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Abstract: Pyropia yezoensis exhibited the characteristic of multiple harvests, and its quality was closely associated with the
harvest period. Odor served as a crucial criterion for evaluating the quality of Pyropia yezoensis. To investigate the mecha-
nism by which harvest period affected the odor of Pyropia yezoensis, headspace-solid phase microextraction-gas chro-
matography-mass spectrometry (HS-SPME-GC-MS) was utilized, with cyclohexane used as the internal standard, to deter-
mine the volatile organic compounds (VOCs) that contributed to the odor of Pyropia yezoensis from the first to the fifth har-
vest period. Simultaneously, an electronic nose was employed to detect the odor profiles of Pyropia yezoensis at different
harvest periods. The obtained data were then subjected to principal component analysis (PCA) and orthogonal partial least
squares discrimination analysis (OPLS-DA) for in-depth exploration. The results indicated that 49, 42, 40, 52 and 47 kinds
of VOCs were respectively detected in the first to the fifth harvest Pyropia yezoensis. In total, 71 kinds of VOCs were iden-
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tified. These VOCs mainly consisted of hydrocarbons (18 kinds), aldehydes (24 kinds), and ketones (10 kinds). Benzalde-
hyde, safranal, f-cyclocitral, f-ionone, epoxy-f-ionone, a-ionone, 3,5-octadien-2-one, 1-octen-3-ol, dihydroactinidiolide,
8-heptadecene, eicosane, and 1-bromo-5-heptadecene were the common and relatively high-proportion VOCs in Pyropia
yezoensis at various harvest periods. The variations in the relative contents of VOCs among different harvest periods of Py-
ropia yezoensis mainly stemmed from 8-heptadecene, eicosane, dimethyl sulfide, 1-bromo-5-heptadecene, S-ionone,
nonanal, (E)-cyclododecene, a-ionone, pentadecanal, 3,5-octadien-2-one, epoxy-fS-ionone, dihydroactinidiolide, hexanal,
and octanal. The odor characteristics of Pyropia yezoensis encompassed floral, fruity, woody, grassy, and fishy notes.
Specifically, the odor of first-harvest Pyropia yezoensis was more intense, the fishy odor of third-harvest Pyropia yezoensis
was milder, while fourth-harvest and fifth-harvest Pyropia yezoensis exhibited more unpleasant odors, such as the pungent
odor associated with lipid oxidation, as well as the characteristic sulfurous and fishy odors imparted by dimethyl sulfide.
The electronic nose was basically capable of discerning the odor differences among first-harvest to fifth-harvest Pyropia
vezoensis. This study indicates that the VOCs profile —including both qualitative composition and quantitative
abundance—in Pyropia yezoensis exhibits significant temporal variation across successive harvests. Specifically, samples
from the first to the third harvest period are characterized by favorable olfactory attributes, whereas those from the fourth
and fifth harvest period to develop off-odors and demonstrate a marked decline in overall quality.

Key words: Pyropia yezoensis; head space-solid phase microextraction (HS-SPME); gas chromatography-mass spectra

(GC-MS); odor activity value (OAV); electronic nose; principal component analysis (PCA); orthogonal partial least squares
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discrimination analysis (OPLS-DA)

LE3Z (Pyropia/Porphyra spp.) = K AE I ] |
B0 22 S50 | SR LT sl Sk g R AN g v, SBT3 )
(Rhodophyta) | JFR£T#E 2K (Protoflorideae) . LR H
(Bangiales) . 2L BE3FFH(Bangiaceae), 2E3EE I M
HE3 0, & SO, [EEAds . AMUFIBNITR . 9
Y AndEAE R, A PUNIE . PrEi . BRIMLE . B
Bl R MG RS Ze )8 S5 2R AR TG PR A BESE
2R (Pyropia yezoensis ) RIHREREESE | PR USRI
Z AT EZ W 2 A, BA IR &S A B Es
ZBEE R RSRIMGE F M 11 A BRAE 4, 5 Ay, 3t
5 45, MRPERISSE PRy —I/K . oK =K PUZKFI
FHIKSEBEESRE . SRBEEESRN S BTSRRI A ¢, i —
IKSRBEEE SR ELA R A0 FHEFT R i T4, PU/KFN K
ZRBE S BB, AT 2=

BEE I 2K ER v, I R R R I R
TS EER, KU A PP B 5 b BT P S 2R
W CHETENAT SR BE S SR R Mo b, K2
{EEBAEEPESTHTITEE, 3T THRME SRR s e
ERE SCHEES . AR A TS AT A B AE (4
% - 57 1% B% F (Head Space-Solid Phase Microextrac-
tion-Gas Chromatography-Mass Spectra, HS-SPME-
GC-MS) FHHL LB, Kl — RS R P 2 B 5858
HI3E KA HLAL-E P (Volatile Organic Compounds,
VOCs), Jf-43 BT BRAFIE Bl R WO 19 22 AL B, o
SRBEETEN TTSERE | SIS RS (E AR R R
KA
1 #MRERFE
1.1 RS EE

—IK B R IREBE LR
BEAET 14t SR b
HAEBHEAR TR A

BSA224S-CW HL R
BRZN E] s HH-1 [H I /K 4R

TLIPAE I 25 UE T T T
4l =99%(GC), ifFA vk

FEFMr A A
SR X BT A FR

25w NUT- 1T -5T @aiKA I R Ge B a0y
AXEAT RN 7] TSQ 900 = Ha PUMRAT T F§
R IHIRBIE A 7] PEN3 85 fi[E Airsense 2
Hls O RSB o3 /ER H Skak A e (DVBY
CAR/PDMS)#H3L(50/30 pm)  ZE[ Supelco 23F;
HP-5MS #PER 4 HE(30 mx0.25 mmx0.25 um)
FEE Agilent 2\ F]
1.2 LWHE
1.2.1 HS-SPME-GC-MS &l &% QI &P 1y Jy
VRIS MERRFREL 1.0000 g ££5, A 5 mL 14
Fl NaCl I, I 5 uL FF 2 bEPIFRH (1.58 g/L,
ZERERE) T 20 mL TWZsiifp, EAL 60 °C FiFfk
20 min, FBCEL T UEEET 250 °C #1L 30 min 51
ATRZSH, 60 °C IR 40 min Ji5 B I 7 B4 A E
FEIT, 250 °C f#% 5 min, SRHAESY 3 P17,

GC 45 1F . (4 3% 4% . HP-5MS 38 4 & 41 45 4%
(30 m=0.25 mmx0.25 pm); FHERT: EiHHIE 40 °C,
45 5 min, LA 5 °C/min #2JF FHE ZE 200 °C, {4#3F
5 min, FFLL 10 C/min F+E| 250 °C; 23 (He) fi 2
1 mL/min; A3t

MS Fftf: B33 T UE; TRER 70 eV 1%
IR 250 °C; B TR 280 °C., JAEEMTE
[l m/z 35~550,

¥ & A Pl 1ik & P ( Volatile Organic Com-
pounds, VOCs) 7E M xE &t 43 #r: 51 1% £ ¥ A1 NIST
20 FHE e AT e, 1E ) VU B 5 24 K 800 1Y 5E
e PRSI ANTEAUE—L 53 VOCs B i
FARRT &4

FIEM{E (Odor Activity Value, OAV )L
2o,

OAV = C/OT

o C 2 VOCs 7E7K /Y kB2 (mg/kg) ;s OT
“h VOCs ZE/K Y I (mg/kg) . BIEH ) SCRR [11].



- 316 - £ Tl B4

2026 4F 7 A

1.2.2 W FEAaill HEFFREL 1.0000 g FE &, ITA

5 mL {1 NaCl ¥ # T 20 mL AR RS, e

PR T2 T 60 °C /K-F-4if 30 min, PATr2s

SAE M AR, W 400 mL/min, WEERTE] 100 s, ZE

SRAERTTE] 120 s BEA RO S BE 58 L S il 6 4~
# 1 PEN3 WL TasfLderiae

Table 1 Performance of various sensors of PEN3

“FA4T. PEN3 ML TS fLiRasPEREaNER 1 s,
1.3 #IEAIE

{5 FH Microsoft Excel 2021 3158 4% 2% A HY 45 Bt
2% VOCs & HE . H A& i fll OAV, LISFEEHR
HE2ETE L I {41 IBM SPSS Statistic 26.0 22Xt
IREAE A TR R U 25 504, T R S 2E Tk
fr e (B2 MK P<0.05) . f# A SIMCA-P
14.1 EAEXT VOCs By & J FIARXT & B3 A T 0k

TRIRER TR TEMRE Y BT HEN 3 {E (mL/m*) 4+57 i (Principal Component Analysis, PCA) Fll TE 48
ate X35 A kA R H% 10 ’
W5S RN R NO, | I B¢ 7> . 3% 325 1 51 43 #r ( Orthogonal Partial Least
W3C K FALAY) . B UK S 10 Squares Discrimination Analysis, OPLS-DA ).
w6S XS R H, 100 2 ER5H5Hh
ok | 5 F A A YR foz
\Vyng XJk;%kIX\;ig gﬁﬁi f:: 1(1)0 2.1 AFRIRUHEAZIILIE VOCs KimlLE
WIW SO, BT 1S ! il iF HS-SPME-GC-MS 7E— 7K & T /K 45 BE 48
w2s %} 7, B 7B 100 SFh e BRI H 49, 42, 40, 52, 47 Fh, 3k 71 Fb
w2w R LG A ek H,S 1 VOCs, fFE/EAE 24 Fl | WSS 10 Fh . B2 8 Fir | fig
LES e cH, 10 He s B KRS 18 B ZSFRALATY 4 L S5 EALAY
2 AFRMOHABE SRS R M B &
Table 2 Contents of VOCs in Pyropia yezoensis at different harvest periods
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Fig.1 Relative contents of various VOCs in Pyropia yezoensis
at different harvest periods
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Fig.2 Relative contents of main VOCs in Pyropia yezoensis
at different harvest periods
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of Pyropia yezoensis at different harvest periods
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