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Abstract

Objective: To study the variation of the aroma components of the flowers of Wisteria sinensis dur-
ing different flowering stages and so as to lay the foundation for its development and utilization.
Method: Solidphase microextraction (SPME) and GC-MS-QP 2010 was used to analyze the aroma
components of different flowering stages and the relative content of each it was determined by the
peak area. Result: A total of 27 compounds were identified, the main components were alcohols,
esters, terpenes, ketones, aldehydes, phenols, nitrogen compounds and other compounds. 17 were
common compounds; the other ten components were not reported before, such as 3 1-Butanol,
3-methyl-, 1-Penten-3-ol 2-methyl-, 3-Hexenyl Butyrate, Cinnamic acid methyl ester, B-Bisabolene,
E-a-Bergamotene, Citral,Formamidobenzene,3-methyl-1-butanol, 2-methyl-1-penten-3-ol, 3-hex-
enylbutylate, methyl cinnamate, Citrus aldehyde, citric aldehyde, N-formylaniline, tricyclo [3.1.0.0
(2,4)] hexane, 1,6-diethyl-3-, 6-dimethyl-, trans- and (3E,)-4,8,12-trimethylundecene-1,3,7,11-
tetraene. The aroma components and contents of the flowers of W. sinensis varied with the flo-
wering periods. The alcohols of the W. sinensis were the highest in the bud stage, semi-open period
and blooming period respectively, followed by the terpenes and the ketones. The content of ter-
penes was highest at the end of the bloom and withered period respectively. The correlation anal-
ysis of the six major aroma components showed that the correlation between 2-Nonanone and li-
nalool, B-Caryophyllene, E-a-Bergamotene and a-Farnesene was weak. The correlation of the rest
of the main aroma components was strong respectively. Conclusion: Different flowering periods
might lead to changes in the aroma composition and content of flowers of W. sinensis, which could
be exploited and used in the best stage according to the demand.
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i SN AREREBIENET RS LR, AEBRITRAAEEERM. 77k RATEEAMERS
£ GC-MS-QP 2010 plus“TH B R A AT R, WA FFER R BRIEN T T, F R
BN EFESRSANEE. &R HEEH27TMLEY, ETEHBE. BB, HHEK. WA, 'K,
k. SRMEMAMBEMUEWFSRMBARR, HP17FAIELEY, FRNP3-FE-1-TE, 2-
FE-1-R%-30F . 3-CH T B WERFEE. B-MKRAM. K- B, rRE. N-FEBRE.
Tricyclo[3.1.0.0(2,4)]hexane,6-diethyl-3,6-dimethyl-, trans- 1 (3E,)-4,8,12-Trimethyltrideca-1,3,
7,11-tetraeneE 107 {L 5 ¥ . KBEN TSRS K EBEERBAFATAEEZSR, B, L. BIF
MEBENE SRS Y BRSNS BRR, HUOTRRRUEY, BRSNS EERZ. BT R
PR ZEHNESRS N UREFR LA SRR, 6MEBEFSRIMRITEY, KR2-TWHE55%E
B, B-ATE. RA-a-FHME N a- S EWIRFAREBESN, HRTERSRS Z B RGEERIAR
M. 45ik: AR, SBERBRENTSIRS AL SERERR, TREFREREN BN ZAH

Xiin
R, 16, W, FRRS, BEAMER, SHGE - RIERA
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1. 5|

4 JBE (Wisteria sinensis) & & £t (Leguminosae) %5 Ji& J& (Wisteria) & i e 4%, £ 225040 Tl b L v B v
WIEE R TLO5 WD AR, YLE. Wb, WM S, RSH TR EENE LT, WEEY
M. B8H. &k T &2 Ihae s FiL].

LG RE, M. X0 6, B B, P LHRAEREEE R ZH & R s
77 A AR 5 B S T R A E[2]-[17]. 175 BN SO ETs, B ME N AL T I Z R IR FR A 2 3
JZRVE. TR, BEEROR B RO R R SR IR TE R, BN A& 2 2238 X5 R S HAC R TR (WL
floribunda) 7€ () & SR 2 3EAT T T 2 W 9T[18]-[28]» e 32 BEREL R FL 77 V6 7K 28 SR BE BURS Th 45
GC-MS BRI T R M[17] [18] [23] ShA T TURTEAREE LS S IR - U i - 5% (TDSGC-MS)

)
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[19] [26]. 7K Z&IR AL S 75 W Bl /K Z8 VR 28 TR PR DU IR AEHE I 45 & SR B3l - TS - 2ol R irik
[20]~ SRH AR B (SPME) 45 & A M 0 - i v4(GC-MS) [22] [23] [27] H fill¥% R im R HUE 45 & 4
EEMHENE - FEE[2415, AR EN N E S RE —E . I H, AR HARKBRIEN
FAS A RARFE[19] [21] [22]« A A= i i 58 A6 1) A SR B RO A7 AR 22 e [17] [18] [20], FHWTRES
R WA [18]. HAET, WABRE LA FEALI T &R T A TR B, R AR DGR IE .

NATH T L AR AR B SR R AL B SR AR B L, A8 R i [ AR A BT P e 58 R AR 1 A Sk
5y, NG GC-MS HARBEAT /4, DA SERIE M & S i LS5 HIF KR, R EE %,

2. 5 HZE
2.1, REHR

4 FFA), RFRZR LT X LR B (W. sinensis) G4k WL B B R RERY
SIOCHR[21], B SR BRAEAE T BAE I I N B I BT B RIAMA (A ). A
[ AEIA TR R R AE 32K B[R] — AR SR BEAS 1) PSR, R G SE BRI E T 20 #r o

2.2. METTE

SR K5 D E (SPME-GC-MS) = K FH [ AH 1 38 Uik (SPME) 45 & H A% & 4 w25 77 1)
GC-MS-QP 2010 plus “AH i i i e FHAX . FREUCEAEAE 5 g, B S ON 100 ml 2RO+, 45 7E40E
[T, A1 65 um PDMS/DVB #Hi 3k, 7F 30°C LB FR T 2= B2 HL 45 min, 2854 22 HGL 6 AN GC-MS #EFE O+,
F 250°Cf##fr 3 min.

it B RTX-5MS (60 m x 0.25 mm, 0.25 pm), #EFEE A 1 ul, #N 99.999%F He
A, FEEEE 1.00 mL-min ', ML 51, FEFETRR, GG 40°C, {14 2 min, BL5C-min™
EFFZE90°C, FLL10C-mint EFFE 120°C, BEJE LA 5°C -min ! _EJFE 250°C {#4F 5 min.

J S A BN ESIR, FET-RE SR 700 eV, B TIRIE Dy 200°C, #5218 230°C , A B30 (SCAN),
5 45~450 mz .

&P e S E BT 4 NIST14 FI NIST14S brftilh FEAs 2 P, $% SIARRUE > 80%[H) 5 U & P
3T, WS E R T R T AR &

FIF Excel2010 # 3 4uit. FIH SPSS19.0 #EAT 4347

3. BZREHh
3.1. FRITEHERENETSHS I

1% RIS S A XS AN FAE I RS RAE AT BORE . E , AFEERIP R RIE S SR BB Ttk A,
WK 2~ 6.

Figure 1. Flowering state of W. sinensis. (a) Bud stage; (b) Semi-open period; (c)
Blooming period; (d) Flowering end; (e) Withering period
B 1 ZEERES. @FMW: O /T BRI (e)MEH

()
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Figure 2. TIC(Total ion current chromatogram)of the aroma component from flowers of W. sinensis in the bud stage
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Figure 3. TIC(Total ion current chromatogram)of the aroma component from flowers of W. sinensis in the semi-open period
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Figure 4. TIC (Total ion current chromatogram) of the aroma component from flowers of W. sinensis in the blooming period
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Figure 5. TIC(Total ion current chromatogram)of the aroma component from flowers of W. sinensis in the flowering end
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Figure 6. TIC (Total ion current chromatogram) of the aroma component from flowers of W. sinensis in the withering period
6. MEHEBREBTSRS GC-MS BB FRE

AR B SR TR AL B A UL oy 2 PR S AR B 2 L 1.

TERBREAEW R, LUt 27 Fhpksy, BTN 8 BRI, FHAPmE 4 Fh( b 8% e i 1)
14.8%), FEE 4 Fh( 5 S5 E KT 1) 14.8%), MM 10 M ( b 4 E B 1) 37%) (FLrh ik 3 Fh (b %
SERAM I 11.1%) f520E3E 5 Rh(H MK R 1 18.5%) . BEEEE 2 Fh (15 B4 E A 7.4%)) . B 2
Pl R S8 T ) 7.4%) BES L FR( S K A 3.7%) TS 1 RR( R R A 3.7%) B AL
EY 3 P (B S E B IR 11.1%) HoAti A G4 2 PG S TE BT R 7.4%) . WEIESS . FRIS. BERAIE A
WEY AP ER %, H b ESEERT 1 77.8%.

FECARIE (1) b B MR BRAE A R Y B b, AR B A 28 R B A & U A e 17 M b Bk
H Y 63%. A4y 3-HE-1- T . 2-H JE-1-100A-3 . 3-CU T BR. PUEERR R B-Miv 250 . ea-o-
FEAIA . FPARIE . N-FREE 2R % Tricyclo[3.1.0.0 (2, 4)]hexane,6-diethyl-3,6-dimethyl-, trans-£1(3E,)-4,8,12-
Trimethyltrideca-1,3,7,11-tetragne 10 Rl ik &4 B A HAL &40

TR R & R AR, P52E— JL[25]30E, MR AT ERE LAY B4 Prids A
B EY RAFET HAVR R, AR 2], Hd p-ATId e G4 n] A3 B T 25 I 2 T
W, FHXEERE, BAECREETTR, AR SRR, EEH. RO BT A BT R A
FHXS & 84378 7.02%. 5.70%. 4.59%. 1.73%: Mt EYI ] Be RAELE T R AT, A5
=1, 4374 0.40%7F1 0.30%.

FAh, Y TIRE[18]HRkIE, RN HEE T ML= i i 5 e A I 2, (HAE AT 70 24K
MBME A SR, Foo BIAELE T BT BAFIRR AR M, AR & EIRAK, 405008 0.85%F1 1.17%. Sk
(4 LU AR 55 o BEAY RT i 5 SR o 2l A A K A R R B AT — B SR &R R

3.2. FREMEBIENEFTSHAIERDH

Xof AN [V 3 S8 R A 1 B SRR L BRS S A AT BT o W (32 2), RIVEE A, HIFHE . BIT R kA
MBS B AR A& B, HOONERWEY, BRGNS &Rk . (AREE L
IR MZEW, HFSRS MBS ERAEY & B m, P BRI RNER LA SRR,
WK AN BRI E P& Rk, BRI EY, R A& &R,

BRI B SR LS e 12 ML E ), SRS E R 44.4%. oA DUEE IS5 2 (47.98%) i
B, FEYTSRENE(47.98%); HUONHE IR G(38.23%), f3E B-B A (20.39%). B-F1 7T (7.02%)-
2o FAH T 075 (4.88%) F o- 4 B WM (4.05%) s B2 (6.94%) AT /D, E N 2- -1 (6.94%), LAL 6 Fh
AR & 8 91.26%. AAI FIWy 2R A& E A B o
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Table 1. Components and relative content of aroma component from flowers of W. sinensis in different flowering stages
= 1 TRIEHEFIENESRO REENEE

FXT& B (%)Relative content

o PREGEA]
¥ Retention e a7 ATR @ BN BTN BITAN A
NO.  time/min Compounds Molecular  Byg  Semi-open Blooming Flowering Withering
stage period period end period

fiz2% Alcohols

1 11.867 3-FJE-1-T % 1-Butanol,3-methyl- CsH1,0 - - - - 6.67
2 23.225 F5 1%k Linalool CioH1sO  47.98 39.03 35.49 26.43 -
3 25.792 2- i 3E-1-1%)%-3 % 1-Penten-3-ol 2-methyl- CsH1,0 - - 0.33 - -
4 27.392 1-2747-3-f% 1-Octyn-3-ol CgH1,0 - - 0.38 - -
fig2% Esters

5 20.417 LR EF G 3-Hexen-1-ol, acetate,(Z2)- CgH140, 0.94 - - - 8.00
6 22.758 3-TU# T lis 3-Hexenyl Butyrate CioH150; - - - 0.32 -
7 30.458 A5 5 R HE 15 Methy anthranilate CgHgNO, - 1.77 3.17 - -

8 31.433 AR S Cinnamic acid methyl ester CioH1,0, - - 1.65 - -

Wi 2% Terpenes
FATE2& Monoterpenes
9 23.65 5% #)% Allocimene CioHis 0.69 0.34 0.19 - -
10 21.367 J2 20-B-% i E-B-Ocimene CioH16 1.20 1.14 0.70 1.07 -
11  21.708 B-%' ¥4 B-Ocimene CioHis 2039 16.36 9.52 23.56 80.59
f52E 1525 Sesquiterpenes
12 328 B-Fi 1% B-Caryophyllene CisHu  7.02 5.70 459 1.73 -
13 33 B-E ¥ 2547 p-Bisabolene CusHas - - 0.24 - -
14 33.717 L Humulene CisHo - 0.40 0.30 - -
15 33.892 J2 2 -a-F i i E-a-Bergamotene CisHas 4.88 5.86 6.55 2.64
16 34.283 -4 5 W a-Farnesene CisHo 4.05 434 4,63 2.19 -
ik £ 2% Terpene aldehydes
17  26.258 B E i Estragole CioH1,0 - - - 0.39 -
18 28725 i 7 fixi Anethole CioH1,0 - 0.72 2.11 12.94 -
fii2% Ketones
19 22.95 2-T:ffij 2-Nonanone CyH150 6.94 14.08 15.77 23.03 474
20  28.558 2-+—i 2-Undecanone CuiH2,0 - - - 0.28 -
%2 Aldehydes
21 22.825 Frigg Citral CioH160 1.72 2.05 2.25 0.60 -
fi7y2% Phenols
22 34167 Benzene,1,2—dif§r?c;>§—§%propenyl—,(Z)— CuHu0; i ) i L7 )
& B A& Nitrogen compounds

23 24.658 2K Z.Ji5 Benzyl nitrile CgH/N - - 0.85 - -
24 27.042 N-H it 7% i Formamidobenzene C;H;NO - 2.37 3.28 - -
25 29.15 5[ Indole CgH;N - 0.66 1.76 - -

HAh Others

Tricyclo[3.1.0.0(2,4)]hexane,6-diethyl-

26 36.5 3 6-dimethyl- trans- CioHyo 3.00 3.40 3.84 1.21 -
27 36.083 (3E,)-4,8,12-Trimethyltrideca-1,3,7,11-tetraene CisHo 1.19 1.60 1.99 1.81 -
&t Total 100.00 99.82 99.59 99.37 100.00

)
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Table 2. Relative content (%) and its number of species of 8 kinds of aroma component from flowers of W. sinensis in dif-
ferent flowering stages

2. HBRIE 8 X BN ENFIHERIRIEN &8 (%) REFAH

WE RN 2 T RETT S RETT A Fili 23]
kinds of aroma component Bud stage Semi-open period  Blooming period  Flowering end  Withering period
2% Alcohols 47.98 (1) 39.03 (1) 36.20 (3) 26.43 (1) 6.67 (1)
fi6 Esters 0.94 (1) 177 (1) 482 (2) 0.32 (1) 8.00 (1)
5% Terpenes 38.23 (6) 34.86 (8) 28.83 (9) 4452 (6) 80.59 (1)
HLT% 2 Monoterpenes 22.28 (3) 17.84 (3) 10.41 (3) 24.63 (2) 80.59 (1)
%2152 Sesquiterpenes 15.95 (3) 16.30 (4) 16.31 (5) 6.56 (3) 0 (0)
i 2 Terpene aldehydes 0(0) 0.72 (1) 2.11(1) 13.33 (1) 0(0)
fi2% Ketones 6.94 (1) 14.08 (1) 15.77 (1) 23.31(2) 474 (1)
W2 Aldehydes 172 (1) 2.05 (1) 2.25 (1) 0.60 (1) 0(0)
724 Phenols 0(0) 0(0) 0(0) 1.17 (1) 0(0)
% AL & Nitrogen compounds 0(0) 3.03(2) 5.89 (3) 0(0) 0(0)
HAth Others 419 (2) 5.00 (2) 5.83 (2) 3.02(2) 0(0)
&1t Total 100.00 (12) 99.82 (16) 99.59 (21) 99.37 (15) 100.00 (4)

E: FESNBFERRE RIS RS, Note: Figures in brackets indicate types of aroma component from flowers of W. sinensis.

FIFHPRRAL I B AR LS e 16 M LEd, R % i 1) 59.3%.  Hiit DAREZE 5 #(39.03%)
B, FEYFFRERE(39.03%); HUCNHEE B S (34.86%), B I B-2 M5 (16.36%) . B-f1
VI (5.70%) [ -o- 7 T (5.86%) Fl - a-4 5 WM (4.34%) ;25 (14.08%) AN A2, F 20N 2-F 1
(14.08%), DL I 6 Bk AWM & & 85.37%. AR BN EY)

RETT I BRAL I A T L 5 21 ME ), 5B S i 1K) 77.8%. Horb DA 2K 5 5:(36.20%)
B, BN RRRE (35.49%); HUCONHEH R A 4(28.83%), 11T B-F #)7(9.52%) B-F1 1T H(4.59%)
S -0 7 FH T I (6.55%) Fl a4 5 WM (4.63%) s BAZS(15.77%)AEX H/b, 3N 2- [ (15.77%), LAE 6
T LA AR B 76.55%. At I 3y 24k &4 .

BIF AL BN F IR IS el 15 Ak &Y, RS2 55.6%. oAb DURG 25 & &
(84.52%) %1, FEALHE -2 H#7 (23.56%) FIlTH BN (12.94%) ;s JLIREERAL B 4(26.43%), LTS5 s
F%(26.43%); Hi25(23.31%) X e/, TN 2-F- i (23.03%), LA L 4 fib &VMXHES & L 85.96%. A
WEESBED

R RAE B SR LS e 4 &, SR SE 1 14.80%. HA LGS B-2 #iE
(80.59%) & mEfx i, HUCAERR A Y LR BERR(8.00%); ¥R 3-FHJE-1- 1 (6.6 7%) X i/, B2
2-THfil(4.74%) />, LUE 4 FAL SYAHN & & 100.00%. ARG BIEES. B2k, SRS M HAR K

e

3.3. FREHIREBRIENETSHSERES

6 AL EIE AN Pearson AHICA TR (32 3), [ 2- W5 5 AEE. B-ATH . Ia-a-FAHih
JEA - B WG A DM 594 (R 5% 22 $0-0.05~0.296), HAW i 2 A1) LA BRI oG, ASC R %L
I AEXHE I AN T 0.5890 Hirr, o4 G WOk Al s -0 7 M 200 35 TR ARG, AHOC R E0A $) 0.992 (p =
0.001), {HZHY B-AT1Hs 2 EE IEAHX, MHXREEAE 0.901 (p = 0.037), 5 B-Z#hii 5 W& fiAHE,
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Table 3. Correlation coefficients of six major aroma components from flowers of W. sinensis

3. KBRIER 6 MERFSMANBEXRK

J5 R B-Z i 2-FR B-A 1T o FHHIE oS B
Linalool B-Ocimene 2-Nonanone  B-Caryophyllene  E-o-Bergamotene  o-Farnesene
I 1
75 T
Linalool TE
-2 1t -0.903 1
B-Ocimene TE 0.036
2l 0.238 —-0.589 1
2-Nonanone e 0.7 0.296
B 0.947 -0.76 —-0.055 1
p-Caryophyllene g 0014 0.136 0.93
R R -a-F M 0.874 -0.911 0.296 0.855 1
E-o-Bergamotene g 0053 0.032 0.629 0.065
-l BRI 0.928 —-0.930 0.285 0.901 0.992 1
o-Farnesene B 0.023 0.022 0.642 0.037 0.001

*{E 0.05 7KW _F SR AR **4E 0.01 7K (W) & 4 5< . *Significant correlations at 0.05 level (bilateral). **Significant correlation at
0.01 level (bilateral)

R RHCHN-0.930 (p = 0.022). FHEEES B-A1TH  a- & A XY 2 235 AR, MK REr ik F] 0.947
(p=0.014)4110.928 (p = 0.023), {HEHT - #hli 28 & TR, MK RECN-0.903 (p = 0.036). B-2'#)
£ 5 e - a- B MR 22 02 2 TR o0, SR R BN-0.911 (p = 0.032). e &I IAIIAH SK-F ) RiE
B F KT BN E R LS BERERIA R LR, (HEZEEM AT B mEmMHERNE,
AR R RIER B « SOBPIRE . WA B AR A 3R 5 45 5 TRIE K 45 R [29] -

4. RS

(1) FEEBEAIAT, HAEF OIS E 27 B, T2l 8 BB, HhEES 4 Fi(5 B %€
A 1) 14.8%), BEZ 4 Fi (o5 S48 LA 1K 14.8%), miHAE 10 Pl (i L4858 OO IR 37%) (FE Bl o 3 Fh
(5 B E KT 11.1%). f&Fnh2E 5 M(h B4 E K [ 18.5%) . WEEESS 2 Fi(i5 B4 E L Y 7.4%)-
M2 2 Fh (7 SVEE 08 A 1) 7.4%) IR 1 A (B 8 AT IR 3.7%) BalE 1 Fl( 58 LA 1 3.7%)
TRAEY) 3 Fh(h SV E B 11.1%) HAt AL S 2 Fh( L S TE BT I 7.4%) . RS BRI, MR
MERAEY) 4 M2, b5 E I 77.8%.

(2) Aol 25K R B AL B S B 17 b, S S 1) 63%. A 3-FRAE-1- TR, 2-
HHEE-1-00®-3 BE. 3-CJi T HR. WHERWEE. B-S 2l Sa-o- At . Arecie . N-HBER )
Tricyclo[3.1.0.0(2, 4)]hexane,6-diethyl-3,6-dimethyl-, trans-#1(3E,)-4,8,12-Trimethyltrideca-1,3,7,11-tetraene
10 P& E Rk AL S ) .

(3) HWI. I BT IR IRAE A N Y LR R S & Bl s, ORGSR S, Bk
EMIEREBIRL . (HBEELDE 2RI R Mz, HAER W Ll &Y & B,
HA BT R R G Y& Bk, BRI fhZE BNy E & Bk, BUCNEERILEY),
ARt G & R AR,

)
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(4) By 2-EM 5 SRR B-A T R - & FHMIE AN o- 86 00O S5 AH DG M 055 A0 (FH 58 R 3L
—0.05~0.296), H AR [F3HA BRI M, AR R AE AN T 0589, H, a-&AK
35 P15 2-o- 7 M I S AR 3 IR AE OC, AH O REUA ) 0.992 (p = 0.001), (HEH S B-A1TH5 2 B #F B,
FHIE R A F] 0.901 (p = 0.037), 5 B-Bhid B0 fAHSE, A< RECN-0.930 (p = 0.022). F5ElEL B-
BT oA E IS R R IEADG, AHC R B ik F] 0.947 (p = 0.014)F1 0.928 (p = 0.023), {HEHSE
B-B s S B 3 UM O, M R BCN—0.903(p = 0.036). B-B 8% 5 S - b A T U G, AR
FHH-0.911 (p = 0.032). HEAAWZIEHIAH R TIYARIL B B Ko RIRIE A& R B B bl
EIARRMAEEZE R, HEEIEEYIR A B m A

BRRAE A SR S S B B AR AR A B B, EESOIGEfAE—E E R, X
Al e S5 SEIR A MYRFIE(R AT TEVE RSN K 2) LA b AL BEANF A G, BB 2R,
1B[17] [18] [20], FF HAAA, FetANE, S0 A S 3 B R Y n] RE & R A A0 22 A [18]. AR IR
RIS RIS OS5 7y, ARRIEAT bR, 4 507 it — DIt R B YIRS i 2 5E , i FLEUM
AR TFEF BT IZIRANTF AR 2 LR AR BT BRI F] . AR EREE R AR AR 7T, Kk
(I 25G FE R R R A 5 B AR

#FEmE

R AR P TRE SRR “ MOAHH R IR IR ORI 5 PP O (B H7°[2014]96 5)7 5 1L AR (RRHR )
B WUE BAORBT B IR R 5 0 R B0 H (R Bk 22[2010]27 ).
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