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Abstract: Objective To evaluate the quality of Platycodon grandiflorum from different origins and different harvesting periods by
using multi-component content combined with chemometrics. Methods The content of alcohol soluble extract was determined by
hot immersion method, and the contents of platycodon D, platycodon D3, deapioplatycodin D, platycodon E, deapioplatycodin E were
simultaneously determined by UPLC-CAD method, which revealed the dynamic accumulation regularity of chemical component
content of P. grandiflorum in different harvesting periods. Principal component analysis was used to comprehensively evaluate P,
grandiflorum from different growth years and origins, and One-way ANOVA was used to compare the content of various indicator
components in P. grandiflorum from different origins. Results The optimal harvesting period for P. grandiflorus was April in spring,
September to October in autumn, and three years old. Principal component analysis and One-way ANOVA showed significant
differences in the content of indicator components among P. grandiflorum from different origins, as well as differences among different
batches from the same origin. According to the comprehensive scores of P. grandiflorum from different origins based on the principal

component analysis, the top-ranked origins were Longnan in Gansu and Henan Province, followed by Shangluo in Shaanxi, Bozhou in
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Anhui, and Chifeng in Inner Mongolia, and the bottom-ranked origins were Zibo in Shandong and Taiyuan in Shanxi. Conclusion

The evaluation method, which was established by combining multi-component content and chemometrics, clarified the optimal

harvesting periods of P. grandiflorum, distinguished the quality of P. grandiflorum from different origins, which can provide a basis

for the quality control research of P. grandiflorum.

Key words: Platycodon grandiflorum (Jacq.) A. DC.; origin; harvesting period; multi-component; chemometrics; quality evaluation;

platycodon D; platycodon Ds; deapioplatycodin D; platycodon E; deapioplatycodin E
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Table 1 Sample information of P. platycodon at different harvesting periods
FE S5 FEHb SR i KA 7] A KPR/
Y1 TR A A A 113.410 4° 32.562 6° 2022-09-24 1
Y2 T A A 113.410 4° 32.562 6° 2022-10-10 1
Y3 T B A 113.410 4° 32.562 6° 2022-10-28 1
Y4 TR A A A 113.693 5° 32.533 8° 2022-11-13 1
Y5 T A A 113.693 5° 32.533 8° 2022-11-29 1
Y6 T A A 113.693 5° 32.533 8° 2022-12-14 1
Y7 TR A A A 113.693 5° 32.533 8° 2023-02-08 1
Y8 TR A A A 113.283 4° 32.454 5° 2023-02-23 1
Y9 T A A 113.283 4° 32.454 5° 2023-03-13 1
Y10 T A A £ 113.283 4° 32.454 5° 2023-04-04 1
L1 T A A 113.410 4° 32.562 6° 2022-09-24 2
L2 TR A A 113.410 4° 32.562 6° 2022-10-10 2
L3 T A A 113.410 4° 32.562 6° 2022-10-28 2
L4 T A A 113.693 5° 32.533 8° 2022-11-13 2
L5 T A A 113.693 5° 32.533 8° 2022-11-29 2
L6 T A A 113.693 5° 32.533 8° 2022-12-14 2
L7 T A A £ 113.283 4° 32.454 5° 2023-02-08 2
L8 T A A £ 113.283 4° 32.454 5° 2023-02-23 2
L9 TR A A 113.283 4° 32.454 5° 2023-03-13 2
L10 TR A A 113.283 4° 32.454 5° 2023-04-04 2
S1 T A A 113.410 4° 32.562 6° 2022-09-24 3
S2 T A A 113.410 4° 32.562 6° 2022-10-10 3
S3 TR A A 113.410 4° 32.562 6° 2022-10-28 3
S4 T A A 113.693 5° 32.533 8° 2022-11-13 3
S5 T A A 113.693 5° 32.533 8° 2022-11-29 3
S6 TR A A 113.693 5° 32.533 8° 2022-12-14 3
S7 TR A A 113.283 4° 32.454 5° 2023-02-08 3
S8 T A A 113.283 4° 32.454 5° 2023-02-23 3
S9 T A A 113.283 4° 32.454 5° 2023-03-13 3
S10 TR A8 A 113.283 4° 32.454 5° 2023-04-04 3
T2 ARFEHEEAMHERER
Table 2 Sample information of P. platycodon from different origins
s FEl 7 Gl KA ]
XX1 T e 44 7 e EL 111.118 5° 33.4620° 2022-09-27
XX2 T e 44 7 e EL 111.116 9° 33464 5° 2022-09-27
XX3 T A A e B 111.366 6° 33.409 3° 2022-11-18
XX4 T A A e B 111.366 6° 33.409 3° 2022-11-20
XX5 TR T A8 G e L 111.592 2° 33.5609° 2022-11-20
SX1 MENEAE S 112.0382° 33.7750° 2022-09-28
SX2 PN RS- 112.023 0° 33.760 7° 2022-09-28
SX3 T RE A 112.1472° 33.788 3° 2022-10-07
SX4 T RE A 112.216 7° 33.791 3° 2022-10-07
SX5 VNI E S 112.108 5° 34.113 5° 2022-10-10
CF1 RN c T 118.4523° 42,124 9° 2022-11-17
CF2 RN c T 118.9320° 42288 3° 2022-11-17
CF3 REFuPN A 118.9201° 42288 6° 2022-11-14
CF4 REFuPN A 118.8876° 42256 8° 2023-07-08
CF5 RN c T 118.887 6° 42256 8° 2023-07-08
BZ1 TR =M 115.778 6° 33.8462° 2023-07-08
BZ2 LR Z N 115.789 5° 33.8203° 2023-07-08
BZ3 TR =M 115.792 5° 33.8887° 2023-07-08
Bz4 TR =M 115.597 4° 33.2262° 2023-08-04
BZ5 LR Z N 115.590 6° 33.226 6° 2023-08-04
ZB1 i RS R T 118.140 2° 36.2972° 2022-11-21
ZB2 W AR S R T 118.140 2° 36.2972° 2022-11-21
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e R Pl B 2 KA [H)
7ZB3 W ZRAA S T 118.123 3° 36.3177° 2022-11-21
7ZB4 W AR T 118.120 0° 36.327 5° 2022-11-21
7ZB5 I ARV 118.120 1° 36.327 6° 2022-11-21
SL1 B PG 44 P V& T 109.976 7° 33.8721° 2022-11-20
SL2 B D544 P V& T 107.5457° 33.222 8° 2022-11-21
SL3 B pU A r s T 109.918 6° 33.8733° 2023-07-08
SL4 B pu A r s T 109.918 6° 33.8733° 2023-07-08
SL5 B PG48 P V& T 109.918 6° 33.873 3° 2023-08-04
LN1 Hil& R 105.570 0° 33.679 8° 2022-10-24
LN2 =R A 105.570 0° 33.679 8° 2022-10-24
LN3 R A 105.578 0° 33.6432° 2022-10-26
LN4 R AE 105.568 7° 33.677 5° 2022-10-26
TY1 7548 KR T 112.549 6° 37.870 4° 2023-07-08
TY2 7548 KR T 109.918 6° 33.8733° 2023-07-08
TY3 IINIE =y N 109.918 6° 33.873 3° 2023-07-08
TB1 T A 44 A A B 113.2132° 32.4499° 2022-09-25
TB2 T A 44 Al A B 113.313 8° 32.369 9° 2022-10-30
TB3 VAT e A4 Al A L 113.3425° 32.354 8° 2022-10-30
TB4 VAT e A4 Al A L 113.3139° 32.370 0° 2022-10-31
TB5 ¥ B 44 Al A EL 113.4350° 32.283 4° 2022-10-31
2.1.2 AR E RS S BUERERE SR 2 g G A ? S
VU507, FE 2 FR e, B B ZEHE L, K2 10% | ; j,
R 50 mL, FRE e, HAEGHE (T)E 250 _, I :. 4
W. & 40 kHz) 30 min, ¥4, BHHREFRE, H B‘
10% FF B AN R R I i &, $250, JEIT, HNEE s
TN \ ’ \ e 4 |
JEHE, T 0.22 pm BALIERE, BIfE. I |2 |
213 ik % Waters ACQUITY UPLC BEH A 1| 3
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Fig.1 UPLC-CAD chromatograms of mixed reference

substances (A) and test solution (B)

FrtE RS A 2 B TR RSD H 2 5N 0.32%-
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Table 3 Linear relationship and range of five active components in P. grandiflorum
3% EEpy R? 2514Vl /(mg-mL ™)
R D Y=11.341 X—0.059 5 0.999 2 0.017 6~0.525 1
FEtd 2 Ds Y=22.444 X+0.044 1 0.999 6 0.005 5~0.302 5
Ry ey (L= Y=19.522 X+0.031 4 0.999 7 0.012 2~0.569 6
FERE T E Y=18.924 X+0.072 3 0.999 6 0.006 3~0.492 2
LR E Y=15.568 X+0.041 9 0.999 7 0.008 1~0.528 5

“2.1.27 TR RERL, 9T 0L 24 44
8. 12, 24h % “2.1.3”7 Il %Rt iE, MIFSASHE
B D, WEEET Dy ZETPERE AT DL R
H E. EEWERSEEE T E WA RSD H2 5N
1.12%- 0.57%- 1.08%- 1.24%. 1.19%, It 1%
il % B AR S VA VRAE 24 h W e 1 R AT
2.1.8  INFEEMEERALS A IRECE TR B
Eﬂ%ﬁm#*6ﬁ By 1 g, PRSI
1 3B INAFEBE 2 D A5 2 Day R HsS
ﬁﬁé3%¥1)\$*iiéﬂi¥£a R AT B R,
% “2.1.27 U AOAMIER, JFiZ “2.1.37 B
OTESRAF AT 0T, VHE S ANIEME RS IR AL [l
K, RS R D A A Dy 2T pERS R

B D, MR E. RAFEEE B PN
[R5 518 99.17%- 99.93%- 100.85%- 100.20%.
99.81%; RSD fH7 N 0.87% 1.30%-~ 1.95%-
1.84%. 1.61%.
219 MM EENE  AFESRSCHFIA R = )4
FEFE S 4% “2.1.27 TR 6 & A s, IR %
“2.1.37 WG KA, o0 A IERS B2 E D,
FEFERT D3y A PR ET D B2 H E. &
FHEREFIEE T E S E. REMSENESR (h
[E 24 ) 2020 FFRASFELT R HA GE N 2201) I
E 71N

M 4 MK 2 vTOUE W, BEEH D, Mg
1 Dy ETFEEERTE D, WRET By

R4 TNERVEABEERD SHERISENESRHEYSENEER (n=3)

Table 4 Results of content determination of five components and extractions in P. grandiflorum samples at different

harvesting periods (n = 3)

BERGS INAY ¥ S L . ‘

FRETD  BWefD,  LAMREeD  BEefE  LABERAE G
Y1 0.83 0.37 0.47 0.61 0.31 18.77
Y2 0.98 0.51 0.99 0.71 0.55 19.89
Y3 0.84 0.60 1.18 0.85 0.75 19.45
Y4 0.86 0.32 0.61 0.42 0.24 22.12
Y5 0.80 0.28 0.76 0.43 0.21 18.40
Y6 0.86 0.20 0.70 0.25 0.10 21.30
Y7 1.00 0.42 0.74 0.74 0.38 26.87
Y8 1.20 0.45 0.93 0.59 0.34 23.66
Y9 1.09 0.36 0.71 0.55 0.31 28.93
Y10 1.43 0.43 1.35 0.41 0.28 29.46
L1 1.00 0.40 0.58 0.65 0.35 19.09
L2 1.08 0.52 1.15 0.86 0.85 18.70
L3 0.97 0.53 1.11 0.84 0.92 21.26
L4 0.74 0.27 0.66 0.41 0.27 21.18
L5 0.81 0.22 0.57 0.33 0.16 18.68
L6 0.77 0.18 0.67 0.23 0.11 22.34
L7 0.78 0.33 0.51 0.63 0.32 26.69
L8 1.11 0.38 0.77 0.54 0.33 23.00
L9 0.77 0.31 0.49 0.58 0.32 29.43
L10 1.40 0.48 1.24 0.54 0.34 32.10
S1 1.08 0.45 0.72 0.68 0.38 20.97
S2 1.09 0.58 1.11 0.88 0.77 19.22
S3 1.00 0.58 1.22 0.84 0.92 23.27
S4 0.80 0.30 0.79 0.49 0.40 22.71
S5 0.84 0.23 0.50 0.37 0.23 19.62
S6 0.68 0.16 0.53 0.24 0.12 23.03
S7 0.54 0.24 0.36 0.52 0.26 27.08
S8 0.88 0.29 0.65 0.51 0.36 23.18
S9 0.50 0.23 0.30 0.44 0.25 31.35
S10 1.46 0.46 1.30 0.41 0.28 32.62
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Fig. 2 Dynamic accumulation of chemical components of P. grandiflorum at different harvesting periods
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*5 AE~HMEEHRD SHESSENESRHYSENESER (n=3)

Table 5 Results of content determination of five components and extractions in P. grandiflorum samples from different

regions (n = 3)

B g JoR 155 5%

R D FEFE R Ds LA PEREEIRA D FEFERT E LB EIRAT E R
XX1 1.24 0.54 1.13 0.80 0.50 18.49
XX2 1.13 0.82 1.53 1.27 1.45 18.21
XX3 0.86 0.31 0.75 0.37 0.27 17.49
XX4 0.88 0.31 0.73 0.39 0.28 17.32
XX5 0.86 0.42 0.67 0.41 0.28 17.55
SX1 0.91 0.33 0.66 0.57 0.34 19.57
SX2 0.81 0.23 0.70 0.48 0.52 20.27
SX3 0.75 0.24 0.58 0.35 0.24 22.54
SX4 0.81 0.30 0.60 0.56 0.50 22.48
SX5 0.81 0.31 0.76 0.37 0.34 27.28
CF1 0.84 0.22 0.49 0.49 0.28 28.71
CF2 0.66 0.19 0.77 0.39 0.25 29.35
CF3 0.79 0.23 0.53 0.42 0.23 34.04
CF4 0.93 0.17 0.89 0.20 0.22 30.16
CF5 0.78 0.10 0.64 0.16 0.11 26.24
BZ1 0.79 0.31 0.57 0.43 0.31 23.94
BZ2 0.72 0.23 0.46 0.43 0.47 21.77
BZ3 0.72 0.21 0.45 0.27 0.20 26.87
BZ4 0.87 0.33 0.65 0.60 0.50 29.02
BZ5 0.85 0.30 0.67 0.59 0.49 29.05
ZB1 0.65 0.13 0.42 0.22 0.10 25.83
ZB2 0.56 0.12 0.38 0.17 0.1 19.19
ZB3 0.73 0.16 0.48 0.23 0.13 34.52
ZB4 0.87 0.19 0.59 0.22 0.1 35.37
ZB5 0.81 0.1 0.51 0.22 0.13 33.24
SL1 0.62 0.15 0.38 0.29 0.20 40.77
SL2 0.60 0.20 0.55 0.28 0.27 22.05
SL3 0.92 0.50 0.63 0.75 0.65 21.78
SL4 1.01 0.34 0.95 0.48 0.36 21.39
SL5 0.79 0.27 0.62 0.56 0.61 35.48
LNI1 0.85 0.46 1.09 0.49 0.65 25.69
LN2 0.96 0.41 1.17 0.63 0.72 25.01
LN3 1.03 0.51 1.37 0.63 0.76 24.04
LN4 0.90 0.49 1.10 0.53 0.65 24.92
TY1 0.49 0.09 0.35 0.14 0.28 14.92
TY2 0.45 0.11 0.27 0.17 0.08 15.50
TY3 0.54 0.11 0.35 0.18 0.10 16.08
TBI1 1.30 0.65 1.30 0.87 0.79 22.62
TB2 0.89 0.31 0.55 0.49 0.27 14.00
TB3 0.76 0.31 0.47 0.50 0.29 15.09
TB4 0.87 0.40 0.86 0.70 0.69 2131
TBS 0.98 0.51 1.39 0.73 0.38 21.22
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Table 6 Principal component factor scores and rankings of

P. grandiflorum with different growth years
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Fig. 3 PCA score map of P. grandiflorum from different

regions
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Table 7 Principal component scores and comprehensive rankings of P. grandiflorum from different regions

! Yi V> Y HE4
T e PG e 2.59 -0.82 1.71 2
T A -0.02 -0.23 -0.05 4
RERPiN -1.24 1.15 -0.70 7
e -0.31 0.35 -0.16 6
AR 1 —2.44 1.00 -1.57 8
B PE S i -0.28 0.76 -0.08 5
HfBerd 2.73 0.45 2.01 1
1L R R -3.28 -1.96 -2.64 9
TR AR AR 2.10 -0.68 1.38 3

223 A[FEFEHAE B AR B T 20 R
SPSS 20.0 FAEXT 9 N7 IS FEAE & R bR Al
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o WS RIEIIEIEIER Y& B, BER
TR R E L AR PER B AT LI
G, P EFR AR S A Ll P R S X R A 1K



4524 « PER 2024F7H B55% B 138 Chinese Traditional and Herbal Drugs 2024 July Vol. 55 No. 13
*x8 ATRFHHEERERSEZELRER
Table 8 Multiple comparison results of various index content of P. grandiflorum from different origins

. Ji 5 H%

e iR D BHRE D LAHEEE D MEETE KRR EE B
T g P Uk 0.990+0.179°  0.480%0.2122  0.960%£0.366®  0.650+0.391*  0.560+0.509° 17.810£0.508¢%
ENEEREEES 0.820+0.058%¢  0.28040.044°  0.660%0.073%  0.47020.103%  0.390+0.119%¢  22.430+3.016>
W 7RIE  0.80040.098%¢  0.18040.052¢¢  0.660£0.167>  0.33040.144¢  0220£0.065*  29.700+2.834
L= 0.790£0.07> 0.280£0.053°  0.560%0.103¢ 0.460+0.136%  0.390+0.133%  26.130%+3.211%
7R 1 0.720+0.124°  0.140%0.033%¢  0.480+0.081°¢ 0.210£0.024¢  0.120+0.013¢ 29.63016.952°
e 74 7 7% 0.790+0.18b 0.290+0.137°  0.630£0.207°  0.470+0.197%  0.420+0.202%¢  28.290+9.170%
kB 0.930+0.078%  0.47040.043*  1.18040.130° 0.570+0.071%  0.700+0.054? 24.920+0.677%*
Ll 7 KR 0.490+0.045¢  0.1000.012¢  0.32040.046° 0.160+0.021¢  0.150£0.110  15.500=0.580¢
T R A A 0.960+0.206®  0.440%0.145® 09100421  0.660+0.162*  0.480+0.24% 18.850+3.986¢d

[F—Fh, FREAFEFRREREEER (P<0.05).

In the same column, different letters indicate significant differences ("P < 0.05).

3 g
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