
=CAER  cis-vaccenic acid n.d. 0.32+0.00 n.d.
75 Kel2 (F#AHER)  n-hexadecanoic acid 0.21+0.03 0.08+0.01 0.01+0.00
Jig-13- A BRMEER  cis-13-eicosenoic acid n.d. 0.22+0.10 n.d.
T BRFEER  icosapent n.d. 0.100.00 0.05+0.01
&t total 0.21+0.03 0.71£0.12 0.09+0.03
HEHFKEHZE N, S-containings
2,5- " HIFEMEEE  pyrazine, 2,5-dimethyl- 2.22+0.36 n.d. n.d.
2,6- ~HIFENEEE  pyrazine, 2,6-dimethyl- n.d. 0.11£0.07 n.d.
2-2.%:-6-H ML pyrazine, 2-ethyl-6-methyl- 1.63+0.27 n.d. n.d.
3-2.%:-2,5- " HIEENMEWE  pyrazine, 3-ethyl-2,5-dimethyl- 8.56+1.08 n.d. n.d.
FIABEZ5 5 oxime-, methoxy-phenyl-_ 21.66+0.19 7.85+0.09 2.20+0.25
S-R3E-2-FEERRIENE  S-hydroxy-2-methylthiopyrimidine 0.08+0.00 nd. nd.
2-5# CLHEMED)  thiophene, 2-isohexyl- n.d. 0.23+0.02 n.d.
I COMi-1-BkME  cyclohexen-1-carbonitrile n.d. 1.64+0.47 n.d.
&t total 34.15+0.10 9.83+0.47 2.20£0.25
BRIE2X  furans
2-J%FERKIR  furan, 2-pentyl- 4.34+0.39 7.32+0.46 1.33£0.08
&t total 4.34+0.39 7.32+0.46 1.33+0.08

e ARG K PRGBS R B Bl RSB R g B, CORMIR R B . ARbhE. M. &
M FER O\AEE. AR L RS, B EEEARMS: nd TRZUEWERRTRBRL, TH

Notes: A refers to sea bass after frying; B, refers to Shanghai smoked fish soaked with soy sauce, sugar and plant oil only; C; is Shanghai smoked fish,
soaking liquid is composed of soy sauce, white sugar, plant oil, salt, spices (star anise, five-spice powder) after frying; n.d. indicates that the compound is
not detected in the sample, the same below
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SR FHAERT SR T BRI 43 B R it v ) S XL
AL AU, 3RS, (B, E)-2, 4-%8 TR
) A X B R, 4T A 8.68%. 23.16% FI
6.11%, H I BE HA 0.07 pgke™, (KT
Ak G, 256 A 4540 G AR X i 5 R 1
{EL, W (B, E)-2, 4-28 s X f il 22 A XL g
Tilk iR, 1% EH ROAV,, =100, TR I5 K 0%
fipi £0 He () SR KR AL B W) R T LSS . 1-F0-
3-WE, 2, 5- T HIEME BRI 3-2,3K-2, 5- T H kR,
OB, Pl AR 2-FFE I 2-r8 5 ik e b &
BEMIVER s IR & 2R AR 5 1R 5 i A B
JE e, HOCH AL &Y 2 T RS, 2-
O TS | 12 M -3 A0 23 ik v il e o A& M
YRR o vt 3 £ g 1) S B XUR A A5 0 2 T 1
LEWE, OB . 1L H-3 BEA 2- )5 Bk ke e o 2L
EHEVE ] o K 1 BB R v 1) SC R AL 5 )
BB . FEAHIMLIE , BRIk A PR g X 2
AR AR XU R J AR (3R 8)

2.6 LiBEGEMIIZEPHRERER

IMP Wy BEIRAZ IR , 7587 fF 1 SR H [
An P 4 B oA 10511 F175.52 mg/100 g,
TAVAEHRT 1, BRICREE . AMP & EEIK,
L JFE LA o g 4 R R O R e S A ok
J&, ATP F1 ADP Zim i EFEIK, Hx FlHxR L%
K (3 9)o

3 i

3.0 LbEE&SFHERLEY

3R i T S AL A 0 R 2 R 4 )
8. 11 RN 11 F, SRR XS B 53R 23.78%
36.71% 1 27.07%. W58V, TR EWTE
0 20 1 DL 2 v 3t 5 47 7F HLE B AR, X 0 )
1) 38 R XU (9T ke B LA 2, OOl . R
T R EL A fa vk LB B /T S ng/ke,
AR EE G, Hd, ORGSR
H 3l E AR T A B 2 A AR W RS 7 R )

*8 LBEEMINTIZSHEIELMYFRENSKEEENZMm

Tab. 8 Relative odor activity of volatile components of Shanghai smoked fish in different processing parameters

FEAS AU BEA
ALy B S B/ (ug/ke) ARFFAE ROAV
compounds sensory threshold odour A, B, C
CUf%  hexanal 45 FHHRR, ARk 027  0.09  0.02
2 -FAFL TS butanal, 2-methyl- 1 AR n.d. 0.12 n.d.
PERE  heptanal 2.8 gk . AR 038  0.04 <001
R (CREZ£EE)  nonanal 1 gk, IEE. HEE 6.55 222 141
%[5 decanal 0.1 & MiEE 537 225 195
(E.E)-2,4-%¢ )i  2,4-decadienal, (E,E)- 0.07 MR ik 100.00 100.00 100.00
K% benzeneacetaldehyde 4 piiN 0.52 n.d. 0.16
2-Pifii  2-heptanone 141 EE BE 052 <0.01 <0.01
1-3£f£  1-octanol 110 Fra Ak 0.01  <0.01 <0.01
1-£47-3-B%  1-octen-3-ol 1 B Yotk 1.57  0.64 030
F—#¢ undecane 1170 MR bk <0.01 <0.01 <0.01
+ ke (HHEKE)  dodecane 2040 <0.01 <0.01 nd.
FPU%E  tetradecane 100 nd.  <0.01 nd
BT (T &) caryophyllen 64 FHE AT MEE. BN 0.03 0.04  0.02
% naphthalene 60 T AR 0.01  <0.01 <0.01
T7SkiHE (BFAER)  n-hexadecanoic acid 10 000 NeWi% <0.01 <0.01 <0.01
2,5-ZHIBEIEIE  pyrazine, 2,5-dimethyl- 1.8 . W .00 nd. n.d.
2,6- - FIJENEEE  pyrazine, 2,6-dimethyl- 9 000 n.d. <0.01 n.d.
3-2.3£-2,5- " HIBEIERE  pyrazine, 3-ethyl-2,5-dimethyl- 1 7.00 n.d. n.d.
2- /R FEWIE  furan, 2-pentyl- 5.8 gk, FHEk 0.61 038 026
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Tab.9  Contents of nucleotides during the processing of Shanghai smoked fish mg/100 g
TR B WUE R WOEBREE SRR BRI BRI RS R R
processing stages IMP TAV ATP ADP AMP TAV Hx HxR
R 1 Rty 105.11+4.17 4.20 77.46+8.84  24.16+2.57 3.38+0.32 0.07 1.63+0.29 6.54+0.13
fresh M. salmoides
igEMA 75.52+5.91 3.02 24.39+£2.28 4.56+0.55 5.29+0.50 0.11 1.22+0.11 6.55+0.19

Shanghai smoked
fish

W RIEREE(TAV)>], ERERESE; TAV<l, EHRIEAEZE

Notes: taste activity value (TAV) >1, taste effect is significant; TAV<], taste effect is not significant

T, X1 B AR SR I i £ rp 3 R 2SI
X R 9.33%, T iRk B 5 g bk,
TS 2R Jo w1 3% M R R ] LA 3 B S R T
R T, PR R K A SR
N, MEEERAE AW S E IR, U —OR BRI
TR X PR R R AT — MR X R R
CTER RN [ JE A s, OO . BRSSO
SEE I 1.15%. 1.31%. 8.05% f& % 0.08%.
0.02%. 1.23%, VLI 535 AT LLitE—20 LR
IR, BRRTP SR . FA L HBE .
I\ TR A FURHN S5 A B, BB A RE sk s PR
JEBR, Bl RIRZK AR IRE 5 T, (E, B)-2, 4-2%
T R IMAR A R SR Wi R R PO R
oA DU TR 1Y) SR AL LA = ™Y, e et £ rp
RPAEHEY, 78 3 RS P 250000 8.68%
23.16% F1 6.11%, & REENRBRY T . ZEMEA I
IG5 3 AFE &b b AR SO0 S (38 K
T, X frb il KU P A T A IR TR . 2-FH 3
THEAERER, ROBRETEE, BALER,
PURERE HFESS 3 MEES gkl , RS 34
FESH MR G R BRI T AR, 2-H T
T R R AR R XA — 5 B G E o
32 LbEE&STWEXLEY

3 AN S i BT IS4 A W ) o 2B 53 )
20 LRI AR, B AH X 17.30%.
0.98% F1 0.44%., SAH[FE 7+ BB Y AR e,
T Ak A 0 A9 JR o (o (LB vy, T A I R X6 XU 7
SN TFRERA A . IR . IR A . &
i 8% gt 0 9 771 Jsz 7 2 B B 2 Ak A5 40 1 7 g
PO, 3 ANRE S R AR A R AL S R A
2-Pif, AN RSN 17.08% ., 0.98% F10.17%.
2- ) 2 HE 0 il v R L R 4 e M A, F T 9
FREAL =R B A MRA, EER R
fiyi ey B AR SO BE (A 0.52, XS {4 XUk
BERENBMER, FHAM 2 408 5, Hxb
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TR R SEE A = AR, AT RE it PR 2 T 95 )5 2 15t
IR R AR S L T H e, 2- (2- T 3E) B
CLA . PUEF [3.3.1.0.1 (3,9)] Z2-10- . H i 2 1
J& T ARSI A 8, vIig s Rkt 34>
B b P 280 A B AR S AR s, U B
1352 0T LA s R R, A T A 2 ek i il
J5 I 12 I TR A PR A sl SR B

33 LbiEE&PWERLEY

3NRE S RS B Y A 1o B
1-2F 0 -3-F, 1B S B (2 (110 pg/kg),
1-2F I -3 1) J vt [ (LB (1 pg/kg), FEARXS &
T PGB, 13 B AR A AU 14 T
TR K (ROAV<C0.01), 1-4-3-Fx i 4 e K
1R 5 £ B 7 XU J i FE 22 4E ) (ROAV=1.57),
XoF PR Y2 9 I K I R i B ) XU T Bl e 0 1 1
F (ROAV %3]}y 0.64 1 0.30), WF5E L, 1-°F
W3- 3 R IR T i S RN S SR A ) S il
S5 N, BB ZYG e ik, fEf
PRI V2 0 ) 3 39 fin B, T i R 1 R B v
KW AR N 17.50%, iR 5 ok O B
M) 2 A5 LA b, BESE )  Z0 Y AT R i PR v iR
SRR IEEE AL A W AR R A S
34 LBE&S&TNRELLED

3R i TS ek 2R A W R R SRR R )
BIA 10, 12 F1 1S B, AN S R4k 8.49% .
32.06% Fl 8.00%. AHLLHAMZETRI A Y, bikddk
VIR N & o Se ke EA A g 1 B B 1
R A B AT RUBR ) ST ERAR /N, C1I~C17 1)
IERERE R, e ARG B e AR R )
L, EEAMEAK, RS TERTY. 83
LHFE S A A R R B I, 5 A
FHLG, WSS R . RS 3 e T
— i, SRUS RLE PR R T, K-Z-

https://www.china-fishery.cn


https://www.china-fishery.cn

2462 KopE OE R 46 45

n INEAR L 2505 . n IR VRO TIR R A
LMEIEBIRT A o 3- B8 A AU 22 B0 A 2 BRIk
AVTIERER . AR MEE . FE, REF
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FLFA
35 LEEBFHNEELUEY

3 AR T 0T B AL Y R R )
W30 6 R TR, R X AR 2.69% .
5.40% F1 57.86%., TEZH 1 FI%E 2 DEES T, 5%
KA EH BN, HEEAR, fERAEIHS .
FESE 3 REA R, AR A E e s, B
FEI AW T I (54.44%) 0 T Ay ik A B
G 2 /N £ T A R AE KU 430, Ay I i B R
PEHRAR A /AT AR, X £ R G B AR XU A ek
SAEH . ZEm i A Y R A OB A B, IR AE
R IREE TG Y W R A f AR AL 4, e s SR RN
[ S V) S0 26 1< DN 7 SRda W NI § - A1
3.6 LBE&S&FMEXLEVMERXLEYD

3 AR i T S R 2R A 1 R 2SI 4 )
2. 34 TR, BT E RN 0.76% . 0.49%
F10.20%, Fr & RIS WA 28850 53 5ok 1.
4 F0 3 Fh, EAEXS E AN 0.21%. 0.71% Fl
0.09%, FP2/ D HABXE & EEAR, X XK 52
M)A K . AR JE RS R IR I BR L=, FR IR
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3.7 LEEE&YHIMERAELESYIFRER LS

3AMERI A, R R S A
&Y EEA 2, 5- " HIEME | 2, 6- - H Lk |
2-2 Ke-6- TP BN IR 3-2.3E-2, 5- I BLL i, A
D H PR R IR S Al A 2 2-0 3 I IRg o R TR R &
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BRAAL A Y R AR HE NS T . A R AR
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3.8 EBESPHRERENLEY
fALE, TERERIET , ATP BIREMINUF
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ADP. AMP, IMP, HxR fl Hx"', |y ffK) ATP
i I TR R T B Y D PR R o R T R AR
T ATP R, BRI fah AMP 19 & &
i, HE AMP /K= 8 R i R KU 5 7]
AL R, 7 A A A P R R R
IMP 76 Pk 2 R 30, R 9 Al 1A
pH {HFEAK, TR FEE— 2R HE T IMP BIREfE,

EEDNIREREY 2k v < e I B 3
SRR IR IR R Tl A AR 1 1) K
5 J5 12 0 [R) BB A%k R i s i L TR e
(8] 24 6 min, JHAR 5 12950 W P 3 T/ AR LA
43, JHERIF R E R 16 min B, LM
B VAR e o

NN SAT WA e S A S N LRl E e
Z WK T E E R A, i AR
M RIER A OB M TR, HAE
A0 TR P S R AR AR RS
e BT B A . DA A IR A R e vk R ELAT A
VAR, AE IR AR S AR A A
Jne IMP J& E B AR TR . = IR T
AR . RTIR A AL R SERI B N, AR BR
NIRRT S B R AR, X L
A RR L B EEAE R . BLAh, BRI
R, RHER R R AR, JEH R S
(A AU o YR T AR Y A 2 i v A ) o o R R A R
mTTZ,

AR TR An, PR B T b s B
BEFRFES . TR EESRIRAESE, Rt
R K RS N T AR T —Fh QB LS . B
ARy — B G K BB/ AT R I AR,
7 3 S P E AR AR A A, BRI AR
TE R HLEL I8 2 HAR T2 %00, b L s Tl
A PP TR REE .
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Processing technology and flavor characteristics of
Shanghai smoked fish (Micropterus salmoides)

ZHOU Yu', CHEN Shunsheng "**

(1. College of Food Sciences & Technology, Shanghai Ocean University, Shanghai 201306, China;
2. National R & D Branch Center for Freshwater Aquatic Products Processing Technology,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: Shanghai smoked fish is a traditional Chinese dish with crispy crust, delicious taste and rich nutrition,
belonging to Shanghai cuisine. Traditional Shanghai smoked fish uses Mylopharyngodon piceus or Ctenopharyn-
godon idella as raw materials. In recent years, the amount of M. piceus farmed has declined, C. idella is a typical
herbivorous fish with a strong earthy smell, and both M. piceus and C. idella have intermuscular spines, which is
not convenient for the elderly and children to eat. Micropterus salmoides with abundantly nutritional values is an
omnivorous freshwater bass with meat as the main food. The earthy smell of M. salmoides is lighter than that of M.
piceus and C. idella. The meat of M. salmoides is tender and has no intermuscular spines, also its mouthfeel and
flavor are better than C. idella, which is popular among the public. In this experiment, on the basis of the original
technology, better raw materials were selected to develop new processed products for M. salmoides. In order to
overcome the shortcomings of processing Shanghai smoked fish by M. piceus and C. idella, M. salmoides was
used to replace C. idella in processing Shanghai smoked fish. Single factor experimental design and orthogonal
experimental design were used to improve the processing technology of Shanghai smoked fish. Headspace solid
phase micro-extraction gas chromatography-mass spectrometry (SPME-GC-MS) was to analyze the changes of
volatile flavor active substances in deep-fried Shanghai smoked fish, Shanghai smoked fish with no spices in the
fried soaking liquor and Shanghai smoked fish (final product). Key volatile compounds were detected by qualitat-
ive and quantitative analysis of gas chromatography-mass spectrometry and high-performance liquid chromato-
graphy (HPLC) was used to determine flavor nucleotides. The result showed that, better processing method is to
fry M. salmoides for 6 min and then to soak it in the soaking liquor of soy sauce / white sugar=4 . 3. The volatile
compounds in three samples are 37, 47 and 55 kinds. Aldehydes, ketones, alcohols, hydrocarbons, aromatics and
nitrogen, sulfur-containing substances are the main flavor compounds of Shanghai smoked fish. IMP is the main
umami nucleotide. In conclusion, first soaking, deep-frying, and soaking after frying were the key processes for
removing and concealing the earthy smell of freshwater fish. At the same time, the Maillard Reaction in the pro-
cess of frying can increase the aroma of the fish and make cooked dishes with excellent aroma and rich nutrition.
The Maillard Reaction, thermal degradation and fatty acid oxidation that happened in the deep-frying process help
to reduce fishy smell and form the characteristic flavor of Shanghai smoked fish. Soaking and deep-frying are
excellent processing methods to improve the quality of fish products.

Key words: Micropterus salmoides; smoked fish; sensory evaluation; flavor; headspace solid phase micro-extrac-
tion gas chromatography-mass spectrometry (SPME-GC-MS); high-performance liquid chromatography (HPLC)
Corresponding author: CHEN Shunsheng. E-mail: sschen@shou.edu.cn

Funding projects: National Natural Science Foundation of China (31471685); Knowledge Service Platform
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