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Abstract: In this study, headspace solid phase microextraction (HS-SPME) coupled with gas chromatography-mass
spectrometry (GC-MS) was used to determine the volatile flavor compounds of sundried Ulva spp., including U. prolifera
collected from Xiamen (sample X), U. linza collected from Yantai (sample Y) and U. clathrata collected from Ningbo
(sample N). A total of 61 volatile compounds including 19 aldehydes, 9 ketones, 6 alcohols, 8 acids, 3 esters, 2 sulfur
compounds, and 14 other compounds were detected. The content of sulfur compounds was reaching 40.39%~58.09%.
Meanwhile, relative odor activity value (ROAV) and sensory evaluation were employed to identify the aroma active
components of Ulva spp.. The results revealed that dimethyl sulfide (onion, garlic, sulfur) and S-ionone (violet, floral) were
the key aroma active components of dried Ulva spp.. Besides, dimethyl sulfoxide, 4-methyl-3-penten-2-one, benzaldehyde
and 5,6,7,7a-tetrahydro-4,4,7a-trimethyl-2(4H)-benzofuranone were the important aroma active components of three Ulva

spp.. Among three tested Ulva spp., sample N contained the most abundant volatile compounds especially in aldehydes and
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ketones, and (E)-2-butenal, (E)-2-octenal, (E)-2,6-nondialdehyde and 1-octene-3-ol were considered as the key volatile

substances. Aroma active compounds including 4-ethylbenzaldehyde, (5Z)-1,5-octadiene-3-ol, and 5-methyl furfural were

only detected in sample Y, which might correlate to its unique green and fruity flavor. For sample X, the sensory analysis

reulst revealed significant fishy smell (P<0.05) as compare to other two Ulva spp., while sample N and sample Y were more

inclined to more floral, fruity and fatty green flavor. These obtained results would help to obtain more information of the

volatile flavor compounds of Ulva spp. and for further Ulva related product development.

Key words: Ulva; headspace solid phase microextraction (HS-SPME); gas chromatography-mass spectrometry (GC-MS);

volatile flavor compounds; sensory evaluation
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Fig.1 Category classification (A) and content (B) of volatile
components of three Ulva samples
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Table 1 Volatile components of Ulva detected by HS-SPME-GC-MS

75 &Y Rt CAS% PR MR R
TR EZA0 X Y N
1 1-2F45-3-1iE 1454 1456 3391-86-4  CgH,O 12821 - - 0.58+0.06
2 T 1603 1618 15356-70-4  C;oH,0 156.27 - - 1.12+0.10
3 (52)-1,5-¢_Jf5-3- 1488 - 50306-18-8  CgH,,0 126.20 - 0.65+0.07 -
4 2,6- - H B O 1599 - 5337-72-4  CgH,O 12821 1.12£023  1.98+0.21 -
5 3-%4H-1-B 1644 - 51721-39-2  CjoH;s0 154.25 - - 0.55+0.04
6 3-FL-3- IR -1 1659 - 53783-91-8  C,H,,0 112.17 - 0.60+0.02 -
7 (B)-2-T Jl¢ - 1037 123-73-9 C,H0 70.09 - - 0.42+0.01
8 CLE - 1083 66-25-1 CeH,,0 100.16 - - 0.47+0.02
9 2-9-4-( =5 3 ) R P - 1209 763-93-9  C¢H,,0 98.14 - 0.64+0.01 -
10 PR 1182 1186 111-71-7  CH,,0 114.19 - - 0.29+0.01
11 (B)-2-CJliE - 850 6728-26-3  C¢H,,0 98.14 - - 0.40+0.02
12 (B)-2-BHiims 1336 1334 57266-86-1  C;H,,0 112.17 - - 1.13£0.09
13 T-mE 1323 1390 124-19-6  CoH,s0 142.24 0.39+0.03 - 0.34+0.03
14 (E,E)-2,4-C ZJsfik - 1414 142-83-6 C(HO 96.13 - - 0.41+0.02
15 (B)-2- 4 1443 1434 2548-87-0  CgH,,O 126.20 - - 1.07+0.14
16 (E,E)-2,4-B& I 1472 1497 4313-03-5  C;H,,0 110.15 - - 0.55+0.02
17 AR 1531 1515 100-52-7 C.HO 106.12 1.03£0.11  1.65+0.26  2.94x0.43
18 5-FH BEnk i - 1570 620-02-0  C.H(O, 110.11 - 0.55+0.11 -
19 (E)-2,6-T- 8% 1732 1715 17587-33-6  C,H,,0 138.21 - - 0.29+0.01
20 B-AFTRERE 1596 1590 432257 CyH;0 152.23 - 0.83£0.13  0.54+0.04
21 2,3-4-2,2,6- =W RER 1616 - 116-26-7  C,(H,,0 150.22 - 0.49+0.03  0.43%0.01
22 [ 2R — F 2321 2341 626-19-7  CgH(O, 134.13 - - 0.52+0.03
23 A4-Z KR 1777 1730 4748-78-1  CgH ;O 134.18 - 0.35+0.02 -
24 2,5- " HI SR 1758 1705 5779-94-2  CoH,,O 134.18 - 0.43+0.02 -
25 TS 2184 2137 629-80-1  C;¢H;,0 240.42 0.34+0.01 - -
/e
26 aivi - 1460 64-19-7 C,H,0, 60.05 - 0.73+0.04  0.35£0.01
27 iR - 1508 79-09-4 C,H,0, 74.08 - - 0.390.02
28 2- NI - - 79-10-7 C,H,0, 72.06 5.84+0.37  19.1042.63  4.45+0.28
29 Az - 1849 142-62-1  C¢H,,0, 116.16 0.29+0.02 - 1.10+£0.09
30 R 1412 2819 1002-84-2  C;5H;00, 242.40 0.75+0.03 - -
31 P75 2849 2899 57-10-3  C;¢H3,0, 256.42 1.31£0.15  0.27+0.10 -
32 FrARINTR 2922 2960 373-49-9  C,¢H;,0, 254.41 0.29+0.01 - -
33 SRR - 1679 503-74-2  CsH,0, 102.13 - 1.13£0.08  2.12+0.33
[{EES
34 AR - 813 67-64-1 C;HO 58.08 1.65£0.12  0.7120.13  0.93+0.07
35 4-F -3 -2 - 1131 141-79-7  C¢H,,0 98.14 14.25+0.53 15.91+1.01 20.26+1.28
36 6-FF Jik-5- P -2- T 1352 1341 110-93-0  CgH,,0 126.20 - 0.41+0.01 -
37 4-FRHE-4-FI B2 - 1351 123-42-2  CgH},0, 116.16 2364022  2.08+0.18  3.15+0.63
38 (E.E)-3,5-3¢ —J-2- M 1535 1570  30086-02-3  CgH,,0 124.18 0.33+0.01  12740.14  1.54+0.23
39 ] 1642 1627 98-86-2 C4HO 120.15 - - 0.30£0.01
40 o- T 1826 1863 127-41-3  Cj3H,,0 192.30 - 0.40+0.01  0.85+0.03
41 BRI 1927 1953 79-77-6 C3H,,0 192.30 0.31£0.01  1.4120.06  1.09+0.51
42 4[22%:1%%375; Py ;g [4.1.0] 1932 1967  23267-57-4 Cj3H,0, 208.30 - 0.54+0.01  1.13+0.24
fifzk
43 | PR 1487 2028 124-10-7  C;5H;0, 242.40 5.11£0.35  0.33£0.01 -
44 AR N TR 1166 2325 15356-74-8  C,;H,(0, 180.24 0.50£0.01  1.10+0.14  1.11£0.20

1-(1,1- 2. 38) 2- /1 31,3+
45 ( :;;qu]gm;;ﬁg [ - 74381-40-1  C,4H;00, 286.41 - - 0.72+0.06
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TEME ZHAd X Y N
TEALE Y
46 W LR - 777 75-18-3 C,HS 62.13 57.52+1.23  41.96+227 38.66+2.31
47 ZHIEEEIR - 1553 67-68-5 C,H 08 78.13 0.57+0.02 2434021  1.73+£0.24
ERNEY
48 2-Z,F-3-FR BN T4 Tk 0 e 2286 2260 20189-42-8 C,HyNO, 139.15 - - 0.74+0.06
49 N-F 5~ TH-BRME-5- 2, Bk e - - 673-50-7  C¢H;|N; 125.17 - - 0.30+£0.12
HoAt
50 B0 1692 1600 140-66-9  CH,0 206.32 0.28+0.01 - -
51 2'“’1'*33%7;%;'4'“*%%)' 2021 - 52184-13-1 Cp,H,,0 206.32 - - 0.46+0.03
52 HAA 1719 2127 77-53-2 CsH,0 222.37 - - 0.40+0.01
53 + =k 1200 - 112-40-3 C\,Hyq 170.33 0.44+0.03 - 0.700.01
54 AR - - 1115-07-7  CsH;;B 83.97 0.260.01 - -
55 =k 1319 - 629-50-5 Cy3Hyg 184.36 0.30+0.02 - 0.58+0.02
56 +pude 1410 236 629-59-4 C,Hy 198.39 0.91£0.02 - 0.75+0.06
57 ke 1500 - 629-62-9 CsH;, 212.41 0.30£0.02  0.27+0.01 -
58 RIVAYSH 1639 - 544-76-3 CgHsy 226.44 0.30:0.01 - -
59 8- L 1816 - 16369-12-3  C,;Hy, 238.45 32540.14  0.49+£0.02  3.05+0.31
60 e i 1555 1100 1700-10-3 CeH), 108.18 - - 0.82+0.11
61 ks - - 111-02-4 CyoHs 410.72 - 1.2940.12  0.28+0.05
N 37 B & M R A ARG E— 25 U 53 BT (58 2) .
AT~ Hrp, A 2 Al ROAV>1, W ELEREERN p-42 %
AN 2, FEWTIZ 2 Rl A e £ XUk STk . Ut
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Fig.2 Wayne diagram of volatile components of
three Ulva samples
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B RS S E i — 35

222 I EY) BRI G W) B EALFEREIS M
RS, K Z A FIRE IR (PUFAs)iliid H & fbok
BB A TR =, Ratye b B AF U L&
P, FEREHY 61 MBS, HA 19 RIS 9
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Table 2  Flavor characteristics and thresholds of part volatile components of Ulva
5 I FEMA® SR B (mg/kg) = R N
/‘ﬁ\ WL t{:}%
1 T Lk 2746 BIGR BOSE . Bk 0.00012 100 100 100
2 ZHIESTEI 3875 TR A - - - -
[UEES
3 4-F 331 -2- i 3368 [ S AN A o 0.07 0.04 0.07 0.09
4 6- 1 5-5-Pesfi-2 -1 2707 RHAG L o | WG | R 0.068 0 <0.01 0
5 KT 2009 T AE . RE 0.065 0 0 <0.01
6 a- 5B 2594 N N 0.00378 0 0.03 0.07
7 BT 2595 BE A 0.000007 9.23 57.61 48.33
W2
8 (B)-2-T Jits 2219 T EHE. R 0.0003 0 0 0.43
9 (AL 2557 R RER 0.005 0 0 0.03
10 B 2540 JEWi . fittaE 0.0028 0 0 0.03
11 (B)-2-C i 2560 &L 0.11 0 0 <0.01
12 (B)-2-Biiits 3165 A Ak 0.051 0 0 0.01
13 T 2782 5T N RN s 0.0028 0.03 0 0.04
14 (E,E)-2,4-C fh 3429 At HA . WS 0.0018 0 0 0.07
15 (E)-2-F 4 3215 TEE R R 0.0027 0 0 0.12
16 (E,E)-2,4-B& —Jsi 3164 HAr R R 0.057 0 0 <0.01
17 A 2127 SLR 2 N 0.75089 <0.01 <0.01 <0.01
18 5- FF Lk s 2702 [iENER Y] 1.11 0 <0.01 0
19 (B)-2,6- % 3766 B N 0.0005 0 0 0.18
20 B-IRFTERE 3639 RN S 0.005 0 0.05 0.03
21 4-CHIR R 3756 [N ] 0.013 0 0.01 0
(SN
22 2,6- " HIFLIACL - BrEfk . Rk - - - -
23 1-F4-3- 2805 B H R R 0.0015 0 0 0.12
24 A L 2665 BTN R/ 0.13 0 0 <0.01
25 (52)-1,5-3¢ - 4f-3-Iet 4732 R 0.01 0 0.02 0
[ives
26 2- AR - - 0.27 <0.01 0.02 0.01
27 LR 2006 BRI . EF . R 0.013 0 0.02 0.01
28 3] 2924 FRrY . £ Rl 2.19 0 0 <0.01
29 A7 2559 FRRY. 21 RE . Bl 0.89 <0.01 0 <0.01
30 QRS 4334 - 10 <0.01 0 0
31 RV 2832 JEWT . B FLL >10 <0.01 <0.01 0
32 R - - 0.5 <0.01 0
33 S 3102 B, 2+ & 0.49 <0.01 <0.01
B
34 +PamR e 2722 REli . SR - - - -
35 AR P TR 4020 B AF - - - -
HoAt
36 8-t+-Ehiks - KA - - - -
37 HIA 4503 AR, BEH ., B - - - -

: a: FEMA, 358 &R AE K i & % 14 (Flavor & Extract Manufacturer’ Association) X} &R 45 be $5 & M4 XURAFAE, A8 1 2 http://www.

thegoodscentscompany.com/search3.php.

FhERZSAL G o, -5 2R ROAV>1, 3
HXTWFERE SR I R XU BTRREE A, SR 5 SR AE
TERRALG Y, 7ERRSD X, Y. N BHAY ROAV {HS5IN
9.23, 57.61 Fil 48.33, B-8WEIAAFEMIED 20T,
FBHEFAAAR. E2FIESR, BEYEAEERE A WEZ
BT BT, A R F el 207w AP, 5
A, IR EAT RS 22 F R AR a- 55 2 i,
wl R 2], 5 I AR TR Y(0.40%) FIAE & N
(0.85%)H (3£ 1), FERTANIIGEH, p-E P EHF o-

58 it AFAE T R & b, BLIFRE S-S B &
HERS T, RPEE UBRSE MR R0 S5 41, X i
Foe e FLAE 3 FPORE S v RS 0 381) 1) Tl 2K 4 Jo 2 4-HH
H-3- 8 -2-1, Z ARG IR X, FES Y FIRE
N FAEFEES AN 14.25%. 15.91% F120.26% (K 1),
4- P 3-8 -2- i HLAT A= i sl 14 = S ek L R
8, BB NIRRT IR AZ (35 2), fHH ROAV {HIE/)
T 0.1, XHHEARRUBRALL TS M4 /)N

SHTEEIAES Y, FEALE N A0 14 FREE, A2 Y P
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A 7R, WA X PR 3 A, MAFE 1. 2 AT ULEE
ih N A EAT RIS =E 5 H S ECE S, ROAV {HL
HiE . — R, IS HAA B 5 A AR
MRS, B O AN AN BE 1Y 22 33 1 T A
WA, b, (B)-2- TR (EE ., F&F. FH).
(B)-2-2E e Qe . AR B8 . (B)-2,6-T- 1%
G IO ERES N AR XU AT IR 419
EMIVERH(0.1 < ROAV < 1), H: ROAV B354 0.43
0.12, 0.18(5 2), NFES: N AUSCERIE TR W .
3 PP B ST AL A A PR R R (R
IR, AT BN N(2.94%)>Y (1.65%)>X(1.03%),
{H ROAV (HAS &, Z AR SRR S 24 /N, 7E
LT TR, AR SRR 0.38%,
ML 5 P2 = 2] 2.99%, HENEMH P EEmNEH
5. BRI AR AL &, Gead NG &5 A A= A, %
fi S M=) Z TRl 2 A B AR, AN 5 Fid b 2~
[B] ) SEPIFE I7 )3 . Strecker [EfHEESE, oA & Fh HLoA 45
EREFIRMIIEZS . S-S AR S, Y AR
N o, 0] DL N HEART A 38 nEaZ , 12 ot 2 5 e
FRFNZEEHEE N 2SS EZ A EAR, s
WEEY HR 0 BRI HH R, BRI Z AN, BEAL Y BEA
P 4- 2R FR IR B e J8%, 5- B B 47
B, WSS T R 2 PRI B P BRI
SRS SIS FEAS R, (I, E
BARHR EE T BT ke e PR, 1T S HAh XUk s b
[FE, A E e R AL T o = w Xk, A B P
AR (R . BB E . W A6y A&
FIEH ),

223 FERAGY) EERAGYATREE BB
B TR 28 SR A 53 A2 i A BR A SR AL B e T
AR 3 FpRE SR, SRR 6 PRI &Y, 7
AREHERFES P ESR R, A Y RIS N 45
A 3FHARHE (R 1) ERIAGY— B
N, HATHEY) A, Xk e s A RAT 54T 252 el
Hrp, ROAV {H>0.1 AN 1-74a-3-15, HIekEE N Pk
B, AR N XU B e KA BTk, 1-
Jei-3- T S 44 P i e, ELAT P 0 A L T o R A
MG 2), T R B el 2 R, O
Rt S a R B T A R R, 54
PRI EIE O AR N PR, AT S 1.12%.
TERES, X v AT 1 Al B 2,6- I SLER U, i1k
AWFERES Y PAFEAE H AR XSS B, (BRI
) ME, TCEETTE ROAV . [HiZW)R) IZ fE4F
K= R, SRV BRI BT S I 2 —, R S5 e
MK AR A PR AR SCEE . FES Y R —
B B IR g (52) -1,5-7F 203, fhiAe S, Y
ZT L2 B MR B (R 2), AT, (52)-
1,53 -3l LSBT iy & b &R B, TAFE T

TS e,
224 RZEIEY WE BT fessiE—2F
AR A VLR, FRASILG W) — AR E A RIS

BRo 3 FCANEIG & I E] 8 FhiR, ArA P mAERMEAE
D ELTR, TTBESRAHICHE R AR T /KARAR S T iR, 1X b
iR Al BE i B PR AL T IS BT . FLASL . W . R EERR .
R RAT A, o 2R iR R = F e H =
B, AR Y TAEXT SRR E T 19.10%, LIS
THES X(5.84%) Fl N(4.45%) ., SRR EAA 210k
M, RS Y (1.13%) R AAEAH & B AT AR &
N(2.12%), B AL B 76T H1Wr & vh R iz m >,
Fedh X PR HER . TSP REE R (3R 2)
AR B B AN (R 1), B X XU 1149 5 i 4 ) 4%
/N FTETRIMEEYH) ROAV {HI/NT 0.1, FIA]
LIRS S5 - H 2 04 B A XU S M AN R
2.2.5 BEZERIFAMEY) ARSI & s
RAEY) AR, Horh SR N BEFE 3 AR S T
Vi B, BAA R . ARERR, A TS
JR Tk A 5 EE N FHAER Y, 2Z A B 285y
SR R XU Tt 2 — P2, - DR
TRAEIT . BREASE., H M BLERRT X AR Y
HAERER X A X & 5 (5.11%) 3G & FRES Y
(0.33%) o FERESS N AR EIFAANR, 7T ir &1 Es
AT BRHA. BEEAIRRGER 2) . 1BAh, 8-T-Edaiek
TG AT AR IE R A, ZE AT . 252 41 B3¢
R ARSI 1], HOR R S AR i — b2 E B )
JT, VB AW AE B3R AT T AR B — 8 i AE PO,
{HIX S G iR TR AR BB SEAE O R B, T 2Lt T
JE ST, X UK 14 S0 75 B P —2E 43T o
23 AEIFEEAMR7TZEFH PCA 1
FERSTHT(PCA) E—FhZongei bR, v
JHTF R i) S AR 42, e R En LR fh
FEHER T REZ LR R B B . ANRIFEFER R T2
S PCA S3WTEERILAE 3, Hidr PC1 TiskEHN 61.48%,
PC2 TIMkEEN 32.12%, Pis BT DiHkERIAF] 93.60%,
FEEARTPHA AT ES TR LLIX 51 3 PPN FEIFE AR o
M 3\, X, Y. N BATEH W 5085, AR N JR4E
e T 7 X, FEAR X RAEAEAE T 5 X8, mikeAs
Y SATAELE U7 IR S-S T RS B AR S
FErmas R R 1 ME DRTRUAE, B85 X &t
AR E R Z, ik 58.09%, THFEM Y HT N 43
H°A 44.39% 1 40.39%, EZEIALE Y —H R
Bk (X: 57.52%, Y: 41.96%, N: 38.66%) , X LA [&] 3
BER eSS B —EES . —REHifL
BYEAEE ANRRE, IR A, HATRIRAY SR EIE, ki
U T, BRSO R g /K b P 2] < g et
LT PBRASE SR, B S TR iSRS AN AL
bR 255, AR X B 2R, FAA Y
HH S T B RRSIE ) IT, HARXT Sk 21.23%, 4551
B 2-TRIEIRISEN T 19.10%, MiFRZEY)BAERE S, X F
N HFAEXTEE R 8% Zifi. Bi 2-DNkatRsh, HALER
FEFE IR (Y: 1.13%, N: 2.12%) . E.lR(X: 0.29%,
N: 1.10%) . Z 2 (Y: 0.73%, N: 0.35%) . N2 (N:
0.39%) % (3K 1). IEMISRIRIE, FEM S E /D ENIR
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Fig.3 Principal component analysis of the three Ulva samples
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Fig.4 Odour attribute radar map of three Ulva samples
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