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BE HAERTETHIZINHGTHFESRAEERERENS , ZARSEKHEAE (CK) |, ARTHES
BETFHE (vacuum freeze drying, VFD) . #XF# (hot air drying, HAD) . BZBFH (vacuum drying, VD) . B
IR (solar drying, SD) 4 FFHl TZxH ShFisinEEAINELZMMENZ M. EREH, HhETHMNIEE
PEMSERBEML (P<005) , VED, VD, SD, HAD HEMHEMSESBIRD 1945%, 49.27%. 27.69%,

46.63%, EAPEFIFEAAERIR 21.39%-45.17%, AIAFAESEAEREED 20.66%~52.21%, BFRERETR 5 BFEMNES
WHIEHAEARRE, |FETH (HAD, VD) EERMNMTETEASYNRE., RASHBE-BEFEBIE (g
chromatography-ion mobility spectrometry, GC-IMS) M 5 HHEESRPETIH 71 FEERMLESY ., o oRIIENER
FH 5 EERNESEYEFEEEER, Bz ZEEIFHESE (partial least squares regression model, PLS-
DA) FIZEEIEHEERE (variable importance for the projection, VIP) ik T 31 EFMHEESEY, OIEHEEE.

TEE. 2-BRE-2-[KMEE. 2-BEEE. 1-RIE-3-BE. 2-TEH. 1-EIE-3-EE%E, Pearson HEXMSHTER, HFERERGEERH
Ciso. Cisiia Creny Cigaay Cisay Caoioy Croor Cro SHIFFHPRSHSFHERIEC SN REEX.
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Effect of different drying processes on characteristic odor of dried oysters

WANG Zhijunl L YANG YﬂOfang' ,LI [[anqiL . CHEN Zhongqiﬂl 2 GAO Jialong' -2, ZHENG Huina'-2, LIN [-Iaishengl 2
QIN Xiaoming'-?, CAO Wenhong!-?*

(1.College of Food Science and Technology, Guangdong Ocean University, Mational Research and Development Branch Center for Shellfish
Processing (Zhanjiang), Guangdong Provincial Key Laboratory of Aquatic Products Processing and Safety, Guangdong Provincial Engincering
Technology Research Center of Seafood, Guangdong Province Engineering Laboratory for Marine Biological Products, Zhanjiang 524088, China;
2.Collaborative Innovation Center of Seafood Deep Processing, Dalian Polytechnic University, Dalian 116034, China)

Abstract To investigate the effects of different drying methods on the characteristic volatile flavors of dried oysters and
their formation mechanisms, this study investigated the effects of vacuum freeze drying (VFD), hot air drying (HAD), vacuum
drying (WD), and natural sun drying (SD) on the fatty acid composition and volatile compounds of dried oysters and service
blanched oyster as a control (CK). Results showed that the fatty acid content of oysters was decreased after dry processing ( P
< (.05), and the total fatty acid content was decreased by 19.45%, 49.27%, 27.69%, and 46.63% in the VFD, VD, SD, and
HAD groups, respectively. Among them, saturated fatty acids were reduced by 21.39% to 45.17% and unsaturated fatty acids
by 20.66% to 52.21%. The electronic nose results showed that the aroma characteristics of 5 groups of oysters were
significantly different, and the high-temperature dry processing (HAD and VD) increased the concentration of nitrogen oxides
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(P < 0.05). 71 kinds of volatile compounds were identified from 5 groups of oysters via gas chromatography -ion mobility
spectrometry (GC-IMS), and the principal component and fingerprinting analysis showed that volatile compounds of 5 groups
of oysters were different significantly, and volatile compounds were identified by partial least squares regression model (PL S-
DA) and variable importance projection (VIP) to screen 31 kinds of volatile compounds. including heptanal, butanal, 2-
methyl-2-pentenal, 2-heptanone, |-penten-3-one, 2-butanone, l-octen-3-ol, etc. Various characteristic volatile compounds in
dried oysters were closely related to the free fatty acids (Cis.o, Cisn. Cisn, Craa, Cisa, Coon, Coor. and Czoi2) using Pearson
correlation analysis.

Key words drying technologies; fatty acids; odor; dried oysters; chemometric analysis

S IR R O UL, IR (P EMk S EE) Y, 2021 Frp EY GRS
A 581.91X 10% M, £ 5 e F bk 05 R 58~ R0 86%1%%1. 4 UFE RET . hiERESE, BT ERYRH
A BRI, (R S A S BEMEEMNE RS BHHAER. B, HEdEP WS FEME
. R E AN IR R AR, M R a . B, EPEMEMLGEE, AfEigT
il A 3R S Rk G A PR B B . 0 AN (E T DLE R R B, i b s i i A R R A A 0 R
s, AP A R R O LR T . ERE T, SN DL I R PR 3 5E 3
HBEEMNA, BICRNEESEE LA RBIES.

G TH TZ EELLA R T C(solar drying, SD) AE, HiEZFEEESBAREMIK, TH
WMES., ZHAZEMERS, TERATRETHAEMESBRER R TR TH Chot air
drying, HAD) . EH 7% T#l (vacuum freeze drying, VFD) . H % Tl (vacuum drying,
vD) &8, AR TZR TR AN GRE. 0. TR FAR, AR EMA. 885 R,
I IR 5 A B AR e A AN B RE RE R, AT PR A A R B SRR 1S 79100, S AR R E T
i [0 B A0 9 3 T RE A Ay AR U,

HG AR R R v i TR AR, I T ) A b B S A B AR R T R RE A U R
B AR, ANEAI R R NG R A AT Y 3 AR A AR 12, 9 e R o AN 0 A I R MR R R O
Fit— L E AR, B, BESELEYE, EERYAEEBREBE, ARG EE R
w3, ZHENG ZE0VHE 55 % B0 6% A R (R MR Tk e 2 . BERSE N FRA SR . WANG 204
Fa g e b e 95 FPE RIS, Hh 54.74%01k S SRR AL 3%, SFAEE U A IR
CfE. 1-¥M-3-FE5SmEe. WimEe. SR, MERNKTFEEHKL. KE SR I 1 1R E
FEREREYIR 13-, ECOR. BERE. ¥, 2, 43 W, - ¥R I3-FEEEhBmmE
=, g5 BRTIR, PR TE T B2 o S 0k B A 0 AP 1 SR AR TE AUk R TR R R .

BTk, RCLLF#HYT (Crassostrea hongkongensis) H¥f %, W SD., VFD., VD. HAD
Folr = 1] 200 ki OBk A S B BR AR R R 2, R S & oo b dr B B i G R 5 R AR OB K T B
K F, NG e S A bR AR B R R S R R I A RO R 4 4 R R e A .

1 MRS HEE

1.1 {XE8 5k

VOS-210C RIH T e, LiBTUMSEARAT ., LGI-12 AT AE TR, Jbatf R4 e
R BERIRATR; GZX-9140MBE AIfi MG MR, LigHRETEMMUSHEIRAA; PEN3 # i
£, f#[H AIRSENSE 7 &];: Inert Cap®Pure-WAX {13 E4F (30 mx0.25 mm, 0.25um) .
TQ80SONX HU A AH {0 i - i il Bt A, H A SFEAH .

37 FhAERTBR IR ShrdES:, EE Sigma 27 ZHWE (OWa) . PR (mgaD | Fok
(aigaiy , EZAERLERRFRAR; tiukiirdEsm, B EMBEARAR: 14%BF;-
CH:OH ¥# i, 3% Supelco A H], FALW. AR, BRI N .

1.2 BRI
A R R R R T 5, S R e R AR KR R . HRTE L b NIEE SR



EHRESF  AFETH L Z0A 0 TR S Sk 520 3

=, £ (HEDEF LR, UIEE UL, BUHSEER ) , EFRANSS . BN 25 g £ 2 g B4
B, i, 1F 5%NaCl i (1:5, wiv) $EZE 1 min[K3& &= (7620.5)%), EEAHGHLLT 4 fb
TEMATH#, BEENKSEEHNQ20E 2)%. HAD: S TET(70 £ 2) CREAFERES, KiEHR 1
m/s, Fifil 660 min. VD: FE&FHT(70 + 2) CHESFRED, HEE AR 0.08 MPa, Tl 720
min. VFD: FESH(E - 80 CHlAYR 6 hg, ETHTWHHTERE, WHHERRE - 50 T, HEE 10 Pa,
+-1l 960 min. SD: FFaFH T 14w, HE TR T, REB3+3) T, HEf] 28 h.
1.3 LWHIE
1.3.1 BFEDT

S [ HUO ik R MEAE O PRI 2.00 g B4 T 20 mL TRZSRERE MR, S0 B0 10028 i i
#, TERTTH 30 min /5, £/ PEN3 @7 S AT EN. WEXM4R: EERE 300
mL/min, %885 7 0ER ) 120 s, FHERE 120 s, EEUE SFEN 55~59 s N5 5 R HERE), &4
PERE 3 P ITE RN .
1.3.2 fERGER T

FREL 5 g THEEK 10 g 8 FE, A 100 mL V(EG):VIHED=2:1, F 4 CukfH ke 24
h, i3, MR 30 mL MgChL & (0.03 mol/L) , BAGEHE 4 h, WWHTFEEWHET 30 C
MER R R ARG, FEAEEBER, A S mL 28 W-FIEER (0.5mol/L) » AN 100 uL
10 mg/mL Uk B E R NP, T+ 100 CiliigH 4 & EH 10 min, HIA 3 mL 14%BF;-CH30H & il
B 3 min, BMA 2 mL ECHER, B 2 min, EEZEE, A 10 mL W EALHE R,
BEGHE, BoEE, WELEEHRIMADREIC KRB 2R AKS, B 022 um A VU IER
JE S5 T GC-MS 4hHr .

GC-MS & fF: GC &fF: filt:: Pure-WAX AREAMHE (30 mx0.25 mm, 0.25 pm) , R
# 1.0 mL/min, ZMifEE 50:1, #FECGEREE: 250 °C, ##EE: 1 pl. FEREF: ZiHEIE: 80 C,
%% 3 min, LL10 C/min FEEFAE 160 'C, ¥ 5 min, HBFLLS C/min FEREHR R 250 C, £
¥ 5 min. MS &fF: Bl BT, BwFRER 70 eV, R 250 C, B FIERE 230 C, m/z 3
L 33~550.
1.3.3 GC-IMS &7

FrEL2 g (P2 B 20 mL T, 7260 C FLEL 500 v/min % & 10 min, Hif 1 mL <
FhAGES B 500 uL WAEEE R A RERIEAN A S, BERAE: 80 C. itk
MTX-5 (15 mx0.53 mm, 3 [E RESTEK % &) ., fi#l: 60 C, A/ EBESAESA (4=
99.999%) ., HAWMEMF: 0~2 min A 2 mL/min, 2~25 min £ MNZE 100 mL/min, FFREFZE 30
min. IMS 7EIRAE 45 CHIFE 150 mL/min %4 FiEi7. EMARAZS T C4-CO IEFE KL & R4
tr, FEHEEREL SR EHEIEE (retention index, RI) , 4 RI MLIERNTE 5 IMS s EME R
KATR ., HEBH CERER S EM.
1.4 EdEotR

{4 il IBM SPSS Statistics 26 (SPSS Corp, Chicago, USA) #{F#HiT &8 (P<0.05) , f#
H Microsoft Excel 2019 #F TSP 00 fbrtk w22, 80 DAP I {E ohriE 22 T AR, SIMCA 14.1
F T B /s 3624 5 40 By (partial minimum quads-discriminant analysis, PLS-DA) , Origin 2021 H}
T4:H.

2 BRES

2.1 BRSO
£ 1 AARTH TZ T80T R T RAL S tr, dRalm, Hyih ARmENEEREERT
AR R SR (P<0.05) , HH, B (Cieo) « B (Cisa) - DHA (Cane) 252 E B
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I AR R . EARAAERE . £ AMAMENRE, %4505 Wang SUE AP dhofn J o7 745 1
. RS RN TSR RE S R S Es > (P<0.05) . VFD. VD. SD. HAD #H .G g e & &
¥ CK A4 kb 19.45%. 49.27%. 27.69%. 46.63%, H P WfisiiE il 21.39%~45.17%, A~
RS T MR 20.66%~52.21% . M7 AE Uk o o AT, 761 im el 7% ob #2040 19 47 i
BE. M. BES /g FEREHRBEAY, L E8MAaricrE. BB, A9E. (2) 2-FmiE.
(E) -2-3FIfmE, 2-I3EMkNg . (EE) -2, 4-3 T IHEBEEREAEEWR Cisiy Cisos Ciss BIEME~
r. desb, Tl LA TR AT R AL R B E R, VED MR SR B E s T iR Tl al
(HAD. VD) , RU®ERETHREHELER, %585 WANG I n g 1 — 3.
FV AR 2 T kT i 1 A R SR iy i mg/lo0g, TRk

Table 1 Fatty acid composition of dried oysters under different drying technologies

Hes i i CK VFD VD 5D HAD
Cizo 2.3040,13° ND 1.5040,01¢ 2.00:£0,02" 1.50440.05¢
Cise 26040, 16° 0,400,074 1.40:0,12¢ 1.90:£0.05" 1.70:40.06°
Cian 0.50+0,05° 32.10+0.16° 0.60=0,19¢ 0. 80:£0.06" 0.900,03"
i 3.2020,83" 0,800 28 1602047 2.80+0.46° 0.90+0,.43%
o B5. 8045250 73.304:2.64° 51,2044 20 T6.0042, 770 ST.0043.06°
Cigi 1 366.60+65.01° 1 155.70+31.560 T48.2016.14% 979 00£31.65° GRT 9020 54
Gisi 446201939 250 3015 83" 92 80=8. 851 238.00:£3.08" 162,302 .01¢
Cint 33.60+1.95 R.00:0,68° 5.500,25¢ 29.70+1.27* 7800, 64¢
Cixo 506.60:434.74° 445.60+19.87" 3130041470 286.60417.274 325.50418.86°
Ciii 1 07800260827 976 T0+10.052 524 8015 48¢ 885.5+31.240 6R0.30+16.97
Ciis 255504638 2350044, 50" 79.70=4,68! 210,601, 14 27.40+1.15¢
s 274,400,442 156.60+21.73" 86,201,340 168,701 87" 1144045 84¢
Cano 171,206,908 144044 457 1230014, 06° 189 4046 41 146.3043,14°
Gt 605601518 5368047250 450 4012 .00¢ 414 5428274 429 3:+1.20¢
Cans 67.2044.51 44.41£12.92¢ 22,800,749 56.22+3.01° 40.62+3.18¢
Comtos 9.70=2.90° 5.73:+0,98" 2,800,421 ND 4,100, 165
[ 1.20£0.13" 53.13419.72 ND ND 1.30£0,13"
Cans(EPA) 238.5243 86 175,900, 18 #8.2146.33 103.20:+10.40° 95.30+2.56¢
Care 132,203 007 G0.80+3.99° 25,6143, 164 31.70£5 87¢ 22503328
Caza 74914795 45.80+1.47° 42.30+9,23" 78204686 77.70+1.992
Caas(DHA) Ta9 60+28, 58" 642 3046 490 437.00419 22¢ 574.2417.96° 4027413 284
ERL A L s 2 166609817 1 79260434 09° 1 084, 1043705 1 570.50464.32¢ 1 280.60+21 25
At f0 e 1 691.03263.75 1 358 8746808 759.01x41.96" 129112641, 18" 763.52+28 204
BeELE 2 2678011532 1 782.30+62.77° | 264.51+42.58¢ 1 5674064 10¢ 1 243.30=49,06"
R B 6 125.43£277.24° 4933.774164.94° 3 107.62+121.59¢ 4329.024169.60° 3 287.42498 60F
e ND: ARl [T AR o 5 5 0 o B A ) FLAT B 5 2 R (P<0.05).
2.2 BFEOHT

wE 1-A B, AFRTH LZE T T R ATRSCGe B LL BT EME WSS 1% 538 1 m b {5
B, HUGZ WIW £E, RS n eIy, =08 K uls Ak a1 1 4 hE S sR P i 3 2
HNEEEMRAEHALEY, Z8 R 50 AT B30 29, ¥4 A7 gt s oh B R & B
e FLZZEY 0 R, TR ks (R SRR RE R A . SR Ah, ASTRIRE & IR H - R A A7 7
EER (P<0.05) , TH#Hl# (HAD. VD, SD. VFD) Ml SHEE®T CK #H., H+ HAD 5
CK #HiZERE KN, VFD 415 CK @i ZE R & . S95HEMSMKSEE M PR R, Hhiid
ALA GRS R EED, T E R ch R R SRR R . B, RS SY, BEART



EiGES  AET T 204 905 T OE S v AY B2 5

fil TZH TRk AR, 8 A SRR A R R R e, SRR T T A T AR A
VI AFAE 72 53100, ZHU 5P 5E 1 AN 5] ) 7 2R R iy AOR B e, 45 SRR HAD Lo H At 1
HAFEEZHEREDR, #7 7 EBR &R,

AT B K AN E T F AR 2R, BT REEET PCA . SRME 1-B B
av, PC1 TTAFH N 99.19%, PC2 WiA#H N 0.58%, RPBIGIHFEN 99.77%, A i AR (S
B, B Raes i RR AR ANRE. 5 AFFE&SMT 4 DAFERIR A EFE a2 B BT, &
B A (] 1) 6 i 0 4 R M R R

(A) | L.® -
. [l —
—a—HAD ] e W
—3— 5D - e [ K]
—a— VFD 24 g <D
—a— VD | e VFD-3 @ VFD- b | L
| ¥ VFD-4
W2, rd wic = 1/ D=1 VD)
gﬂ ; VD2
s V11 - —HAD-T
5] | IAD-2 SD-5
= H:]-l @5
-1 i'K-J'C'K-J Sl
Wes , CK-|
e
-2 :
'3 T T T T T
-6 -4 -2 0 2 4 6

PCT(99.19%)

AT B0 R . B-E B4R AT
B0 R T T2 P T 7 B0 W 49 7

Fig. 1 E-nose response values and principal component analysis of dried oysters under different drying technologies

2.3 EEMYRERDT
2.3.1 GC-IMS & B 547

o GC-IMS W FE &, A a4 Rt R 34T T dr, N T A ELRECNERE S RE, R T E RN
A AED TARFH LS T FE AN Ge-IMS 4= FatthEiE (& 2) , il CcK
ISRy, ORS00 & 0, S R Y L WA S Y s o e o,
Merfe AT EMA NSRS TSREN, B RETaRESD. dETH, AREMNEER
PR R IE S AR E R, IBETE AR EMRBE B E 100~300 s (GEEHN) . 5 CK A
te, T4 (VFD. VD. SD. HAD) Bk 0 Rk () B8 FIRr AR {5 5 om0 B 1, Ik 4,
Tl TEM 4w TR s G 2 EHm, A TH4d (vD., SD. HAD) #fEFa b B2Eams T4
Tzl (VFD) ,H VD, SD. HAD #ifEMFAEER (REBA) , FETH]I0 TS R
PR AR OCEE R Y, IR T (R TR A S A PR, B0 T T o R A O A e E T
FTEREREMFESE, WTHr=aamkSmmREAaHERIER, ZERS5HT8., fEDEEa0 T E &
B3,
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i
eI 11]
1M}
[1]
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B 2 AR T T T A 09 GC-IMS (k) il
Fig.2 GC-IMS {two-dimensional) spectra of dried ovster volatiles under different drying technologies
232 FERMYRNEEER DT
GC-IMS HEJEULIEM C4-CO oM, Mt B RN RI I 5 0CE0 IMS KB PR
NIST ¥4 FEUCRAC, 3456 O B BT o) FLCE £ B I S0 448 e Mk A 5 B S 1 237 1230, sl 2 W, 7€ 5
MFEah IR 71 R TR R TE R, P RESE 16 B, WRMESE 7 Ab. BESE 2 RP. MESKR

24 Fb. BER I M. MR 10Fh, BER S A, HALEY 4 fh.

22 Al T2 R A 4 N A FEA G 2l

Table 2 Relative content and spectral parameters of dried oyster volatiles under different drying technologies

A A
A T DT RI RT
CK VFD VD SD HAD

i-3- T A (Z)-3-nonen-1-ol ";':3 11599 655.20 il 02200 068a005 0614005 08260040
15 65-3-08 (D) Oct-1-en-3-0l-M ":;' 985§ 358,85 sabals 1 16;0.0 L1620.04° ) 1220040 1.35+0.06°
3.5 £ 3-Furanmethanol £ 349.57 MAR00E 2RL0D  onsg0xr 11520020 126003
128 (D) Pentan-1-0l-M W 7647 197.73 2AROA6T3000 g1as001c 0142002 0.1120,02¢
A 1-Propanol ; 5‘:‘?5 I 5402 12548 iR “‘533?”'" 0.96:0,02°  04040.02°  (.6640.02°
38 3-Octanol 1293 10073 384,91 OIOOT 200 gas005 1514005 189+0.08"
i T 1-Butanol 14064 663.7 155.83 0135002 0700 pgsinor  099:0018  Lige0p2
BRI (M) 2-Furanmethanol-M = e 237,24 OOROOTOAT00 p30:0020 1954002 03020020
w7 (D) 2-Furanmethanol-N ";:;’l B66.4 254.63 Urikae gt ”'m:jﬂ'” D.05:0.01° 08440010 0.0540.01¢
12 4-3-BE (M) Oct-1-en-3-0l-D i'f?“ 9845 357.45 0.3-1%:0.03 0-4130 0 049:002  050:0.01°  0.6260.04°
5. 0 5.2 PP o 139 96l 333,38 DOEOOT00B0D gs0e0020  0512001°  0.562001°
- (M) Pentan-1-ol-D 0 s 196.64 066005 06200 g 14001 0as001 0155001
F Rl Linalool |.Ssi5 1099 529.85 GrEnae | ”1';”'”' 0694001 10420.015  100+0.03°
L H HEAERT Dihydromyrcenol "_‘3124 1 074.6 486.57 O'ﬁTOM "ﬁj“ LO6E0.02Y  1.62+0.04%  1.24+0.02°
iE 8 n-Hexanol = e 257.88 026002 04800 pagn02r  023:001  0.65:0.08
3L TH-1-8  3-Methyl3-buten-l-ol o2 727 179.87 0031001 002200 619001+ 02020.01"  0.65:0.02*




FiGELSE A E T T2 0 00 T 4 S 0 82 0 7
2.5~ AT (D) 2.5-Dimethylfuran-D I 047 170.07 935016 3600 s gn0000 46002 33500050
PRk (M) Tetrahydrofurane-M '%’2 628.4 145.76 <A, 1 "Zgﬁo'“ 0.248002° 63340014 0.32460.03¢
PSR (D) Tetrahydrofurane-D "‘?5"’3 6319 146.71 1282006 63000 pasi00m 34020210 2944016
2 Z BRI (M) 2-Acetylfuran-M 124 sz 290.70 013001 OIZ00 )y gosp1ar  L1gso0r 2562005
2,5 IR (M) 2,5-Dimethylfuran-M W 6959 166.34 CHEDOL 02800 194001 026=0010 0462002
2.2 FERE (D) 2-Acetylfuran-D '?;’q 911.8 291,70 Hoddfige "‘4;:7;0":' 1LO0L0.020 0474001 1.2240.04°
2T Y 2-Pentyl furan ":f 9943 368.04 Liliouis “‘“’ifﬂ'” 0276001 04440.01°  0.46:0.01°
2R A |2 Dimethoxyethane '3y 6545 153.11 073005 LS00 gm0 18as004 2072001
— P i Dipropyl disulfide YRR 548,70 022001 0600 prs:0020 0612005 1452005
4- 5w 4-Methylthiazole 1oe 8164 224.91 GhepaL SO0 025002 25240010 02060050
— dimethylamine losl ans 98,98 1.20£005  B39:01 395,006  3.9220.15°  2.95:0.11°
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