40 2 Vol.40, No.2
2009 3 OCEANOLOGIA ET LIMNOLOGIA SINICA Mar., 2009

(Gracilaria lemaneiformis)

GC-MS )
( ( ) 315211)
(SPME) / (GC-MS)
60 30min, -
(PDMS/DVB) 25min, 210 5min GC-MS
: 56 ) (61.67%)
(22.47%) (5.98%) (1.92%) (0.65%) (0.41%) (0.37%) (1.34%)
: E-2- 7
, 4 E-2- E,E-2,4-
2-
A, BRES, ELENRET M, GC-MS
Q946
(Gracilaria lemaneiformis) 2004; Kladi et al, 2004; Herrero et al, 2006; Karabay et
, al, 2007)
, (Gschwend et al, 1985),
, 12—25
, ' (Abrahamsson et al, 2003)
GC-MS
(Dictyopteris membranacea)
ci1
(Lee, 1998; '
Chang et al, 1999), (Hattab et al, 2007)
(SPME)

, , Lepape (2004)
(Romano et al, 2003; Hockelmann et al, 2004; Fink et SPME (Palmaria palmata)
al, 2006) , 23 SPME

(Ozdemir et al, :
* , IRTO734 ; , 40876073
, 2007R10038 , , , E-mail  xunianjun@nbu.edu.cn

: 2008-02-25, : 2008-04-23



222 40
, 2
’ ’ 2.1 SPME
1 (slope  1000/min),
11 - (PDMS-DVB)
1.11 (Gracilaria lemanei- 87 3.94>10°,
formis) 2007 10 , - (CAR/PDMS)
34 1.59><10°
’ , PDMS-DVB
1, 2 49 20
3000 I, 12h : 12h (L : D) 25 12 9 2 2
33 ’ 3 ’ 4 CAR/PDMS
7d ’ , 22 2 16 1
20 3
1.1.2 QP2010
SPME 10ml SPME L » PDMS-DVB
- (65um PDMS/ : : :
DVB) - (75um CAR/PDMS) 5 ; CARIPDMS
Supelco ' 3
12 PDMS/DVB
121 0.05¢ CAR/PDMS
10ml SPME .60 : 65um
30min, PDMS-DVB , ,
: 25min,
GC-MS , 210 3007
Smin 2 . 250} @ 65um PDMS/DVB
1.2.2 GC-MS §2tm- O 75 um CAR/PDMS
: vocol 60m > ;‘f 150k
0.32mm>1.8um; : He, ; i:% 100+
1.29ml/min, : 35 3min, g2 sol
3 /min 40 1min, 5 /min 0 . . - , ) e
210 20min moomM om M M
. ED), 210 | EE A R
200 , 0.8kV, 70eV, 1
: m/z 45—500: - 1000amul/s: Fig.1 The effect§ of two types of SPME fibers.on thg extraction
of volatile metabolites from G. lemaneiformis
1 0.5s; 1500
1.2.3 GC-MS 2.2

NIST147 WILEY7  NIST27

1,3,5-octatriene
SPME 2 60 30min
1,3,5-octatriene , 10—



2 : (Gracilaria lemaneiformis) GC-MS 223
25 ’ ) y 3 il
25min SPME 2.4
; 25min (25 ) (33 )
, 30min 25min ,
1 11 3
25min
3 30min 25min , , 33 ,
1,3,5-octatriene , 94.80%),
40—60 (61.67%) (22.19%) (5.98%)
60—80 , 60 (1.92%) (0.65%) (0.41%) (0.37%)
(1.34%)

401

3.5¢ '
o 30f 1,3,5-octatriene(37.84%) 1,3-octadiene(20.72%)
S 257 1,3,5-octatriene ,
X 2.0}
= 15f '
1ol ) Fucus

0.5f Sargassum (Palmaria palmata)

00— (Lepape et al, 2004) 1,3,5-octadiene

R B 18] /min

2 1,3,5-octatriene

Fig.2 The effects of extraction time on the response value of
1,3,5-octatriene

a5r
a0t = —s
3.5h
3.0f
2.5¢
20F
154
1.0}t
0.5}
0.0 S S S S S —

W47 /(X107nV)

IR/ C

3 1,3,5-octatriene

Fig.3 The effects of extraction temperature on the response
value of 1,3,5-octatriene

2.3

, PDMS-DVB
, 30min, 25min,
60 5

GC-MS
[ (RSD) = 1.9%—7.4%)]

(Kajiwara, 1980) 1,3-octadiene

' C-8
(Skjevrak et al, 2005) 1,3-octadiene
, (Asterionella formosa)
1,3-octadiene ,

(LOX) ,
(Wendela
et al, 1996)
(20
), 22.47%, 3

E-2-octenal(7.79%)
E-2-nonenal(2.48%) 2,4-octadienal
2-heptaneal 2,4-heptadienal heptanal
decanal benzaldehyde

(Hockelmann et al, 2004)

nonanal(3.25%)

octanal
2,4-nonadienal

(Kamenarska et al, 2002; 2006; Lepape et

al, 2004),
(Sreenivasan et al, 2007) Boonprab
(2003) (Laminaria angustata)
E-2-nonenal ,
LOX



224

40

F1 25CHIBCEHETEAEFELERE Y

Tab.1 The volatile metabolites in G. lemaneiformis grown at 25  and 33
25 33
(min) 1) 2) 1) 2)
14.900 chloroform ® 118 — — 0.289 98
16.672 3-methyl butanal 86 0.04 94 0.09 96
17.126 2-methyl butanal 86 0.09 97 0.12 96
18.447 2-ethyl furan 96 0.06 93 0.12 94
22.086 E-2-pentenal 84 0.22 95 0.10 93
23.297 1,3-octadiene 110 23.18 96 20.72 96
23.498 2,4-dimethyl-1-hexene 112 0.79 89 0.56 90
26.135 1,3,5-octatriene 108 34.14 95 37.84 95
26.492 4-ethylidene cyclohexene 108 0.27 94 0.39 94
26.936 2-n-butyl furan 124 0.11 95 0.09 95
27.456 E-1,3-nonadiene 124 0.36 93 0.36 94
27.720 n-heptanal 114 0.11 90 0.10 91
28.647 2,4,6-octatriene 108 0.28 96 0.36 95
29.129 2-methyl-1,5-heptadien-4-ol 126 0.15 87 0.09 87
30.342 E-2-heptenal 112 0.70 96 0.24 97
30.684 2,3-octanedione 142 0.20 91 0.17 91
30.812 1-octen-3-one 126 4.69 93 3.42 93
31.593 octanal 128 0.29 95 0.36 97
32.094 benzaldehyde 106 0.33 98 0.28 97
32.194 E,E-2,4-heptadienal 110 0.76 94 0.15 95
32.548 5-methyl-5-hepten-3-one 126 0.18 90 0.13 90
32.703 4-heptenoic acid methyl ester 142 0.10 94 0.11 94
32.823 2-propyl-furan 110 1.63 94 0.90 95
33.362 hexanoic acid methyl ester 130 0.12 82 0.17 81
33.453 1-chloro-2-octene 146 0.13 83 0.17 81
33.530 1-cycloocten-3-ol 126 0.25 86 0.20 86
33.822 2-pentyl-furan 138 0.86 84 0.23 84
34.018 E-2-octenal 126 7.17 97 7.79 97
35.154 nonanal 142 2.71 97 3.25 97
35.351 3-bromo-pentane 150 0.39 89 0.25 89
35.623 E,E-2,4-nonadiene 124 0.73 88 0.27 88
35.964 3,5-dimethyl-cyclohexanol 128 0.22 83 0.05 85
36.245 E,E-2,4-octadienal 124 0.68 92 0.46 93
36.466 dodecane 170 0.14 85 0.17 84
37.211 1,3,5-undecatriene 150 0.39 85 0.50 85
37.406 E-2-nonenal 140 2.78 90 2.48 90
37.557 E,Z-2,6-nonadienal 138 1.45 96 1.82 96
38.450 decanal 156 1.35 95 1.55 95
38.658 nonanoic acid methyl ester 172 0.07 88 0.09 87
39.593 tridecane 184 0.34 90 0.59 94
40.076 2-bromo-octane 192 0.05 91 0.12 88
40.596 E-2-decenal 154 0.23 90 0.32 90
40.776 B-cyclocitral 152 1.27 87 1.29 94
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25 33
(min) 1) 2) 1) 2)
41.645 undecanal 170 0.09 91 0.12 95
41.993 E,Z-2,4-decadienal 152 1.14 93 0.76 93
42.252 4-acetyl-1-methylcyclohexene 138 0.12 85 0.08 83
42.463 (1-butylidene)-cyclohexene 136 0.35 89 0.42 88
43.004 E,E-2,4-decadienal 152 1.03 91 1.09 93
44,917 6-dodecanone 178 0.09 93 0.13 90
45.376 dodecanal 184 0.05 80 0.10 85
46.701 pentadecane 212 0.23 93 0.11 92
48.316 6,10-dimethyl-5,9-undecadien-2-one 194 0.21 94 0.23 94
51.717 heptadecane 240 — — 0.18 97
52.135 [3-ionone 192 1.69 93 1.90 95
56.461 phytol 296 0.01 82 0.07 81
58.515 nonadecane 268 0.46 96 0.87 96
95.55 95.89
: 1 : ;2) (%); 3)
25 33 S 4) =77 : 5) 3
, E,Z-2,4-Decadienal ,
(Pohnert, 2004) (Masuda et al, 1997; Xu et al, 2003) 25
, ; 33
(5.98%), 1-octen-3-one (3.42%) [3-ionone :
(1.90%), 1-octen-3-one ,
fit , (Scenedesmus in-
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(Abdel-Baky et al, 2002; Kamenarska et al, 2006)
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(Dembitsky et al, 1999),
, Kamenarska  (2006)
10
(Laturnus et al, 2000; Colomb et
al, 2008), 3-

2' y il
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(Ohshiro et al, 1999),
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E-2-heptenal E,E-2,4-heptadienal 2-pentyl-furan
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VOLATILE METABOLITES IN GRACILARIA LEMANEIFORMIS AT HIGH
TEMPERATURE

XU Nian-Jun, HE Yan-Li, TANG Jun, YAN Xiao-Jun

(Key Laboratory of Applied Marine Biotechnology (Ningbo University), Minister of Education, College of Life Sciences
and Biotechnology, Ningbo University, Ningbo, 315211)

Abstract The volatile metabolites in Gracilaria lemaneiformis cultured in high temperature stress is studied with
headspace solid-phase microextraction (SPME) and gas chromatography-mass spectrometry (GC-MS) techniques. In opti-
mized analytic conditions, the samples are brought into equilibrium at 60  for 30 min and extracted for 25 min with
PDMS/DVB fiber coating; after released for 5 min in 210 , the volatile compounds are analyzed with GC-MS. A total of
56 types of volatile compounds, including alkenes (61.67%), aldehydes (22.47%), ketones (5.98%), normal paraffin hy-
drocarbons (1.92%), halogenated compounds (0.65%), alcohols (0.41%), and esters (0.37%) have been identified from the
Gracilaira cultured in 33 . Variations in the culture between high and normal temperature are recorded. Seven metabo-
lites, including E-2-pentenal, E-2-heptenal, E,E-2,4-heptadienal, 2-pentyl-furan, E,E-2,4-nonadiene, 3,5-dimethyl-cyclo-
hexanol, and pentadecane decrease under high temperature stress, while chloroform, tridecane, heptadecane, and nonadec-
ane increase. Among them, the content change of E-2-heptenal, E,E-2,4-heptadienal, 2-pentyl-furan, and chloroform may
be related to the high temperature resistance of G. lemaneiformis.

Key words Gracilaria lemaneiformis, High temperature stress, Volatile metabolites, GC-MS



