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Volatile and aroma components of Gynostemma pentaphyllum
( Thunb. ) Makino tea from five different origins
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Kunming Institute of Botany ,Chinese Academy of Sciences ,Kunming 650201 , China;
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Abstract: To investigate the differences in the volatile components and explore the aroma components of Gynostemma pen-
taphyllum (Thunb. ) Makino tea from different places of origins. Solvent-assisted flavor evaporation (SAFE) combined with
gas chromatography-mass spectrometry ( GC-MS) were used to exiract and analyze the volatile components of G. pentaphyllum
in this study. The peak area normalization method was used to calculate the relative percentage of each component. A total of
98 compounds were identified from five different origins of G. pentaphyllum tea,including aldehydes, acids, phenols, esters , ni-
triles , heterocyclic compounds, ketones , alcohols , hydrocarbons and their derivatives. 48,49 ,50,51 and 50 volatile compounds
were identified in G. pentaphyllum tea from Guangxi, Anhui, Hunan, Shanxi and Yunnan Province of China. Fifteen common
components were identified from the five samples, among which dihydroactinidiolide and ethyl hexadecanoate are not only the
common components, but also have high relative contents. Other main components include benzaldehyde ,octanal , (E,E) -2 ,4-
heptadienal , benzyl alcohol, benzeneacetaldehyde , ocimene, vanillin, ethyl dodecanoate 2 ,4-dihydroxy-2 6, 6-trimethylcyclo-
hex-ylideneacetic acid y-lactone , hexahydrofarnesyl acetone, isobutyl phthalate, dibutyl phthalate and ethyl stearate. The key

aroma components of G. pentaphyllum tea from five different origins all include dihydroactinidiolide, but there are certain
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differences in other key components, so the flavor of G. pentaphyllum tea from different sources is not the same. The aroma

characteristics of the volatile components of G. pentaphyllum tea were systematically sorted out by referring to related litera-

tures and aroma characteristics of the volatiles contained in them,which included " fruity" ," floral" ," green leaf" and " fat"

notes. This study provides a theoretical basis for flavor research and product development of G. pentaphyllum tea.

Key words : Gynostemma pentaphyllum tea;volatile components ; SAFE ; GC-MS
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Table 1 Sample source and name
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1.2 {FENF

AW B (384l 25 [E Meridian Medical Tech-
nologies ) ; C7 ~ C30 19 IE#4 bt 8 (€833 41, L[ SU-
PELCO 3w ) 5 5 7 4 Bl UK 78 4% 8 (D5 [ Ed-
wards /3 W HL25 5E) ;7890A-5795C BIAUAR (43 - B 3%
A (S EZHER A F]) s HP-5 (434 (50. 0 m x
0.32 mm x0.5 um, EFHZHERAF) ; DB-wax {4
F:(30.0 m x0.25 mm x 0. 25 wm, 3€ FZHE A
Al) o
1.3 R#EAZE

R PR B B WE 255 25 g, I Ak 1B 1Y 22 1R K
500 mL #1320 5 min J5 i 3§ , 75 vKOK UG 4 A
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w1 mL, T -4 CORAFE, MY TEEKR
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TG A B U8 EL IR, B U5 & 230 C,
PUBRATIR B 150 C, HLFREHE 70 eV, B L4
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HP-5 a5, B2 7 FHR & P R R 50 °C
%455 min, L 3 C/min 7+ & 190 C , {545 5 min, FF-
L 10 °C/min F+Z 250 °C, {545 5 min, 4547 4 0 B
]2k 67. 667 min; PEFERE 1 L, A 73, BN 4l
He(99.99% ) ; 2 it 1. 2 mL/min; % # 4E5R 10
min .

2.4E+07 4
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1.5 #ERMEHTEE
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Fig. 1  Total ion current chromatogram of volatile components of five different origins of
G. pentaphyllum tea (non-polar chromatography column HP-5)
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Fig. 2 Total ion current chromatogram of volatile components of five different origins of

G. pentaphyllum tea (polar chromatography column DB-wax)
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Table 2 Retention index and relative percentage of volatile components in G. pentaphyllum tea from five different regions

15 BB FIXF H & Relative percentage( % )
ﬂﬁ%% Retention index(RI) GX AH HN SX YN
Compound

HP-5 NIST DB-wax NIST HP-5 DB-wax HP-5 DB-wax HP-5 DB-wax HP-5 DB-wax HP-5 DB-wax
;ff Ji-3BE 1-Pemen- o) 686 1162 1158 1.009 0.925 - - - - - - - -
b o Do
WA2JRARE cis2-Pen- 500 260 1318 1311 0.605 1.032 - - - - - - - -
tenol
Z.% Ethylbenzene 860 857 1127 1127 0.100 0.533 - - 0.207 0.531 0.114 0.162 0.286  0.267
] = H1 2 m-Xylene 868 868 1137 1140 0.064 0.436 0.396 0.365 - - 0.097 0.251 - -
U4 2.k Bonoform 911 920 1497 - 0.817 1.433 1.837 1.874 3.230 1.503 - - - -
SEHIBE Benzaldehyde 959 961 1505 1502 0.337 1.572 0.349 0.335 0.686 1.385 0.266 0.368 0.347  0.444
FI BRI Sulcatone 984 987 1330 1323 0.179 0.511 - -~ 0.227 0.230 0.103 0.116 - -
1ESERE Octanal 1000 1002 1283 1289 0.119 0.154 0.285 0.221 0.437 0.120 0.276  0.101 0.222  0.193
(E,E)-2,4-B — I %
(E,E)-2,4-Heptadien- 1008 1008 1478 1474 0.313 0.681 0.751 0.956 1.398 1.602 0.343  0.532 0.232  0.266
al
I(w:?)'ﬁ%% DeLimo= 1 008 1037 1194 - 0.075 0.077 0.836  0.830 0.163 0.134 - - - -
JEHIES Benzyl alcohol 1032 1024 1855 1857 0.321  0.698 0.523  0.346 0.854 0.616 0.936  0.707 2.506  1.416
jjh%di% Benzeneacetal- 1 0 1055 1619 1619 0.501  0.850 1.289  0.894 0.851  0.608 0.596 0.441 1.649  0.768
W Ocimene 1046 1044 1247 1251 0.260 0.796 0.889 0.972 0.605 0.653 0.228  0.319 0.587  0.654
24 W HE MBS 2 000 1060 1944 1949 0.068  0.231 - - - - 0.350 0.610 0.810  1.052
Acetylpyrrole
(E,E)3,5-3 —452-
WA (E, E)-3,5-Octadi- 1090 1083 1554 1562 0.263 0.509 0.217 0.451 - — 0.425 0.401 0.383  0.393
en-2-one
T-/i% Nonanal 1101 1103 1385 1390 0.288 0.465 0.839  0.574 0.854 0.635 0.996 0.504 - -
7R Ketoisophorone 1142 1142 1670 1671 0.177 0.427 - - 0.781 0.270 - - 0.203 0.323
PR R O L A
Decamethyleyclopentasi- 1 150 - 1172 - 0.446 1.767 1.279 2.199 0.305 0.261 - - 0.400 0.274
loxane
2AZHHRMREZ,os g0 1703 - 0.061 0.206 - - - - - - - -

4-Dimethylbenzaldehyde
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%3¢ 2 (Continued Tab.2)
PRERFE %L FAXFE 4> ¥ i Relative percentage (% )
& Retention index( RI) GX AH HN SX YN
Compound
HP-5 NIST DB-wax NIST HP-5 DB-wax HP-5 DB-wax HP-5 DB-wax HP-5 DB-wax HP-5 DB-wax
et 2
2’3.¥121:JT K1 2, 1214 1219 2363 - 0.186 0.377 0.450 0.478 1.598 1.669 2.390 2.991 - -
3-dihydrobenzofuran
- N =y -~ - .-_
fﬁfﬁﬂ’*% Brlycloci- 1 )30 1223 1601 1598 0.140 0.404 - - 0.335 0.300 - - - -
T%Z‘%%Q*ME 1254 1261 2373 - 0.307 0.414 0.422 0.288 0.653  0.400 - - 0.461 0.288
Hi Methylvinylmaleimide
B 9 Bk I ofe 0
i 4-Methoxybenzyl al- 1281 1279 2248 2268 0.072 0.095 - - - - - - - -
cohol
T O R N RE AU e
Dodecamethylcyclohex- 1321 - 1 345 - 0.386 0.792 1.621 1.525 - - 0.579 0.137 0.633 0.238
asiloxane
8-Sk U5 BEBE 8- 359 1367 2209 2251 0399 0.612 - - - - - - - -
Hydroxylinalool
Z41% Z Wik Ethyl caprate 1390 1392 1626 1633 0.108 0.791 0.392 0.823 0.348  0.851 - - 0.329 1.211
24K Vanillin 1399 1400 2518 2520 0.255 0.655 0.315 0.694 1.230 1.263 1.395 1.288 1.472 1.438
+ % Dodecanal 1404 1405 1692 1700 0.207 0.822 0.625 1.330 - - - - 0.701 1.027
3_?;(%_3_%%*%% 3 1421 1431 2335 - 0.282 1.182 0.279 0.319 0.609 0.978 0.608 1.132 - -
Hydroxy-B-cyclocitral
a- 5% 22 a-Tonone 1429 1427 1825 1863 0.125 0.252 - - 0.192 0.184 - - - -
# 5 % Coumarin 1442 1432 2386 2451 0.140 0.165 - - - - - - - -
4-[2,2,6-=H 374
F " [4.1.0] BE-1-
HIS-TH2A-(2, yee 1488 1060 - 0.791 1.432 - - - - - - - -
2 ,6-trimethyl-7-oxabicy-
clo[ 4. 1. 0] heptan-1-
yl) but-3-en-2-one
2,6-ZFUT FE X
2, 6-Di-tert-butyl4- 1514 1514 1891 1902 0.368 0.297 1.165 1.254 - - 0.558 0.214 0.575 0.539
methylphenol
. . ¢ o
47‘%]\.3%4%?\]% bi 1542 1548 2283 2291 6.421 15.1243.420 3.587 7.769  7.467 7.624 8.416 5.804 6.118
hydroactinidiolide
2 ik ~
HEERR L TR Ethyl do 1588 1591 1828 1835 0.503 1.196 1.795 1.672 1.671 1.593 1.323  1.368 2.577 2.460
decanoate
1E+754¢& Hexadecane 1593 1600 1585 - 0.187 3.776 0.645 0.554 0.495 0.376 - - 0.116 0.823
(6S)2- Jk-6-(4-H
HE R ) 2-BE M4
( 6S )-2-Methyl-6-( 4- 1667 1665 2218 - 0.092 0.298 0.328 0.390 - - - - 0.299 0.466
methylphenyl ) -2-hep-
ten-4-one
2,4-" 832 .6,6-=
HEFRCE L8 y-H
v n: R
Fi 2,4-Dihydroxy:2, 6,y 7y g9y _ - 1.913  4.359 3.055 3.433 1.838 1.835 0.964 1.021 0.575  0.823
6-trimethyleyclohexyli-
deneacetic acid y-lac-
tone
AN S2 IR = =R
Octadecamethylcy- 1827 - 1 867 - 0.087 0.491 0.577 0.262 - - 0.186 0.202 0.183 0.331

clononasiloxan
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%3¢ 2 (Continued Tab.2)
R HE R FIXE 2> &1 Relative percentage( % )
& Retention index( RI) GX AH HN SX YN
Compound
HP-5 NIST DB-wax NIST HP-5 DB-wax HP-5 DB-wax HP-5 DB-wax HP-5 DB-wax HP-5 DB-wax
ffﬂfexahydmfam‘“‘syl 1847 1848 2104 - 0.097 0.286 0.616 0.539 0.376  0.495 0.397 0.658 0.651  0.733
At i — s — 1=}
AWM _FETR o) 1873 2511 2526 0.054  0.952 0.531  0.583 0.233  1.893 0.195 0.361 0.375  0.855
Isobutyl phthalate
TE+Juks Nonadecane 1896 1900 2082 -  0.245  0.074 0.523  0.448 - - - ~0.247  0.239
A e — 2y — %
AR T 1967 1970 2665 2578 0.107 0.195 0.986 0.701 0.378 0.295 0.209 0.156 0.489  0.403
Dibutyl phthalate
2 kel fi5y 7 1=
bt £ i 1991 1990 2237 2241 1.948 7.78512.471 12.9615.652 7.449 3.447  6.836 7.096  11.601
Ethyl hexadecanoate
P s b .
iifﬁﬁl@ﬂ Fthyl lino- s 2159 2505 2510 0.087 0.297 0.566 0.700 0.243  0.305 - - - -
Shiig 7 i i
zt‘eﬂmﬂéﬁﬁ Byl elai- 5 163 5174 2458 - 0.381 1.048 2.489 2.358 1.003 1.239 0.391 0.816 - -
7w | _
Ilé\@“zﬁﬁ Byl stea- 5 e 2199 2442 2455 0.080 0.405 0.577 0.656 0.230 0.461 0.137 0.479 0.277  0.659
Al Sl = 7 — =3
LR ECR =T - 2909 - 0.167 0.659 - - - - 0.052 0.103
Tributyl acetylcitrate
e = -
Z"zh%]@* Phenylethylb A==y 113 1887 1883 - ~ 1.060 1.055 3.772 0.209 1.833 0.389 5.574  6.387
#% Naphthalene 1185 1182 1707 1740 - - 0.178 0.3850.147 0.178 - - - -
ZE% Decanal 1201 1202 1485 1483 - ~ 0.258 0.459 - - - - - -
S5-¥ WO M BEOS-
Hydroxymethylfurfural 1222 1233 2467 2485 - - 2.559 2.264 - - - - - -
X R B p-
Hydsoxybengaldehyde 1330 - 2914 - - ~ 0.557 0.306 - - 0.560 0.229 - -
+ DUt Tetradecane 1394 1400 1392 - - - 0.117 0.147 - - - - - -
TE+ Tk Pentadecane 1492 1500 1489 - - -~ 1.280 0.302 - - - ~0.496  0.268
;nf OB Benzophe- y a i e 1634 - - ~ 0.248 0.353 - - - - - -
(0)
3-S5, 6-3F HB-E
%22 3-Hydroxy5,6- 1688 1690 2693 2739 - ~ 0.608 0.546 0.550 0.583 0.373 0.343 0.509  0.482
epoxy-B3-ionone
-\ Octadecane 1790 1800 1784 - - ~ 0.543  0.559 - ~0.274 0.423 0.480  0.522
UIHERA Caffeine 1857 1842 - - - - 2,005 1.902 - ~ 0.236 0.332 0.381  0.563
il 7 1=
B BB IR Methyl o0 006 2195 2200 - ~ 0.810 0.506 0.444 0.482 0.276 0.543 0.500  0.549
palmitate
=4k Eicosane 1995 2000 1982 - - - 0.669 0.559 - - - - - -
i'fn:*‘#ﬁ Heneico- > 004 2100 2082 - - ~ 0.613 0.487 0.357 0.173 - - - -
— %% Docosane 2193 2200 2181 - - - 0.439 0.373 - - - - - -
2 Furfuryl alcohol 852 852 1648 1655 - - - ~ 0.223 0.170 0.195 0.192 - -




Vol. 32 PR AR P M BB A A ) B SR A 1723

2252 2 (Continued Tab.2)

PRERFE %L FAXFE 4> ¥ i Relative percentage (% )
& Retention index( RI) GX AH HN SX YN
Compound
HP-5 NIST DB-wax NIST HP-5 DB-wax HP-5 DB-wax HP-5 DB-wax HP-5 DB-wax HP-5 DB-wax
X ZH 2K p-Xylene 868 866 1137 1139 - - - - 0.484 0.419 - - - -
2SRRI, 2:Cy- g - 1747 - - - - - 0.077 0.090 - - - -
clopentanedione
251 Phenol 978 981 1980 1987 - - - - 1.021 1.209 1.463 1.843 - -
PSR 1023 1034 1806 1830 - - - - 0.416  0.371 0.603 0. 604 - -
Methyl cyclopentenolone
4-HFE2 (5H) - i il
4-Methyl-2 ( 5H )-fura- 1 041 - 1849 - - - - - 0.286 0.419 - - 0.239 0.507
none
X H 5y p-Cresol 1072 1075 2056 2059 - - - - 0.492  0.290 0.692 0.619 - -
_/4A - 1= - -
-4 'alj‘]ﬁa 3-Oxo-4 1124 - 2023 - - - - - 0.188 0.422 0.311 0.178 0.068 0.044
hexanolide
KM Benzyl cyanide 1131 1145 1891 1927 - - - - 0.058 0.204 - - - -
T-fi# Nonanoic acid 1263 1280 2152 2159 - - - - 0.628 0.419 - - - -
1-Efififi| 1-Indanone 1282 - 1 968 - - - - - 0.172  0.200 - - - -
7 T Al -
4&%%@ﬁjj{%4 1311 1312 2162 2160 - - - - 1.003 0.717 0.875 0.867 - -
Vinylguaiacol
FLSL =M Megastie | o3 5955 - - - - 0.263 0.286 - - - -
matrienone
B ZE I Precocene I 1660 1656 2 378 - - - - - 0.460 0.385 0.466 0.410 - -
5 in L
& Q & LT Byl 1785 1799 2034 2040 - - - - 0.279 0.424 - - - -
myristate
2L MW 2Meth-gay g9 1059 1264 - - - - - - 0.019 0.118 - -
ylpyrazine
Pt Heptanal 901 899 1182 1185 - - - - - - 0.119 0.220 - -
SFAH % 4-Hy -
AFEIET R A-fydoxy- )y g5 - - - - - - 1.474  0.290 1.677  0.456
butanoic acid
2-LIOMIMIE 2 o5 g7 375 381 - - - - - - 0.623 0.046 - -
Ethyl-6-methylpyrazine
1TH-n mg-2-H fE 1H-
Pyrrole-2-carboxalde- 1006 1015 1993 2028 - - - - - - 0.305 0.532 - -
hyde
D-#% Mg D-Camphor 1147 1144 1499 1528 - - - - - - 0.585 0.661 0.643 0.716
2Kk Phthalide 1351 - 2 295 - - - - - - - 1.412 0.816 - -
9-ANRT MR L B 9-0x-
ononanoic acid ethyl es- 1502 1507 2 068 - - - - - - - 0.868 0.610 0.810 0.759
ter
9-Zj il 9-Fluorenone 1745 1752 2675 - - - - - - - 0.499 0.048 - -
T ¢ Phytan 1803 1809 1741 - - - - - - - 0.262 0.188 - -
2-CV I 2-Hexenal 851 850 1213 1248 - - - - - - - - 0.918 0.760
- ey =3 -
Ay T g7 g7 156y - - - - - - - - 0.736  0.456

Methyl-y-Butyrolactone




1724 KRR ST & Vol. 32
%3¢ 2 (Continued Tab.2)
1R ERSERL FIXE 2> &1 Relative percentage( % )
& Retention index( RI) GX AH HN SX YN
Compound
HP-5 NIST DB-wax NIST HP-5 DB-wax HP-5 DB-wax HP-5 DB-wax HP-5 DB-wax HP-5 DB-wax
IEC % 1-Hexanoic acid 976 981 1832 1827 - - - - - - - - 1.072 0.637
1E 27 1-Octanol 1068 1069 1550 1546 - - - - - - - - 0.641 0.297
FFAEEE Linalol 1097 1094 1539 1540 - - - - - - - - 0.220 0.259
1,2,3,5-g LK 1,
2, 3, 5-Tetramethyl- 1 120 - 1419 - - - - - - - - - 0.181 0.239
benzene
%A B A Y 5 T 1S De-
Hﬁﬂqﬂ?&m@,&mﬁﬂ De 1160 1169 1975 - - - - - - - - - 0.39%4 0.388
hydromevalonic lactone
1% Octanoic acid 1167 1178 2045 2045 - - - - - - - - 0.854 0.399
2,6, 11-= B+ e
2,6, 11-Trimethyldode- 1 491 - 1434 - - - - - - - - - 0.339 0.335
cane
2,6,10-= I L+ H e
2,6, 10-Trimethylpenta- 1 643 - 1610 - - - - - - - - - 0.272 0.240
decane
e =" TRNIZ RS AR (R I EOk JE T NIST Chemistry WebBook (http:// webbook. nist. gov/chemistry/) ,
H ) P g )
Note:" —" means that the component was not detected ; The retention index comes from the NIST Chemistry WebBook ( http:// webbook. nist. gov/chem-
istry/ ) .
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Fig. 3 The five different origins of G. pentaphyllum tea volatile component categories and the number of each category
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SEFFF 48 49 50 .51 F1 50 MEEH . HAANF=
ML A 15 DA W (R 2) , 40 5 2R H
IESFEE (B, E)-2,4-58 IamE R RO X
W LR AR ER IR O TR 2 ,4-
FRI-2,6,6- = HILIRC I 4R - PN i R R | 4R 2R
THR S THER A B R TR R £

TR XA I8 S DI T 4P
B AEIE T AEEE T AEE,

SR VA T AR — AR T3 25 3 R P o3 RO AR
o, AR AR 20 AR AR R RS AE X
oo o P iR R (B 22 PR RE A R, RS A
XA AR —, LU K2 R AT ARy, A T8
PR PU Az B A P BRI AR o e,
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A o DAFR 2 AT AR i A G A A
FEAR 3, HARR S SRR I B RRREIR O R A
WERE . )RS, S RERE N EYh =
SRRERE IS, HP-5 F1 DB-wax 19 Fft 62,335 K5 48 % 7
ISR 6.421% F1 15. 124% ; i F FE &
TRk T 75 5 f i, HP-5 Fl DB-wax 9 €8 355 4
AHXTE 53 & 153000 7. 769% F1 7. 467% 5 BEFH A
ARG P e B B =, HP-5 1 DB-wax 5 Ff
CIEFEAIXT A 43S =R 7. 624% Fl 8. 416% ;1
FEZ R SRR R £ TR 5 #2555 , HP-5 1 DB-wax
PP A A X 2 &% 55000 R 120 471% F1 12,
961% , 2= F FE b A HE R £ TR % 2 5 55 , HP-5 1 DB-
wax PR 35 A A X A 2 & & AR 7. 096% Fi
11.601% . BEVA L FR 32 248 1 A o1, T Pa A
MmEE R 2,4- R HE2,6,6-=F IR
B TR y- N TR B U AL U 2 e 572
FH AT R | B T R TR L2 ,4- 8 3k-2,6,6-
“HILACIL TR y-PIBE ; W R FE i 322 id
FEWE O (E,E)2,4-F8 il H 2R KL
B HEER RN 2,3- A R IR 2, 4- T R -
2,6,6-= AR LB LR y- N TR 5 PR VE A i = B8
OTIRAIFE AR O R A 2R 2,3- AT IR ; 5
FESAIFE R EE A 22 R R CEEFTR O
2.2 ZREEZMERSSEEIRNSKRE

A o i A ) SCRR, 615 21 ST M5 APy
SURTEE, Forh AH BERL 28 MBS Y, GX BEAh 35
MY HN B4 40 MEEY), SXREN 35 MES
Yy, YN KRR 31 AN E . den] W, HN B A R
AMENFE o AT LBOERE S B, BRI
iR AN B, b U A IR AR
MR W e AR o Ut P I A AR A A
AR A B A DR 5 AR R 2 1 B
A AR K W B R 2 mg/L
LE5 A UK B B FIAL & P AR X 55 &, )
AT VE LW 2 B 32 B R Ty 1T -3-
W RO 4-[2,2,6- = H B-7-4 4 — 31 [4.1.0]
BE-1-5E ] -3- T H-2-0 . — U5R M Bk 9 R 5 22 B
WA AN N (E,E)-2, 4-PF 06 BE
(+)-Frdis TR O R Ll SRR Y T 5 1)
FE LB A 1) T A UM (E E) 2, 4-58 0
e A2 2K SR P ; R P L B Y TR B
TR NE LR 2,3-T 0K IR | SRRk
N 5 25 P XL 2R A 2 O T RE I A 22 3R
KOWE SRR TSR] 2 B AR
FPAEARIR] 9 2 SOMr , 1A 25 A MR o,
HOR[F™ BB 2R ) UORAFAE 225 0 ARG STk
SRS Y RSN I, 2 AR b T P R R R
AEALFE KR L™ T R R Y

% 3 O A GRS P 9 A i

R, MBI R B AR

R3 ANMTFRFHEBREFERERSHSKBRNESEE

Table 3 Odor description and odor threshold of volatile components of G. pentaphyllum tea from five different origins

wEY

Compound

A
Odor description

K AR
Odor threshold
in water (mg/L)

2P ERIH
Odor threshold

in air (mg/m?®)

1-7% M5 -3 -1 1-Penten-3-ol
JIF-2- 1% 5T cis-2-Pentenol
2.2 Ethylbenzene

[A] — % m-Xylene

ZEHI% Benzaldehyde

FH 3L JEf - Sulcatone
IE2FH% Octanal

(E,E)-2,4-F " JilE (E,E) -2 ,4-Heptadienal
( +) 171545 D-Limonene

R HEE Benzyl alcohol

# 2B Benzeneacetaldehyde
W% Ocimene

2-Z LN 2-Acetylpyrrole

BE, G ED 0.358 1 _
IR, 03 ) 0.72 _
FEa k! 2.205 25 0.026
STl 1.1 1.3
R, wry el 3.5 (100 0.085
T < L, 7 0.05 0.018 89
Bzt 0.003 4 0.17
LR RS- 0.015 4 _
i , g 10 0.01010] 0.045
i 2.546 21 _
W B 0.004 0.000 6 ~0.00 12
A, T 0.03401] _
i (8] 58.585 25 52
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%233 (Continued Tab. 3)
~ PN K S P EIHE
fead 1%%175 Odor threshold Odor threshold
Compound Odor description

in water (mg/L)

in air (mg/m®)

(E,E)-3,5 -3¢ _4#-2-fi (E,E)-3,5-Octadien-2-one

T-f# Nonanal
25751 Ketoisophorone
2,3-FZRIFFENE 2 ,3-Dihydrobenzofuran
4R Z M Ethyl caprate
22 % Vanillin
-~ Dodecanal
a-4% 2 a-Ionone
ZH & Coumarin
Z ARk PIEE Dihydroactinidiolide
AR Z g Ethyl dodecanoate
SR — W2 — 55 T Isobutyl phthalate
FiAER 2,155 Ethyl hexadecanoate
IR 2.1 Ethyl linoleate
SR 2T Ethyl elaidate
+/\FR 2T Ethyl stearate
2% 215 Phenylethyl Alcohol
2% Naphthalene
Z&[% Decanal
ZXH i Benzophenone
KRR T Methyl palmitate
B Furfuryl alcohol
1% Phenol
H L BRI AR B Methyl eyclopentenolone
XiF i} p-Cresol
T-fi% Nonanoic acid
4-Z G FE ARG 4-Vinylguaiacol
A TREMR £ TG Ethyl myristate
2-FSEMEWE Methylpyrazine
Pt Heplanal
2-7,He-6-F Felk 5 2-Ethyl6-methylpyrazine

1 H-RH % -2 - FH 1 H-Pyrrole-2-carboxaldehyde

D-#% % ( R ) -camphor

2-CL 4% 2-Hexenal

IEE /& 1-Hexanoic acid
FEREEL Linalol

22 Octanoic acid

Ftifiil Hexahydrofarnesyl acetone
B-3¥r#5 1 B-Cyclocitral

£ 2 JVN il 0.10~0.15
T A e, D 0.001 110
AT B, ok -
XE?:?“” _
RAg12] 0.005
ko] 0.05316)
B, A s 0.014
S S 0.000 6
T, FEs] 0.011
A, B -
JiE s (12] 5.9
WIS E R -
N i L 2
Bl S -
Lt -
IR, TR R -
A, A, e 0.14
A 0.006 8
it Ao 0.07 ~0.46
o) _
B ED >2
Fp e 4.500 50
g B 58.585 25
PR 0.41501%
2l A kS 0.003 9
LW R -
AT 2] 0.003
gy 2u (2] 4
g g 118 0.06
A -
Je L1 0.04
ok kS 65
CLIS 1.36
Rt E 0.030
Frg e 3
Pide P A 0.0250
T, gt 19
Peffta k1 -
il 0.005

0.003 1

0.001 3
0.000 6 ~0.001 2
0.033
0.000 1

0. 000 007

0.012 ~0.021
< 1.6

0.002 6

0.022

0.000 3 ~0.001

0.002 8

1.9
0.26

0.004 7 ~0.010
0.002

0.005 1
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2252 3 (Continued Tab. 3)

~ PN K S P EIHE
Cfrcnuofji d O(l(}iﬁ?ﬁlion Odor threshold Odor threshold
P wserip in water (mg/L) in air (mg/m®)
4-H SRR e [12]
4-Methoxybenzyl alcohol At R 38 -
KM Benzyl cyanide fiE sk, =k 10) 1 -
4-[2,2,6-=HET-H A T[4 1.0 ge-1-3E 13- T
%'2'@13 [21]
4-(2,2,6-trimethyl-7-oxabicyclo[ 4. 1. 0 ] heptan-1-yl ) At 0.1 -
but-3-en-2-one
a-H 3-y-T N lE a-Methyl-y-Butyrolactone A2 - -
1,2,3,5-PUH % 1,2,3,5-Tetramethylbenzene e M) - -
IR SR O TR P 2] _ _
Dehydromevalonic lactone
2,4-— HIEIEH [ 2, 4-Dimethylbenzaldehyde ) - -
1-Efififl 1-Indanone KJE ks peps20) - -
4-FF2 (5H) -mk Mg 4-Methyl-2 (5H) -furanone F, mgl?) - _
4-32F TR 4-Hydroxybutanoic Acid L7 (28] _ _
3-F2H-B- IR 3-Hydroxy-B-cyclocitral FHE) - -
1,2-3 7% Ml 1,2-Cyclopentanedione fe 30 - -
XF ZHIZ p-Xylene Fpr2 0.53 0.6

=T RIRIZ A S RME AR A B AR AR IR T Sk, BB E R UR T SCHk A VCF Online W 3 ( hitps : //www. vef-online. nl/ VefHome.

cfm)

Note:" —" means that the aroma threshold of the component is not found ; Odour description is from literature , aroma threshold is from literature and VCF

Online websit( https://www. vcf-online. nl/VefHome. cfm) .

3 itig

ARG R SAFE $EHCT HAS AT 7= 1 28 i i
R R, i E GC-MS 8T B 45 R W
FAME i e F2 B AR S Sk PN R A AR R R
SR 2 1A A R] e AN [] 7 b 25 JBCiE 25 4%
K Wk B oy A7 F — 5 22 5. Blythe 255" fifi ] HS-
SPME/GC-MS > 3 [ %5 P4 P4 Lt JH &% B (1) 28 i ik 5%
PERNER AT T 40 A, R4S 1 20 s e v AT
FEr N B AERE(15.3% ) Kz (8.7% ) |
I EL BT (7. 8% ) \(Z) -3-C (7. 6% ) Fl a- %8
B2 (6.3% ) o MAEAR TG, A4S SR 254
s PRGN 28] 22 9 A I, HL S o K T SO i
AT R R = ST R oV IO e L R B 7 ]
TS P A gt v 57 0 1) FRY 356 i A ), e v i s R
(Z)-3-CRmMBEAE IR SR AR I Y . 5 B 40l S
HRAH HLER , S8 i 354 e e Lo A7 E 25 S M vl REAF

FELL RN ER  — SRR B AN e th T
PE R X AL FERSE I 3R, A48 0, R IR, %
A AR A= M AR AR BURS, LA B S A TR] = B
TSR] M B I #E AV IR A AE 2 57

TESETE R AT W) h  BER R ) R A
SR YARD B o W TP L 5 D B/
AR B B o R LA S e A P, BR2R AL S
W B e AR, A R S X Bl 2R A S
A —RETTHR. P SCRRIRE, R B (E,E) 2,45
TUREE KO SRR R AR B SR UL
B ARSI R FARE SRR LB R
Py AN o SRR B P IR R 2 e B XU
(RSB AL 22— , DR A T AN [ Ml X BBl b
AR R, T LI H 0 4 BB A URT AE AT T
Bk, LR B S Ul 2 — I B e
ity Tl A Tl A 3 AN (B 456 T
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AR 7= B e i 2% A A 4 1 AR X B i A A
AL RSN = M2 1 i AR A 5 BE R A R Y
KHF T, B BA TR SRR W FH ST
4 g

ARSI B BRI R KRR
VG 4 75 RIS PG T 1) S () 7= M 2 e 5% P4 e
BT IEAT T M8, 45 S 3R B AN TR R U 1) 4 M i 2% AL
A SAH R . AR P TR A RS [ 7 2 i
WA A SN oy, A B E S DTk TR AR
PEAN AN ] 7= i 28 B i A5 30 HAT MR I REIE AL A3 o
1318 R 2 4-[2,2,6-= 1 374 28 —3F
(4. 1.0 Be-1-J | -3- T M2 > ) VG 2 B i 4% oa ik
THEME AT MARE; (E,E)-2,4-5F 51,
(+)-Frih , R O DR OB 2 B I i 25 BT ik
T He W E G AT (E,E)2,4-58 0@
M A 22 ZON R R A TTk T IR IR A
B A 22 2K \2,3- T EUR I R g A B 7 2 I A BT
BR T FERAEE & 2R RO o aREAR
TUBK T & R AR o S A5 M A5 IR KU AR
£, HA Z MR ETIEL, TR 2B HoA R A =
N FHERT I K. RIE, ARBIF9E 0 &
AR T TR A 5% B8 T S, R S e 4%
HIF & IR AL T B AR R
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