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A BT A 5] qn #1525 32 (Pyropia haitanensis)
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WE RANZEMBERAMEE-FERARAR, 462 REEEM, TFE&H. TH
FIER . ARREA B E XN ERERDFATT OMAR ERET, HIFAE 2 N 2 &
Frim g3, ORI 115 MEL AL, o, BEMBHEY TG SEMHREETRARS .
ERDSATPCAE T, ZEFNEXMAP AL EMH MR EZF, TREHEAHEZEZR
AR 8-, -+, FBE, 2-OFE-6-F kg, FEERL, TREHANEZEZR
HA 8-t Eok. T8, 2-0ik-6-F MR 1-+-88E, KOEF, 75, T RBGRHE %

FEEMROW TR RS A T K R
EEE; ERERS; BHEMFER-SHEE-FERA; K920 (PCA)
XEHE  2095-9869(2016)05-0147-10
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hESEE TS254.1 CEkFRIRED A

e — M EZ AR, FRE A TR
F 19t 70 AR, ML T35 58 1) Py Fh o2 55 B 45
SEFNIE 3 | 17 25 5% (Pyropia haitanensis) Sy i 750 (14 1% i
WRE, BRIREMREA SR EZHSE, 2006), 5%
KRB HEERAMNEAFEEWERERR,
WE T ANELTF R ITTE, B SR R ERE
i IO B R (BB RILIESE, 2011),

BRE RN, KR AR P B i R o 1 T
BN, REMET AR EEZNEENRZ —
(WkX%A7F5F, 2015), HAET, X 530K IEHE KM s
C&f T —& MR AEUIEE, 2011), fHiE, FRIGTE
ANTRIZK IR AN TA] i i KA (R ISOR I 58 54 e M 4 43 1)
ZE5 e, XTSRRI AR . FREE I . SRR
PR i iR AR A B R S, B EHETRR T %
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CE 837 4%

$£5% [ Supelco /4] 60 m x 0.32 mm X 0.18 um vocol
OB, PEEEEE Supelco 24H] 75 um DVB/
CAR/PDMC HE Bk W Bt 375 28 3045 2 1V L4

K1 HEmHFESEREMS, FHE

Tab.1 Sample number and the collecting time and site
SRR [H]
Hi2 SRR CRAE b ) GE-A-H)
No. Strain and collecting site Collecting time
(Y-M-D)
sfdt-1 SheiaijZ,z jggziﬂzahﬁgang 2012-10-29
T2 G Dosgiow phepang 2012711714
sfdt-3 SheiaijZ,z jggziﬂzahﬁgang 2012-11-29
T4 G, Dovgtow phepang 20171720
zdde-1 Zheﬁn}g 11, ﬁégfﬁjﬁzi}iang 2012-10-29
7dde-2 Zhe(i?)?r?; 11, Eé;ifgjﬁzigiang 2012-11-14
A3 o . Dongton Zhefang 21112
zdde-4 Zheffn}'g 11, ﬁé;ﬂfgjﬁzi}iang 2012-12-20
1 g ctong 1. Xiongohan Zhijang. 2171019
952 1ctong . Xiamgohan Zhging 20121101
7dxs-3 Zhedle?g;ﬁl ,l)z(rgs‘i%izzjiang 2012-11-18
g csong 1. Xiongohan Zhiang. 171207
zdxs-3 Zhedfﬁg}'ﬁl ,l)i(l;égjli%[zjﬁlz:jiang 2012-12-30
13 FHi&k

131 HEFZAE  7E 15 ml B AR A R 5
T, A 0.2 g IRZESRAEA, 30°C T HEAT TS W ff
JEiE1T GCMS AT (AL IAE, 2011), BRA MG Z
3YCHATINGE, S5HRBUIE,
1.3.2 &3 i A i A S e A 2 AR 4l s e 5
QOIS i M s, GC 4&1F: RAADH
PEREREER, MERECERE 210°C, B MmAiE R,
FiE 1.99 ml/min, FEAGIE 83.5 kPa, HEIGEE 35C,
1335 3.5 min, LA 3°C/min 7+ & 40°C, 144F 1 min,
LI 5°C/min 7+ 100°CJ5 LA 10°C/min 7+ % 210C, {4
¥ 25 min,

MS &4 . FH FZ i (Electron Impact, E)Jf43>

Br, FREE R 70 eV, BEFIREEE 200°C, 2 MR
210°C, EHRAEE A HARM(SCANEERX, Fiaid
LR A 45-1000, 3AFIFER 0.6 min,

PEATHE R AR A R S, A NIST FE Al WILEY
PER R, 5B HOCSCER(INERSE, 2011; Rp%4E, 2013)
HEATHE AR 3 e A T, AR T AR — ok A5 4%
B EAHE, 5 ARG Umetrics AB 723 7] 4 72 1)
SIMCA-P+12.0 23 M ¥ F 347 3£ 1053 43 BT (PCA) Fil B
JN 3 43 BT (OPLS-DA) , M T A5 2] 4 4% 5 [a] )
2 505 8RN X 22 5 AR R R bR SR B .

2 HE

Wi GC-MS 43#71, IR I H 115 Fh
FERMER Sy, FEAREIRIE | BEISMBEER Y T, B
P B = RBUE AN, AR o5 A 5 s 1Y)
AN, CRRCTR . AT BE. TR MR

21 RBREYR

2 AR SR R LRI Y 29 FhRSRY T,
o7 88% AT, BT & s 8- LaRImAN, ke
Ko =BTkl - IR A B
R 2 AN IR SR SRR B A B A, HAt B D
(#2).

22 EEERYR

TEIR S SERE S R L AG T H R I 23 4 2%
KAy, AE 2 PR 3 TP R B L 1800 -3
SR 1-CBE L -5 M-3-BE L (52)-1,5-9F -3
-1 1R RHIEE L 2,6- IR O
R -2-— - 1B . TR 3).

23 BEEYIR

REER ey B Ak S it 39 B, b 7% A4, Hor,
BEEE . RS, TRE. SRS, b EEARIRORN AR O
X, AR AR I A EBA 2,4- 8 M
B 2,4-PF TUREE . 2-FmIE L 3,5-9F T -2-T . R
L, KO, 2-TMlE . (B, 2)-2,6-F Ml . 6,10-
TR, 9 — R T -2-F AR (R 4).

24 IREFENGKHEHESR

R T T WA ST 2 bR S SEAE AN [ R R
AR KR Y 5 (9 22 57, AE SIMCA-P 1A Hxt
$2 SR SRAAE by FIRT RO 4 6 1 ) o AR X 5 e R AT T
IR, AR ASAE LEER — JE O A AR R R
AF T BB A o R (8D, 11 R AR TE SRR A
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a4 O sfdt
3t O zddt
2t stat-3 O Osfdt-2 A zdxs
1f 2ddt-1 Qsfarl
S 4
= Ok dat-3L T T a3 A D zdod
-1t wad zddt-2  zddt-4 23 A A ;dxss-z
-2 b zdxs-5 A
-3 a Azdxs-1
—4 E
=5 L L 1 N \ | ) ) , . _
-15 -10 -5 0 5 10

t[1]
B 1 AR SRR S5 R A 1) PCA 154)

The PCA score plot of the volatile components in
P. haitanensis

Fig.1

[EEK &R0 I N Y S B = S 111 P R 0 e
23] W B34 1) PCA 1843, 7T LB A W8
SR S 100 5 (R GO TN 45, 2008) . HIEI T 0TI, 7658
— E RS BT R PCA 133 L L, TRl
TEWTVLIR K ARG Wi R 157 (zddtyfl “HifE 2 57
(sTdty S B B A3 JF, Ml “Wik 1 57 %
3, WL Sk B35 28R il (zddt) 5 W4 L AR
(zdxs)Z [ AT % 0 W A E B, DR IIAR S 5 & ve 4l
G A B S 1 P R DX 25031

3 iTie
31 IREFERERMEASS
5 HAh K 7= sh ) /9 45 K M 4 32 8 I R 2R )

JRCRIEE S o 1) 20 BN [7) (R A%, 20145 15 15 4F,

2012), IR A Y AR 28, H
WL e R R SR 8- L kE, MXTE S RS
65.57%—83.69%(F& 2), 1M H:Ath 5 TR 78 ¥ i XU ) Jox
FIBFIE B, 8- kM th 2 At R AL v e LA 1
TE XU 3T (D2 145, 2009; RAESE, 2012), 5%
SRR h T 5 SR K LB, & 0.78%-5.74%.

KRR ETERIE TR LA A kiR
(Drumm et al, 1991), AYkeileds R —ERNT T
42 5 R TR LG AE R, 2011), 7228
Fa 2S48 7= G A R W B A T e R
Wi, T EARSMEE, Hitk, YT
TR XUR BTk NI 25, 2014), 1B 8-+ LRI 1EIS £
SR SRR 65%LA I, X IR LS AR S R
WE AR — 25T . PE4RGE , 8-+-EM e —Rik2
TN, AR AR N B SN AR B, TE AR A
Prad B, W AME R AW {5 B 2R — % /E H (Pohnert
et al, 2002),

— TS, R MRS R B A AR A TR 3R
FI(BRBEERSE, 2006). BEISHIBIER ., HA &S0

P2 A 2 XM 7 A 35K AY 5% T (Wuraenberger et al,
1984), UL, $3RMEM PR SRR D, WEXR
TR DTHR(EAN K

AT 5 H ARG T 380 K e R R AS A T TS R 2
JBT o BRI L P — FBCHE AT S BRSO SR, TR B
BRI B HE B BT 55 (Refsgaard et al, 1997), X4y
TR B TS ) SR B (AR, T 5 S8 A e KU 1) = A
TR o R 3 A T P A X S 1 B R AR fE
K, HAXE &SRB, S5 EE i<
I (Widjaja et al, 1996), it T-RE7ERERZE B4
X 58 SRR R AT G R D ik o 1 AN RS K 2 1
P 7S (Jive et al, 2005), U0 2-C K BA 75 B R
(B4, 2002), 7 HIEEHA A A bRy B . K
RBEFSAA, BB DS A ) R AY
(B ARE, 2010), FESMKPAMAMER, 1M 2,4-5
WSE B B IR R N4 JB R (R 1845, 2012),
P2y o 0 1 — M 22 v T L W) o3 S A AR e i, Pl 280
AERRIER L i D R AR IR (R IR AR, 2010) 5 4b,
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S 3 HLUCR I IR RS P IR S B R 6.50%, 5
2R HA 4.86%, HEBANTHIAR 15, BEXRNS
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Tab.5 Top 20 volatile components that determined the differences between two strains of P. haitanensis
P Wi LIBT3 14 78 S AU R HREAEY
No. Covariance Correlation coefficient Coefficient of variation weight Volatile components
1 -0.58 -0.73 6.13 8-t-LfMi 8-heptadecene
2 0.37 0.89 3.92 Tl Nonanal
3 -0.28 -0.92 2.98 1-+-E8¥  1-heptadecene
4 0.27 0.85 2.87 2-CHdk-6-F B MLIE  2-ethyl-6-methyl-pyrazine
5 0.18 0.91 1.90 SEE Octanal
6 -0.14 -0.77 1.44 + ikt Pentadecane
7 0.14 0.87 1.42 2,4-J% " JE  2,4-pentadienal
8 0.12 0.78 1.24 Z4%  Decanal
9 0.12 0.78 1.23 T4t  Tetradecane
10 0.12 0.83 1.23 R 2.1 Ethyl acetate
11 0.12 0.74 1.22 T =8¢ Tridecane
12 0.10 0.62 1.09 R Benzaldehyde
13 -0.10 -0.97 1.05 THAEE  Cedrol
14 0.10 0.82 1.04 KRS Methyl benzoate
15 0.09 0.88 0.97 L B Y 22l Trans- B -ionone
16 0.09 0.58 0.94 A% Unknown
17 0.09 0.86 0.92 =LAk Trimethyl pyrazine
18 0.08 0.89 0.88 + %t Dodecane
19 0.08 0.77 0.87 1-- 7584 1-hexadecene
20 0.08 0.66 0.84 3,5-%¢ " M5-2-fi  3,5-octadiene-2-one

T “Ppor 2R CREO M+ < FoR A EES X B S B E AR, RN sfdt BT L zddt &, 3K
7 zddt BIJBTLE sfdt ey s TR S AR 2R 0 A A [ 58300 1o 4 Jo ] 1) % s A . T I

Note: Positive correlation and covariance of a volatile component in the table suggested that the relative abundance of the
component in sfdt P. haitanensis was higher than that in zddt P. haitanensis, and that with negative data in sfdt P. haitanensis
was lower than that in zddt P. haitanensis. The coefficient of variation weight suggested the changed fold of the corresponding
volatile component in different kinds of P. haitanensis. Same below.
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Tab.6  Top 20 volatile components that determined differences between zddt and zdxs P. haitanensis

RN

Volatile components

e Wi BTN A S AU R A
No. Covariance Correlation coefficient Coefficient of variation weight
1 0.59 0.75 6.06
2 —-0.37 —0.88 3.90
3 —-0.31 —-0.93 3.21
4 0.21 0.83 2.14
5 0.17 0.85 1.76
6 —0.16 —0.88 1.69
7 —0.13 —0.88 1.33
8 —-0.13 —-0.82 1.33
9 —0.12 -0.76 1.26
10 0.12 0.69 1.24
11 —0.11 —0.98 1.16
12 —-0.10 —-0.54 1.05
13 —-0.10 —-0.79 1.00
14 —-0.09 —0.67 0.95
15 0.09 0.90 0.92
16 —-0.09 —0.89 0.92
17 —-0.09 —-0.96 0.90
18 —-0.09 —0.94 0.89
19 —-0.08 —-0.81 0.87
20 0.08 0.77 0.87

8-+-LHkss 8- heptadecene

T Nonanal

2-Z I Hk-6-FH FLnk % 2-ethyl-6-methyl-pyrazine
1-+-E#%% 1- heptadecene

AW Styrene

W Octanal

U4t Tetradecane

+ =%t Tridecane

2,5- " H LML 2,5-dimethyl pyrazine
+H%E Pentadecane

= H M E Trimethyl pyrazine

ZKH [ Benzaldehyde

2,6- _HILIF O EE 2,6-dimethyl-cyclohexanol
Z&1% Decanal

1-2FfE 1-octanol

L Y 2 Trans- B -ionone
2,3- T [ 2,3-butanedione

+ =%t Dodecane

6,10- " H1 5£-5,9-+— Kk — I -2-
6,10-dimethyl-undec-5,9-diene-2-one

+ 75kt Hexadecane

TE: <Py 28RO B+ =" RIRA A S UG ) T & B Ak, <+ R0 zdxs WIS RELE zddt i, 73R
7 zddt W)L zdxs R IR S AN AR 0 A [ SESR0T  y J ) ) A R

Note: Positive correlation and covariance of a volatile component in the table suggested that the relative abundance of the
component in zdxs P. haitanensis was higher than that in zddt P. haitanensis, and that with negative data in zdxs P. haitanensis
was lower than that in zddt P. haitanensis. The coefficient of variation weight suggested the changed fold of the corresponding

volatile component in different kinds of P. haitanensis

Mk, S HIIEMEE | RHEE . 2,6- HIIEI Ol %
B R B LR, 2,3-T . el 6,10-
TSS9 — ik M -2l S B I TR LA L
Wt gl 8-+LRds . 1-HEiEs . K2k, T
$ot . 1-2F R 7S g B e = T VA Sk o 1 el e el L
A, Zl A s SR R I R R R TR Sk U
B, TR 2 o R Aty R A T S v, JHp
8-F-Lwdm AT S EmEALE, T 2 AN A s
SR AR 2 5 7= A B

323 ¥ EREMIEDIEL MRS, LE X Wi
T Sk Vi 38 ) FR AR 2 5 RN AR 15 DA ST IT 52 100 g 35
MW 1 5 AN RO 4% & M B R AR (R EA T L
A, TSR A 2 S, AT E A b
WHE AR L, Joft LT, 75 3 ORI Ik B i

(3.4%); BAERR S EAERT 3 kg B, 55 341t
WA R 6.5%; AHXTY 3 bk B
A —E R SIS TR 1SR,
7 2 RER A It S g R B, FESE 4 HEER 4y A [l
Th, AR 4325 B T Sk v s ) R AR 2 S, — K
W RN 86.32%; T HAZRAERT 3 LU & 3G,
55 3 IR RIR 15.32%; e 7s Ah R e I 2R 78 A 2
Bl RUNBEIHTAR 1 SRR, SRR E &
SRR T A D TR 2 AR A 4 LG i
1A 3.35% , HoAth SRUSCHA 2 7 18, 265 5 L VK 3K 6.73%;
T 2R A 2 A 4 5 bR T ARG B 0 s /b, AR
LA T

A RT OL , WEVESR Skt ) 2 s SRSk S, H
P M 13 I SR AU (1] ) 78 A S AR — 30, AR
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Comparative Study of Volatile Components From Two Strains of
Pyropia haitanensisin Different Culture Areas
LI Wei, Omannisa-Mamat, XU Jilin®, LUO Qijun, YU Shanshan, ZHU Si
(Key Laboratory of Applied Marine Biotechnology Ministry of Education, Ningbo University, Ningbo 315211)

Abstract Flavor is an important example of sensory evaluation of food quality. Flavor of marine

algae could be affected by various factors such as the strain, aquaculture area, and the harvest time.
Pyropia haitanensis is one of the important cultivated algae in China; however, few studies have been
done on what affects its flavor. In this study, we selected two strains of P. haitanensis, Shenfu 2 and
Zhedong 1, cultured in Dongtou and Xiangshan Counties of Zhejiang Province in China. The subjects
were harvested for 4 or 5 batches, and the volatile components were analyzed by head space solid-phase
micro extraction and gas chromatography coupled with mass spectrometry, as well as multivariate data
analysis. Totally 115 volatile components were detected in the two strains living in different culture areas,
of which the major species were hydrocarbons, aldehydes, and ketones, specifically 8-heptadecene,
pentadecane, 1-heptadecene, nonanal, and octanal. Principal Component Analysis (PCA) showed a clear
difference in the volatile components between two strains cultured in two areas. The strain-specific
differences were shown in 8-heptadecene, 1-heptadecene, nonanal, 2-ethenyl-6-methyl pyrazine, and
octanal; the area-specific differences were signified in 8-heptadecene, nonanal, 2-ethenyl-6-methyl
pyrazine, 1-heptadecene, and styrene. In addition, the volatile components at different harvest time were
closely correlated to the water quality. Therefore, it is important to select appropriate areas for P.
haitanensis culture.

Key words Pyropia haitanensis; Volatile components; Head space solid-phase micro-extraction and
gas chromatography-mass spectrometry; Principal Component Analysis (PCA)

D  Corresponding author: XU Jilin, E-mail: xujilin@nbu.edu.cn



