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Fig. 1 PCA diagram of e-tongue of four cravfish samples
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Fig. 3  PCA diagram of e-nose of four craylish samples
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B o R 8 B iR CAS i % {5 B 4 8
1 4-Ethylphenol 47 I K C123079 1234.0
2 Nonanal T % Cl124196 I 100, 1
3 Diallyl disulfide-M TN R A -M C2179579 1 060, 8
4 Diallyl disulfide-D A T~ B D (2179579 1061.2
5 (E. Z)-2 6-nonadienol B -2, i 6-T 4 Al C28069729 1 189.0
7 2-Fthyl-3 5-dimethylpyrazine 2-7 363, 5 T gk ol g C13925070 1 081.7
) p-Cymene-M A 5 A P O -M 99876 1021.1
9 Octanal 1L RE C124130 999, 0
11 Methyl-3-hepten-2 -one 6- k-5 - B 4 -2 - Cl10930 03,2
12 Isabuty] 2-hutenoate M SRR TS C5R9662 O81.8
13 B-Finene-M B-fE R -M C127913 958.6
14 Benzaldehyde EA Cl100527 9465
17 Allyl methy] disulfide-M S AL I B — M 2179580 904, §
18 Allyl methyl disulfide-1 b A T C2179580 904, 8
22 Heptanal Hi §% Cl11717 03 4
23 3-'.\1r'I]'|)']Ihju]rl'upilnill 3- P AR AE C3268493 899, 7
24 2-Heptanone 2-Hr Cl10430 885, 4
26 Diallyl sulfide T R A 502881 841.0
27 p-Cymene-D AN D CI98Ta 1 019.5
28 o -Terpinene oo-F i 4G C99865 1013. 4
29 { £ -ocimene {F) -5 A C3779611 1 040, 3
30 B-Myreene B-H AR C123353 981.6
31 Furfural-M AT -M CO98011 820.5
32 Furfural-I} HifE-D COR011 820. 5
33 o=Thujene o =W 43 4 CIR6TO52 913.2
34 Hexanal-M LA -M CHA2S] T89,2
35 Hexanal-D» CLfE-D CO6251 789.2
6 p-Pinene-D B-#E K -D 127913 957.9
37 2-Nomanone 2- T CB21556 1 089.3
kL) S- .‘rirlh'\']Fur[ural 5-1p lalﬂlmi CHE20020 953.5
40 Pentan-1 -ol-M iF 1% M 71410 761.6
41 Pentan-1-o0l-0 IEJEFE-D C71410 761.1
42 Pentanal-D IETE 8D Cl110623 604, 5
43 Pentanal-M IFINEE-M ClI0623 696, 5
44 3-Methylbutanal-M F-H T RE-M C590863 650, 0
45 2-Methylbutanal-M 2 3 T AE-M (96173 675.2
46 2-Methylbutanal -} 2 MTEE-D 96173 667, 4
47 3-Methylbutanal-D P RETE-D CE90863 645, 9
49 2, 3-Butanedione 2,3-T-M C431038 580, 4
51 Acetone 7 A Ca7641 537.4
55 2 -Butanone 2-THl 78933 596. 6
57 3-Methyl-3-huten-1 -l 3-H RE-3-T 4 -1 -pn C763326 728.2
58 Ethylsulfide 2 ink C352932 692.0
it 2-Pentanone-M 2-0% F-M Cl07879 683, 6
63 3-Hydroxybutan-2 -one I-FEEE-2-TH 513860 707.3
64 2-Pentanone-D 2. /@-D Cl107879 600, 0
65 Butanal IETHE 123728 S82.4

292 | 2023 Vol 49 No. 13 (Total 481)




I 65 il A A AU R 43 159 G 7 JBR i ) i 4
o PRI B, G PE T R OR BE— A RS R —
MiEEtEdaey BBl nAHERRREEEE.
B 7 3 Rl N J A A rhoa] LR i S 1 4 &
PR WA 47 Fh (5 0k A Ay R
), FEAIEEEAE 1T A MO F B 4 R R
B b BRZE ] A EES O Fh MrS 1 Bh JuIRAS L RRL B
i ) (Y EE A YA TR LIRS AP EE 3-H B
PIEE L S-HT R 3-HH O T EE-M/D 2-H1 LT EE-MY
D IET®E . BERE BEEE-M/D . C B-M/D, IE 1L RE-M/
D, B EE XA FREmA L, WEFEMK, B#F
A Mo, o U I i B A B SRR, e e R R T
MHAKEFER NXEEARFELRE " . WEY
B4 6-F BL-5-5E 4% -2-M \2-F Wl .2,3-T =M. 2-
Ml PIRE L E 2 2-r fE-M/D 3-ER 2T RE L R 2B
0 A 3fe B 9 48 R I RN AL X PR Y JE Rl
HARG 2N, XY RA 3-7 83T -1
B GFEREE-M/D (E, Z)2,6-T T4 EE., §E26 g
e, 0 A A A T R, (R LR 9 7R A
ke ) OCHAE T, 0 IE R A T BE U . R EX RN
B H-MAD B-TR M -M/D - A - A L B-H
4 CE) -2 855, 8 T2 R gs, % I g
LW A, s T W P e Y A U A I R G KA
Ak o E R R . R R R
F A S T P R AU AT — Y TR,
2-fR ki B R AR K E R AU, S A, A OEEAE
B R LA A Y Rk, S TR S
PN TR DR S NS (N oo 3 B 1 D S v
W) . BREMHREANE GRS TR, T2 i i
w0 PR TR 7 A Y T ol 8 R v A O Y I i
0 I A RR B R L A RS B 9 4
TS EE TG EE-M/D G Y AL A TR E-M/D L 2
Btk i Y LA A 2- 2 -3, 5- T Bk S o a
IR A —SE S, 0 A AR A PLE L S, 2
a0 A, o S A
2.2.2.3 AR Gallery Plot 358018 [

Gallery Plot i £ i [ & % H (4 5 i Hh R B A 7]
EmZBpELEtAiER. B8 hig—f7E
— BN ERRE S A RS e, SRR R
P AU ) W AE A [m) b e dRRE S rh A (S Sk, P 8
a1, 4 R 2 R AT — 2k I ] KUk B R, I OE
P TEE-M L GE G ESE-M 2-BE T (BREERT R ), R

S # 5 #

—u_u-lr;|_\-f] n:lﬂll\.-']
[+]1-1

measurement run|sec]

1.0 1.5 20
RIP: 795 ms

drift time [RIP relative]

A7 KEHME AR Library Search 32 £F 467

Fig. 7 Qualitative analysiz of spicy crayfish by Library Search

AS[RVRE St op 00 M BE 77 48 22 5, OE TG E-MOFD T B AE R
] e 0 0 2 e W o B A

4 FioRE S b A9 3 A2 Pk RS R0 S R A B A W) O
R (E 8 PEKERTR ), A (6] 35 AT 0 3/ e oF b B
SEFE R AL G W AN R, Ry T Ay AR
Jn A e 09 A [8) Bl S 30 D IR E A R ZIE T AT
P RE T, 2 e A RDRE T A I O STk A 3 i BE R
PR /s T W 0 45 A R Y BB R S LR B B ek
JHT WG, B 2 e A 0 S A UG B B /) o
5 fE AR AL & 40 A8 1E T L 5-FP SRR % RN A
MDD [ -M/D | B3 5 -M/D | a-#28 il 465 L B-H
G oM FA 4G L CE) -2 B % . B-TRE-M/D a2
S B-A S oA (E)-PHEEERAE
Fe SRR SRR Y B b N IR AR R P RS
2= Wy I e 3 B L mT L S oD g Y b Y P A SR
U3 T ME25, H 4 FhRe Sl it 0 25 M 0] 3 i AR O
B> A > AR > AR L X T RE S =K bty
A, HmERA, RS, BRE
EHASYEAEEE BHE CREMOEE " %

fai P50 4 Ok, HOH B — Bk, XA & R

Ja Y DRI DR e s T B Y 7 R B ke T R 2
L. MRS Ak Yl A R R I R0 0 AT R 1k £ R i
By, %/ e HE A PR WK 4 AIE HL AT B KRR TR . AR
AR/ JE B o A R R R M R L TR
TR EE-M/D M PR R W EE MDD U R

2023 FEEE 4% #5513 M B E 48] m)lf 293




oS EBE Tl

FOOD AND FERMENTATION INDUSTRIES |

Bt OMBSFE SIS E. Hbh o mAE
(XA RFFE, EEIFAIF D) 5P 5 51 5L 0
AN TN AL T L e RN A AR T R L BRESE (R S 4
{00, A ek 0 2 o A /0 e A 00 4 e U AT
FHTHR . T A /N R MR b S A AR e L 2-
BT | 1F 1R -M OO O - M7E 5 28 /N T S Y T A R
MR g Rk, 2-EEA K RE T E R EE-M

™ r ".f_i_l

1000 BORRL < sH AR Bofs soah
! 0 5ol o0 el
REPPHANERREY vew eV E? DR o5
AHE AT
i i oA D g7
=4 zozoll m £&
zo ¥ 2
]
8

Fig. 8

AT AN FE R OB 5 & T 7% ) FIAE
ANIEAMEE W MW T E R E . B4 Rk
i IR G E 1 47 PR B, H R IR
ME-M | IF JC S -M 2-BEl T R 4 Fp ke O i) 3 W] 9 1L
W I 47 S A A O e 2 G A vy LA O I
ANIEAF R TEEF A R /D W R AR N IE AR . R
/I T W B R TE KUBR AR 5 9 A I T R S-F SRR
A SR MDD BERE-M/D B3R -M/D - il
Wi B-HAER -G () - F5 /D e IF
B AE IRUBR Tb & 80 4 P 3 T mi i -M/D A T
I Wi E-M/D MR EE  COBEE . WA R
811 o LR A 5 4 5 d kO 2, 2-PE T L OE TR M A
IE TG EE-M A T4 2% /) e 5 09 B A7 0ok ) B op & O
Ko ERNEEFPRIRARAS S EE N 3-B8-2-T
i 218 B -M/ D 27 i

& F X H
(0] obde, BEaEWm, SR, S B0 A ol B0 o e R B AT R
I EF 45 7 B A A A e [ ) ] o S R EE Tk, 2020, 46
(1):149 - 156.
294 | 2023 vol. 49 No. 13 { Total 481)

a¥=cu

AAKRMERETT . Wik, 2D B0l F&
BRI E BRI T 2-BE M IE M EE-M, AR N
SRR A Y B RO 32 4-2-T ME L 2- G A -MY/
D.2-FM. &R 2-RE-M/D H A R 6508

PR,/ e UF AR P A B R AT E R T k. W

e, BE T A R B4 5 45 5L, GC-IMS RE X BRJ .
P N B A o S W N A

0880 :]uﬂsﬁdwm:
o UJDT § e
R8 8008 000¢ ':'];;#»J\ms
" Ol Qo oo ol ”
] SR
A .P!"D -\‘
8500 B ]*.‘EIMIMEEF
EEE Enme® — - — 7w
A e MEZ BB R & Dk
b LT
gez o *FTEETHFE n~zo
" s |
g ﬂﬁﬁﬁg
[ zcrﬂgc

1 s I S5 P a0 Y Gallery Plot 55 205 [

Gallery Plot fingerprint spectrums of four eravfizsh samples

YE T, CHEN Z N, WU Y Y, et al. Impact of high pressure process-
ing on the shelling efficacy, myofibrillar protein, and cooking char-
acteristics of fresh crayfish[ 1], Fond and Fermentation Industries,

2020, 4601} ;149 - 156,

(2] o R 7 e 2 R AR 5 (2021) [ D], b K™, 2021(7 ).

27 =33.
China crayfish industry development report (2021 ) [ 1 ] . China Fish-

eries, 2021(7) .27 -33.

[3] Bk, SEsvkC, FFF, 9. oo PR RS UFAS [R) o o (i B ol 43

Gril )] MAsEEEE, 2020, 34(9) .52 - 58,
FHOU M Z, XIONG G, QIAO Y, et al. Analysis on flavor com-
ponenls of different edible paria of Procambarics r:."rn'.@'."l': J] Meat Re-

search, 2020, 34{9).52 - 58,

[4] Beaeifif, TER, SEE, . PRGN U I o e g 1L

M R e DL e M RE e [ ] ol PR AR, 2008, 45(3);
ah - 74,

GEMT, LT Z R, LAI X Y, et al, Effects of the two sterilization
methods on physicochemical properties and volatile flavor compounds
of resdy-to-eat  Procambarus clarkii[ 1], Fishery  Modernization

2018, 45(3) .66 —74.

[5] FE0EE, FX, BRER, . 5 AL R R T 8K

WAl )], frdh Tk, 2008, 39012):307 =311,
ZHOU X Y, LI G, CHEN B, et al .-'\pp]it'ulinn of electronic longue
in detecting the components of yellow water from liquor fermentation

|1I'||t'r'.-k‘-|: _f] . The Food Industry, 2018, 390125307 - 311,

[6] CHEN H Z, ZHANG M, GUO Z M. Diserimination of fresh-cut



[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

broceoli freshness by volatiles using electronic nose and gas chroma-
tography-mass spectrometry | 1. Postharvest Biology and Technolo-
gv. 2019, 148168 — 175,
LI X R, WANG K, YANG R W, et al, Mechanism of aroma com-
pounds changes from sea cocumber peplide powders (SCPPs) under
different storage conditions[ ] ], Food Research International, 2020,
128 . 108757,
LI X, TU ZC, SHA X M, et al. Effect of coating on flavor metaho-
lism of fish under different storage temperatures[ J]. Food Chemis-
ty, 2022, 13:100256.
MENDEZ M L R. Electronic noses and tongues in food seience] M.
London ; Academic Press, 2016
HUANG M Z, LIT T, HARDIE W ], et al. Comparative character-
ization and sensary significance of velatile compounds in Rosa rox-
burghii Tran fruit from five geographic locations in Guizhou, China
[J71. Flavour and Fragranee Journal, 2022,37(3) ;163 - 180.
RAMIREZ H L. SORIANO A, GOMEZ S, et al. Evaluation of the
Food Sniffer electronic nose for assessing the shelf life of fresh pork
meat compared 1o physicochemical messurements of meat quality
[ J]. European Food Research and Technology, 2018, 244(6) .
1047 = 1035,
P, BAIE, EHEGE, . B o R R AY W R
S TTHL A BT [D]. Ak T AERE alle, 2021,47(4) ;237 - 246.
LITT, HUANG M Z, TANG W Y, et al. Determination of volatile
components in Nosa rexburghii Tratt juice and the analysis of its
contribution for aroma [ ] |. Food and Fermentation Industries,
2021 ,47(4) 237 - 246,
Bl H S, W Fr, TR, SE. ORI AT LT b I A AR i
BAURAAFEEM R T]. P EREE, 2020, 39(12) .42 -45.
ZHOU C Y, SHEN H L. JIANG F, et al. Changes of free amino
acil contents and antioxidant activity during fermentation process of
fish sufu[ ] ]. China Brewing, 2020, 39( 12} .42 - 45,
M, VAL WD, A B R e B P G
PR ], B dfesmdl, 2009, 33(6) 1116 - 1121,
FENG M, WANG M. CHANG G B, et al. The detection of volatile
Mavor substances of irradiated duck products by electroniec nose
[J1. Joumal of Nuelear Agricultural Sciences, 20019, 33 (6,
1116 -1121.
YU ZL, JIANG HR, GUO R ©, et al. Taste, umami-enhance
effect and amino acid sequence of peptides separated from silkworm
pupa hydrolysate [ 11, Food Research International, 2018, 108
144 - 150,
WANG H L, ZHANG J 1, ZHU Y Z. et al. Volatile components
present in different parts of grass carp [ J]. Journal of Food Bio-
chemistry, 20018 ,42(6) 1 el 2068,
HU M Y, WANG S Y, LIU @, et al. Flavor profile of dried shraimp
at different processing stages| ]| LWT, 2021, 146.111403.
BEEEHE, GRS, BN, . A R e i N TR R
e b SR O REE S [ D). BEAU b BHEE L 2005, 31 (10) .
247 - 256.

[23]

[24]

[26]

[27]

487 5 # )

CHEN J 0, ZHANG H €, LI M M, et al. Effects of different cook-
ing methods on lipid oxidation and velatile compounds in rabbit
chopa[ J]. Modern Food Science and Technology, 2015,31(10) ;
247 - 256.

R, ER, @&0R, 9 W A R T AT P A
FIRER [ T]. MG fr SRR, 2017 ,33(7) :220 - 230,

WANG ), LI C, GAQ L F, et al. lmpact of different smoke flavor-
ings on the flaver of western bacon | 1], Modern Food Science and
Technology . 2007 3307} ,220 -230.

Fhoks, ARFHFEE, BRIEEH, . R AR T8 S Rk R A A4
wSEEl)]. frfmEeE, 2006, 37(6):121 - 125.

SUNJ, PUDD, CHEN HT, et al. Analysis of volatile flavor com-
pounds in spiced beel jerky [ 1], Food Seience, 2006, 37 (6 )
121 = 125.

SHANGO A J, MKOJERA B T, MAJUBWA R O, et al. Pre-and
poatharvest factors affecting quality and safety of pepper ( Piper nig-
ruin L. ) [ )], CAB Reviews Perspectives in Agriculture Yeterinary
Science Nuteition and Natural Resources, 2021, 16(31) .1 =20,
BERAL, MiSoaE, VEZ R0 A T6) I Eh i 0 PG 5 AE P 6 A i
WA R W [ 0] dh S kg AR SR, 2019 ,38(5) .94 ~ 102,
DUAN X X, SHI W Z, WANG Z H. Effects of heating temperature
on the volatile compounds of freshwater prawn { Waerobrachium
rosehergii ) [ 1], Journal of Fomd Science and Biotechnology,
2019 38(5) .94 - 102,

ZHAO ], WANG M, XIE J C, et al. Volatile flavor constituents in
the pork broth of black-pig[ ] ]. Feod Chemistry, 2017 226,51 - 60.
AR, B, IR, 5. SDE/GU-MS G [ 52 11 4 4F 49 3%
AEF A []. BCE R EE, 2014,3001) :206 - 210.
MATY Y, YANG X H, LIAN X, et al. Determination of volatile
aroma compounds of P, sannamel by SDEAGC-MS [ ] ], Madern
Food Seience and Technology, 2004 300 1) .206 =210,

A5 R, FE, APCE, 3 R IO B A R
W S Ar i [ 0], b FlaE, 2020 ,41{12) 180 - 187.

LIUHY, LIM, ZHU 0 Z, et al. Comparison of three extraction
methods used to determine the charactenistic flavor of garlic frving
oil[ J]. Fond Science, 2020 ,41(12) 180 - 187,

e —, W, BRI, % T S A TR
[i) s 30 8 o 0 D 90 9 SRR I A S (0] . B b 2021,
42(247 206 - 212.

MENG W Y, GU J, XU ), et al. Analysis of volatile flavor com-
pounds in pork meat from different carcass locations and breeds by
gaz chromatography-ion mobility spectrometry [ 1], Food Science,
2021, 42024 ) :206 -212.

BB Mo, ook, H. AT T SO P R e
3P0 T A TR 4 R e R S R A e ] fr G R
2021, 42(24) :269 - 275.

DU X L, YANG W M, HUANG ¥ ), et al. Effects of three pro-
ceading methods on volatile flavor compounds of museovy duck meat
as investigated by headspace-gas chromatography-ion mobility spec-

lm[nrlry[ 1 ] Fouod Science, 2021, 42(24) 269 - 275,

2023 FEEE 4% #5513 M B E 48] m)l 295



o FOOD AND FERMENTATION INDUSTRIES |

Analysis of flavor characteristics of Procambarus clarkia
in different cooking methods

SHA Xiaomei', JIANG Wenli', LI Xin®, ZHANG Binbin', XIE Zuohua’,
HUANG Guotai', TU Zong.:zai]'ﬂ*

1{ National R&D Center for Freshwater Fish Processing, College of Life Sciences, Jiangxi Normal University, Nanchang
330022, China)2{ Key Laboratory of Environmental Pollution Monitoring and Disease Control Ministry of
Education, Guizhou Medical University, Guivang 550025, China )3 { Jiangxi Deshang Pharmaceutical
Co. Ltd. |, Zhangshu 331208, China)4( Jiangxi Deshang Pharmaceutical Research Institute Co. Lid. |
Zhangshu 331208, China)5( State Key Laboratory of Food Science and Technology,

Nanchang University, Nanchang 330047, China)

ABSTRACT  In this study, electronic tongue, electronic nose and gas chromatography-ion mobility spectroscopy { GC-IMS ) technigues
were used to analyze the flavor compounds in crayfish with different cooking methods { 2picy, garlic, steamed ) and raw crayfish. Resulis
showed that the electronic tongue, electronic nose and GC-IMS could distinguish the four samples well, and their flavor and odor composi-
tion were signilicantly different. According to the electronic longue, the laste of crayfish with different cooking methods was significantly
different and could be elearly distinguished. Totally 47 kinds of volatile Mavor compounds were identified by electronic nose combined with
GC-IMS, and 5 common {lavor substances { acetone, pentanal-M, pentan-1-0l-M | 2-heptanone , and nonanal} existed in the four samples
{ spicy, garlic, steamed, and raw crayfizh). In addition, there were 12 and 6 characteristic flavor substances of spicy and garlic crayfish,
respectively. 2-heptanone, pentanal-M, and pentanol-1-o0l-M had the largest content of all flavor substances in steamed craylish. The main
Mavor l!lIIII[TIILIHIJH ol raw l']'u}'“h‘h Were 3-||:(|]r|a1}'—2—||u14|||ur1[-_ 2-||l.:||lz|r1|:|u-—|“/n, and 2-nonanone. The results of this HI:J[[)‘ e ol pnu-ill[-
a theoretical rveference for the deep processing and utilization of eravfish food.

Key words ecrayfish; different cooking methods; electronic tongue; electronic nose; gas chromatography-ion mobility spectrometry

296 | 2023 vol. 49 No. 13 (Total 481)




