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ABSTRACT: Objective To study the effects of different thawing methods on the quality and volatile flavor of
Wuchang fish before and after drying. Methods The effects of 4 kinds of thawing methods on the flavor of dried

Wuchang fish were analyzed by electronic nose and gas chromatography-mass spectrometry (GC-MS). According to
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the results of physicochemical index (fat content, protein content, colorimetry, thiobarbituric acid value), the quality
of dried Wuchang fish by different thawing methods was evaluated comprehensively. Results The electronic nose
was able to distinguish well the differences in odor of Wuchang fish before and after drying by the 4 kinds of thawing
methods. Hydrostatic thawing of Wuchang fish was able to retain more of the original odor of Wuchang fish, and
combined with the GC-MS results, the flavor differences of hydrostatic thawing of Wuchang fish after drying mainly
came from the contribution of aldehydes and alcohols. It was found that compared with other thawing methods,
hydrostatic thawing not only required less time and had lower juice loss rate; the protein content of dried Wuchang fish
was highest after hydrostatic thawing, and the fat content of dried Wuchang fish was highest after low-temperature
thawing; hydrostatic thawing and drying substantially increased the a” of Wuchang fish, gave good color to dried
Wauchang fish, and had a certain inhibitory effect on oxidation, and had a significant inhibitory effect on 5" of Wuchang
fish after drying by natural thawing. Conclusion Comprehensive analysis shows that hydrostatic thawing is more

favorable to the quality and flavor formation of dried Wuchang fish than the other 3 kinds of thawing methods.

KEY WORDS: Wuchang fish; thawing method; electronic nose; gas chromatograph-mass spectrometry; volatile
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i B, 224 B Sk 85 (Megalobrama amblycephala),
7 EHBALE SN, REEMRKAIREMZ . REM
TERRERA I Rk, HERTE . N R,
WRIE SRR, A2 S E

Vo VR AL BRAE B i BN s i R b AR R D, ik
BATETT Y R R AR TR, REME
2O AT R A S KDL ¥ R A £ P A T A T
SRR AL T, 7K il TE A VR 3 R s 2 X it T i — o AR
ISR o AR GE AR T AT AR (2 SOM O . AR O L IR
KRR AR R AE; BT BU AR A S R O L TR A
VNP3 = AN TR R SN E 1 TP e N T B33
fife R 2K PR SE M I B SE AR 2, AR SO SO g R
FRR . AR | /KPR R RO R VAR 4 0 8 B ) 52
M, S5, oK AR R R IR g E
TN SE VRIS IR] | Rk Ae | SRAME SRR A SRR . B
AR« R AR O R P A R ) AR R R I 1) o
ARH S, 2 W LA iRy R d A A e L i
Vi; DINCER S5 U 1 Vo ARV | /K ffe v R ol e o o
1 PRI SR, 45 R B T A VR S PR T R
Fk B (total volatile basic nitrogen, TVB-N){HEAK, ZiHTF
MoK g R FEAR A R 5 =X ZHOU  S5PMIF 9T T K i
Uk R BOKRR A SRR . MR R L AR R A
5 A Voo i e 2 11 SR B IR T AR R s, 45 R R
TR K A B BT AR AR B il Ak o fF A 2Rk XL
YIS & BAL AL R SIS A

BT, AR R L S BRI 35 - BT i
(gas chromatography-mass spectrometry, GC-MS)ill & 2 8

PEBIAE RS R ZR S A AN IR R 7 3CCA AR ARUR L WK R R |
P R AR R ) X 1 S R SRR R,
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1 MRERE

1.1 AR5

J5UBEEA 400 g£50 ¢ I EC B A, AR AT RO kL X
R RHBUS o

O, FAbsh . =& ZBR(trichloroacetic acid, TCA).
KR . SR . 6 CE b Z JR (thiobarbituric acid
reaction substances, TBARS) . FifCARER N . A1 it (S Hr4l,
B 2454 E b 2500 A FRA FD
1.2 UE5%%

KQ5200DE 8 7 i I v v (B 1L T M A e PR 7))
722N W] 0L 435606 B i (R AR A B A SR A FR A FD);
JHK-A %4k LAE & (R h BR S2 50 9 A IR A,
7890A-5975C GC-MS {¥(3[E Agilent Techologies 2% 7]);
TGL-24MC &30 HE A 7R & OHLAR P U ER A B
22 Hl); DHG-9920A HUASIX THRHLC L —fERL A g A
FRZAF]); GL224-1SCN 43 B K- (8t 0.1 mg, [ MR
AYIEARGIRA ), CR-400 22U (H A JE R EREAH
PR H]); PEN3 HF &7 [F AIRSENSE A #]).
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Table 1 Processing methods of different thawing methods
kRT3 (SRR
ARG HRE SRR E T REIRA T ST

KRR F a8 faRAEAK  Hh E TR R

R BB BT R T e TR A R
PR (i 40 kKHz H1% 80 W)

IR R R H R B A AFER BT 4°CH I A R

132 ZaRE&EHNE

Z | GB 5009.5—2016 &M% & EZFRE BRTHE
BRI A ) SR FH AR — LG RR A T o
133 JEHE&ZemE

Z i GB 5009.6—2016€ &M% EHFhE & HHIR
i RO E ) SR P — 1 2R IR AR LA T 22 .
1.3.4 fRABEFGNE

2% XIA UMk, JoRREU R TR B R A
CH (my)JE, AR 58 R FWOK 400+ 58 & fa ik R &
JEFRAK 4y, PR BR BT B0 (my), R0 R
KMo

AR IR =0 — n; ™2 % 100% (1)

1

1.3.5 A ELZBAE 69 ) 2

27 SALIH U i Rifete, PR 4 g FRahT
50 mL B0, JIA 20 mL 20% TCA 1 16 mL 7K, fE0K
TR A EOLLL 3000 r/min A13 60 s, #E 1 h, R
JATE 3000 r/min, 4°CAHF T B0 10 min, 338, IEWAE
BFIKERS] 50 mL, B 5 mL RN 5 mL 0.02 mol/L
TBARS 7£ ¥ /K ¥ H S )i 20 min, BUH, W shKA 3
5 min, F 532 nm PERKEMEWOEE . 2S5 FAE: 20 mL
20% TCA FIEB T/KEREF 50 mL, B 5 mL JEHAN 5 mL
TBARS. TBARS {H [ % AT ¥ (malonic dialdehyde,
MDA) AFRHES:, 455 LIS kg BEbh T MDA B2 ik 3
7N, 18N mg/kgo
13.6 &E&NE

R B AT T, fEAEEMPEEN D65, fL
% 8 mmMEMEHIEM L™, o, b, L™, a". b3
AR . LEMERE, MHUERIETROE, AR
W5k, BOF-BEBE T
13.7 &F&egmz

PRI 2 g FEGL A PEN3 H# U 7 5 RS E %
FERH, [FIBHINA 2% 3K FEEFI 1 iR &, MR
£ 3 AR, K 40°CHNER 30 min, X EETHHA 30 min,

W SHOIEEIS ] 120 s, VEPERSE] 100's, %5 1 s BUFE—IR,
B 116~120 s E AT F 4553 #T (principal component
analysis, PCA).

1.3.8  #BE MRk i 64 M 2

S TR D s M . MERFREUREA 2 ¢
BATUE A, TRESBEHAR# e 10 min, FTEIL
TFRFERCL TS W 40 mine WRFSEHEHR A GC-MS ZEF:
FHFER 5 min, BEREMIEAT 3 COEAT S

GC M dEFE AR 40°C, FHRFET: 110°CIRHF
4 min, I 10°C/min FHEZE] 160°CHAEEF Imin, /5L
5°C/min FF3| 240°CHEE: 15 min, FNASR, HEH
1.52 mL/min,

MS 45f: #E IR A 280°C, PUHATIREE 150°C, &+
TR 230°C;

EHE T R GC-MS [T/ %5« ST
FEIFE LI ZE(NISTOS) A W KR, Fe/a i g &)
JR Ak 2 2 A
14 ZGiitmAE

i/ bmEE 3 Wi, B 2 5 s i
DPS(9.01 [ Duncan #7 & 22750617 7 20 M2 &
AL, 255 LT S48 45 M I 22 =R, EEISR A Origin
2021 3P HATLR

2 HER55H

2.1 AREARBEARE&FRFRIERRER

sk 2, AN J5 S R kB A 0T 5 6 I ) A% figt VR 454
R ASHRAFAE 35 22 S, G vl 7 i I 7 U T 5 I 1) e
B R AR (3.20%), s-Hral e TR A RS, >
T iz gy 7 B A A RIS T, [R] R RS R £ A B 4
LI5K, FENUAHAR T RO R . R R Py
RIS, (A5 2R F 05/ N (2.25%), T K BRI B A Rk 2
BRI, T R PR 5 St P Py G Ak 52 B R,
- FLURZE IR 5GP T A 1o 7 P i A S S
AR A M TR, A TREAR T et ok
ik VR SRR VR, AN SUAR T T A% AR IR 1) SR ARG T 9 At
R, K EAT B I H RS AT i b A S A g 4 1),
D8/ it VRN ]

®2 TRFRABEREEMERER

Table 2 Schedule required for thawing Wuchang fish by
different methods

%iﬁ AR #OKE  BAmE (R

BfIA)/min  115.33+5.29° 31.67+1.00° 26.33+3.06° 1383.66+16.44"
PN
/%
e ANRVNG FREFR AR EAA T 22 8] i 3 24 5(P<0.05), FIHl,

2.73+0.10° 2.52+0.28" 3.20+0.16 2.25+0.06°
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S A FE AR R PR K B SR E A 2
bR, W3 3, B PO LE, S AN R U B T
Tl AT EE 1 B & i JC B, TR iy B A e,
e e ARRAPRAR 2 L RO 5 TR, ANy s
AP T RS B T AT, SRR A TR
B S e A, IR TR B AR 5 e
e, TR P AL PR B P B ERIIR S & B Ak, AT RES R T
URIIRE A B G TR, (bR KSR, AT g
TP PR T B L e R
23 FRBHEFAMTFHREENEENFE

3 2 A DR K 7 i PR BB B R Y — S T AR A
FCrp sl ST B A AR 2 XK il B G 7 A
—SE BRI R[] R R A ALK AR AN
[l TS B P 22 5, JF ELT RIS (LB A 22 5 32 2OR IR
TR AL WNFE 4, BOPEERE, AR 75 2
HRE A AR A —E R, R ARER TR AR
a’, W E SRR TR B Y L7, b
JERIRRAR TR B o, MRS TRE MM o
AT RE R AR IR R B A R R R, SRR A PR LA
B SR SR R 1 PR A R LT AR A SR, TRy
AR A bWV . B BT
2 AT b, A A )y AR VX R 5 BE A A A £
FH, 3 a ™ RPEE T, RE R ol A A o T e e e
TREME o', HTHRE MR LR G,
24 AEBFEHFRIFHREE TBARS ERF/ Y

BRI R | S RS AR
Yy, e S A RIS SF IR 9 ), T TBARS 5 Yk 2
GAL ), ROMOK T R A RE R, B R BE B

i e Al b B Y 1, B, Ny 2 A
mREANNAEL, HPMRRGESTTHET®RE AR
T EA — 5 A 1 22300 b RS, AN 5 i
e TS KR BRI A Ak BBt ol B T gs 1, @
i WK R T AR B 0 RS B AR, AT RE
TR K v R s S T s/ S Ak, T 7 R B RO
T & S AR Ak, T RE b T A2 2 B2 A PR
b A AT, DT S 1E
2.5 ARIBERRXTFHEHE & SKRFFERNFMN

HL - 2 3 Sl B ) L BE ) B T 8 ST 1 — oA 2
HIAL RS, BEMSDEE | mak . VRGN L R P SAA,
i Winmuster #4347 PCA. PCA fig e WA RGN T2k
IFRERER B ZES, — RS Sz 00 B e i, 3R
B SR A S 22 St 5 Y

mE 2, FEETH S b, S — R
TR AN (93.65%), 4 — F AT I TTRk 3 (4.12%), 85T
TR A (97.77%), sk R b s ek e S e s B 9 s 0 £ 120,
AR AR B Sk 22 R E RS — T80 L,
FELL [ SRR G e S A R R Ak, HL
P RIEAET G, HoA AT o AR A0k, T K A
AR 2 T D, UL ROK AR R RE IS i R IR B B 1
DL RN

W 3, TS H s R AT, B — U BT
1k 2% R (78.20%), 2 — LA BTHER R K (16.97%), HE 5T
B R (95.17%) 0 FES— F I BB T B AR VR R B
SMAAE2E S, HA i R 7 X R AR R B AR
5, HAPEKIER G TR RS @SR B
O 5 — U I BTk IR K, WIS 2 B K i o ik B fa7E
TR AR A R e

*3 TREAABETHERRKE&EFRMSHFM
Table 3 Effects of different thawing methods on the nutrient composition of Wuchang fish before and after drying

#FR FI SR fil VR KRR T R R IR A R perdicd
ER A% Tl AT 15.53+0.34™ 15.57+0.85% 16.87£0.17° 15.44+0.59° 15.87+0.34%
e 25.75+0.06 30.470.10° 25.10£0.15° 27.90+0.13° 24.4240.11°
s 2 45t/% Tl 4.26:0.58° 3.15+0.46™ 2.60+0.11" 1.94+0.17° 3.44+0.80"
THhiljE 3.77+0.64" 4.88+0.36° 2.98+0.15" 5.05+0.57* 4.10+0.52%

x4 TEBFAFRANTHEERESSGENIM
Table 4 Effects of different thawing methods on the coloration of Wuchang fish before and after drying

SR H AR KRR AR R NI TR AR bt
. T i i 54.65+2.12% 54.54+3.88% 56.25%3.43" 54.36£1.11% 47.69+4.00"
THlE 61.92+8.38" 57.44+3.33° 66.46%7.46" 57.65+4.12° 72.30+0.62°
. Tl 0.960.26™ 1.09+0.62% -0.01£0.47° 1.82+0.65 1.13£1.05%
¢ Tl & 5.33+5.28° 9.16+2.81° 5.96%4.05° 5.262.62° 3.59+1.80°
b T A ~1.58+0.43" ~2.09+0.75° ~2.27+0.83" —0.43+1.21° ~1.89+0.36°
TihlJE 8.97+4.48° 14.32+1.20° 11.55+1.97° 13.11+1.23° 13.66+2.83°
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Fig.2 Principal component analysis of e-nose of Wuchang fish before drying by different thawing methods
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AR i R TRE IS A8 (o 7 R B I Py e . - LRI 2AS XUk )
UK 2 SR MRS AE IR At i A o i 7= 20, A A e R4 Rk
B AGIN  RD, BRRARR RS R >, (AR RE
ERN T ST RSl SN Y o ) RO S
TURRBEARAG . OBtk B fa R U S, KR ey
BRI IR, BP0 (R, 3 XUk STk k),
I EK ARG KB BN R TR B R 2

e 6, il JE X H T T KA R KU
PR RIS S i, BrBE il B A 25 FAE A R bR

Y, Sk E SRR . KRR . BERRROR . RIR AR T
JE AR 29 Bl 30 b, 30 Bl 25 R L MU
E TS BRI T R B RRA T, 1-2E -3
IE ORI O & e in g ol B2, S 80K R 7 ik
BB AT XU 22 528 4k o DR R I 2o /oK AR T
BB N REE . B TS A, RS R T A
N TR S et s, EZLDIONGANEEN =, A
EARRY, XUk sTikR, HoA e+ A skl k2
A T e s, YRR BTAR /D, (E R AT E .
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Table S Content of volatile flavor substances in Wuchang fish before drying by thawing in different ways

S e WEe T AR < 10° (T i)
PRI Tl min HRRAENADIR AR W BAmE e B
451 2-5 LT - 65.44 63.01 1.35
7.41 2,2,4,6,6- 11 H 3 B e - - 4 4.00
5.30 1EShE - 230.77 -
12.70 + kR - 5.99 -
19.83 TP b - 4.38 -
8.18 B2 i - 2.97 . - 5.37
Le ke B - 309.55 63.01 5.35 5.37
13.24 WK S 3.94 - 3.61 -
14.11 pay - 7.24 - 3.28 21.39
15.05 BRIHAT W p 3.32 -
28 A 3.94 10.56 3.61 3.28 21.39
18.36 O Rz 6.44 11.10 6.37
22.18 12475 -3- 1% 28.23 48.66 28.08 34.33 21.13
36.35 2-ZFEC B 5.32 14.26 2.74 7.84 14.36
27.13 IE B - 48.81 10.14 15.93 30.19
32.12 1E T/ - 52.15 10.07 12.80 57.89
15.92 SRR - - - 4.92 7.39
7.10 V| - - 64.18 - - 5.59
429 TR 8.65 - -
32.11 1-T % 26.08 - -
13.01 2-FHE-1- T - - - - 9.61
13.55 2-F 31~ R - - - - 4.16
T2 S A 74.72 239.16 57.4 75.82 150.32
14.98 3-2FE il - 3.31 - - 4.76
19.95 T - 11.69 -
22.35 ZR - 12.20 4.83 7.34
4.61 HE AR C R - - - 8.62
4.95 FH 2= i 19.21 - -
[ IsYil 19.21 - - 8.62
36.58 Tt e - - 34.26
36.92 YR - - 13.58
37.50 NON-Z T 9 F i - 9.64 3.72
40.25 N-HH JEnik g 5.07 12.81 7.97 10.11
36.11 %% - 10.55 6.71 - 3.58
36.77 H &L - 412.47 122.89 49.53 208.45
41.09 2,6- KU T HXT H By - 4.00 - - 4.77

e -RRAREH, TR
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Table 6 Content of volatile flavor substances in dried Wuchang fish after thawing in different ways

Bt i e s, U TR AR 10 (Tl I )

PRI min HEAREIORAIR R R R
4.56 1,1,3- = H A O b - - 25.93 - -
5.72 2,2,4,4-D4 H L= e - 15.55 - - -
7.41 2,2,4,6,6- 1 H BL BEdic 67.74 151.38 141.78 8.91 26.83
8.18 ZE05¢ 3.22 4.74 3.18 - 3.74
8.50 LT A 6.69 - 14.88 - -

11.75 3-H % - 5.64 6.88 - -
12.69 + ke - - 6.29 - -
19.73 T Uk 6.00 - - _ -
28.74 B - 426 - 4 -
Jot ke A 83.65 181.57 198.94 8.91 30.57
13.08 e 23.06 - 23.06 4 -
15.05 KL 10.71 10.24 12.85 433 7.77
14.11 A1 ENE M - 14.67 - 23.10 13.57
21.63 1= DU 3.58 - 2 - -
Sk A 37.35 2491 35.91 27.43 21.34
7.11 B 37.24 32.57 51.88 40.50 72.25
14.89 ISR 55.80 54.60 37.07 24.69 17.71
15.92 SRR 22.05 25.44 119.09 28.87 159.27
12.29 1-1 475 -3- B - 19.85 12.87 8.94 -
22.18 15 -3 157.30 170.38 115.40 124.46 63.25
18.39 1ECL B 207.13 23631 97.93 103.40 84.60
22.51 B 10.17 12.26 7.98 6.35 6.34
23.96 2-Z KO 9.87 12.99 10.69 7.24 -
27.13 IE 11.02 10.77 - 6.77 10.90
26.62 JUH B 1.40 5.15 - - -
Pk BN 511.98 580.32 45291 351.22 414.32
11.95 2-TR - - 5.93 - 2.92
12.80 2-BE i 29.62 36.64 25.81 3.98 -
15.96 2-2 1 5.05 5.89 42.27 - 16.50
17.21 3-2F il 6.92 8.42 - 5.57 6.14
16.32 3R HE-2-T fi - 12.52 98.24 16.46 9.09
17.10 2,3-2F 31.90 - 11.44 8.71 -
IEsE 73.49 63.47 183.69 34.72 34.65
6.80 3-FAETREE 22.84 15.98 25.17 25.01 24.11
6.75 2-F L TE - - - 4.19 4.60
10.19 CL 75.43 96.25 - 70.23 19.17
25.74 2P 29.51 20.70 9.06 13.19 17.61
19.91 T 30.41 43.17 - 9.41 22.26
16.15 1EF - 14.51 - - -
T AN 158.19 190.61 34.23 122.03 87.75
22.35 N 10.08 6.71 20.04 10.37 5.44
32.63 SR 6.85 5.78 11.67 23.63 11.37
22 A 16.93 12.49 31.71 34 16.81
4.07 2-HIE TR g - - 1.86 - -
4.65 R TR I TN - - 4.24 - -
4.95 2~ g - - 11.81 - -
fik S AN - - 17.91 - -
36.77 k=89 24031 252.81 307.54 259.60 178.27
38.52 2-1F I3 HE K TR 19.15 28.42 16.57 10.50 9.18
4.45 THEETR 5.76 - - 10.79 7.04
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AWFERDT T 4 OR[N D7 %A Rl g 7 s
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