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Abstract: In order to compare the quality of Wushan Codonopsis pilosula at different growth years, 1~5 year old Wushan
Codonopsis pilosula was collected. High performance liquid chromatography and gas chromatography-mass spectrometry
(GC-MS) were used to analyse for differences in nutrients, organic acids, hydrolysed amino acids, active ingredients and
volatile components. The results showed that the polysaccharide and alcohol-soluble extract contents of Wushan
Codonopsis pilosula were the highest at 20.97% and 69.74% for 4 years, and the polysaccharide content was the lowest at
8.38% for 5 years. The content of lobetyolin was highest in the 4 years at 16.20 pg/g, with 2 to 3 years being its rapid
growth period. A total of 116 volatile compounds, mainly alcohols, aldehydes and esters, were identified in the Wushan

Codonopsis pilosula over 5 years, of which 47 key flavour compounds had an odour activity value (OAV) greater than 1. In
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addition, 15 differential key flavour compounds were distinguished. 1-Decanol and 2,4-Decadienal were identified as the

compounds contributing most to the flavour of the growing process, with heptanal exhibiting a piquant fatty flavour, being

the characteristic flavour compound in 5 years period. In a comprehensive analysis, the 4 years Wushan Codonopsis

pilosula was considered to have the best edible and health qualities. This study provided a dynamic analysis of the quality

of Wushan Codonopsis pilosula at 5 growth years, with a view to providing some theoretical guidance for the deep

processing and comprehensive utilization of the Wushan Codonopsis pilosula resources.
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SRR ERE WEAEY), TS5 R S
J& , 7= 180 ¥ 3¢ = ( Codonopsis pilosula ( Franch.)
Nannf.) . E1E3E = (Codonopsis pilosula) F )| 4& 2
( Codonopsis pilosula subsp. Tangshen. (Oliver) D.
Y. Hong) W TAR, 24500 OE 45 09 & A AT AR
Pis2, T 2019 FFEREANAZG BRI P, 53
B ZMIEPE ST, NP bE&Y) . RS LEY) . 2E
VIR 2 b A, B WETR A RE T . BRI RIS
Z R yzg™M, AR LE SR TN 38 2, AR R AR
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2 I TR A, A AR A DAL, JTAE 2010 4R AL
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Fo Han, ZEHEAEW RS R EL 6 AR 2N E A
FE IR & e, 3 AR AR AR, AR 7 4F/E 22N E
EEFERRG. AT RO, SORAR T 24 BT S E
FIHE BB WS PR IEZ —, RS e Th 2y EAh
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RGP IR . AR X 2~6 AR NS A9 4%
RAERST AT LR ST, KRB 2 AR O T
Bz, 3. 4. 5 R NRNIRESE Y, T 6 AEARAAN
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HE R S SR R R MR TE U E R B4
s BA SR T R AW B AE ™, AR 1L 58 AR
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AR B, sz & AN OB . T4k,
A LLLFR S AP RIS AR 0, (H H B ar T R 2i e
TEF AP FAE! Fn2GBVE Y S505 T, X AR L 3
I PR AR RS ANIE 41, HARA IR X AR A
FAFEBR AR LU 5 R PRG35 T LRSS o

SRRET A AR BRI AR LU S i BT g 2 e ISR 7
FRE P ARG LA 1~5 4R L 58 R R, 8
AT HTE SRS KRR ER . AR IS
RN G BhASZEA, AR AR AR AR LU R 30
JERE TR AR YE, ST AR LSRR . T &
TR R B EE TR R
1 MRI5RE
L1 #HR5ES

AAINJESE  1~5 AFFRAR IR [ AR BLLTAE & A

KAV A VERE, HUEEA B (3 1242 m) . RBE .
BHYGAR L (2022 4F 9 H = 10 H), ¥ 5 il &4
—20 °C VKFE#=H; AULRRES  4liEE>98%, &3
FAYRHAA IR A se S PO Fas AR N BE TTARTES
2l EE>98%, IR A YA/ R H] o

L-8800 74> [ sh & I/ 43 AT HAS H S22
A5 Agilent 1260 = R0 AH Li5AL 22 E Z2HER N
H]; 100 pm PDMS #U [E AH R A B B 55 @ Sup-
leco 2\ Fl; GCMS-2010 B AR RS BRGEHIL  H
A I EEAN T
1.2 T E
1.2.1 7K45 KRG . AHAEE T RLEOK S-S e 7K
43RBT 1SR 53 & B4 1Z7% GB 5009.3-2016
CE S22 A FE AR ME B 5L T /K 53 i il )M GB
5009.6-2016¢ & & 42 4> [ SR AR & &b A0 B D7 i )
NGB 5009.5-2016 & & & = R & it
B R A R YU FHIE GB 5009.4-2016 £ 5 284 [
FERRUE B PRSI i Y
1.2.2 BRI S ENE S5 BAERESE 19y
B BRIBGHTE AZ L 3% 2.000 g BT 250 mL £
g1, A 45% B 100 mL, 352585 RS SR8 T,
1 h SR R B, IRk I S IR AR O
1 he CEHEEFEIHICR 5 45% 2 Psiph e vk 2 it i,
PRA), K IR R 25 mL B TE 928 & L,
95 °C /KB ZET /5 FHESAT 105 °C T 3 h, U &
T AP 30 min 2R, REG SR EE R,
E b =y
1.2.3 FEEENE S akEE" 5k, SRR
Wy -BRARIEINE . FREX 0.500 g Hrfef AK 1L i Se R T
50 mL B0, INA 5 mL 47K A1 20 mL JC7K 4
It o7 FH IR R R TR SIRE S B RE O v e e gt
BCAL 48 75 32 B 30 min( 240 W), 2 EL 45 W8 )5
8000 r/min & .0> 10 min 57 X LW . NIEWH
10 mL i 541 80% LU IFES.O, 2R LIB W,
B A 50 mL K, &5 HEE 30 min(240 W),
B E=EEIFEIE. Kok sk ES %= 250 mL,
AR E R . 4B HL 5. 10, 20, 40, 60, 80 Fil
100 mg/L b il s e £k, WOGRE (y) 54
ZIREAE () IR U T : y=4.7109x+0.1041( R*=
0.9951),
1.2.4 AHUEE I
1.2.4.1 FESLIES BRI ILESE 1.000 g 5048
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1, BIA 10 mL 47K, 50 °C ZKESHEEL 30 min, BX_F7%
WE 0.22 pm K RUEBT IS RF3ERE . HOR . TR HR
fig . FHRR . TN FR . PR . BEFARRARUE S Bl B Al R

B LR (R HLBRARETS W, 28 0.22 pm K R UE 5
TEUERFIERE

1.2.42 g%t SR Agilent ZORBAX SB-Aq
(4.6<250 mm, 5 pm) 435 F=, i 2 #H S B B A

(NH,),HPO,(0.01 mol/L), {A&FH Lt 2:98(v:v),
HEWRYE pH N 2.5, Hii#H 0.4 mL/min, JEFEE 10 pL,
FEUR 28 °C, K K 210 nm. A IMAS BA LR bR
HEARIGE AN (y) SR (x) IS R AN 1 s,

® 1 APURRbREZ

Table 1 Standard curve for organic acids
A UL LRI R £ B (mg/mL)
IR y=6214x-1.0030  0.9989 0.01~0.8
AT y=4189.5-11458  0.9995 0.01~0.8
Cily y=1143.5x-2982.1  0.9982 0.01~0.4
[y y=106.87x-1533.6  0.9915 0.01~0.8
PR y=735.04x-15954  0.9988 0.01~1.5
BRHAMR y=702.03x-5907.3  0.9988 0.01~1.5

1.2.5 JKAFAEFERR S il FREUGKILESE 1.000 g
B FEIER KA, A 10 mL 6 mol/L |9 HCI,
o), A 374 1% KBRS —20 C ¥ 7R 5 min,
Peadim A G T . BOK A UETE 110 °C JEFH
Hh 22 h, KR5S S IR IR 2K B A & 250 mL,
W B FARVE W 1 mL TR0 D, M SR B H
1 mL g7k 27, BT FERkiE A 0.02 mol/L HCI
VA, R 0.22 pm K R IR RS AR, EAL
Gl
1.2.6 {EMRG S S AE
1.2.6.1 H&Giil4 =% Yang 55U (97 LIFFEAE
. FRECA L R 3% 2.000 g ‘BT 50 mL &5.04 0,
A 70% HEE 30 mL, K5 %% FR a8 B o, 8 7 Ab 3
30 min(240 W), Ji{¥& J5 FH 70% FF BEAM 2 453 2 () E5
B, BUBRIEZREZAZE 10 mL, £ 0.22 pm AHLRIE
B VR IR R AR . S A AR PN g bR v A il
BRIV RSB IR ERS IR, 28 0.22 pm FHLRIE
Rt USSR
1.2.6.2 o3& & fF >R Al ThermoFisher-C,3( 4.6%
250 mm, 5 um) EiEAE, s AH R 20 FoK, HiE
1 mL/min; £ 7& 30 °C; BE4F & 20 pl; &I ¥ -
F2 VMR

Table 2  Elution procedure

A [] (min ) (M) (%) p(7K) (%)
0~3 3.5 96.5
3~20 3.5~14 96.5~86
20~35 14~23 86~77
35~60 23~72 77~28
60~74 72~95 28~5

220 nm. PEARERFE ULER 2. K4S B hR v S 0 A

() SRS E (O KR R S RFF: y=

37.739x—5.3707(R*>=0.9998, ¥ & 7ii FEl 0~100 mg/L);
BARPBE : y=56.258x+11.351(R?=0.999, ¥k 5 75 [l

0~100 mg/L) .

1.2.7 ARG E

1.2.7.1 PR S5 TR ESEN B0 B RYVE

ek BREUAE LS 5% 5.000 g T 20 mL Tizs# A, hn
A 5 mL i 45 % 0.1 g/mL 4 NaCl 1 10 L 5t &
530100 mg/L 1Y 2-FEEdf 2% 5, 80 °C P 30 min,
ZEHN 30 min, ZEHXSE UG, F T sh BERE A E A AH

A TEARE O, HE A Bk, AT 5 min 5 oR4E

Hedi o

1.2.72 GC 41 DB-5MS & 41 & 4= ( 30 mx
0.25 mm, 0.25 um); PEFE TR 250 °C; 2R S

ViiE: 1 mL/min; 530k be: 5 15 FHEART: 40 °C 4445

8 min, A 8 °C/min FFREF] 125 °C, 4 4F 10 min,
LI 10 °C/min FFE F] 150 °C, %3 5 min, &% )5 LA

20 °C/min FHEF] 250 °C, 1435 10 min,

1.2.7.3 MS &4 B TFIREE 230 C, KRR
150 °C, F-FREE: 70 eV, $422 R 280 °C, imH
7R 30~400 m/z.

B #:F NIST17 Library $35% 78 & 244 & ko, 6
HUFHARLRE KT 80% MIFEL VAL G, MR B HaE0E
M, FARW B RUE 5 R B35 %0 ™ 34 Chttps://
webbook.nist.gov/chemistry) | {49 RI{H X} B8 & =,
L 22l NAR E . AW & EiHE A
ﬁﬂT:

A;xv
A, xm

s C; SRR M0 B 5380, pe/ke; C, R
AR (2-2E15) Ji R, mg/Ls A, TRl 4 i g
Bl A, TR RIS TR v IR PIAR) (2-
SFEEOARRL, uL; m FoRAREE S TR, g0
1.2.8 A BRIEEAME ST SR AR IS BE{H (odor
activity value, OAV ) X A& L1 Ji 5 34 A& P il 43 A8 XU
TRV TR AE, TR A T

C= xC, A (D

OAV:% = (2

s C; AR AR BT R0 EL, ng/kgs T,
RSB, ne/keo
1.3 BIEAE

VIS HE AR R 22 (Mean=SD ) ¢ 7R B BB 5
TSI = ST, AR A S BRI 2R
T35 2253 M1 (P<0.05) LUK (IBM SPSS 22.0) . K
JH Origin 2018 £l H2IKE, SR A SMICA 14.1 {4
22 i 1F 32 A B /1y — 3fe 7% -3 5l 43 #7 ( Orthogonal
Projections to Latent Structures Discriminant Analy-
sis, OPLS-DA) &,
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2 RS9
2.1 AKFERITELBEREFRR SN

5 A AR BR AR LU i 3 18 38 3R 0 & i an 3 3
PR BRZWESN, BB IR & i 2s 5 3 (P<
0.05). TEHT 4 4B, P& 22 5, (A
ES 4R S EE, N 20.73%. SRIM, 1EES
548, ZHEEEINELT 208 FEE, 1T 60.04%. 31X
Ul B SRAT A BT AR LU e 338 B IR B SE MR R . 462
2B H N R — RS AL, A R G et
PR P | B A e R S 2RI, [F
B 2 AR L PR 3 SR B R AT BRI, SRIBAT BR AR
e A AR L G s, HEREAE S B AN IR N BE ORI, 1k
A, J B RMACAT RIS Al e F14) AR L 38 (4~5 4F), HUEOK
Sy S AR SRR R Y 5.0%2Y, E—20, IF
NS ST B . 1~5 AF SRR i e, IS
PER & B 60.41%~69.74%, 55 MK T 55.0%
FORILAEY [ A AT BR AR N, KA 13 8% & B
ISR TRARE, AT SR A A R T B B
FRAT, AR, SR AR AERR AR L 5% HH K SRR
T 2 BB T BB 43 1) 75.18%~85.35% Fl 1.28%~3.35%.
25 b, 56 3 AFEAN 4 A AR LR 38 b TR AR X A -
2.2 ARKFRIELERBVERS SRR

A AU 2 Al e AR 1L ek JRUAR RPN A o O )
FabR, TR A b R SR 2= 2 S AP H A i A
IAIT A AP IEAS AR L e 4 AL 5 MR
AEBR A AR LR 58 H SRR Y 6 R HILRR, £5 A K AR RR
HHUR 25 5 W35 (P<0.05), AHLIE M o hE sk
KARBR I HE AR 2 Rt 5 DM ERKARR PR
FERMEA PR R & o, o0l B pL &
) 73.08%. 41.89%. 49.70%. 42.75% Fl 40.18%; N
el P22 e e A, Hrpr 1 AFRIT S AR AR L S AR A PR R

PRt o R BRI L ) S R R A, B A A A B A 4
K, B & E Wi, 7656 4 FRHE B EAK, T 2R
L BEE A A U
23 HEKFRITBLERKESERS S0

Fh e 5 AT, 5 AR AR BR Y AR LU i 3 rh RS
16 P MR, fFh 6 Pl T & IEEE AN 10 FhdEb
T IR, AP R P 25 7 k35 (P<0.05) .
o 1 AR AR AR L SRR o T 2 SRR T N ) i
151, 20 29.38%, 2 AFAE T 5 LUIIEAIR, 2 23.37%. B
R 5 A ARAR BT 2 LR LIS T WHO/FAO 42
B FRAR R R (EAA/TAA=0.40) , (BAE M35
FASRR TR, Ak L 3E AT BT 30U IS TR B . 7RG HY
M) 16 Fha SR b, HAARR A BTN RE RS &R . 4
RN R AR & B HEA AT —, X SRR 1Y
TFELER—30 . KA RIS AR L 3 0% 3 2L 4 LR,
TE 2 AR AR RS P B B, A 15.03 mg/kg, HiJE
4 42, S 11.73 mg/kg. VE LT EBEMR, K 2 R ATE
Jgg 0 &l AR RF R T R P R R EE R, fas
F e A IRE A B T P 5 A A AR B AK L i 36
Y2 EIR P L S ISRl S B N ka3, T2 REmR 1Y
FRBR 5 A K R T A TR AH S0, L ik AR L i 3 2R T
3 AR B EIE N, 4~5 ARy
2.4 HEKFRIFBLHERFER S S 20950

AR A RR AR LU 3 06 P B3 bR v o (a3
B VLIE 1, 5 A KAERR AR L 5% 2 Fhis P a1
sk 6 s . SESP B —F R BT, JZ AR LILH
TR AR, Hog i S5 RIS UG, &
6 WF 5T 2 BH 38 2 e HL AT J0 o) 2 g 4 ARk i G
PEPO AR IEPh T R B FBTHE Y SEER . AR
Ji e P e S HEE S BAE 14 4FE 2 B3 TR
(P<0.05), 5% SAEFH NI, S5 1 4EAHLE, 3254k

%3 AR RARRRAR LU 56 08 TR0 B i (%)
Table 3 Nutrient content of Wushan Codonopsis pilosula at different growth years (%)

ARAF R (4F) Ky HUIE MM RSV B R Y EZ
1 80.94+0.14" 1.28+0.47¢ 3.64+0.05" 4.63%0.09° 64.2120.24" 19.94+0.84°
2 76.37+0.18° 1.650.13¢ 2.200.10° 4.5120.08° 60.41+1.21° 19.4241.35°
3 75.1841.59° 3.350.11° 1.1740.03¢ 3.290.07° 61.74+1.56" 20.73+0.57°
4 81.80+1.71" 2.5440.02° 1.53+0.01° 6.66=0.20° 69.74+0.91° 20.97+0.41°
5 85.35+0.33" 2.98+0.28" 1.820.05 5.830.03° 61.4542.12° 8.38+1.00°

TE: AR TR R[] — F5 AT 3 122 5 (P<0.05); BRK M5, A 5 Ans% T b 9 B L 15, Rd~3R 71

K4 AFEARAERRAR LS SEAHLIR & i

Table 4 Organic acids content of Wushan Codonopsis pilosula at different growth years

F LR (mg/g)
AR (4F) — —, — — — — -
R LR YRR NI PR EHIR At
1 4.24+0.14° 3.58+0.26° ND 57.32+1.33° 8.16+0.18° 5.14+0.28¢ 78.43+1.68°
2 1.58+0.12° 4.4440.65" 0.54+0.02° 23.38+1.17° 15.56+0.63° 10.31+0.94° 55.81+0.85°
3 0.79+0.05¢ 2.33+0.03¢ 0.44+0.01° 19.88+1.11° 9.59+0.18" 6.98+0.44° 40.00£1.00°
4 0.40+0.02¢ 4.24+0.17" 0.34+0.00° 14.76+0.86¢ 6.66+0.39¢ 8.12+0.24° 34.53+0.63¢
5 0.64+0.04° 5.46+0.37° ND 15.39+1.48¢ 7.88+0.58° 8.93+0.23" 38.30+1.91°

E: NDFRAKEH, K56 .
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Table 5 Hydrolyzed amino acids content of Wushan Codonopsis pilosula at different growth years

P AERARRR (4F)
R IR (mg/kg)
1 2 3 4 5
HAMR 1.19+0.06" 1.24+0.14° 0.69+0.04° 1.17+0.05° 1.84+0.01*
KEER 11.6040.24° 15.030.06 6.24+0.25¢ 11.73£0.12° 10.25+0.37°
TR SR AR 2.61£0.09° 1.98+0.05¢ 1.36+0.07¢ 1.93+0.05¢ 2.43+0.11°
SR 2.87+0.10° 2.06+0.18° 1.40+0.11° 1.84+0.07 2.6740.17*
FrEER 1.62+0.05° 1.42+0.17° 0.86+0.05° 1.24+0.03° 1.64+0.10°
it 19.88+0.35° 21.74+0.51* 10.56+0.51¢ 17.90+0.02° 18.83+0.54°
fik 2R 1.03£0.03° 0.91+0.01% 0.56+0.01¢ 0.87+0.04° 1.3240.15"
s _ KNE R 2.1240.06% 1.95+0.46 1.35+0.03° 1.78+0.04° 2.40+0.12°
JF IR IR o ] .
25 2.28+0.08° 1.84+0.09 1.18+0.08° 1.71£0.03° 2.34+0.12°
IEIR 2.05+0.07° 1.7240.12° 1.07+0.07¢ 1.5240.02¢ 2.1240.10*
=it 7.48+0.21° 6.42+0.66° 4.17+0.18¢ 5.88+0.11° 8.19+0.07*
N HER 2.38+0.06° 1.64+0.07° 1.08+0.06° 1.49+0.06° 2.26+0.08°
AR SR e
N 3.28+0.08° 2.54+0.32° 1.57+0.07¢ 2.09+0.04° 3.32+0.06"
st 5.67+0.14° 4.18+0.39" 2.66+0.13¢ 3.59:+0.10° 5.58+0.13"
BAR 7.23+0.19¢ 8.91+0.02° 4.40+0.33¢ 7.12+0.03¢ 10.89+0.55°
. . RAEHAR 4.3940.16" 4.2740.10% 2.45+0.26° 4.0240.03¢ 5.25+0.17*
kA SR o
R 4.34%0.13° 2.88+0.04° 2.30£0.10° 3.08+0.04° 4.42+0.41a
[Nz 3.87+0.07° 2.99+0.11¢ 2.600.13° 3.5420.03° 4.93£0.07°
ps8al 19.83+0.47° 19.04+0.26° 11.76+0.81¢ 17.75+0.09° 25.48+1.04°
Tek A SR PR 0.28+0.01° ND ND ND 0.3320.01°
W RIER 15.610.33" 12.01+0.98° 8.34+0.42° 11.39+0.24° 15.69+0.79°
ENE LR i 53.14+1.13° 51.38+1.75 29.14+1.60° 45.13+0.27° 58.42+1.77°

" rifE £

Fif ] (min)
Bl 1 R AFBR AR L 3 6 A B B T (TIC) B
Fig.1 Total ion current (TIC) diagram of active ingredients
with Wushan Codonopsis pilosula at different growth years

VE: a NS P RAEIE, b A5 AR PR TTRAE D
6 AN RAR FRFRAR L 527 Moy

Table 6 Active ingredients content of Wushan Codonopsis
pilosula at different growth years

i:;f)ﬁﬁ 1 2 3 4 5

BT
(ng/g)
BAHEET
(ng/g)
TS EESE 2K T 173.75%, 56 34K T
247.84%, 55 4 AEIG KT 438.21%, B 5 AE S HE
5 AMERMET 49.14%., Ak @A Ko P A
PG T 5 27 2~3 4R 0 B 35 22 5 (P>0.05), WFoT &
BUAEPIAR TR AL T-Ps A KRN S KRR BB AR N
BRI, PR 2~3 47 S AR i e P AR K . B

3.01£0.17¢ 8.24+0.32° 10.47+0.44° 16.20+1.53" 8.24+0.36°

3.10£0.07% 13.6240.96° 13.63+0.99¢ 23.78+0.85" 57.26+0.67°

St AR LR 3 A AR IR S 5E 3 ARFNER 4 4ERT BT
BT, X5 SCHER PR BRI 5 ST 2L 3~4 AE A TR
IRV —F

2.5 HAKCHFPRITRRLL R FEAE & M KR R BT #2010
2.5.1 FERMWSRITH I ST AR 2
JZ AN [R] Az A AR R A LU 5 AU s J AR A 1) E B2 2
JREB A, WIRTE PR A ST —. SRAISHE
PP (GC-MS) X AN [R] A KA RR AR L i 58
YR MEAL S AT AT, S5 UL 2, FE 5 PAERRAY
AL B b A e Y 116 FhiE R RIS, Hirba
¥5& 33 PRI A9, 25 FREEZMLG W), 26 FITRIS 1
A, 8 MR LEY), 8 FRENZEIL G, 12 FAZL
G, 3 PRSI G, 1 Rk b G,
43 21 B, e 7 o AR LE SE A K R h i R
AW S EANE 3A PR, ¥ERTEIL S &
JEEIAE 10.21~22.28 mg/kg N, 54 1 4EAH L, 45
2 AR R MR RS B T 46.91%, MEE 2 AETT
A B A0 B IR 2 B R e BT
B BN S AESEIEINT 116.45%. MR 7 dhal i,
R CLBRZESE 1 AR RNEE S AR S 4r il 11773.32 ng/
kg 1 13326.58 ng/kg, Mi7E 2~3 AL 1L g 58, P
iR LR AR Y, 4 A4 AR LLE 3 T B8 6.01 g/
kg, IX FECT 1 AERT 5 AR AR AR L S8 R LS
ET 2~4 F . AFEERAERA LGS YEE
FAEXT S EcaniE 3B FE 3C. 5 NMEOrp S EE R
PELH S R mss | WEIS IR, 3 MG N & iy
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Fig.2 Total ion current (TIC) diagram of volatile compositions

with Wushan Codonopsis pilosula at different growth years
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Table 7 Volatile compositions of Wushan Codonopsis pilosula at different growth years

&P (ug/kg) AEIAFIRCR)
1 2 3 4 5
=S
IR 176.01£1.49° - - - 54.27+2.64°
T 224.89+29.28° 69.80+2.34¢ 114.96+10.42° 110.81+4.39° 146.14+0.63"
BERE 24.47+2.70° 21.61£2.67¢ 47.79+4.36" 85.12+3.39° 23.97+1.67°
A 47.45+3 .48 - 18.4140.59° 59.74+0.91° -
2,7- 342 - - 5.23+0.05 - -
SR 19.03+2.71 - - - -
3-FEL-1-E 29.23+5.38 - - - -
2-HHE-1-T B 38.62+0.91 - - - -
1- TP 59.23+2.41° - - - 63.64+2.33"
(£)-6-F1 3L-5-B 3L -2 25.06+2.77* - - - 12.71+1.54°
-2 011 20.90+0.71° - - 29.24+1.52° 45.69+4.20°
6-FF1 L-3- P 96.58+3.49 - - - -
(2R,3R)-(-)-2,3-T P - 4536+1.31° 19.01£2.35° - -
(S)-(+)-4-HI %E-1-CL B 3.08+0.06 - - - -
R 2-T M- 1-1% 20.90+0.71° 25.37+0.60° - - 110.69+6.92*
B 168.64+8.27° 97.12+2.53¢ 59.59+1.14° 185.97+0.88° 119.68+4.87°
i - - 51.7545.15° 103.01+3.84° -
S A AL A 10.67+0.82 - - - -
4-CLJ5-1-1% - - 29.34+0.47 - -
J5-2- 2 45~ 1- B2 - - 545.1+25.04° 2286.37+202.53° -
JZ-3-C - - 252.08+6.76 - -
2- -1 - 142.16+19.43 - - -
4-H 31 g - 4702.95+55.45° 3660.37+47.86° 5880.62+569.33° -
i - 295.10+16.87° - - 663.03+24.79°
4-Z IR O 10.08+0.20 - - - -
W 72.41+4.42 - 25.79+2.58° 46.39+2.90° 26.52+1.62°
J I 40.16+7.30% 26.80+3.39¢ 33.47+1.28% 46.77+4.26° 147.51+2.94°
TE R 6.10£0.64° - 9.49+1.10° - 19.10+0.92°
2 F-2-C M- 1P 1537.09+46.35 - - - 19.10+0.75°
3R - - - 65.83+2.60 -
pRISE S Y - - - 38.52+1.49 -
- AL T - - - 14.24+0.87 -
(+)-o-FATHEL - - - - 22.77+2.16
A 38.57+5.25¢ 290.83+113.33° 254.81+17.87° 374.56+12.72° 37.23+2.86¢
(Z)-FrimE - 5.6140.25 - - -
B 24.47+4.39" 24.32+0.06° 17.57+1.47° 19.16+0.86" 23.78+1.56"
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gk
o HERAEBR (45)
1 2 3 4 5
2Lk 37.77+6.02" 21.6142.67° 19.15+2.15° 35.49+0.27° 43.09+2.22°
FRERE 13.18+2.46° 16.16+1.21° 25.33+2.41° 23.82+1.24° 41.5343.60°
K 77.89+3.54° 77.16+3.82° 73.50+3.60° - 128.02+3.64*
T 84.54+2.11° 35.68+4.33¢ 36.42+3.20° 57.07+2.87° 74.25+4.78°
IR T T 33.2244.65 - 10.61+1.12° - 34.20+2.44°
2,4-2% TR 100.70+3.94° 121.19+7.40° 71.77+2.63° 75.56+2.99° -
K-2,4-55 T HERE 38.25+1.52¢ 46.55+3.67° 48.06+4.50° 60.31+0.35° 178.24+0.96"
S22 43.7244.79° 106.29+12.08" 87.36+1.49° 124.32+10.85° 90.09+2.08°
2-CL T 449.89+33.06° 47.2045.28° 2410.31+56.40° 929.16+19.94° 646.07+3.33°
CLE 175.86+13.41¢ 1817.81+45.75° 1010.79+5.05 432.63+15.80° 451.22+19.76°
(E.E)-2,4-C. _Jf - - 87.81+4.27° 127.44+5.68° 76.95+1.99¢
S R-2- M - 18.95+0.73° 11.10+0.28° - -
1E T kT - 75.49+12.33° 72.73£7.05° 145.79+1.27° -
(2E,4E)-2,4-¢ Il - 27.32+3.52 - - -
SR -2-BE I - 32.45+1.17° 26.07+0.66° 53.68+3.58" -
R -2,4- P ZImTE - 102.69+6.93" 145.85+2.20° 104.61+3.65° -
SRS - 6.58+0.65° 3.23+0.29° 4.44+0.33" -
KR -2,4-T I - 36.92+2.99° 36.63+3.23° 36.76+2.39 -
2-f i - - 4.63+0.34° 12.67+1.86" 13.77+0.29°
R -2,6-T i - - 15.00+0.14 - -
(E,E)-2,4-B¢ )il - - - - 353.54+7.39
S EWEE L - 61.33+3.33° 33.2242.50° - -
RS
TR S R S TR iR 52.15+097° - - - 35.25+2.05
FysAr R g 1016.82:69.07° 444.53+10.25¢ 260.20+3.39° 755.78+29.22¢ 1259.00+10.57*
T i /1 g 273.18+40.86" - - - 318.54+33.68°
TR 7 S R P 118.86+6.91° 81.3742.12¢ - - 147.76+11.42
KPR R R 6.67+0.96 - - - -
AR S N R 135.40+9.89* - - - 121.68+5.76
RO B 340.71+30.74* - 107.89+1.07° 97.74+5.04° -
BRI C e 19.00+1.25¢ 55.06+4.08" 31.00+£1.47° 104.55+2.90° 12.90+1.33¢
FARIR £ g 174.93+2.87¢ 223.99+6.52" 183.35+6.34% 433.36+16.05" 199.01+4.66°
F R C e 11773.32+171.72° - - 6.01+0.81° 13326.58+29.41°
TR 2 Td 34.60+3.24 - - - -
AR W 5 TR 90.79+4.89¢ 72.79+3.25¢ 85.39+1.88° 142.39+6.76" 127.08+6.50°
2,2,4- = HI3-1,3- 1% — s — 5 T ERR 30.43+3.68¢ 99.12+8.32° 88.17+7.23" 212.3149.64° 45.0543.09°
FIR T - 24.18+1.44° 23.79+2.01° 55.86+3.60° -
CRH iR - 52.99+2 .24 - - -
PR H i - 13.56+1.27* - 15.82+1.27° -
SRR PR - 24.18+1.44° 23.79+2.01° 55.86+3.60° -
9- AT MR H g - 27.12+1.87* 7.92+0.62° 26.19+3.16° -
ECRR M - 41.00+2.51 - - -
CRRC R - 73.17+3.89° 19.08+1.29° 34.43+3.25° -
FC R - - 26.14+0.74 - -
FLRR S - - 5.23+0.82 - -
3-FH - R FR g - - 14.22+0.87° 33.30+1.20° -
TR - - 18.49+0.69 - -
TR i - - - - 1054.76+37.43
A R —(2- )R - - - - 127.08+5.31
T HmR 176.01<1.49 - - -
W 406.32+14.06* - 147.55+1.57° 123.17+2.68¢ 183.09+3.37°
R2-cIREC R - 9.72+0.30 5.84+0.30° 12.51+1.72° -
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gk
A gke) HERAEBR (45)
1 2 3 4 5
FR - - 82.51+4.32 - -
A T RE R - - 134.70+1.23 - -
PR - - 8.36+0.19 -
SR - - - - 19.35+1.14
RWAN 3 - - - - 308.39+9.66
[{ES
332 TR 28.04+2.21 - - - -
2-Pf - 4.41+0.21° 3.14+0.23¢ 8.21+0.31° -
FH S B A T - 66.37£2.97 50.06+0.76° 36.48+1.27° 59.05+5.16
X BB 2 - 19.79+0.96° 19.67+0.32° 43.2342.59° -
3-2FH-2-MR - 5.38+0.60 - - -
AT - - 34.95+1.45 - -
AR T - - 2.68+0.08 - -
] - - - - 33.72+1.96
IES
AAbAarTIE 45.93+2.80" - 14.42+1.24° - -
(-)-B-AEHaf 110.68+6.31% 106.08+3.69" 63.04+6.46° 119.08+5.04° 101.28+3.22°
XIF[4.1.0]-1,3,5-BE =4 335.88+3.69° 234.46+23.32¢ 263.49+15.49¢ 671.07+25.60° 874.30+11.70°
BN 34.37+1.74° - 17.59+1.60° 30.01+2.47° 30.44+0.71°
BRI 20.89+1.71° 8.86+1.31° - - 19.68+1.77*
4-C IR 85.43+9.92 - - - -
PR s 13.81£1.29° 9.80+0.93° - - 31.02+1.47°
EARL 230 ) - 11.87£1.20 - - -
B-HIARM - 7.44+0.71° 14.88+0.99" - -
KARFE B - - 13.55+0.69 - -
HAM - - 23.79+1.88 - -
2,5,5- = HH-2-C - - - 100.95+6.15 -
=S
3-F S 3E-25-— Sk s 30.47+1.03 30.47+1.03¢ 8.04+0.57° 30.47+1.03¢ 30.47+1.03
2-FAEBE-3- 5 T kb 26.07+1.10° 23.25+2.40° - - 30.47+1.03°
2- S HE-3-F AUk R - 10.34£0.57° 10.62+0.58° 18.27+2.24 23.15+0.80°
FHoA
2- IR HE R - 39.91+3.80¢ 25.0040.64¢ 47.77+1.60° 74.94+0.35
T —FORAK
RS, 3 AEA AR LRSS & & s, R Ermhes, (5)-B-AEMAIE IS DU 32 5 D ERKARRR

Y 40.12%, I HAE MBI A . EimZUAS b
PRSI R B BT ESS 2 AEFIES 5 AF S B .
BSALA A H S 0 SR () SR R AR il
B, HoAe 1 40 5 AR AR L 36 b B e, 43
HEE R 73.20% F 75.30%. FR OSSR LR
e S ERZEZERISYI, £E 1. 4 Fl 5 ARA AL L
PR A YIRS A A= 2R B B E]
P, A ITVE A E FH AR AR iR Y TR A AR R £ T
TE 5 ARy R ARG Y T 21K 1L RS 58 B D R
HHER
FRIAL G AE 2 A A AR LG 38 P & BB I, A
R WP R = TR A R S5 R H7E 3 AR AR AR LU 3
HrglRs . SRR B Y H LB AN, 5 A RAR
RIS A LL e 3 HR A HH AR TR A o [ (i s v, XH s
WA o I RIER AL S ITE 4 A2 K L 5

HHMEFEP, BRI R 2 HFMRE. 2-3E
WRIRIE 5 AFAR AR LU 3 b & e, T HOT AR
MIE KNS P BIFPZE | AR B DL A5 258
KRS ATIE TR, 2~4 AF 5L 7 SRR A
WA AR A w1 AR 5 AR AR MR 1k
GBI
2.5.2 ABRNE FEEAE ST HT M E SE e/ N e - F 1) 4y
e AUE— 2RI R PR S AN R AR AR RR AR L
JA B U B S 152 ), SR FHARTE BE(E (OA V) Siedl
IR A5 K A A B X AR L e S XU B9 B R
B dHH, OAV>1 R TR G YA A 2 XUk 22
FLTTHRH, OAV>10 i o ZE &< a7
5 A SRWATERR A AR LU R S8 T ek Y 47 B OAV>1 1
FAERRIL G, G5 AN 8 i, T Kid R,
ZEWET 2,4-2% TIRIE OAV (HED R, X UL X FiFb
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Fig.3 Variation trend of volatile compounds in Wushan
Codonopsis pilosula at different growth years
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Fig.4 OPLS-DA diagram of key volatile compounds

in Wushan Codonopsis pilosula at different growth years

8 AR RARRAR 58 SR HHE Z MEL S P OAV
Table 8 OAYV of key volatile compounds in Wushan Codonopsis pilosula at different growth years

ey B gk oAv SRAHEDT
1 2 3 4 5
A 55 32.00 0 0 0 9.87 ﬁﬁk%/%@kﬁ%
B 0.7 321.27 99.71 164.23 158.30 208.77 BB A B
JEHE 0.023 1063.91 46257.09 2077.83  3700.87 1042.17 FRERTTIR
S 4 476 0 0 0 0 2 NS
2-F3L-1- T 159 243 0 0 0 0 RRBHR | 222500k
1-TJ% 50 1.18 0 0 1.27 WO
g 1 168.64 97.12 59.59 185.97 119.68 BT B R
R -3-CL I 70 0 0 3.60 0 0 SREH e RS,
Ly 0.2 0 1475.50 0 0 3315.15 HENE R
P 0.35 206.89 0 73.69 132.54 75.77 BT
g 6 6.69 447 5.58 7.80 24.59 AT AR
S -2-C - 1- 100 15.37 0 0 0 0.19 FRTY, B3R
R 350 0.11 0.83 0.73 1.07 0.11 AL AR R Ak
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i I (k)" oAv SORAFED
2 3 4 5
PR 3 6.16 8.11 5.86 6.39 7.93 SEIRFUHUR M DUIR T SR
P 0.06 219.67 360.17 319.17 591.50 718.17 TR
FrERE 0.06 219.67 269.33 42217 397.00 692.17 TERF
W 4 19.47 19.29 18.38 0 32.00 BAEPREFHIES
T 1 84.54 35.68 36.42 57.07 7425 SR FUART S
T 5 10 3.32 0 1.06 0 3.42 WhEER . BBk
2,4-5% I 0.07 143857 173129 102529 1079.43 0 AR BRI A | B . BTk
J2-2,4-28 IR 0.07 546.43 665.00 686.57 861.57  2546.29 A A RS PR A
S -2 T 3 14.57 35.43 29.12 41.44 30.03 SENRIRTA 28, 1A 2TV R ik
2-CUE 17 26.46 278 141.78 54.66 38.00 HEE
CLE 45 39.08 403.96 224.62 96.14 143.57 FTHEAE . R
(E,E)-2,4-C —JfTE 1.8 0 0 48.78 70.80 4275 W 5 R
Jea-2- 28 e 0.3 0 108.17 86.90 178.93 0 TR
JaX-2,4- B Il 10 0 10.27 14.59 10.46 0 ARBR . AR TR
eI 0.2 0 32.90 16.15 22.20 0 RE
S, J-2,4-T I 0.09 0 410.22 407.00 408.44 0 BIGA . XSHAER
2- I 125 0 0 0.37 1.01 1.10 WEA, VA
JJ-2,6-T- )i 0.01 0 0 1 500.00 0 0 5 (NN=c9) (@7
(E,E)-2,4- B Jfils 15.4 0 0 0 0 22.96 EHILZS
Tt H 1 4 254.21 111.13 65.05 188.95 314.75 SIS
IR T 5 R FR 2 59.43 40.69 0 0 73.88 W7 | W
LR 115 2.96 0 0.94 0.85 0 RE
AR HR 5 TR 5 18.16 14.56 17.08 28.48 25.42 A
FMR M 0.58 0 0 45.07 0 0 S W Y. B
BRER TP R 4 0 3.39 0 3.96 0 /
R R 193 0 1.25 123 2.89 0 A W B
ECRR AR 5 0 8.20 0 0 0 TR
R 0.58 0 0 45.07 0 0 SR WA R B
R 3 0 0 27.50 0 0 THEHR
A E5E R 10 0 0 13.47 0 0 WHREER . BB IR
PR L B S5 T 0.16 0 414.81 312.88 228.00 369.06 B AR, A F R
AAeaTIE 40 1.15 0 0.36 0 0 THHIES
2- B4R E-3- 5 T Ak g2 0.038 686.05 611.84 0 0 801.84 BEIR. ‘“;ﬁ V7S gji* ALK
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Fig.5 VIP scores of key volatile compounds in Wushan
Codonopsis pilosula at different growth years
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