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Study on the Correlation between Morphological Characteristics and Chemical Constituents of Garden
Ginseng, Mountain Transplanted Ginseng and Mountain-grown Ginseng Based on “Evaluating Quality
from Morphological Characteristics”

DAI Quankuan', LI Linyuan', XU Guobing®, TANG Dan', MA Hongyan' (1. College of TCM, Guangdong
Pharmaceutical University, Guangzhou 510006, China; 2. Anhui Institute for Food and Drug Control, Hefei

230051, China)

ABSTRACT OBIJECTIVE: To investigate the correlation between the morphological characteristics and chemical constituents of
garden ginseng (GG), mountain transplanted ginseng (MTG) and mountain-grown ginseng (MGG), so as to provide evidence for
elucidating the scientific connotation of “evaluating quality from morphological characteristics”. METHODS: A total of 30 batches
of GG, MTG and MGG were collected. The contents of 11 saponins (ginsenoside Rg,, Re, Rg., Fi, Rb;, Rb,, Rb;, Rc, Rd, Ro,
Rf) were determined by UPLC. The determination was performed on Acquity UPLC® BEH C;; column with mobile phase consisted
of 0.1% Formic acid solution-0.1% Acetonitrile formate solution (gradient elution) at the flow rate of 0.5 mL/min. The column
temperature was set at 35 °C. The detection wavelength was set at 203 nm, and sample size was 5 pL. The content of starch was
determined by colorimetry, and the absorbance value was measured at 559 nm with 0.5% iodine-potassium iodide as the color
reagent. SPSS 23.0 statistical software was used to perform Pearson relationship analysis for appearance characteristic indexes
(number of stem scars, rhizome length, texture) with the contents of 11 kinds of saponins, the content of total saponins, the
the content of starch. RESULTS: The linear relationship
between UPLC and colorimetry was good (r>0.999). RSDs of precision, reproducibility and stability tests were all lower than
5% . Average recoveries were 95.17% -105.20% (RSD<<56% , n=6). Except for ginsenoside Rf, the contents of other 10
ginsenosides were positively correlated with the number of stem scars, so were the contents of 11 gensenosides with the rhizome
length (>0, P<0.05),
starch in P. ginseng was positively correlated with texture firmness (r=0.95, P<<0.01). The ratio of PPT/PPD in P. ginseng was
negatively associated with the number of stem scars and the rhizome length (»<<0, P<<0.05). CONCLUSIONS: The number of

stem scars, the rhizome length and texture porosity of P. ginseng are positively associated with the contents of medicinal material

content ratio of panaxatriol saponin (PPT)/panaxadiol saponin (PPD) ,

and they were negatively correlated with the firmness of the texture (#<<0, P<<0.05). The content of

ginsenoside; the increase of PPD content in P. ginseng was higher than that of PPT with the increase of growth years. The
traditional “evaluating quality from morphological characteristics” for P ginseng has a certain scientific connotation, which is more
stem scars, longer rhizome and loose texture.

KEYWORDS  Panax ginseng; Appearance; Characteristics; Ginsenoside; Starch; Evaluating quality from morphological

characteristics; Correlation
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R E AT AR AT BR S H] ) s XP-205 AU+ T7 4y 2 —
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DML LER2EAER ) o
1.2 ARE5RF

ANZ%H Rg .Re Rg..F, \Rb, \Rb, ,Rb; \Rc .Rd .Ro,
REXT B8 A 25 R 75 OR 22 KR 25 Ak 22 S 00 == B4 (HIL5
43512k 18171805, 1827, 1807, 1812, 1822, 1832, 1803 ,
180418151806 , fifi Fil UPLC el i AR — k3155 4l
JE AR T 98.0% ) 5 T by ([ 25 45 A Ak 50 A BR 2
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W N2 (P, ginseng C. A. Mey.) AR B HIZE, Horp AR5
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S30 AHF 112, ¥ R A I SRS . B 1112 FEF
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FE L AR IR LA W, NS AR R4S A h
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Tab 1 P. ginseng information and its appearance and

characteristics
sl {5 3 23 3 si6 Bz 1l 46 |
2 {5 3 18 3 sI7 BB 10 42 2
3 @B 3 06 3 SI8 - BB 8 33 3
4 [@5 3 25 3 19 BB 12 46 3
SIE 3 12 3 20 BB 8 27 3
NIE 3 Ll 3 21 s 13 49 1
7 @B 3 0.6 3 2 BB 15 49 |
$$ @5 3 09 3 3 s 13 44 |
N 3 24 3 4 HilB 15 68 |
sl [ 3 13 3 $25 BB 13 56 2
sl Bz 8 27 2 26 Hls 15 55 2
sz BB n 6.1 2 71 BB 13 63 2
s3 BB 9 46 3 28 BB 17 76 |
sl BBz 9 49 1 29 BB 14 77 |
SIS BB 10 6.1 2 $30  Hilis 15 44 |

2 ASHIMBEFEEFNSENE

K HTUPLC M5 11 AR B 5 4t
2.1 BRHEE
2.1.1 JRAXT SRR REEAREC LA A S A X R
A A IE B, I 70% B EE A 1 mL P4 NS BT
Rb, 3.93 mg. A Z 2 FF Rb, 0.88 mg, A 1 Rb, 0.85
mg. AS 17 Re 2.56 mg, AS 7R 1.14 mg A S
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1F Re 2.50 mg. A% 17 Rf 0.55 mg, A Z AT F, 0.99
mg, AZ ¥ Re, 2.54 mg, AZ 21 Rg, 0.13 mg, A S
L FF Ro 4.85 mg MITR A X HE A B, T 4 C A& F %
17, % o
2.1.2 fUXAIAETR BUR IS B NSRS (R 50
TRDZ0.2 g W% FRE , B T ROE T, I 70% H 55
mL 321 20 min J&5 , T 35 CE&AF TR (3h2. 250 W, 4
2. 40 kHz) #2030 min, 0¥, FRE BT, FH 70 % H Bt
SRR B, P L5 000 t/min 2500 8 min, B F 3, i
0.22 pm JEJE, B15 .
2.2 BIEEH

{3 : Acquity UPLC® BEH Ci(2.1 mmx 100 mm,
L7 um) 5 i s AH < 0.1% F R K 5 W (A)-0.1% F & 2 s
W (B) , BB VN (0~1 min, 90% A ; 1~1.5 min, 90%
A—85%A;1.5~2 min,85%A—81%A;2~15 min,81%
A—T78% A; 15~30 min, 78% A—68% A ; 30~40 min,
68%A—66%A) ; i : 0.5 mL/min; #:1 : 35 C 5 Kl
+:203 nm; 5 pl.
23 AEFER

231 RGEEMAMHRAE  WH 1A A S BAFR A X
AR (B2, 1.1 7 T VRA 6 B S LA 70 9% FF i 1

T M) AR (S S21) (= A (T0%
) 42,27 IR (36 2% P R 5 éi%éjz/%,n
Pt NS AT 19 43 B8 P AT, AR B ik 31 i ok,
23 RIS T B (1) .
23.2 HRPERRZEHE KEWHC21175F 11FAZS
SRR A X B B, DL 70 9% H I B 1 &R 41
J A HE Y LM IR SV, $2°°2.27 T (A S5 PR
e LSRRI o PAAS X B o ik (X, mg/mL) o
AR AT FR (V) AR BR 2 b o i 2, G Il 5 7
AT F WA 2.
®2 1IMASEFHHEEFFEREEEE
Tab 2 Regression equation and linear range of 11
kinds of ginsenoside

PRl EEyEE: IS AN, mg/mL
ABEHRg ¥=6 086 360.26X+27 494.73 09999 0.025~0.508
ABETRe =5 386 767.01X+28 203.52 09999 0.025~0.500
NSRS Y=6244 290.01X+23 417.01 09997 0.011~0.546
ABEfRg Y=6731 986.63X+17 401.64 0.999 6 0.003~0.128
NBEHRD, Y=4283 520.05X+26 285.06 0.9999 0.039~0.786
NBEHRo ¥=5565 772.86X+12 996.20 0.999 6 0.048~0.485
ABEHRC Y=4 440 385.06X+4 506.35 0.9998 0.026~0512
ABEFF, Y=8329 854.8LX+10 043.50 0.9998 0.002~0.295
NBEH Rb, Y=4 617 202.05X+32 812.13 0.9999 0.018~0.881
NBEHRbs Y=4 579 940.09X+8 092.84 1.0000 0.008~0.169
ABREHRA ¥=5 049 401.38X+46 298.63 0.9998 0.011~0.340

2.3.3 MWL RS IR — i (L

321) F2 42,27 T T €81 5% AR S AR E 6 9K, e %
WETRIAR . S55%, 11 AP A BT AU RSD #4/hF 3%
(n=6) , K I AE % B R AT

234 BEREMIAE WE— ASFER RS S21)
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0.2 g, KB MRE AT 607, Fc“2.1.27 T T 7 i il £ At ik
AR, A 2.2 TN S SR RN R | O SR TET AR
HHAREMER I TR S R BT . 458, 1M AS
BAF S = RSD ¥ /N TF 5% (n=6) , £ 0 ik 2 %
K47,
2.3.5 FUETEIREY KR R IR — R S (AL
S21), Bl FEIRAE 0.2.4.8.12 .24 hil}, #%“2.27 10
T SRR E IO SR IE A, R 1L AS R
TR AR RSD /N T 4% (n=6) , 2 B AL R i 7E
IR TR 24 h NERRE -
2.3.6  IFEEICRE FREUR] — A A S
aB R (5 S21)0.1 g AFEFRE , AT 6 0y, TR A
i A A BE L s L EIn AN S 21 Re, W Re (RS,
Rg,.Rb,.Ro.Rc. F,, Rb,, Rb,, Rd X & ¥ %% 3 #& , ¢
“2.1.270 Ry i A S A R, R 2. 27 R A Ak
PEVEREIN RE 10 ST RO ROmBE RIkeR . 2558, 11
Pl N2 AT B9 2R [RDISCR AE 95.17% ~105.20% 3
FEl N (RSD #1/NF 5% ,n=6) , F B J7 - v i KL G,
W23,
x3 MERRKERIXELER (n=06)
Tab 3 Results of recovery tests(n==6)

T5R THEMERRE, % RSD,% || PRI PINORERNCE, % RSD,%
MBiEfiRg 100.01 174 || ABRFRe 103.14 451
NBEFRe 99.09 14 || \BEFF 9524 391
NBRERS 9987 381 || ABEHRD, 9581 460
ABiEHRg 10520 434 || ABEHRD, 102.67 4m
ABRAFRb, 101,30 258 || ABETFRd 95.17 468
ABEHRo 99,67 291

24 HRPIUFMASEFNEENE
B30 4t A ZFE S (45 : S1~S30) 1 1, $#242.1.27
TUT 7 ik il A S T, T2 2. 27 0 i 2k (bR
W, e SR AL, Fe bR e ph e 1L R A S B &
o FEHERAESEAT 2 0 BOSE . ASHEE
SRR T WL 1, e 2 R R 4
3 ASHEMHMESENE
K FH Eb 0 5 Sk 2 i
3.1 BRHFE
3.1 XPHESRVAWR BUUE RIS & RSB ARE , 0 80% fiF
PR 5 5 W il R 1 mL % JE A 0.05 mg (1 X6) BE A TS TR
At
3.1.2 HERSEW BASHES B R (U, T )
2510 mg, Ki % FRE , K2 A 80 % RS FRES 1AW 5 mL, T
AT PRI 40 min, B2 HGhIE , BEERIAK, &
UG, 778 2 25 mL i P, 2 HIUS T 80 % his BR A5 14
WEZS 25T, A
3.1.3  0.5%mt-p AL A A3 A5 2 FREUEE 500 mg
FIRLALER 1 000 mg 1A, MIZKIE R IF 2 25 2 100 mL, 25
HRELRAE, 2o
3.2 MEHX
W% B B M L mL, & T 10 mL H 2804

HHEEZG 2020455 3185 6

350
300
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2 200
150
100 . )
50 2 s
0 G ﬂJ‘LI.M

t T T T T T
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A2 (4% :S2)

350
300
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2 200
£ 150 )
100 .
38 X 3 i Mogn Hn

T T T T T T T T —
0 5 10 15 20 25 30 35 40

¢, min

B IIZ (4% :S12)

300
250
200
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100

50

mAU

750 T T T T T T T T T
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1, min
CHFINZ (45 :S27)

H:1~11. AZE+F Rg, .Re .Rf \Rg: .Rb, \Ro.Rc .F, .Rb; . Rb; .Rd
Note: 1-11. ginsenoside Rg;, Re, Rf, Rg., Rbi, Ro, Rc, Fi, Rb,,
Rb;, Rd

1 ASHEmBEARERIEER
Figl UPLC chromatograms of P. ginseng

L A 80 % il BR 55 ¥ VW B 22 4 mL IR 5] AF %
A 0.5 % Rll- LAk B0 4 45,3500 0.2 mL , 8% 551 T 425, iF
A3 Ao SN o LARH N 8 500 R s g 3500 A 25 1, SR 4%
Hh-AT LA EE BT 2 A i K S L R R R R I K
559 nm A E OB

33 HiEFEE

331 MR RFEE KEEUIRC3 LR vE R AR U
R 1.0.1.6.2.2.2.8.3.4.4.0 mL, /3 %% T 10 mL H.58
B, &N 5 80 % filf IR F5 1 VLR FF 2 4 mL, #25)
Je U327 TR “REE AN 0.5 % fill - il £k B0 64 3R TR
------ D5 W P B A IR0 52 o DAV M o o VR B (X
mg/mL) A AR AR R ERE (V) A DN AL BRZ il b v 28
FRE R Y=20.24X+0.011(R*=0.999 1), HHIEH
J R BETE 0.012 5~0.050 0 mg/mL 115 Bl P9 5 W2 56 B 1
LAMERFR BT

3.3.2 MEHEII K IR — s W (S
S1)1 mL,#“3.2" 5 F Ik B ME 6 . 455, ot RE
) RSD 4 0.30% (n="6) , 7B )y k5 2% R4

3.3.3 EEMIRE /RS FRIE — AS R
(5 SU)E L, A7 6 4y, 45 3. 1.27 5T Jy ik il 5 ik
AT, P 3,27 T T i 5 W G I AR 2
THETER & it 2558, 7€M &M RSD K 3.73% (n=
6), "ML EELERLF

334 FEMEIREY RS I S R (S 1 S1)
0.5 mL, #“3.2" Wi Jr ¥k A7 I8 8 S N, 43l #E St )
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x4 HMASHERPUFHASEFMERHSEN
ELER(n=2)

Tab 4 Results of content determination of 11 kinds of

ginsenoside and starch in 30 batches of P. gin-

seng(n=2)

4E ik I i PPT/PPD HEH
EFRIFS N TRV, AEL
Rg Re Rf Rg F Rb Rb Rb Re Rd Ro Biff I & %
S5 025 022 009 002 000 026 0.18 002 0.17 0.09 045 175 08 3625
2 @5 023 0.4 007 001 000 022 0.14 002 014 006 036 138 077 3604
3 % 007 023 002 003 0.08 035 0.13 0.02 016 008 027 146 060 3369
$& % 023 030 0.09 003 0.04 031 0.8 0.02 019 0.10 050 201 087 3367
S % 020 024 008 003 001 022 017 0.05 015 010 057 185 083 3667
6 % 026 035 009 003 0.00 044 028 0.04 029 0.13 070 262 062 3056
ST % 020 030 0.06 002 0.03 026 0.13 001 013 007 048 167 102 3030
8 % 015 021 0.04 002 000 024 016 0.02 017 0.12 030 145 059 3286
9 [@% 017 024 007 002 0.06 016 0.08 0.00 009 005 032 125 147 3374
SI0 % 033 026 002 001 0.08 039 0.13 001 015 0.08 038 195 104 4067
SI Bili% 024 022 002 001 001 054 020 0.03 020 0.10 021 179 047 2601
S12 Bili% 038 037 000 003 0.08 072 021 0.04 024 007 056 280 074 2745
SI3 Hili% 024 026 005 002 003 034 017 0.03 015 0.10 049 188 076 3641
S14 Bii% 030 046 009 005 0.14 066 0.13 001 014 006 058 263 104 1029
SIS Bili% 076 031 018 000 0.02 123 040 0.07 042 0.14 088 441 056 2170
SI6 Bili% 068 035 007 003 0.02 104 034 006 032 011 104 416 067 1682
SI7 Bii% 022 023 0.04 001 003 046 0.14 001 015 006 034 169 065 2241
SIS HIli% 017 027 0.04 003 0.06 046 0.15 001 015 007 039 180 067 3769
S19 Bili% 043 041 009 003 018 110 020 0.04 029 0.09 050 336 066 3147
$20 Bili% 029 034 001 004 012 051 0.12 001 014 009 045 220 104 2996
21 BFIZ 015 036 0.04 003 0.01 052 039 0.06 042 023 030 253 038 825
$22 BFli% 037 036 008 005 022 081 0.17 0.02 019 0.17 046 290 079 1068
$23 BFl% 029 033 007 004 0.14 065 020 0.05 025 021 052 275 065 1833
24 BFl% 065 077 023 008 043 175 033 0.06 046 033 095 604 074 366
$25 BFIIZ 039 036 0.08 004 027 107 020 0.06 025 019 052 342 064 2400
$26 WFIlZ 039 034 0.08 003 010 076 022 0.02 025 013 059 290 069 2288
$27 BFli% 032 054 009 005 0.14 113 037 000 043 017 072 407 052 2131
$28 BFIl% 038 045 014 005 040 133 024 0.08 031 020 074 432 066 815
$29 BFlI% 044 042 000 003 003 136 041 0.08 045 011 108 452 043 784
$30 W% 036 029 006 003 0.05 065 031 0.05 033 018 060 289 052 1528

B BBAT N A AS AT N 1 Z 1 PPT/PPD A S — Al
BT (PPT) 5 AZ “ R ELE T (PPD) RS REZ 1L

Note: total saponins means the sum of 11 ginsenosides contents;

PPT/PPD means the ratio of panaxatriol saponin (PPT) content to

panaxadiol saponin (PPD) content

YRR G E 0.20,40.60 .80, 100 min B F 559 nm %
KA E WOERE . 2553 OB RSD 4 0.79% (n=
6) , 2 B A VS WA B ) T = TR AR T E:
100 min PNEEEE R 4T
3.3.5 AR EICRIAL: S IR S R SR
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