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FEE Oy At 438 % ¥ (Porphyra yezoensis) = B XUk 4 B o, BF R HI BT B A RE L E
YEE MR B, & A T £ . FlavourSpec™ M %k 4 A (U Fn B A8 4 25 B — 5 A8 2 18— R 1 5%
(SPME-GC-MS){ th T & 38 X H AT e R AR LI AR R, B FRBQNMERE T,
AUEERFMENEL MRS FE—EER, —HFWE—. ZERIHE, BHEEX GAEXY
i, BEENERPETHRELRR, Nk MKW, FELEEGMEEANR2ZREE, BHE
B Ak ok BAAE R RS . SPME-GC-MS 2Tk ¥, B, BX | BXfi EAM R T A3EEE
B EERRR, HHEE R, Baake, 2,5-Z Bk 2-ZK-5-F bk 3-73-2,5-Z F AL
Wk 2-7. H-6-F RS RSB R E W, &R, Sr0EH, MR ABEE M EE Rk

MRAETRERM, LPaREN RN EEEFH 0,

e FprgE; EHEl; MR
FESES S985.4 CEkFRIRAD A

%% Bt % 3¢ (Porphyra yezoensis) 3t J& T 41 3% []
(Rhodophyta) . J5i£1 3 4 (Protoflorideophyceae) ., L&
% H (Bangiales) . 41 & 3¢ #} (Bangiaceae) . %32 J&
(Pyropia), & M. 2. MEICERS, WEE
T L 25 B (E A5, 2012; X324, 2018). %€
S PR LU RE i KUK A 2 5 B SR IR A2 T RIE
Bk MiESUEEBAETOK RS, 12 E XX
DR A ZER MR 2 g , JUIEXTLURE | 38R 53 m
T, MM RIEREETE ™ i, JF B
TR 45 WL B A7 AR S i O Y EE EEPE AN F8 A (B A% B 4
2011), JEKE R —FhEE ARSI T, AT sGH
TR AT, fEE AR, 2012),
FKPEERANER )G, —MATAEREE, BT
&, T HEEH.

AR, SMHBE TR (E 2%, 2019). A

XEHE  2095-9869(2021)04-0199-09

TR PEES (Misry et al, 1996)L4 & 1, 7 8 (7 Hi e 45,
2017) SR AR B 25, AT AR AR XUBR By 5 A BF 5%
BCA AT RE o B T AR X 2Rk ™= i 95 & P Tt
13T HE5T, BLBUS T BRAR A o F 8 (5 3 55, 2013;
Wkta s, 2015, £ 148, 2016; B4, 2019), %%
P T LT S 2 Tl R A R M TR B AT
7€ (Akakabe et al, 2003; Boonprab et al, 2006), {HX} %2
SRR VY BB S B0 (AR WIAE, 2011; B R4S,
2019; WEX4AFAE, 2015), HLBR /DI il i Ji 2 BE 4L 5%
F TR AR R B

A 5T LA SR BE SR S X 42, o0 R H L F
£ FlavourSpec® XU 43 B S R [ AH {3 4% B —< A (3%
—J5 % B FH (SPME-GC-MS) X 3= B 4% 2 M XUk 9y Joit %
AR, YT b 43 B 2% 30 58 S AE K 1) 115 J 42 2 1k i 43 1)
Ak, USRS BE SN T 1 i B e RIS %
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SBEEERMEET 2019 4F 1 A 8 HRAVLIMA W
RN EIR, BT 548 e Y il K 7= A RS R T
IR 3713 BT BUBIWAR N5y < N W ¥ B L
R AP0, 8 e AR P AR ATl & S AR A

PEN3 {H # X il 7 £, 78 [ Airsense /A 7] ;
FlavourSpec® KUK /X, 18 EG.A.S/A 5 A
IR FHAL(7980A/5975C), I [ Agilent/A F) ;[ A
T # WL 3% ® (DVB/CAR/PDMS 50/30 pm), 2 [#
SupelcoZy A o

1.2 FHix

121 & F S3AIFRHL 1.0 g B4 (%) 4% i iy
FRBEEERE R G AR BEEE, BT 20 mL TS
W, nEEEE, KRBT S TR, R
10 ML TG R A A R M fE B 2 A L 36 1, e
ZH: WEVERTE] 100 s, AJEH 200 mL/min, $4E
SRAERTE] 80 so % WinMaster 314 7475040 0 % 4
5AbEE, Ay i 5 G A AT (PCA) . Ltk 5
73BT (LDA)FI A fi1 2 73 (Loadings) .

®1 BTEERBORREMERE

Tab.l Composition of sensors in electronic
nose and performance
FB R PEAE ik
Number  Sensor Performance
1 WIC  FEMST
2 W5S REER, XA EE YRR
3 W3C &K, XIFEMS R
4 W6S EEXT R A
5 W5C  Bekeds A iy
6 WIS X HILE R
7 WIW i 2
8 w2s X OEER
9 W2W R, XA LR R
10 W3S el R g

122 FEABERS N ST PRIC 1.0 g BYREAY AR
M E T 20 mL Wz, 60°CHEE 10 min J5 UEEE,
KGR ECE M B34 (LAV A1 Reporter. Gallery
Plot. Dynamic PCA =i} LA K& GC x IMS library
search) 7 T 454

1.2.3 SPME-GC-MS # | Z T E4E(2018)1
T T IE , AR BO :: BC1.0 g FERTA

20 mL TiES AT, B SPME #% Bk i A 3] 0025 i P 15
25 60°CIZFft 30 min, M H A GC HEFE T, A5 5%
. B35 H 2 HP-5MS (30 mx 0.25 mm, 0.25 pm); i
FECRE A 250°C 5 SR/ A AR (4 EE 10 < 1);
WA NAR; HHREN 1 mL/min; @Y EHE A 5 min;
ffWRLE A 250°C 5 2R FH B B U iy FHEAE X (01 1R R
J£ 40°C, 5 min; 10°C/min F+ % 250°C ;250°C , 4 4 min),,
A H B R EL; P RER N 70 eV BT IR
TN 250°C; fEHERIRE R 250°C, 4 5 23
i Mz 45~300,

2 HBRE5HH

21 REFEEEHMEXNSRERSH

211 ERH S EPCA) AT A5 E R AT G 0
W F Hovl p AR WK PR, 8 — s 3
A TTER AT R 95.24%F1 4.37%, MTTHRR K
99.61%), FHHILAM T THE ARG B, AT
e A W5 I 1T I 25 B8 30 ) SR 4L o 94 T i I 2R B
LN I A HL - S A A 5 A AR AR XA S, A
PR B RGE , U A £ H B RRERE, BRI
e A O N 1 B SN W 0 T 5 e L = T
WK I HT 5 45 B2 S8 SR 22 5
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Fig.1 PCA analysis of odors derived from P. yezoensis
before and after roasting

212 S MRk (LDA) 2 47 4 5 5 K0 4197 5 09
B R AL W 2 BRI LDL A

3 LD2 B TTHR B 99.14%F1 0.11%, P35
P DT R 99.25%, FEATA S5 AL & VB IR(E S
K LDA 2B e B i X 20 H il 111 J5 2 BEEE SR 10S
WLHRG, H LDA 3041 E PCA Z0Hrke Sl i) A FE B I
U WIZRAE 00 53 B B4 v R ot ) 23 A B2

2.1.3 Loadings fi #7 m# o #7 &1 3 4 K5 il il Je 2%
B 225 Loadings T far MME M, S 5TR#E499.61%.
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1. main axis (Variance: 99.14%)
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Fig.2 LDA analysis of odors derived from P. yezoensis
before and after roasting
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Fig.3 Loadings analysis of odors derived from P. yezoensis
before and after roasting
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Fig.4 Gas phase ion mobility of P. yezoensis after roasting
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Fig.5 Gallery plot of P. yezoensis before and after roasting
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s KETE, FEREGRE 1o TR . 3-SR T
3-FUEETE . 1T e, NERSEY IR &

2.3 SPME-GC-MS4#7

fr g it i rh o R A — R AR RO, B AN [ Y i
TR IR o it 7= A AN [ AR 2R B B S T, AL 45
B RS WES L BRAE LA B ZRIR Y T (kg 2k
MR 2RI I 26 55 (F 4, 2016)

WL SPME-GC-MS 43#7, 9 il 7l Ji A28 SR
I3 E Y 83 BRI 86 FlE K MEW IR, Hie 4k A2 iy
GERULE 2, R 2 WA, EEZS. WS, Akt

®2 BHEIESR

B

IR BB SR S R M A ) 2 B A Ry,
B — B FERE FARER T A 532 B4R IE XUR 4L A% .
231 BEALH %%%%%%@ﬁﬁﬁjﬁi
BRI TTRR R (B B B 25, 2013), O 77 Lk — R R
AR BRI RRIE A R GR K 54, 2007), TREHAT
AR (M 4S, 2002; Phat et al, 2016), (E,E)-2,4-
B g ELA IR R R 4 E%,$$M U Ak
(HR4E, 2019), PHIL, EATATREXT ABE 48 A R 1E
ABRAT BT m,AHWmTﬁﬁ%mh% &5 il iy
J5i B A BEER S IR ) 2-FP LT 3 TR
JEE . OB, (B)-2- 00l . 2-H 56 -2- 0 L 2-

HH

HERNELERS RENESE

Tab.2 Changes in volatile compounds and relative contents of P. yezoensis before and after roasting

- {R%ESHQT"EH *erfm%ﬁiiﬁﬁ}ﬁﬁ Relative content/%
Compound etention ¥ il e
time/min Before roasting After roasting
2% Aldehydes
LT Acetaldehyde 1.74 4.52 -
N Propanal 2.10 1.96 -
2 -1 3T 2-Methyl-butanal 3.25 0.54 1.68
3 -H - T 3-Methyl-butanal 3.33 1.26 2.94
JR 1% Pentanal 4.55 0.33 0.21
C.i% Hexanal 7.36 1.32 0.83
(E)-2-H - T}l (E)-2-Methyl-2-butenal 7.64 1.61 -
(B)-2-J% )% (E)-2-Pentenal 8.58 0.42 0.27
2-F HE-2- T4 % 2-Methyl-2-pentenal 9.29 0.55 0.78
2-C JE 2-Hexenal 10.71 0.37 0.31
(Z)-4-BJi % (E,E)-4-Heptadienal 11.27 - -
[ Octanal 12.23 0.29 0.25
T-F% Nonanal 14.24 1.20 1.40
(E,E)- 2,4-B¢ — 1% (E,E)-2,4-Heptadienal 15.99 - 0.49
X H % Benzaldehyde 16.49 1.94 2.05
BETA-I 5 13.01 011 B
2,6,6-Trimethyl-1-cyclohexene-1-carboxaldehyde
fifl2& Ketones

T Acetone 2.25 2.24 3.44
2- Tl 2-Butanone 3.08 0.89 -
2-J% i 2-Pentanone 4.50 - 0.25
2,3-T [ 2,3-Butanedione 4.60 0.44 -
3-CLFH 3-Hexanone 6.88 - 0.22
1-H 48 2E-2-T5 il 1-Methoxy-2-propanone 7.89 - 0.64
3-¥£4L-2-TFi 3-Hydroxy-2-butanone 12.14 0.39 0.54
4,4-— W I 2 I J7-1- 4,4-Dimethyl-2-cyclopenten-1-one 16.16 - 0.37
3,5-3¢ ZJfi-2-Hi 3,5-Octadien-2-one 16.40 1.36 -
1-H -2k & AE i 1-Methyl-2-pyrrolidinone 18.78 0.22 1.49
4-[2,2,6-=H1 H£-7-5 R — 3 [4.1.0]5%-1-5£]-3-T 4 -2-H 2315 B 0.20

4-(2,2,6-Trimethyl-7-oxabicyclo[4.1.0]hept-1-yl)-3-buten-2-one
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g2
4 B4 B[] FXFUE T AL 43 & & Relative content/%
i Retention e e
Compound . . o
time/min Before roasting After roasting
_4- SR B -1 -3 -3 T -2 -

Eg:((Z%é?é?T;rTe;y}ciE‘hji;- lz?die;lr}fiﬁbjt-ﬁ;ﬂ-eni-one 23.26 041 0.70

2-ME % BEfE 2-Pyrrolidinone 23.63 - 0.37

FH JL IR G A BN 2-Ethylidenecyclohexanone 26.39 0.17 -

f#2% Alcohols
1-H 48 3E-2-TN B 1-Methoxy-2-propanol 8.52 0.31 0.41
1E T % 1-Butanol 9.00 0.22 0.30
1-J% 45 -3-B% 1-Penten-3-ol 9.40 1.91 1.31
3-H JE-1-T P& 3-Methyl-1-Butanol 11.42 - 0.31
(Z)-2-J8 4 W(Z)-2-Penten-1-ol 12.83 0.67 ;
2-H %k-3- 7% 2-Methyl-3-pentanol 13.27 — 0.89
2-+ JUkEEE 2-Nonadecanol 13.58 — 0.37
2-T 43 2185 2-Butoxy-ethanol 14.35 2.26 1.97
2,6- —H JE-FA O 2,6-Dimethyl-cyclohexanol 17.70 1.56 -
PN a,a,4-Trimethyl-3-cyclohexene-1-methanol 19.10 0.42 -
H A FE 2B 2-Phenoxy-ethanol 24.96 0.21 0.25
(S)-2-H F-1-+ — ¢ (S)-2-Methyl-1-dodecanol 16.68 - 0.10
2-(F B KL ) £ B2 2-(Dodecyloxy)-ethanol 17.95 - 0.07

Je i Alkanes
C\ %t Hexane 1.55 5.51 -
—+ B L PR A A bt Decamethyl-cyclopentasiloxane 9.964 0.39 0.36
+ — %t Dodecane 10.25 2.04 1.28
+ =4t Tridecane 12.42 5.00 3.77
2,6,11-=H F-+4 " J¢ 2,6,11-Trimethyl-dodecane 13.50 0.46 -
9-H-+-L b 9-Octyl-heptadecane 13.70 0.15 -
3-H1 3+ = %% 3-Methyl-tridecane 13.72 0.28 -
M Pidsé Cyclotridecane 14.14 0.11 -
1%t Eicosane 14.49 0.49 -
+P0%E Cyclotetradecane 15.09 0.11 -
10-H -~ 1 %¢ 10-Methyl-eicosane 13.69 - 0.15
T U ke FE IR 5 £ Bt Tetradecyl oxirane 16.06 - 0.82
¥+ %t Cyclododecane 16.95 - 0.15
2,2- " HIEPS S 34 C S Neopentylidene cyclohexane 18.01 - 0.25
£ %t Heptadecane 19.12 - 0.56
4-( LI AR FE) K H B (4-Acetylphenyl)phenylmethane 26.18 - 0.24
1-J% /5 1-Pentene 11.41 0.38 -
1-—+ 754 1-Hexacosene 16.68 0.12 -
1-+/\J# 1-Octadecene 16.96 0.22 -
8-+-Ekeki 8-Heptadecene 19.60 231 5.90
K %[ 1S-(1.alpha.,3a.beta.,4.alpha.,8a.beta.)]- 1721 116 _
decahydro-4,8,8-trimethyl-9-methylene-1,4-methanoazulene
23 3 284 Trans-3-decene 12.73 - 0.23
1,4- 4 1,4-Octadiene 21.04 - 0.12
1-+ P44 1-Tetradecene 22.77 - 0.06
(Z)-4-H 3-2-03 1 (Z)-4-Methyl-2-hexene 19.47 - 0.34
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g2
ey (552 1 ] AHXTIE AL /> # & Relative content/%
Compound Retention Y i Wil
time/min Before roasting After roasting
K IR T M Bicyclo[4.2.0]octa-1,3,5-triene 11.57 — 0.14
4R F-1-FA 047 3-Cyclohexen-1-yl-benzene 19.95 0.32 0.39
figJ% Esters
WIRIA T 3+ =8 Oxalic acid, cyclobutyl tridecyl ester 13.49 - 0.26
WAHRER T H ke FL G EE Sulfurous acid, pentadecyl pentyl ester 13.54 - 0.15
VIR ST 3 FLBEIERE Oxalic acid, isobutyl pentadecyl ester  15.18 0.31 -
NR g Propanoic acid, pentyl ester 15.79 0.27 0.48
T M Butyrolactone 18.15 0.47 -
Wik — Z g Triethyl phosphate 18.48 1.28 1.77
3- O R R 2 TR Ethyl 3-cyclohexenecarboxylate 18.97 0.63 -
2,4,4-= W BN be-1,3-— Fe X (2-H BN R R ) Propanoic acid, 21.62 379 L18
2-methyl-1-(1,1-dimethylethyl)-2-methyl-1,3-propanediyl ester
Bibi-2-% T #ifE Butanoic acid, 1-methylhexyl ester 21.73 0.16 -
(1-53-2,4,4-= W K% -3-3%) 2-H KL RS Propanoic acid, 21.74 3 0.05
2-methyl-2,2-dimethyl-1-(2-hydroxy-1-methylethyl)propyl ester
2RRMR, 2.5 UM 23.15 0.15 -
2-Fluorobenzoic acid, 2,5-Dichlorophenyl ester
J T 4 — 1 —. T B 2-Butenedioic acid (Z)-, dibutyl ester 24.37 0.28 0.24
= g G
;6}?g7ljfﬁgl‘irz\]h%/ﬂdro-4,4,7a-trimethy1-2(4H)-benzofuranone 27.38 0-42 0.63
iiifniffliifi le,ijr}enzenedicarboxylic acid, 29.33 0.29 B
nik %2 Pyrazines
nit% Pyrazine 10.54 - 0.32
FH 2L 1E % Methyl-pyrazine 11.70 0.25 0.55
2,5- " F -k 1% 2,5-Dimethyl-pyrazine 12.83 - 1.10
2-Z, FE-5-F FL-ik % 2-Ethyl-5-methyl-pyrazine 14.14 - 0.37
3-2.3-2, 5-—HIJE-ME#E 3-Ethyl-2,5-dimethyl-pyrazine 15.09 - 0.69
2-Z,Fk-6-H Lk 1% 2-Ethyl-6-methyl-pyrazine 14.03 - 0.21
MK 2E Furans
2-Z, %E-1): g 2-Ethyl-furan 3.99 0.13 0.21
2,3- & W IR 2,3-Dihydrofuran 6.23 0.48 0.33
5-H 3£-2(SH)ML IR 5-Methyl-2(5H)-furanone 18.89 0.73 -
AH- M -4-fi 4H-Pyran-4-one 17.49 0.35 -
3-H 3£-2(SH)- WMl 3-Methyl-2(5H)-furanone 19.47 0.58 -
I i F % Furfural 15.49 - 0.49

WS . I . TR, KW S, BREAY AT ES
M 16.42% 1 11.70%.,

232 B, BEASY 3,52 - 2-Hi % R R A
—E B ER &R BE R A BE SR SR A AR KU A —
SE TR 5 11040 F 5K N FER ik &9 BB 1
R (FRi 2k %, 2006), BREERE, HEUL WEREL

AFORAGE , X ] BE -5 0 il BRI B A R AT
VR R B 1 B e, R RO T R/ (R 2155
2010); HA & R A B A 20 R PR BR Y 5E
Wi, T AR BEEE SRR i P A I & B AN, PRk, X
TR TTRE AR . BEZE SRy 15006 -3- B E
AMAFR EENR, AR ANEE, B E R IR A,



% 4 1 B SRS N R 5T 205

Xof AR R AT — 5 1) BTk o

233 RREksH 965 1 AT S 1 AR B 8 S rp 3
K 27 Fhbeie2etb A4, Horb 8- L ek i AE X
TR, A IR KA R — S R ) R R XU
YR (AL AR, 2011), Rk, tonl BB AR B &
BRI TR Z—

234 B EMAH, 95 Tl BT I B 25 B 45 30 2 K
D ARk R, R TR N R R,
BAETW, FrLL, a0 555 4 S0 (A XUkt A7 —
SE [ BTHK o

235 Wk fevkuh KA M R 2 1 I A4 38
&, BAMRRERS, fEEH e rhaE hi
(Marsili et al, 1996; Mottramds et al, 1998), ‘{17 GE
TR AR BTSSR 5 A R I ORI . AR BRI
Je, WEHESRY) AL B SRR | 2,5- I3k | 2-
CHE-S-HIFEMEIE | 3-238-2, 5- T HI LML RN 2- 2 5-6-
FH 56 - e R 45 A 28 IR U 5 1 S R ;. o, 2
FhmL R 5, 2,5- I LML BRI 3-23k-2,5- — F1 3
e, PANCAE 25 B 255 gl s i 4 S HERR AT A&
YI(ZE, 2016).

2 FE W IR A A5k 1) £ A A7 (Mottramd et al,
1998), WKk A W) — P 2 a3k 48 6 Wl ol SR 4
T B R R A SR 7 A ) (R 4, 2016), WK IRg HE RS 1)
A R B 2% B 58 0 2 s o s LR R B R A T R
ok figt S

3 itig

P AR AR AR K 7™ i fe BUR B RRAE 22—, 2 PEf
77 b i BT — A R AR, AU T S AR R
P 853 04 o 28 LA R 2 e A8 AN [ T s 8 ) o 150 £ P 4
QOINIFERI], WITLA S LR XA I8 552 AL
IR T 3 AR I DX AR BRE SR SR B i e A R
A3 E 8-t-bd, Ok e+ ke, IR B MR R i £
HoRAEQOINMIFT A B, i EA4 1M T Bl A [R) SR i 4
YR SRR R MR o3 22 I A, — /KR S8 5 R 1
BT LL 2- 2RI DL K — S R A 0 i . B
Fy KM ZOKIZ ST Nl 2-C-1-BE . 1-
o -3-BE S AR A s PR KIS h B
TR ) T AEAA AR R S B .
BEAT UL, A [R) S0 1 DX 55 30 4 1 XU 1l o3t AT B
WES,

AW 5T R 755 . FlavourSpec™ XU 43 T A F1I
[T FR AR BUSOAH € 35 15 (SPMEE-GC-MS), X Lt
M T L IR WA PN D e ) 4% BE 58 SR TR 0% T T e

FER MRS 0284k, WFIRFBH , FRBE 58300 i A5 44
KM Y 29 B, ZHWE—. B EMaH,
PR S ARG, (RN 32 o 0 BTk
FRIA] 3 5 BN R S RRAE KUK $) . SPME-GC-
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Study on the Characteristic Flavor Change of Porphyra yezoensis
before and after Roasting

ZHAO Ling, CAO Rong, WANG Lianzhu, LIU Qi”, LIU Shengnan
(Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao, Shandong 266071, China)

Abstract With recent advances in detection technology the volatile substances in green algae, brown
algae, red algae, and other algae have been identified. However, few studies have investigated the volatile
substances of laver (genus Porphyra), especially, the analysis of the flavor change in Porphyra yezoensis
after roasting. To address this issue, the electronic nose, FlavourSpec” flavor analyzer and SPME-GC-MS
were used to compare the volatile components of P. yezoensis before and after roasting. The results of the
electronic nose analysis showed that there were some differences in the volatile components derived from
P. yezoensis before and after roasting. The two main components were the same, but the contribution of
hydrocarbon compounds to the main components were different. Thus, the electronic nose was capable of
discriminating the flavor differences in P. yezoensis before and after roasting. Flavor analysis showed that
the volatile components of P. yezoensis before and after roasting were significantly different. The contents
of nonanal, octanal, hexanal, valeraldehyde, benzaldehyde, and 2-ethyl-furan, were relatively higher in
P. yezoensis. After roasting, the contents of methyl-pyrazine, 1-pentanol, furfural, 3-methyl-butanol, and
3-methyl-butanal were higher. The characteristic flavor and relative content of pyrazines also increased
after roasting. The SPME-GC-MS analysis showed that the total volatile flavor compounds of laver
samples before and after roasting were 83 and 86, respectively. The major volatile compounds of
P. yezoensis were aldehydes, alcohols, ketones, and alkanes. The pyrazines consisted of methyl pyrazine,
2,5-dimethyl-pyrazine, 2-ethyl-5-methyl-pyrazine, 3-ethyl-2,5-dimethyl-pyrazine and 2-ethyl-6-methyl-
pyrazine. These compounds increased significantly after roasting. In summary, the main flavor substances
of P. yezoensis varied significantly after roasting, especially the content of pyrazines (increased
significantly). This research clarifies how the roast flavor is generated, allowing us to optimize our
processing technology. Future research is required to understand the mechanisms underlying the
formation of flavor.

Key words Porphyra yezoensis; Roast; Flavor change
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