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Volatile flavor compounds of Ulva prolifera during the whole drifting
process of green tides in Yellow Sea
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Abstract ; Since 2007 , the green tides have periodically occurred Yellow Sea, drifting from south Jiangsu to Shandong Peninsu-
la. The large-scale blooms of Ulva prolifera have resulted in tremendous economic loss due to the destruction of marine ecosys-
tems and damage to ecological service functions. How to use the large-scale floating biomass of U. prolifera is urgent now. In
order to explore the differences of volatile flavor compounds during green tide drifting in Yellow Sea, headspace solid-phase
microextraction (HS-SPME) and gas chromatography-mass spectrometry ( GC-MS) were used to extract and analyze the vola-
tile components of U. prolifera from eight sea areas in Yellow Sea. A total of 187 compounds were detected, including alde-
hydes , alcohols , esters , phenols , ketones , olefins , alkanes and other compounds; 72,64 ,49,53,34,48,41 and 54 compounds
were detected from samples in eight different sea areas,respectively from south to north in Yellow Sea. Through the analysis of
the threshold value and compound content of all aroma components in water, it was found that the main aroma components of
green tide algae changed in the process of drifting northward ,and they showed unique flavor in each region. Generally, flavor
quality of U. prolifera from south Yellow Sea was better than north Yellow Sea. This study supplies the possibility of develop-
ment of food flavor and resource utilization of U. prolifera,which has high research values and broad applications in the fu-
ture.
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Table 1  Contents of volatile components for U. prolifera in the whole Yellow Sea

ey it Content (ug/g)

Compound RD DF SY LYG RZ QD

HY

(e

Alcohols

Tl
1-Butanol

Pt 3B
1-Pentene-3-ol
S B
Isoamyl alcohol
IE B

1 -Pentanol
PR

Heptanol

R EE

1 -Hexadecanol

7, E-3 13-4 )\ Zddi-1 -

10.70 - - - - -

1.18 - - - - 16.37

7 ,E-3,13-Octadecadien-1-ol

SRR
Isophytol

3,711, 15-PY B -1 -+ 700 -2 -

3.47 0.22 - - - -

20.15 0.65 - - - -

3,7,11,15-Tetramethyl-1 -cetene-2-alcohol

DL
DL-menthol

o
Phytol

-

11-Eicosenol

+ B

1-Octadecanol

REE2-

- 0.86 0.83 0.74 0.70

—_

.50

- - 108.79 16.24 12.35 -

2-Phenyl2-propanol

sty
Isooctyl alcohol
FAA A
Cedrol

3,5-3F -2 -

3,5-Octadiene-2-alcohol

¥
Octyl alcohol
R
Lauryl
Alkene
i
Limonene
8- - LI
8-Heptadecene
KL
Styrene

1, 13- Pude — I

3.78 8.18 13.66 5.61 9.79 7.89

368.82 153.99 2.27 0.45 - -

4.61 2.59 9.88 - 17.90 -

1,13-Tetradecadiene

—_
(=N
o)

10.17

12.66

.56

265.12

18.43
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2:5% 1( Continued Tab. 1)

e

Compound

i Content( wg/g)

RD

DF

SY

LYG

RZ )]

HY

RS

W

Cyclohexene

6- T 2E-1,4- BRI
6-Butyl-1 ,4-cycloheptadiene

3-HE1- T
3-Ethyl-1-dodecene

LM

Neophytadiene

I v

1-Dodecene

Kk

Junipene
1,5,5-= HAE-6- LT3 C A
1,5,5-Trimethyl-6-methylene-cyclohexene
1,3-FF 0
1,3-Cyclooctadiene

6.,9- 1L
6,9-Heptadecadiene

AN

9-Octadecene
15 4% Terpene

MiEC-7,10, 13475 =4
cis-7,10,13-Hexadecatrienal
LA
trans-Caryophyllene

FIFHT M

Benzocyclobutene

a-FAA

a-Cedrene

o-JRM

a-Pinene

3, 7-Z W10
3,7-Dimethyl-1-octene

e

Heptadecene

LEES

Ketone

3-LFEA-FIERLIE -2 ,5- ]
3-Ethyl4-methylpyrrole-2 ,5-dione
a- 5% 1]

a-lonone

—E BT
Dihydro-B-ionone

B-5% 4

B-lonone

3, 4- B % £

3 ,4-Dehydrogenation-B-violetone
S I FE P

Isopentyl acetone

6,10, 14-=HI -2+ T il
6,10, 14-Trimethyl-2-pentadone

15.18

20.68

24.26

50.31

—_

.24

1.22

—_

.63

0.62

16.49

N

1.09

1.01

23.15

0.70

1.06

—

.40

0.57

0.41

4.96

0.44

.94 -

- 20.62

- 0.60

- 0.90

.97 0.44

- 0.41

0.39

4.72

—

—_

.29

.50

.10

.79

71

.66
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2:5% 1( Continued Tab. 1)

aw i Content( pg/g)

Compound RD DF SY LYG RZ QD HY RS

6~ JE-5-PEds 2 -1

6-Methyl-5-heptene-2-ketone

3,5-3F " -2-1i

3,5-Octadiene-2-ketone

AR

Tea ketone

A i B

Geraniol acetone

2,2,6-=H AL

2,2 ,6-Trimethylcyclohexanone

3.5-%

3,5-Diketone

2,6-Z T FEA-FR A2 5P O -1
2, 6-Ditert-butyl-4-hydroxy4-methyl-2 , 5-cy- - - - - - 1.76 - -
clohexadiene-1-ketone

TECRA R

Dihydrojasmonone

AT i

Levocarvone

2-T:FR

2-Nonyl ketone
2,2,6-=HJk-1,4-37 2 —

2,2 ,6-Trimethyl-1 ,4-cyclohexanedione
S

Aldehydes

FELT AL RS

Safranal

Wb

Cyclamate citral

2,6,6-=HJE-1- R H-1-L 1%

2, 6, 6-Trimethyl-1-cyclohexene-1-acetalde- 0.88
hyde

F o7 B A e
Methyl-hexyl cinnamaldehyde

R
Benzaldehyde

2 -2-C
trans-2-Hexenal
B

Heptanal

2 2- Bl
trans-2-heptenal

R
Phenylethanal

el PP 2 P
p-Tolualdehyde
S22 T A
trans-2-Nonenal
FE

Decanal
T

Pentadecanal

A-7 ,10-75 4

cis-7,10-Hexadecenal

- 1.55 - 1.78 - - - -

- 6.59 - 2.26 - - - -

- 2.43 4.42 1.23 - - - -

2.02 - 2.53 - - - - -

- - 5.70 - 6.00 26.79 11.66 -

4.60 5.34 3.96 - - - - _

3.19 4.85 7.76

—

.14 0.98 0.78 0.61 0.59

—_

.83 1.83 0.36 0.38 - 0.29 -

—_

.01 7.717 14.03 4.06 6.79 6.61 2.63 2.34

- - 6.61 2.36 6.32 4.76 5.16 3.33

- - - - - - 12.28 2.70

- - - 1.26 1.87 2.39 2.63 1.09
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e

Compound

i Content( wg/g)

RD

DF

SY

LYG

RZ )]

HY

RS

g3
Dodecanal

FoNmE

Hexadecanal

o

Hexanal

B2, -2, 4-BE I
(E,E)-2,4-Heptadienal

I, 2 ,4-T
(E,E)-2,4-Nonadienal
3,5- IR EE
3,5-Dimethyl benzaldehyde
B, -2 ,4-55 AR
(E,E)-2,4-Decadienal
3-RIE BT
3-Hydroxyl-B-cyclocitral

T, ME-10, 12-+-75 s B
cis, cis-10 ,12-Hexadecenal
=R

Tridecylic aldehyde

Tl

Aldehyde
1-HIE-3-FR U
1-Methyl-3-cyclohexene acetaldehyde
4-C AR
4-Ethylbenzaldehyde

PR LR

Myristaldehyde

8, 11-B8 I
8,11-Heptadienal

SL2- I

trans-2-Octenal

S22 ,6-TF
(E,Z)-2,6-Nonadienal

1,2,5,6-PUER T
1,2,5,6-Tetrahydrobenzaldehyde

1-H 3-8
1-Methyl-3-cyclohexene acetaldehyde

Alkanes

2,6,10, 14-P0 HI KL +7X 4
2,6,10,14-Tetramethylcetane
bt
Undecane
+ ke
Dodecane
=
Tridecane
+ ke
Tetradecane
I F e

Pentadecane

51.41

3.84

—

.63

.30

3.25

48.77

3.43

11.41

3.00

3.29

2.90

11.94

4.75

3.38

—_

.63

—_

.39

14.36 27.36

4.47 8.45

- 2.17

- 0.69

o

63 16.91

—

.39 -

—_
o
oo
—_
(5]
(3]

13.92

5.00

1.80

2.03

2.05

0.63

5.62

—

.99

6.02
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2:5% 1( Continued Tab. 1)

aw i Content( pg/g)

Compound RD DF SY LYG RZ QD HY RS

b

Hexeadecane

AR

Heptadecane

+ /e

Octadecane

—

Eicosane

Tk
Pentacosane

Z ke
Nonacosane
3,5-ZHHE Tk
3,5-Dimethyl dodecane
TP Kb
Nonyleyclopentane
2,6,10-= L+ =%
2,6,10-Trimethyltridecane
3-HA-Eh
3-Methyl heptadecane
L7k

3-Methyl hexadecane
+—F Ik
Undecyclopentane
3-FE+ =
3-Methyl tridecane
132 B b
1-Cyclohexylnonane

1A

1-Todotetradecane

2,6,10-=H -+ "k
2,6,10-Trimethyldodecane
Decyl cyclopentane

LEES

Esters

+ R R

Methyl laurate
TR R Y R
Dihydrokiwiactone
TECRFI R R H
Methyl dihydrojasmonate
PR 2 R Y R

Methyl myristate

+ TR P S

Methyl myristate
+ A TR e

Methyl dodecyl tetradecanoate
LR H R E
Phthalates

4,7,10,13-F 755 H g
4,7,10,13-Methyl hexadecanoate

2.73 1.39 1.10 0.43 - 0.94 1.25 2.51

13.80 12.78 12.65 1.04 - 2.29 - 2.89

0.80 3.43 - - - - - -

- 0.41 - - - - - -

0.83 - - 0.28 - 0.45 - -

12.66 4.76 2.97 0.87 0.43 0.90 - 0.76

4.06 - - - - - - -

13.23 2.69 - 0.84 0.60 2.32 - 0.64

10. 04 - - - - - - -

12.25 - - 0.30 - - - -
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e

Compound

i Content( wg/g)

RD

DF

SY

LYG

RZ QD HY

RS

7,10-3¢ % H g
7,10-Methyl decanoate
R I R Y
Methyl palmitoleate
FHE R F i
Methyl palmitate
AR W T 1R
Dibutyl phthalate
LA
Methyl stearate
FRH R £ TG
Ethyl palmitate
9,12, 15\ = HR H B
9,12 ,15-Methyl octadecatrienoic acid
JT-10-—+-E B i8R ) i
cis-10-Methyl heptadecaenoic acid
LI R & — B
Ethylene glycol Brazilian acid ester
8, 11,14, 17-PU ¥ iR H g
8,11,14,17-Methyl tetraenoic acid
P JRRIR HY g
Methyl linolenate
1R H T
Methyl linoleate
WRRIR £ B
Ethyl linolenate
SR HY g
Methyl trans oleate
fifi i Y i
Methyl stearate
10-7BRIG IR L 1R
10-Ethyl hexadecenoic acid
TR =1
Tridecyl dichloroacetate
-2 Y i
Methyl nonanoate
AR R -7 -V P R T R
7-Bromoheptyl isobutyl phthalate
AR W T R T R
Butyl isobutyl phthalate
&1 S T
Phthalate
5,8,11,14 ,17- - BRTUM R ! g
5,8,11,14,17-Methyl eicosapentaenoic acid
9,12, 15+ /\ i = KR T g
9,12 ,15-Butyl octadecatrienoic acid
2,2, 4-Z BR3P RN T R I
2, 2, 4-Trimethyl-1, 3-pentanediol diisobu-
tyrate
AR R b TR
Dodecyl butyl phthalate
LR
Ethyl acetate

1.97

13.75

134.03

3.50

0.63

2.24

1.90

1.47

1.86

0.75

7.71

4.74

16.53

23.94

0.71

3.64

—_

.38

—_

.01

—_

.15

.91

11

.53

(98]
~

49

05

.83 1.

.96 3.94 2.41

40 6.85 2.16

37 - -

.64 0.81 -

0.41
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2:5% 1( Continued Tab. 1)

ey it Content( ug/g)

Compound RD DF sy LYG RZ 0D HY RS
bR 10- R Y R S T IR _ - - - - 0.85 - -
Isobutyl undecyl-10-alkenylformate ’

11,14 ,17-Zffk =1 F e _ _ _ _ - 0.22 - -
11,14 ,17-Eicosatrienoic acid methyl ester ’
B RR—be iR T B _ - - - - 1.07 - -
Undecylisobutyl phthalate ’
4-J25E-2 2, 4- = BRI -2 - R Y R 2R
4-Hydroxy-2, 2, 4-trimethylpentyl-2-methyl- - - - - - - 0.78 -
propionate

P22 2= A . . i i i . 040 .
Dodecyl-2,2 ,2-trichloroethylene ester ’
— 2B i i i i i i oLis i
Octyl trifluoroacetate :
LI ) ) . ) ) ) 0.3 )
Linalyl acetate ’
A IR T 22 T i i i i i i oo i
Butyl-2-ethylhexyl phthalate '
TRROBE
Ethyl butyrate N N N N N N N 5.6
CR TR
Ethyl caproate B - - - - - - 11.49
AR H R8T L T g _ _ _ _ - - - 0.72
8-Bromooctyl isobutyl phthalate ’
438052 4-5¢ T RN
4-Hydroxy-2 ,4-sebacic acid lactone - 5.5 5.03 118 N - - N
lieS
Phenols
3-L A
3-Ethylphenol 0.64 B - - B B - B
RN B
4-Allyl phenol =1 - 130 0-61 - - - -
2,4-T R TR
2 4-Ditert-butyl phenol 2.63 1.22 1.77 - 1.53 3.66 2.30 -
e . e
FNEA]-2- T RO
Hexahydro-2-dimethylphenol N 8.53 18.78 N N N N N
2,6- BT He XS H i
2 6-Ditert-butyl peresol - 0.54 - 0.33 0.32 0.40 0.90 -
AR ORE i i ose i i i . i
4-Methylguaiacol ’
2,4-TORUCT R
2 ,4-Ditert-butyl phenol B B - 144 B B B 315
Xof 3 _ _ _ B _ 0.62 _ _
p-Cresol ’
2-H iy
2-Cresol N N B N N N 0.52 N
2,6- T FEA4-H IR _ _ 0.35 _ _ - - -
2,6-Ditert butyl4-methyl phenol ’
HoAl
Others
175 H 8 11 _ _ B _ _ B _
1-Hexadecyne
N N
LR 1.65 _ _ _ B _ _ B

Oleoyl nitriles
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2:5% 1( Continued Tab. 1)

aw i Content( pg/g)

Compound RD DF SY LYG RZ QD HY RS

X R

p-Xylene

BT Rk

Ethylene glycol butyl ether

2-Z L
2-Ethylfuran

2- P8 Bk il
2-Pentenyl furan
kK

Silica gel

2- Tk HEIGE W

2-Acetylthiazole

2-FP -3 - F i ki 1o
2-Methyl-3-methylthiopyrazine

1.32 - - - 8.78 - 2.44 4.02

3.52 - 7.50 - - 20.80 - -

10.28 - - - - - - -

4.41 - 3.04 - - - - -

=

- - - - - - - - 0.35
Naphthalene

4-F25E2 2 ,4- = I RR -2 - TR L DY AR £h

4-Hydroxy-2, 2, 4-trimethylpentyl-2-methyl- - - - - - - - 0.72
propionate

FEANR

Pentafluoropropionic acid

Carbonic acid

JGi-5,8,11,14,17- Bk TR R
cis-5,8,11,14,17-Eicosapentaenoic acid
R A7

Trans linoleic acid

PR

Linoleic acid

3522 4-= L L2 - BTN iR A

40.01 - - - - - - -

- - - - - 0.22 - 0.26

3-Hydroxy-2,2 ,4-trimethylpentyl-2-methylpropionate 0.44
TE -7 FORZ A AR
Note: "-" means that the component was not detected.
0,1 B % Alcohols
}i%Terpenes
449 O i #Ketone
O /% Aldehydes
350 .4} Alkanes
O i SEsters
2U0 O 97<Phenols
H W Ll % Others

250

200

7 Bt Content (ng/g)

150

100

50

T T L

0

B3 ARRBZHWTESLELENKY RS E

Fig. 3 Contents of various volatile flavor substances for U. prolifera in different areas of Yellow Sea

B F B SN T B3B8 A B P IR IR BRI P s R A il Y A
B2 6,10,14 =R 1l EUAREEE T U TR 8- % 22 6,10, 14- = HI -2
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FR 3 ,5-9F T 2- T GEZTAERE R R L SR

b PTG 5 S5 S 200 g 1) R B S 0k N A
I B-5 % 20 (E L E) 2 ,4- B IR PR AT R
AR AR TR L T B s 4R
TP BN T NEBE LR 22 O
T/ BRI L LR L TR s H RSk de 1) B2
AT ATRE A T\ B AP B-5 S A | -2
S U T OR CTR  ZHOR 7 B S
1) F LR I R R-2-C T

ME(E,E)-2,4-58 "M TR R LK. 2 —
BT LT 5 T B 23 8 1) T AR UM /B A
Bk B-5 % 2 PR | L T R R I 5 L
LI 2R 0 T2 B AU A s | B, f-2-
CARTEE AR R IR MR T IR Ol X —
o 8 AN [ DX I S A A [ ) 32 27 R
o3, WA A FMRR I BT, 3 BN [ 3 s R S e 1Y
RIFAEZE S

K2 EOERERERY T SRR E E

Table 2 Odor description and threshold of some component

aw S S Pl Coa R

Compound Odor description Odor threshold ( mg/kg)
TEE 1-Butanol LS 0.5
1-1%H-3-18% 1-Pentene-3-ol RE B 0.358 1
7% Tsoamyl alcohol - 0.25
EJ% 1-Pentanol g 880 ~2 650
JBERE Heptanol J5 R -
+ J\[i5 1-Octadecanol S -
1ESEE Octyl alcohol SR F BRI 0.054
JIHERS Lauryl alcohol BB A TEREY L&, HA B AR mmE<E 0.066
FriE#% Limonene R4, whifar 1~1.2
IR Cyclohexene FRFRR R SR -
1-F 4% 1-Dodecene A R EL R R -
Z ATV H7 trans-Caryophyllene - 0.5~2.5
o-JEMi a-Pinene ZER/RTRIIEORWIN -
B-5% [ B-lonone PN 0.005 67
ZEB-5 % 22 Dihydro-B-ionone BHERE HF REFS -
a-%% 21l a-lonone B HHERE 1.08
€10, 14 T2 oo bt ok -
PR L5 - A -2 - _ 0.1~1
6-Methyl-5-heptene-2-ketone
3.5 Goadione - heone Ak
575 Tea ketone AT, A, Bk -
L Geraniol acetone AR I IROIEE TR, W E BOL ARk 0.01~0.1
2-T-fii] 2-Nonyl ketone - 0.05
FCLLAERE Safranal BHERE EF/ HF BE -
WA Cyclamate citral H -
FEHIEE Benzaldehyde B EEHL 0.3
2 -2-C S trans2-Hexenal FHEL S Ag 0.04
Bl Heptanal Hi A ES 0.031
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%23 2 ( Continued Tab. 2)
Ay U ST Tl AW
Compound Odor description Odor threshold ( mg/kg)

S 2-BE s trans-2-Heptenal
2% Phenylethanal

Xif 2K F % p-Tolualdehyde
J22-F- WM trans-2-Nonenal
24t Decanal

B Dodecanal

7S Hexadecanal

L% Hexanal

B, -2, 4- B IR
(E,E)-2,4-Heptadienal

B, -2 4T AR
(E,E)-2,4-Nonadienal

B, 22 ,4-58 T ImE
(E,E)-2,4-Decadienal

| = Tridecylic aldehyde
T Aldehyde

5 25 Myristaldehyde
JX2-F WM trans-2-octenal

J, -2 ,6-T 4t (E, Z) 2 ,6-Nonadien-

al

+ iz g Methyl laurate

T ERBERE N EE Dihydrokiwiactone
LB2K — F R g

Phthalates

FENE R FH S Methyl palmitate
LR T s

Dibutyl phthalate

FENEER £ 158 Ethyl palmitate

TF-/i2 1 fi§ Methyl nonanoate

Z.BR Z. T Ethyl acetate

L FRIFAENE Linalyl acetate

TR TR Ethyl butyrate

C\ R 2Tk Ethyl caproate

3-Z 3K W) 3-Ethylphenol

4-F @A KB 4-Methylguaiacol
Xof B gy

p-Cresol

Xt IR

p-Xylene

LT
Ethylene glycol butyl ether

STt e
2-Acetylthiazole

Z% Naphthalene

HAR AR, W BE R I BAT A i A
VAR JEE AR FAT A 00785 25 Al VR A 14 7 R M s

B i R 0.75
W WAL 0.009
AR T A F Lk -
- 0.000 065
WA, T 0.005
BATSREUIR VI, IF AT JA iy A i A SR B A U, B2, 0.001 07
HALFE 55 -
AR 0.21
Ji W AR 0.03
- 0.000 06

0.000 03 ~0.000 05

- 10
HA O NG AR e R TG & IR & A6 0.003 5
BATRWI & MEF AU W A w SRR 0.06
RIRUIANR TS, IFA 5T R bR 0.061
BHIMUES 0.000 02
BA RN AT AR -
AT B -
R AR _
BICRE >2
AIFEAR -
HAE, -
BAHEN BT ES -
AR 7.5
AL 2 TS BRI B < 0.1~1
TRV FER T AW HE SRR 0.007
BA i B ERNESR 0.000 5
- 0.000 05
BAEE 8% TH FHEEER 0.01
eIV EIUS 0.002
HAT D50k -
- 2.6
- 0.01
RiA 0.05

TE " =7 7RI B A R al B (A £

Note: " —" means that the aroma description or threshold value of the comounds was not searched.
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3 it PR BRI P e, AT TR LA R A AR R 1

ABEFER A HS-SPME 42 HU T 31 8 AR X
ST O W AR R P KR ) 5T, 3 3 GC-MS /3
e, G5 RARIIX 8 A XIR 7 W & 1Y 32 2 KUK B 53
MEmATEeME, BERAEY —BREM, B
AT X SR R A A 2 Y
IR DX SR i B B S ) S MRS B 5 Hep 118003
B PRl LA 7 AR S B SR e P A /B
A AR IR W SR R BA BOR BTk, X
A DI 75, JCH R 2R AR Je 1 0 LD AR X
SR, FUSE ) T 1) 5 i R A 3 TR

FEANZR K= DA S FL L 00 S 000 s 1) i A 4%
KR M S T e By, E R 8-t
L M TR LA o AR AR R X Ak
B AR AR 8-k, T H IR I P 2
TR R ORAG I 2], 8-+ L s 2 R A I i AT (Y R AR
R 52, E TR A0S 5 3 £ 3 v A
5100 8- e SN A 1B — 28 Al 2 S
Yy, A5 R AR B R AR & 0 Pk B — E A
FH GRSl rh S 1+ 2,
AT SRR R, X g B KURAT A 20

FRAL & W) — A B R AR IR, e 2081 8 T A%
AR A, 25 DX SR g 1 38 14 T 216 ) Jo ) 55 4 Ao
FATEZ A TR BrFLLL SRl s s 2 R i 2] g-45 %
225 B- 5 % LA SR AT, TR JAU R D 2
e R A R B G UEURL, A M) T Y
FERR A S AN B A ST -
B 2Ly AR B AT R A AR AR
AR (RS o U A T B rh P R A 21D

MR Y S IE LA FlRe 5 B XS A D1 5C
Z A SCHRIGE AL 5 W) B{EARAR, X7 il ) XU
TURECR ™ o UNAR G T LT AL I PR A
SRR, ENRARE FHMEHE. EEyik
AR AR K AR IDITR , 4 C 1 A G 2 W
TR PR AL 20 7 0 5 I T T K 22 S B e S P S
R 3 A e VR IT L A2Y  FETRTE SR )
e R ARG ) B -2 - B I, LA R R, X
B A MU 7 AR IR

TEJIT A 3 T A H 8 BT 4 e 1k o3 v T
FleaWro i B S, R aw R
A4 Nl i A, i EL R 2 Ak 5 1 O B —
FRESATG , HE DU T2 A5 W0 0 23 00 T8 1) 8 A U A5 AR
KTk BETTAREN], BEE 2l Ay L 1) I8,
a2 B ) BA S B A2 A0 B, 19 4 — U A B

H SR PR B Tk A Tl de A 5
TR R R AP B I VR e U A TR
U, o R A XU BT R L 7 Dl

(EAS T AR AL LR it PP ARG H — 7 5 R
%%, XRAE Y — B h P8 TS Gy A W s AR T R
R, 3R] AR S 5 BFL Ll A ) KUK A £ Y
PR, 53 0, AL LR St v G 30 o e A i 1 24
PR HAT I SCHR AR > SR I R X R,
X LA R T EEA% I 3 i o KU A A

A AR B o oIS R 5 R 3 TR 1)
i, A5G 8 AN X AR B P L S B SR A
BIE, m] AN [R]) DX Sk 2 1 AN (R A A I A U8
RT3 FLA R ) 1 5 SHE AR AR 43, 91 2o A Y s
IR P B 2%, 5% L
WFFEIRR | 5 B2 R M 0 ) 728 A R 7 B T B A
HEUIN KA, Hi T WA 5 X 305 A 4 4
AU R BET7 , 4% A P 20 73 (9 28 Al vl 8 2% R SR A
g XA RPN R I EACA Ko S a0 AN [F] DX Ik i
(001 B SR, SR A AT TR N, BRI IR 10
LR R BFE SR R TR WK, 764 Ja T TR A
WFFERRSE A Tt B, 6 IR, W 7KK Bt 3 SR ER
ST DR AR R
4 Hig

R AR O — Bl TE SR, HA 2R REEIIRL,
ARG A= R AT S 0T AR5 . ASBIESE
0 5 SR FH T2 i AR AR IO 12 A M 0 e O 8 i
IR L5325 6 GC-MS 5 FHAX AT 5 7, W o dff A
) ) BV TS T 2 0 A M R ) T A 44
I T4 XIS B i T2 Ul &5
B AN ] DX I 14 2o T e XU AN SR [ 7 2 T 9 52
Fosd R rh , MTLIR AR B I AR FL L, A R 1y Jo o
RN R ARAE BT R, R WY 1 R AR i BT T
W o FH LB , e R TRk i) 8 i ST, (S P I
FH AT A £ ™ i 1 5 100 28 o T 30 o T Ak
TERE XA AR AT R XU AR AN , AT
F187 5 FIVEGRDRL IR KA W B R TR A T Ko AR
BIFSE g 2] B XK ) Jo 1) TR A BIE T B T A, 1
NI SR R T AR R AL T B

% 3k

1 Qian SB,Liu DY ,Sun J. Phylology (¥#:%%) [ M]. Qingdao
Ocean University of China Press,2005 :495.

2 Wang WJ,Zhao H,Mi K, et al. Advances in the study of En-
teromorpha macrophyta [ J]. Hunan Agr Sci (i 7 4%\l #}



1370

KIRF=YIBE R 5T K

Vol. 33

10

11

12

13

14

15

16

17

#),2009,8:14.

Fletcher RL. The occurrence of " green tides" ; a review. In:
Schramm W, Nienhuis PH, editors. Marine benthic vegeta-
tion;recent changes and the effects of eutrophication[ M].
Berlin: Springer-Verlag,1996.7-43.

Hua L. Quantitative distribution properties of Ulva micro-
scopic propagules in the south Yellow Sea and source tracing
[ D]. Shanghai: Shanghai Ocean University ( | ¥f ¥ 1 K
#),2014.

Li XS, Xu JT, Yao DR, et al. Effects of eutrophication and
growth density on the fulminant growth mechanism of algal
bloom[ J].J Fisheries China ( /K P= 2242 ) ,2013,37.1206-
1212.

Gao S, Huang J,Bai T,et al. The drift path analysis of the
Yellow Sea green tide in 2008 and 2009 [ J]. Mar Sci ( i 7
Bl4),2014,38(2) :86-90.

Bai T,Huang J,Gao S,et al. Operational research and appli-
cation of the Yellow Sea green tide emergency prediction sys-
tem[ J]. Mar Forec (VTR ) ,2013,30(1) :51-58.

Ma LH. New Marine food-seaweed [ J]. Shandong Food Sci
Technol ( I R & MB# 5H AR ) ,2004,6(7) :19-20.

Xue ZX,Ye NH, Jiang XQ,et al. An exploratory study on the
spinning performance of Enteromorpha polysaccharide [ J].
Mar Sci(VEHERE) ,2012,36(1) :65-68.

Chen LP. Molecular and taxonomic succession of green algae
from the Yellow Sea[ D]. Shaanghai ; Shanghai Ocean Univer-
sity (_ IR R ) ,2012.

Zhang JH,Chen LP,Huo YZ, et al. Distributing characteris-
tics of green tide algae growing on settled sediment in Rud-
ong coastal area[ J|. Mar Environ Sci (1§ ¥ ¥Rl 2%) ,
2013,32(1) :1-5.

Ye NH,Zhang XW ,Mao YZ,et al. A preliminary study of the
life history of Enteromorpha prolifera in Yellow Sea[ J].J
Fishery Sci China( H1[E7K = F#}%) ,2008 15 :853-859.
Chen BB,Ma JH, Gao S, et al. Preliminary studies on certain
autologous nutrition proliferation pattern of floating species in
green tide[ J]. J Shanghai Ocean Univ( [~ VR 22
) ,2013,22( :189-193.

Cui JJ. Study on adaptation and proliferation potential of
green algae in the Yellow Sea[ D ]. Shanghai: Shanghai O-
cean University (_F YRR R2E) ,2014.

Li J. Removal efficiency of several HABs species using modi-
fied clay and its environmental effects[ D ]. Beijing; Universi-
ty of Chinese Academy of Sciences ( A7 B B} % B K27 ) ,
2017.

Sun BG. Food Flavoring (£ FHJH#& A ) [ M]. Beijing ; Chemi-
cal Industry Press,2003.

Zhu Y, Yang T,Shi J,et al. Analysis of aroma components in

18

19

20

21

22

23

24

25

26

27

28

29

Xihu Longjing tea by comprehensive two dimensional gas
chromatographytime of flight mass spectrometry[ J ]. Sci Agr
Sin( HEAIRRE) ,2015,48 :4120-4146.

Yu AN, Yang YN, Yang Y, et al. Free and bound volatile
compounds in the Rubus coreanus fruits of different ripening
stages[ J].J Food Biochem,2019,43(3) :e12964.

Yang J,Sun SH, Jiang J , et al. Chemical composition and aro-
matic profiles of essential oil from Rosa laevigata by GC-MS/
GC-0 analysis[ J ]. Adv J Food Sci Technol,2016,11 ;147-
152.

Pang XL,Yu W, Cao CD, et al. Comparison of potent odorants
in raw and ripened Pu-Erh tea infusions based on odor activi-
ty value calculation and multivariate analysis; understanding
the role of pile fermentation[ J]. Agr Food Chem,2019,67;
13139-13149.

Zhu L,Wang X,Song X, et al. Evolution of the key odorants
and aroma profiles in traditional Laowuzeng baijiu during its
one-year ageing[ J]. Food Chem,2020,310:125898.

Neta MTSL, De Jesus MS,Da Silva JLA et al. Effect of spray
drying on bioactive and volatile compounds in soursop ( An-
nona muricata) fruit pulp[ J]. Food Res Int,2019,124,70-
77.

Joshi R, Gulati A. Fractionation and identification of minor
and aroma-active constituents in Kangra orthodox black tea
[J]. Food Chem,2015,167:290-298.

Van Gemert L. Compilations of Flavour Threshold Values in
Water and Other Media( {1t 547 Wk BI{E I %) [ M ]. Bei-
jing: Science Press( Fl2# H piiAt) ,2015.

Akakabe Y ,Iwamoto S, Miyamura S, et al. Induction of (Z)-
8-heptadecene in marine green alga Bryopsis maxima by me-
chanical wounding[ J]. Fisheries Sci,2007,73:1057-1060.
Wang Z7Z, Yang YH, Zhang HX, et al. Volatile and aroma
components of Gynostemma pentaphyllum ( Thunb. ) Makino
herbal tea from five different origins[ J]. Nat Prod Res Dev
(RIR=PImEsE 5 %) ,2020,32:1717-1729.

Mei KL,Li GS,Chen YT, et al. Effect of electron beam irra-
diation on the smell and key odor compounds of Owvalipes
punctatus meat[ J ]. Food Sci (& fhFl4),2018,39(24) ;
203-208.

Yu HW,Su XR,Zhang LY , et al. Study on the bitter flavor of
Enteromorpha interspinlis by GC-MS and electronic nose[ J].
J Chin Inst Food Sci Technol ( {7 & 224k ) , 2012, 12
(7) :212-215.

Li W, Amannisa MMT, Xu JL. et al. Comparative analysis of
volatile components of different varieties of Porphyra hai-
tanens in different sea areas[ J . Prog Fishery Sci( ¥\l Fl2#
) ,2016,37(5) . 147-156.





