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Table 1 Average content and range of volatile substances of different pantropical water lily cultivars

eSSl P EAS CAS* TREBEEL S (E L) /(ng/g)
Category No. Name CAS number Retention index  Average content (content range)
1 o- M a-Pinene 80-56-8 937 0.03 (0.00~0.28)
2 LR (S)-Verbenone 80-57-9 1205 0.20 (0.00~1.98)
3 a5 % 4 o-Tonol 25312-34-9 1390 0.13 (0.00~0.81)
4 ## M Carotene 16661-00-0 1381 0.22(0.00~2.76)
5 (+)-7-R-fEEwE (+)-7-epi-Sesquithujene 159407-35-9 1391 0.97 (0.00~6.40)
6 I -a- B F7 B cis-a-Bergamotene 18252-46-5 1415 1.83(0.00~14.22)
7 T4-B-%2% £ Dihydro-B-ionone 17283-81-7 1407 0.07 (0.00~0.78)
8y MM y-Elemene 29873-99-2 1433 0.41 (0.00~3.92)
9 %% a-Tonone 127-41-3 1426 1.38 (0.00~4.46)
10 - trans-a-Bergamotene 13474-59-4 1435 19.60 (0.00~85.20)
ek 11 JiEX-B-4 & W cis-B-Farnesene 28973-97-9 1444 18.98 (0.00~215.94)
Terpenoid 12 FJEPIE Geranyl acetone 3796-70-1 1453 0.12 (0.00~0.63)
13 45 W4 Farnesene 18794-84-8 1457 111.00 (0.00~443.38)
14 y- KBRS y-Muurolene 30021-74-0 1477 0.02 (0.00~0.41)
15 B-2 Wil B-Tonone 14901-07-6 1491 1.13(0.00~10.57)
16 JxaU-B-%% 40 rrans-B-Tonone 79-77-6 1486 4.86 (0.00~26.66)
17 S 2 -B- 1 FHH M 1rans-B-Bergamotene 15438-94-5 1492 7.03 (0.00~43.06)
18 FJfs Gingerene 495-60-3 1495 10.90 (0.00~42.60)
19 Bk B-Sesquicyclene 20307-83-9 1524 35.54 (0.00~180.32)
20 21 2545 Bisabolene 17627-44-0 / 0.37 (0.00~1.43)
21 FEAE B Nerolidol 7212-44-4 1564 0.94 (0.00~7.00)
22 D520 Kaur-16-ene 562-28-7 2041 1.23 (0.00~5.69)
23 %t Undecane 1120-21-4 1100 0.02 (0.00~0.52)
24 + =% Tridecane 629-50-5 1300 1.49 (0.00~3.75)
25 +PUsE Tetradecane 629-59-4 1400 2.24 (0.05~5.71)
26 + )% Pentadecane 629-62-9 1500 283.54 (4.39~584.63)
feke ks 27 7kt Hexadecane 544-76-3 1600 1.76 (0.05~4.31)
Alkane 28 Lk Heptadecane 629-78-7 1700 28.32 (1.06~77.89)
29  +/\%E Octadecane 593-45-3 1800 1.35(0.00~7.81)
30 T JukE Nonadecane 629-92-5 1900 14.75 (2.53~37.48)
31 % Eicosane 112-95-8 2000 0.02 (0.00~0.17)
32 Z-—%¢ Heneicosane 629-94-7 2100 4.31(0.00~9.94)
33 (E)-2-C J#ils (E)-2-Hexenal 6728-26-3 854 1.63 (0.00~3.95)
_— 34 PAEERE Cinnamaldehyde 104-55-2 1274 0.21 (0.00~1.31)
Aldehyde g5 (EV10. (BN 12 /Rl —ARE 69977-24-8 1702 1.87 (0.00~6.79)
E,E-10,12-Hexadecadienal
36 T-75W Hexadecanal 629-80-1 1817 1.26 (0.00~5.37)
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££3% 1 Continued Table 1
eSSl ¥ 2k CAS* TR %L R (B EHERED /(ng/g)
Category No. Name CAS number Retention index  Average content (content range)
37 -9~ 7S B cis-9-Hexadecenal 56219-04-6 1780 0.06 (0.00~0.72)
38 (E)-2-F/NHilk (E)-2-Hexadecenal 22644-96-8 1878 0.23(0.00~2.25)
39 (2)-9-+ )\BMilE (Z)-9-Octadecenal 2423-10-1 2010 0.13 (0.00~1.89)
40 +/\J# Octadecanal 638-66-4 2021 0.82 (0.00~2.66)
41 ZPRFBH benzyl acetate 140-11-4 1164 1.03 (0.00~3.84)
42 2R HHEg Lauryl acetate 112-66-3 1607 1.76 (0.00~38.59)
LR 43 SRHFRHER Methyl jasmonate 1211-29-6 1638 0.05 (0.00~0.48)
Ester 44 JEHIERRHER Benzyl benzoate 120-51-4 1762 0.63(0.00~3.57)
45  WEREREZ TR Tetradecyl acetate 638-59-5 1810 0.47 (0.00~8.55)
46 1-T7SBEREH ERTE Hexadecanyl acetate 629-70-9 2009 0.61(0.00~3.24)
47 JKHI I Benzaldehyde 100-52-7 962 0.76 (0.00~2.20)
i 48 JKH I Benzyl alcohol 100-51-6 1036 28.84 (0.00~82.56)
Benzenoid 49 K FFEE Anisic aldehyde 123-11-5 1250 0.72 (0.00~5.74)
50 4-HAR IR 4-Methoxybenzyl alcohol 105-13-5 1290 1.71 (0.00~6.23)
51 {&Ht 2% Edulane 41678-29-9 1314 0.02 (0.00~0.17)
52 + 4 1-Pentadecene 13360-61-7 1492 0.36 (0.00~4.46)
Wtk 53 6,9-1+-Ek ) 6,9-Heptadecadiene 81265-03-4 1667 248.15 (2.51~601.53)
Alkene 54 (2)-3-T7Hi (2)-3-Hexadecene / 1689 51.39 (0.00~282.10)
55 (2)-3-+-EWdii (Z)-3-Heptadecene 62026-26-0 1689 8.06 (0.00~97.71)
56 1-1JLkM 1-Nonadecene 18435-45-5 1892 1.35(0.00~8.39)
57 PAEERE Cinnamyl alcohol 104-54-1 1313 1.83(0.00~11.18)
=S 58 (2)-6-+ T (2)-6-Pentadecen-1-ol 68797-95-5 1480 0.12 (0.00~2.65)
Alcohol 59 1-+ PRz 1-Tetradecanol 112-72-1 1676 51.72 (0.00~247.81)
60 AFAHIHEE Palmitoleyl alcohol 10378-01-5 1863 0.20 (0.00~1.09)
[T 2A AT 30 AR AR IO ) OB 7 ik 18.98 ng/g) B iEF K PR CF 9 it

TEATEWI W2 b R A R B
(2 308.63 ng/g) , 4 & it Fe Ay 5L AR i Ff (23.80
ng/g) M 49.12 % . ¥R & BB A5 A (1000
ng/g) i BHE B RS AR O TR
CERANAL KT AR R T A R R B 0 H R
PR SR, I 2B I, 304 HAHY S
TP 2546 S 28 MR A, B LG R YA R R R
i, 8B 358, PRI A AR A5 Fl

& 3 AT, e ke e i 2R S R T A L D
B AR R AN e ke o L A, TR
ik 38.69 %0 HEERE Jd RIS A BA SRRHIE S
FLA R AR50 o0 7 R (B AR e , DRIk 2 289
AR B R AR SR 0T . s AL W AR AR T
A, {8 22800 o O (RIS, LB A VAR T 2 R
FRO T 200 ) B B S R R BT . iR
AT, ASAIF G 7 B S AN () 5 v G I il S A
Wazwh(RD, SR ERN /30 . Hi,
S E W CE &8 111.00 ng/g) R -B- 44 Wi

E

35.54 ng/g) JX R -a-F AT M (V-2 E & 19.60 ng/
g) M CEY &8 10.9 ng/g) S & s, HAE R Z
B AR . o TR B MR oy R BRI
FEAE R AT E] b 3 T, KRR At
P A7 50 5 w2 59, 29547 760.23 ng/ g,
b A R A 1/3 0

22 AEFAHFEBEERMESFER S STEM

R 5 &mMiEiE
SR BRG ) AR B S 1) ﬁ WY, 2t
SRR TE MR, L0 BE AR AT 19 AN SR M it (3R
2)@%ﬁsﬁfﬁﬁﬁ\m%ﬁﬁmﬁiﬂ2%@5%‘@%%
Yo Hrp OAVAE KT LI IES R Y A 4 70, A
R BRI Ry B4 22 S X -B- 55 %0 24 - 52 %
SRR AW . H, o 8T A AE 25 4 R e

A R 2], 4 A s T 28 A SR RGN 21, = 228K

S22 i Ff 1) T2 R SR B . 5 % 22 B2 ) o 4
U AR A, T <6 1 W00 M S RS0 R 7 B S Y )
A, DA I M A 2 R R R AR AR AIE . A, s
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Fig. 2 Total volatile content and volatile species of different pantropical water lily cultivars
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Fig. 3 Heat map of various volatile content of different pantropical water lily cultivars
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H-F- 2 OAV /N T 1, (HAE MR o3 i B P AT R BT 5% 22l e - B- 58 5 2 i 0 45 OO0 B 6 o 2
ko #ERYH S REGS bR AR H T ERRTTER N o Gl AR, R L B 4 R B
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Table 2 Main aroma active components of pantropical water lily cultivars
=2 Ea s SRIE M BY{E/ (ng/g) OAV I (Fr i )
No. Name Odor description Threshold Average content of OAV (content range)

1 S --4 % 24 1rans-B-Tonone Ty AR 0.007 21.014 (0~191.850)

2 a- 2% >4l a-lonone B A 0.4 3.672 (0~11.150)

3 B-46% >4 fifil B-Ionone B AHE 0.007 1.615 (0~23.680)

4 &AW Farnesene PR A 87 1.170 (0~5.096)

5 (E)-2-3%Jik (E)-2-Decenal hitta 0.3 0.876 (0~1.19)

6 2R Benzeneacetaldehyde R 0.3 0.598 (0~0.598)

7 A -B-4% 4 Dihydro-B-ionone & AE 1 0.446 (0~0.785)

8 a-JEMS a-Pinene LAY 2.5 0.114 (0~0.114)

9 AT Cinnamyl alcohol g 77 0.060 (0~0.145)

10 K FFEE Anisic aldehyde W A 27 0.055 (0~0.213)

1 FE 6 A Nerolidol & AE 10 0.051 (0~0.099)

12 M Styrene fliis 3.6 0.034 (0~0.050)

13 (E)-2-C 4% (E)-2-Hexenal HAF 88.7 0.018 (0~0.045)

14 7% H i Benzy!l alcohol At R 2 546.21 0.012 (0~0.032)

15 PR Cinnamaldehyde F 50 0.011 (0~0.026)

16 SEATIR T I Methyl jasmonate i 70 0.005 (0~0.007)

17 F LN Geranyl acetone BEF AFEF 60 0.004 (0~0.010)

18 LR g Benzyl acetate g 364 0.003 (0~0.011)

19 R Benzaldehyde AR 750.89 0.001 (0~0.003)

SR ARTR, CRPIHYEAE 3F Y OAV{E
B, VAR SORAB TR B A L At SRR S 2
A CRIRAAE B R R- R Lk
Ja-B- 5% LW OAVAE B, HA 3k W 8 A B A
iE o By Al BT S 4 A s OAV AR AE BT A i b b i
R, A X At % o EL A B B A ) S R 1)
o G B WM 2 B SR T P B i R I R R 2
— o RYEE R RGO S 3 A LRI A A B
HRT 200 ng/ g, AR HA s Rl B R 5 1 S HT T
K T B LA VAR RS R
3 W i

S 2 1 R 7K A 5 R, BE T 155 & K
SOBH MR AESS RGN B RE R 2 ) R
o HEEAE  EAT U PSRRI TR, AR DT BT
o LR T T SO A B AT A D
(455 AR AR 1L, R SE () 0 T o2 Ll 5 , O R
o 18y 355 75 R 7 35 T R 2, Wi A ) 24 T e 3 A ™
0B

AT T LA M AR AR BT )12 BT ARG B S
J& AR AP A AR, R HS-SPME-GC-MS 3 A H6:
I 25 M 60 FhHE R, o+ ke L6, 9- 1 Lk —
Wi 4 B WO 5 O R R S B 1Y 32 SR RN

S, G T IR AR T A [ AR fl A B
I ZE B . BRSO X R AR I
A PR R S T A A 45 R s T ke L6, 9-
Bt M AU R RS T Y R AT

WA TR OAVAE, AT IR 1 MR35 1Y FRAE S
YA TS o- 5% 241 B4 4 A -R- 51 22
A N4 XM o 42 2R IR OAV HAEREAE™
FrE 0 Ay SIS A 2 222 857 .4 942, S ik vk 75
WM EBEEFEINGEY R Z — 5HE RIS
L, B S22 v Y ORI PR LA A 2 T i A R D
OAV {H AL, A I B 322 119 B0 A4 7 SR AE O IR AN o
[, OAVAE 7R , TR K B R A IR ) R H
GER) IRHEE (A IR AR & k) 4 i A
B9 %6 5 1) B S 7 S 22 e AR v A A
AT, AT REXT BESE A ™ A= TRk AN o

AT i OAV AH HL B & R R 25 5, i %
CRPLFEE RS B S CE SRS AMMER
AR, Hrh R R BRYE T AR A
FAHAR; B S w A 3RS 2L
KYEFEE, MERER L Ba  RPr e #
B 3™ St A A WO B AR B, AR T R O
R &, B TANR R EE K, R TR
PRIEORAFAE O FE S B S AT REAEAE TR, B0



% 33

SRAKEE A )R RS 4 A 25 ORI RGN B DG R 5 e it o T 2

237

-2 %2~ «-Tonone

o 12}
= *®
S 10t
>
< 8t
A ©
@m0
>
< At
o
oL
0 . 7
LB LN KLYG  HAfis
Others
fi i Cultivars ers
- B -4 W 240 trans-B-Tonone
2500 oo
3
2 200F
=
>
<>< 150F
o
P
C SN 100F
<
@)
50
0 y
LN HIG LSWD HoAty
Others

i Cultivars

40r B -4 %4l B -lonone

» 35
=
= 30p
>
<>t' 25
B
S 20
Fe
> 15F
S 1o
5+
)
YXIYG BNM DB I
Others
i Cultivars
&AW Farnesene
8r
o *
=
= 6f
g
>
<
D O af
Hm
>
S 2t
(\

FZ KLYG LN  Hfp

Others
il Cultivars

R A3 I RTE 0.05 F10.01 K- 2253 3 . * and ** indicate significant differences at 0.05 and 0.01 levels, respectively.
4 AMBEREEYRERRE S HEEE R OAVELLE

Fig. 4 Comparison of OAVs of four aroma active compounds in different pantropical water lily cultivars
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Detecting volatile aroma substances and screening elite
aromatic varieties in pantropical water lilies

WU Qiuxia', YI Qixian*, CHEN Xi*, FAN Xibei*, TANG Xinyan*, WANG Jingyun®,
YIN Mingxuan®, ZHENG Riru*, CHEN Shenghong', YUAN Huihong'

1. Zhejiang Humanity Landscape Co. ,Ltd. ,Hangzhou 310029, China;
2.National Key Laboratory for Germplasm Innovation & Utilization of Horticultural Crops/
College of Horticulture & Forestry Sciences , Huazhong Agricultural University, Wuhan 430070, China

Abstract The headspace solid-phase microextraction combined with gas chromatography-mass spec-
trometry (HS-SPEM-GC-MS) technology was used to detect volatile substances in 30 common cultivated
varieties of pantropical water lilies to detect the volatile components, identify the aroma active substances,
and screen the excellent aromatic varieties of water lilies. The results showed that a total of 60 volatile com-
pounds were identified in the 30 varieties of pantropical water lilies, with seven compounds including al-
kanes, alkenes, terpenoid, benzenoid, esters, alcohols, and aldehydes in descending order of content.
Among them, alkanes and alkenes were the categories with higher content, with an average proportion of
42.43% and 28.61% , respectively, but they had no obvious odor characteristics. 19 active substances of
odor were further screened by the odor activity value (OAV ). Among them, the characteristic substances
of odor that can be perceived by the odor activity value (OAV>>1) were all terpenoids including a-ionone,
B-ionone, trans-B-ionone and farnesene, among which ionone endowed water lilies with woody and sweet
fragrance, while farnesene endowed water lilies with apple and typical floral fragrance. It is indicated that
the five varieties of water lilies including ‘Blue Bird’, ‘Kara Sunshine’ , ‘Golden Country’, ‘Ruby’,
and ‘Pink Diamond’ screened based on the odor activity value are potential elite varieties for landscaping
use and processing product.

Keywords water lily; volatiles; aroma active compounds ; HS-SPME-GC-MS; cultivar selection
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