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Analysis of volatile components of Rhododendron fortunei
at different flowering stages by HS-SPME-GC-MS and PCA

ZHANG Chenfei, XIE Xiaohong, WANG Qinghao, WANG Wenjing,
WANG Jinyang, XIE Yu, WU Yueyan"

( College of Biological and Environmental Sciences, Zhejiang Wanli University , Ningbo 315100, Zhejiang, China )

Abstract ; This study aimed to determine the volatile components emitted of Rhododendron fortunei in different flowering

stages by headspace solid phase microextraction-gas chromatograhymass spectrometry ( GC-MS) as well as principal com-
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ponent analysis (PCA). A total of fifty volatile components were detected throughout the whole flowering stages, which

were mainly phenylproanoids/benzenoids, terpenoids, alcohols, aldehydes, hydrocarbons and others. The principal com-

ponent analysis of twenty-nine major volatile components was carried out, and the cumulative bution rate of the two prin-

cipal components was 88.545%. 3-myrcene, B-ocimene, copaene, isoledene, eucalyptol, ylangene, epi-bicyclos-

esquiphellandrene, cyclohexene, 4-ethenyl-4- methyl-3-( 1-methylethenyl ) -1-( 1methylethyl ) -, (3R-trans ) - were highly

positively correlated with PC1. The contribution rate of the second principal component is 31.455% , and the effect of Eu-

genol is the largest and highly negatively correlated. These components are the key aroma components of Rhododendron

Jfortunet flowers. Of the nine highly related components, terpenes accounted for seven species. Therefore, the terpenoids

were the major aromas constituents for Rhododendron fortune.

Key words: Rhododendron fortunei ,different flowering stages ,volatile component , principal component analysis( PCA)
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SPME ZE SR, DRUEZE BUAT 2 X = 5 AL S 46 % 1Y
B S B U 00 B AR (B SE AR AR 2017)
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Fig. 1 Total ion current chromatograms of volatile components in Rhododendron fortuner during different flowering stages
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Table 1  Vlatile components and relative contents in Rhododendron fortunet during different flowering stages

lacs bl

& W2 R

FAXT 7% £ Relative content (%)

Compound Néﬁgj Name of TR SETFI HETF I S A E\?ﬁ#?tﬁ st
category umber compound X% - o AT ,EU & roma characteristic
Bud Middle opening Full opening Wilting
stage stage stage stage
RINBRZE/ R 1 RHEHEE  13.59+0.97  32.91+1.58 48.75+0.68 28.83+1.95 e A 1A il
Phenylpropanoids/ Methyl benzoate Anemona and wintergreen oil scent
benzenoids 2 T 0.31£0.04  0.52+0.05  0.67+0.04  2.75:0.1 T #k
Eugenol Clove scent
3 KEHEHEE  0.82+0.15 1.5+0.03 1.66+0.14 — A ik
Methyl salicylate Wintergreen oil scent
4 2-HEH-6-(2- — — 1.07+0.16 — N
PIMR L) -y
Phenol, 2-methoxy-
6-(2-propenyl) -
KNIRIS/  14.7221.04  34.41£1.57 52.15:4.52  31.58x2.04
ALY TN
Total phenylpropanoids/
benzenoids
[IES 5 B-IR M — — 1.53+0.24 — TEAF IR
Terpenoids B-pinene Floral
6 B-H A4 — 1.07+0.24  0.6420.06  0.45+0.05 AT TR
B-myrcene Floral
7 B-% Wi — 0.49+0.08  0.3+0.07  0.19+0.02 Rt ATHR
B-ocimene Neroli scent
8 y-BA — 0.77+0.12  0.25+0.04 0.12+0 R R
y-terpinene Citrus scent
9 ] [ — 0.68+0.13 0.63+0.02 0.44+0.05 N
Copaene
10 Sl LN — 1.76+0.12  1.55+0.25 0.78+0.1 N
Isoledene
11 HYpAS I — 0.71£0.09  0.86+0.05  1.02+0.12 N
Aristolene
12 RN — 0.73+0.04  0.26+0.02  0.13+0.02 Y
Camphene Plantscent
13 R 1.01+0.1 4.11+1.9 3.46+0.32  2.81+0.39 N
Eucalyptol
14 o-ZEWE MG — 0.92+0.06  0.28+0.02 — = 75 AR i DR
a-cubebene Pungent and Camphor scent
15 P =y — 0.3+0.02 0.35+0.08 0.2+0.03 N
Ylangene
16 -1 5 ¥ — 0.33+0.03  0.49+0.05  1.12+0.07 N
B-bourbonene
17y R2ME 5.7420.51 4.250.77  3.79£0.22  3.320.48 N
vy -Muurolene
18 (+)-RIHE — 1.09+0.08  0.49+0.03  0.35+0.03 N
KK W
(+) - Epi-bicyclo-
sesquiphellandrene
19 o -HKE 0.85+0.07 4.02+0.84 1.27+0.21 0.99+0.01 N
a-Muurolene
BB ER 7.620.52  21.18+1.29  16.15£0.75  11.9£0.46
Total terpenoids
i 20 1 Jg-3- 0 1+0.16 0.61£0.16  0.46+0.06 — N
Alcohols 1-Octen-3-ol
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FR1

A% P & Relative content (%)

e /ESi o) AR/ RS
Compound 7 Name of
Number
category compound

kI

Bud Middle opening Full opening

stage stage

BETT

stage

IO
Wilting

stage

A URHE

Aroma characteristic

21 - FA T T 2.97+0.23  15.65%1.15
alpha-Terpineol

22 g i 2.98+0.05 9.93+0.56

Linalool

23 6,6-—HEE-XUR 2.6320.09 —
[3.1.1]p-2-
If-2- TP
Bicyclo [3.1.1]
hept-2-ene-
2-methanol , 6,
6-dimethyl-

24 Ji-5- 0.49+0.03  2.72£0.17
LIHHEN S o,
5-=H %2
I I H
2-Furanmethanol ,
5-ethenyltetrahydro-

alpha, alpha,

S-trimethyl-, cis-

25 6-ZImHIUA- — 1.68+0.1
2,6,6-=HI%E-
2H -, M -3
2H-Pyran-3-ol,
6-ethenyltetrahydro-2 ,
2, 6-trimethyl-

26 Bk 4 T s — 0.57+0.07
Myrtenol

27 6-H14k-5- — —
B A -2
5-Hepten-2-ol,
6-methyl-

28 2,6-H3-1,7 — —
A -3,6-
1,7-Octadiene-3,

6-diol, 2, 6-dimethyl-

29 (3R,6S5)-2,2,6- — —
= 5E-6-
AP -
2H- M M -3
(3R,68)-2,2,
6-Trimethyl-6-
vinyltetrahydro-2H-
pyran-3-ol
30 (R)-3,7- — —
—H 3E-6-
1B
6-Octen-
1-ol, 3, 7-
dimethyl-, (R) -

31 3,3,6-=HI3E- — _
1,5-B¢ G-
4
1,5-Heptadien-
4-0l,3,3,
6-trimethyl-

BRI EA 10.0720.62  31.16+1.99
Total alcohols

10.38+0.83

5.41£0.54

1.5+0.33

1.02+0.06

0.88+0.06

19.65+1.39

20.87+0.64

12.57+0.46

0.48+0.04

0.48+0.1

0.83+0.05

0.28+0.01

1.82+0.07

0.42+0.01

0.59+0.06

38.34+2.27

TR
Clove scent
ENERAUS
Woody scent
N

TR
Green apple
scent
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FR1

A% P & Relative content (%)

IR EABHR -
C::tlfo(l)md Number Fljim:u;fd Va2 EiR:] JETT 1 W Aroma characteristic
atesory omp Bud Middle opening Full opening Wilting

stage stage stage stage

5 S 32 CUE 2.5+0.28
Aldehydes Hexanal

33 2-CUIR 5.58+0.31 — — — N

2-Hexenal

34 (E)-2- 1.23+0.15 2.25+0.13 3.5+0.08 0.26+0.01 N
CL IR
2-Hexenal ,
(E)-
35 (E,Z)-2, 1.54+0.18 1.89+0.2 1.31£0.11 1.11£0.14 N
6-T I
2,6-Nonadienal ,
(E,Z)-

36 (E)-2- 1.23+0.13 2+0.18 — — N
T
2-Nonenal ,
(E)-
YRS 12.08£0.69  6.14x0.25 4.81+0.33 2.45+0.12
Total aldehydes

[SES 37 1,3,3-=HI3. 25.76+1.49  4.57£0.63  3.96x0.15 — N
Hydrocarbons =¥ [2.2.1.0(2,6) ]
B Tricyclo
[2.2.1.0(2,6)]
heptane, 1,3,
3-trimethyl-

(18)-6,6-—H 12.39+1.12
F-2-37. F S - XUER
[3.1.1] Bkt
Bicyclo [3.1.1]
heptane, 6, 6-
dimethyl-2-
methylene-, (1S) -

39 1-H1HE-3- 0.45+0.06 — — — N
(1-FPE 3 ) -
wek
Cyclohexane,
1-methyl-3-
( 1-methylethylidene ) -

40 1-WF. % -4- 0.28+0.02 — — — N
(1-HRELIHE) -
wek
Cyclohexane, 1-
methylene-4-
( 1-methylethenyl) -

41 1,7,7- 0.42+0.01 — — — N
= -
=¥ [2.2.1.0
(2,6) ] Bk
Tricyclo
[2.2.1.0(2,6) ]
heptane, 1,7,
7-trimethyl-

— 1.08+0.1 N

38 — 2.89+0.06 N

42 47 -2, 0.3+£0.01 — — 1.05+0.14 N

8,8-— I K-
2-Z K -
I [5.2.0]
T4t Bicyclo

[5.2.0 ] nonane,
4-methylene-

2,8, 8-trimethyl-

2-vinyl-
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A% P & Relative content (%)

&Y 2K
Name of
compound

[lagx/ Bl o
Compound i
P Number
category

AL
Bud

stage

I BETT WY
Middle opening Full opening Wilting
stage stage stage

A URHE

Aroma characteristic

43 1-LHKE-1- 7.0420.26
I 3E-2-(1-
Wk 2 4 3k ) -4-
(1-H B
) Ak
Cyclohexane,
1-ethenyl-
1-methyl-2-
( 1-methylethenyl ) -
4-( 1-methylethylidene ) -

44 I e —

Heneicosane

45 (3R-LR)-4-
i K4
FJk-3-
(1-H3E LI HE ) -
1-(1-H
) -
Cyclohexene,
4-ethenyl-4-
methyl-3-

( 1-methylethenyl) -
1-( I methylethyl ) -,
(3R-trans) -

6.95+1.17

46 (E,E)-1,5- 0.35+£0.02
8-
(1-PEW L5 -1,
5-HT
1,5-Cyclodecadiene,
1,5-dimethyl-
8-(1-

47 (R)-1-H J&-
5-(1-HI3
LIEHE) -
wom
Cyclohexene,
1-methyl-5-
( 1-methylethenyl) -,
R

0.92+0.07

48 (1R)-2,6,6- —
E=UIE SVEN
[3.1.1] -2
(1R)-2,6,6-
Trimethylbicyclo
[3.1.1 ] hept-

2-ene
yet7/ oSyl
Total hydrocarbons
DAY 0.35£0.05
Hydroperoxide,, hexyl
50 HIEJE-SRAL-l5 0.23£0.03

Oxime-, methoxy-
phenyl-
HAbKAL &Y
psgil

Total other compounds

54.86+4.47

oAb 49
Others

0.58+0.03

1.95+0.35 2.4+0.1 1.19+0.04

— 0.36+0.02 0.31+0.07

0.48+0.11 0.48+0.03 0.34+0.05

— — 9.17+0.41

7+0.45 7.2+0.56 14.95+0.88

T " FRRARAIM BN SRR ;N FOR R AR R B P IE AR R, T IAL,

Note: “—” means not detected or not existed; “N” means not found ; Values as x+s. The same below.
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Table 2 Eigenvalues of principal components Table 3  Principal component loading matrix
and their variance contributions
B
FRroN Bk R & R L BWBFR Principal component
Princinal HrfE A Contribution Cumulative Number Name of compound
rmeipa Eigenvalue rate contribution rate 1 2
component (%) (%)
P11 ZEHTER W 0.765 -0.141
1 16.57 57.090 57.090 Methyl ben:()ate
2 9.12 31.455 88.545 P2 Ty 0.084 -0.962
Eugenol
3 3.32 11.455 100
P3 KRR T g 0.462 0.754
Methyl salicylate
T B-AtEM 0.974 0.174
B-myrcene
51 ™ B-ZH 0.971 0.209
é) B-ocimene
z 10+ T3 y-FAHEE 0.832 0.445
.% Y-terpinene
;é T4 A 0.989 -0.074
o 5f Copaene
#e TS UG 0.978 0.137
Isoledene
OfF = eeecsescscccsecscsctsvooec T6 Iy I 0.763 -0.638
135 7 9 11131517 19 21 23 25 27 29 Aristolene
2 4 6 8‘10 12 14.- 16 18 20 22 24 26 28 T7 a0 0.851 0.426
4% Principal components Camphene
L N T8 A 1.000 -0.006
[ 2 Iﬁk%%ﬁ%a[@ Eucalyptol
Fig. 2 Scree plot of principal component T9  o-EERHG 0.774 0.571
a-cubebene
TI0 K= 0.940 -0.082
221 IS BEERXHEELYRARLS Yla;jﬂk;
_ TIT  B-H3 0.354 0.93
E"]Zgj?!uﬁll—m B-bourbonene
ﬁ%%{t%%éﬁﬂgg%,ﬁ%%g( Muhlemann T12 y-ﬁ@?‘ik{i‘}?ﬁ -0.716 0.692
'\/- uurolene
et al. y 2014) ,K{R%*ﬁ%ﬁ\i{%lﬁjfﬁ%tpﬁkﬂg— T13 (+)-FIEHAK 0.919 0.284
5 T ELKAV AT WA B 7 AL AT AL ) Bl
y N T4 oK 2230 0.716 0.523
E@Eggﬂﬂ%ﬁﬁ]\( Hu et al. s 2016) o *’ﬁ*ﬁﬂﬁl \B'H & a-Muurolene
W B8 B O, T LS RMIOUR L (+)- AL 1R 04 o
-Ucten-5-o0
:ﬂ:{%ﬂéﬂ(ﬁ% \zzé%}% ﬂ:/fﬁﬂ:iiﬁfﬁﬁo HEI Izl 4 E«[%H ) A2 a_*/é{m@j_é‘ 0.650 -0.654
AR O 7 DA 48 350 R T G s | AR N 5 1 7 Mﬁ?wT“pmed
. N " . . A3 AR 0.574 -0.610
FIFWEBNRERS I 4.119% , B AEAS A0 % 7 oW Linalool
MR A RO W, BTN OHU AR TFI A S Zimsa s os oS0
-2 I P
FI‘%T 0.65%, E@%Eﬂ @Jﬁmﬁl/ﬁﬁ E‘ij‘.*% ':P *qu‘/ﬁ\ 2-Furanmethanol , 5-ethenyltetrahydro-
o . alpha, alpha,5-trimethyl-, cis-
A% 6 PRI FEAL AL WA th | LA 35 5 1 93 s |
-Pyran-3-ol, 6-ethenyltetrahydro-
@TI{%,{E& E/{]ﬁ%o 2,2 ,6-trimethyl-
, o ~ A6 BREUUAER 0.713 0.355
AT 4 T LU eI . BT BRI 1 B-2 4y Myrtenol
A3 08 75 A 1 A, ELA$ B3 A [R] A 3 v ) 75 S ALL - (E)-2-ChaRE 0.483 0.530

(EIRT 1, FRWHERIE 2 5 A A A RRAE B SO

2-Hexenal, (E)-
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gR3
By
=N () V-4 Principal component
Number Name of compound
1 2
AL2  (E,Z)-2,6-F Ml 0.247 0.883
2,6-Nonadienal, (E, Z)-
H1 1,3,3- = H £-=3F [2.2.1.0 -0.836 0.548

(2,6) 1 Pk
Tricyclo [ 2.2.1.0(2,6) Jheptane,
1,3, 3-trimethyl-
H2 O EE-1-H - (- B 20 -0.852 0.520
FE) -4-(1-HIHEE 23 ) -FR e b

Cyclohexane, 1-ethenyl-1-methyl-
2-( 1-methylethenyl ) -4-( 1-meth-
ylethylidene) -
H3 A 0.256 -0.745

Heneicosane

H4  (3R-JL ) -4-& I Be-4-H1 HE-3- - -0.907 0.416
(1-H O 295 3) -1-(1-H Bk 2
) -
Cyclohexene ,4-ethenyl-4-methyl-3-
(1-methylethenyl ) -1- ( 1methylethyl ) -,
(3R-trans)-

T PRI/ RN T. BRI A, e
Yil; AL. BEEWIBT; H. REYBL, TR,

Note: P. Phenylpropanoids/benzenoids; T. Terpenoids; A. Alco-
hols; AL. Aldehydes; H. Hydrocarbons. The same below.

1.0f c18 €29
o o c3
~ c15
° c12
= C24 $28(¢170qL22
205 o‘%zs ° 6’%23%6
é_ c27 ° (1’(91065
S %
- C11
s 0.0 TT3o
= Cc1 69 7
o o
[ =4
E_
-0.5F
P ?,2001909
g 526 oo
14
c2 O
_10 L
-1.0 0.5 0.0 0.5 1.0

X1 Principal component 1

K3 3 a2
Fig. 3 Biplot of principal component analysis (PCA)

TETE W AUA e B G 3 — R E & 0, U R
84.17 mg - kg, RIFHAT 3 By i A S AE A
B By, R R i Y A SR R RO (FETE )
(4 4 A5, B-H RS B B SMH 2 BRI () 1y
2.4 15, B-% W 4 1 A A 2 Jee IR (2 MO 1
2.6 fif . FETFII RN BT X A FE v, 3 Rl

A SAETF UG T B, B-H M & SAE Y T B ok
B, > T 40.2%, B-F K Z, WA T
38.8% , e W) fiki A S E 1Y T B BE 18, kb T
15.8% . BEE LA JR G, W h 3 Bl I i 7
SEEERETHREE MM EIIETRFER
234.17 mg - kg, B-H HMG &AM TR 2 34.62
mg - kg, B-B RO EE T 5.59 mg - kg,

3 Wik 5 4

WY % B By Boi s & L LS W IR, 46
FAL GRS B RS R B S LA 0 kB M
BT AEBR B 35 B 5 1 | 22 5 BE B AR 2 1 0
WHEE TR, HERETHRFEDWFA, Y
ASAREAER 70 BRI 29 29 31 .33 F <4k &
Yy, ] WA SR A W e g A ZE R K (R
BREFSAGY M & EAE—EESR, R
FEII A AR S P Wi o 3% B DU P AR Akt 3, 2R TN R
B/ RIS Wy Rl s A 6 W 2 BAR - —{I%
AL fa 4 R & 2 B K-S AR-m M R
FAA LAY R R TR B2k
166 5 R o A AR b 3

FHIER SR 2 M & A & & Y B AR
FHIZERE & 5o % B S PE R/ T 7 <
IR/ (R BSR4 2010) ke W NG LA 4% fing o
RS A SRR NS, B FERH
EHFAK(0.012 mg - kg") , MEFEREE S, &= 8
MASHESMR Y EEAEGY ., B-HHEEEAES
B, 7R AL RS A AAG I 2132 i 4y, 7 — AN TFAE B B 1
TGS A 82.31.,49.23 34.62 mg - kg, Xt =
AL RS AR A S B BB WAEH . B-2 A
ARG AR MR | 23 0 3 3l 1 A6 B L 2 — , FE Al
Wb (Mm%, 2018) A A (HREFE, 2018) |
4 ¥ (Natalia et al., 2003) 467 A KB,
ARHFFE o AS [6) A6 3] B-2 0y 44 9 AH X 7 AR T
0.5% , < A LE A PRl ) B, o 0.034 mg -
kg, T3 SAEAE 5.59 ~ 14.41 mg - kg ' JEH A,
W2 ARG A R TSy, XA
e R EE AT B A A A LA R Sy

T4 (2012) 3 3 K 28 IR TE S U VAL
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5.0r 23 1B Eucalyptol B (+)-F I EEKER (+)-Epi-bicyclosesquiphel landrene
= 4.5 I g5 p-A#EtE B-myroene B IR HE Ylangene
s 4.0 3 B-TEME B -ocimene
% 3.5 B3 am% Copaene
[IllmH %! 3.0 F O3 EmIu\% Isoledene
41 © 2.5 F
EE 2.0 |
1.5
210} % %
0.5
i F_i % @ =5 Ml = I_EI M
TEEER B FTER =R
Bud stage Middle opemng stage Full opening stage Wilting stage
1E£HA Flowering stage
B4 551 32 1050 8 B A D A 28 40 BT AS ) 46 01 AH X 55 1 9 A2 Ak
Fig. 4 Changes of relative content of different flowering stages of terpenoids
with highly positive correlation of the first principal component
x4 F1EHSEEEEXEELEYRARDEHFIEIESHIRESE
Table 4  Aroma components and aromatic values of different flowering stages of terpenoids
with highly positive correlation of the first principal component
AUE
. Aromatic value
RN F FRBE
Aroma AT Aromatic thresholds L 2 I BT
component Aroma characteristic (mg - kg™) XEB%E% Middle Full Hmk/ﬁﬁ
ud opening openin, Wilting
stage peniig pentig stage
stage stage
e fii [EVIUS 0.012 84.17+9.68 342.50+45.28 288.33+27.84 234.17+33.45
Eucalyptol Camphor scent
B-H M AT IR 0.013 — 82.31+9.85 49.23x5.52 34.62+4.56
B-myrcene Floral
B-% 4t REAE A IR 0.034 — 14.4120.56 8.82+0.62 5.59+0.73
B-ocimene Neroli scent
Y A6 YR A, 25 6 S G- POk B BoR 364G BSORIRI AR 0 4 & Pk B0 R A7 00 2 | 4858 1Y 50

M 62 FAb &9, EE 4y Ikis 2 B IREN
R/ R IR TUALA W), v 985 28 o R G 5 i
KRBT 46.41% ; #4655 (2015) SR FH T80 [ AH
PR BT SR B 00 6 A B A6 19 45 & P 4, 48 NIST
TEREAF R 17 R &, bl a2k A
Y(64.09%) % , IR EY (29.65%) IR,
R E W (6.25%) Fe /b ; 50 % (2015) i i
TC TR I 2 B X5 P KU 44 7N L B8 A6 10 2
MEEWUS 456 GC-MS AR HAE K iy 47 T
AYHT K Sk A W0 A AR A A R R 59.02% , X
SERIF 5T d B A BS A8 1) 46 7 B4 DL s 2k & 0
F . RS R HS-SPME-GC-MS £ A& X} = 8 At

Fl Ay, 50 R 2K TN IR IS/ R A RUAL & ) i s 2K 4k
G ARG BERAE Y RIS Y
AL A WX 7S KA o, xR 9 29 Fp 3=
PR M Wy AT E AT b, SRR 1 E
BT B TR RN 57.090% , f# B T = 5 kL EY
TR EEAL B, AT EHB KR 8 F i<W
B 7 MOE R R, BRI EM G,
BERT UL I 28 9 I 2 0 R B R R AR A SO
oy, SHTIRHGE — 8, 2 3 R R e iR K Y
ST, 6 FH AR AT E A =B BT,

FE I 15 00 T (R 22 1 0 2 0 o = A )
R I 1 22 B4, ] s e AR R A 25, Ho Rl
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W E K (BRI 4, 2011) , Bk B8 32 3 52k A7
AL, TE B PR | R 2 S Akt i A5 5 T Y
NS H a2 (2355, 2012) . A5
B T 2 H A RS R WAL B S A G i AR b, AT
o FLAE G A RS B AL TS B B AR A
5 T AT & 55 R FE R A0 R A S A E e 2 % (1
XS W) R TE = 4 A S A B P B A AS B
Wy, AT AE A I ARG T AT IR A BT
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