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Quality Evaluation of Black Ginseng Based on HPLC Fingerprint and QAMS
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Abstract: Objective To establish the quality evaluation method for black ginseng based on HPLC fingerprint and
quantitative analysis of multi—components by single marker (QAMS). Methods Waters System Cis column (250 mm X
4.6 mm, 5 pum) was used. Acetonitrile(A) — pure water(B) was used as the mobile phase with gradient elution. The
detection wavelength was set at 210 nm, and the flow rate was 1.0 mL-min™". The column temperature was 30 °C and
the injection volume was 10 pL. Contents of nine ginsenosides in 11 batches of black ginseng samples were
determined by HPLC fingerprinting combined with QAMS. Results Twelve common peaks were identified in the
fingerprint, and the similarity were all above 0.900. Cluster analysis and principal component analysis could roughly
divide 11 batches of black ginseng samples into three categories, and there was no significant difference between
multiple evaluation method and external standard method (ESM). Conclusion This method has great economic
applicability and accuracy, and can provide new methods and ideas for the quality control of black ginseng.
Keywords: Black ginseng; ginsenoside; HPLC; fingerprint; quantitative analysis of multi—components by single
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ANZ RTINS B NS (Panax ginseng C.
A. Meyer) i TR MARZE . BAT KA T Sk
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1.2 Bk AZ R4 (208)-Rh1(#t5: HG2716583) .
ANZRBAF F4(4L 5 . HR2098B1) . A% 1 Red
(it %5 : HR4198W1) . A = B Rk3 (it 5 .
HG27638S1) . AZ R HF Rh4 (L5 . HR91218B2) .
NSRBI (208)-Rg3 (L5 : HR18927B1) ., AS R
Rkl (#it 5 : HR20911B1) . A S R Re5 (it 5 .
HR20912B1) . AZ B 1F Rh3(Hit5: HR2192W2),
FXGHRCAEYBHHARAE, B r5=98%; M
B CHE¥Ih el KO iK ;. HAaRE A
IyHral, BBEEN . S1-S6 i MR M I NS
S7T W HIL T RS RA ], it : 20180403;
S8-S11 W H I i B2 KT LeFr=AH R A A, 5.
20200713, 20200714, 20200618, 20200902; 11 Hlt
2R B4 2 W B T B 2 RS R INTT B8 S o O
NZJEMYINZ Panax ginseng C.A. Meyer )T 1 AR
FARZE, 38 TLZE U T
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200 XFRRGVAETR RS RIS BT (20S)-Rhl

F4, Rg4. Rk3. Rh4. (20S)-Rg3. Rkl. Rg5. Rh3
X A, 4 ) E )RR R vk B A 0.25. 0.15., 0.3,
0.4, 0.4, 025, 0.85, 1.4, 0.2 mg-mL" IR G X IR
A

212 XA R ERBUR SN 15 g A4,
70 mL A M EEZR ICHRIL 3 h, M, B E R EAR
B 50 mL K ARRITE T R it A, B 40 min, i
U, MEWZET, INPEEER R 5 mL, £ 0.22 pL %
FLUBRE SRS, HERuBW, RITE.

22 %M SR Waters Symmetry Cig (250 mm X
4.6 mm, 5 pm) (3% WA O (A) -4k
(B), VEWEASEERE Y W 1; WM 1.0 mL-min™',
FEIRA 30 °C, KPR 210 nm, #EEEEHR 10 pL.
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Table 1 ~ Gradient elution program

At ) /min W ahAH A/% A ] /min TBIAH A/%
0~10 2030 48 ~52 60—70
10~ 14 3035 52~55 7078
14~27 3540 55 ~ 60 7885
27 ~30 40—46 60 ~ 63 8590
30 ~ 40 4650 63 ~70 90

40 ~ 45 50—60 70 ~ 80 20

45 ~48 60

2.3 HPLC {8k mrs

231 ik HEsg OBERSHMN(S3), # “2.1.27
UR Jy il s sl im0 “2.27 BUF Ak &0
HELEHEREN E 6 K, NSRBI Re5 @ifklg 3
W (S), 4% o e 10 R 6T 4 B B[] B A Xof i 1 R 11
RSD 435124 0.01% ~ 0.18% . 1.21% ~1.89%, FHI{YL
AR RA;, QEUESMLANEW, T 0. 2. 4,
6. 12 F1 24 h ARIEIAENE, UAS R ReS WS
HR e | 2% A U (% A X £ B BsF ) B A XoF 0 T A 1Y
RSD 73 %°h 0.04% ~ 0.57% . 0.45% ~ 3.36%, Uit
A IR TE 24 h WECHTRE ; OBUBRSHEN(S6) ,
Fie “2.1.27 WUR AT A 6 s W, LA
NS AT Rg5 S MR, & A7 W AR X £ B3 15 [
Ko AH XF 0 T AL A RSD 43 B A 0.12% ~0.17% .
0.74% ~ 3.40%, VLHIZ B P R AT
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Aot B, LI 1. SR 13 N IE I, SR
ARSI 2)FAXT L, BiE 1. 3~7. 9. 105
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W AR K . W ARVAAT . PRBE BT RS T, BOEREEA
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FERTF 0.900,
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Figure 1 HPLC fingerprints of Black ginseng
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Figure 2 HPLC chromatogram of the mixed standards
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Figure 3 Cluster analysis of 11 batches of Black ginseng samples
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Figure 4  Score chart of principal component analysis of Black

ginseng
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241 LMERRFLE 515G 2 WA X BE i
1.2, 5,10, 15, 20 pL, ¥ “22” T F (3550
HERENE , DML (ug) R AR AR, DT AR g A4k
br, ZefilbrdEihig, Wk 2,

242 FEH R HUE— 0 RS (S3) 3,
e “2.27 TR RMFESIE 6 K, SiR-ASBH
(20S) ~Rh1, F4, Rg4. Rk3. Rh4, (20S)-Rg3.
Rkl. Rg5. Rh3 0 i L9 RSD 43 4l b 0.45% .
0.58% . 0.22% . 027% . 0.41% . 0.92% . 0.36% .
1.18% . 0.04%, ULFH{LEME 2 AT
243 RUE IR BUE 1 RS (S3) I,

K2 BEHINTHOMEMEXRERER

Table 2 Study on the linear relationships of nine components in

Black ginseng

% Il 5 r LM /g
AZIAF(20S)-Rhl  Y=75 575X-25 900  0.999 7 0.245 ~ 4.900
NS BT F4 Y=131 673X-25 649 0.999 9 0.147 ~2.940
NS 21 Rgd Y=116 836X-27 221 0.999 9 0.294 ~ 5.880
NS RK3 Y=172 890X-33 656 0.999 9 0.392 ~7.840
AZ 24 Rhd Y=353 979X-60 749 0.999 9 0.392 ~7.840
NS (208)-Rg3 V=27 468X-5 121.1  0.999 9 0.245 ~4.900
AZ 1 Rkl V=438 408X-73 394 0.999 9 0.833 ~ 16.660
NS B4 RgS Y=540 320X-89 594 0.999 9 1372 ~27.44
ANZ A Rh3 Y=89 290X+26 775  0.995 0 0.372 ~7.440

Fie “2.27 WU AR, alERIEE 0. 2. 4.
6. 12, 24 h MM . 450 NS B A4F (20S)-Rhl .
F4. Rg4. Rk3. Rh4. (20S)-Rg3. Rkl. Rg5. Rh3
I T AL B RSD 43 A 0.40% . 1.57% . 0.30% .
0.47% . 0.45% . 0.64%. 0.36% . 1.31%. 0.58%, i
BRIV IRTE 24 h R ENELE

244 EEMERE BE—H RS (S6), #
“2.1.27 WUF LR TR 6 b B W, %
“2.27 TUF AR HEREI E . 45 RN S A (208) -
Rhl. F4, Rg4. Rk3. Rh4. (20S) - Rg3. Rk,
Rg5. Rh3 W 1 A1 RSD 43 5l 4 0.44% . 1.40% .
1.08% . 1.75% . 1.56% . 0.26% . 0.84% . 0.82% .
1.91%, Uz E EEIERT

2.4.5 INFERIBGRES RS % AR ECE D E 1) R S
(S3)6 oy, BHRL 1.5 ¢, 4y HIREE A 9 Fhx) B i
e (5P E MY ), i “2.1.2" TRk
AT H A, JRHE 227 WU SRR E, TR
9 Fl A4 B INAEE TSGR DL R RSD (n=6) o 25545 143
B TSR TE 96.12% ~ 103.74% 2 1], -4t [l
1E 98.36%~100.41% 2 [8] , RSD 7E 1.22%~2.66/% 2.
] o 25 RFRIZ T ER T R4S

2.4.6 FXIRCIE B F s B RS IR T, 4%
“2.4.17 WUFRHEEER, $% “2.27 T @G AR RE
WsE, ASEIF ReS WS, #BIBARX f=flf=
AC/AC CHAY Ay a3l A 1 0 49 Jo e i T R R
B As. Cs 200 NS0 AR B ) T A S
45 (208) -Rhl, F4, Rg4. Rk3. Rh4. (208) -
Rg3. Rkl. Rg5. Rh3 MAXMIERF (). W 3,
247 EHAEFH LR H LA W #E (09, 1.0,
1.1 mL-min") . ARJEE (25, 30, 35 C). AFI{Y
8 B 034 (Waters €2695, HIMADZU LC-16 {4} £
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45, Waters Symmetry Cis. HIMADZU ODS Cis {% ji%
B XA BIE I T B2 . L3 4~ 6. 4R TR

TEARE M T AN IE T RSD ¥/hTF 2.0%, i
ARIAS IE P E AR Rl 2544 T s B R A

®3 ESd 9 MAESHENKRERTF

Table 3 Relative correction factors of nine components in Black ginseng

HEREAR/ L S0 mimgs Srames Sigimss Sinangs S S0 names Siamgs Siesmgs Siamgs
1 1.360 0.450 1.020 0.916 0.439 3.579 0.759 1 0.241
2 1.321 0.441 1.017 0.899 0.436 3.532 0.749 1 0.247
5 1.325 0.443 1.014 0.900 0.437 3.528 0.747 1 0.246
10 1.329 0.442 1.000 0.897 0.437 3.529 0.748 1 0.244
15 1.337 0.442 1.001 0.897 0.437 3.522 0.749 1 0.244
20 1.259 0.439 0.991 0.893 0.436 3.512 0.748 1 0.243
FHMHE 1.322 0.443 1.007 0.900 0.437 3.534 0.750 1 0.244
RSD/% 2.566 0.869 1.162 0.904 0.262 0.663 0.610 0 0.784
x4 ARREXNEBSH 9 M ETRIERFRIZM
Table 4 Effects of different flow rate on relative correction factors of nine components in Black ginseng
Jit#/(mL-min™) S0 mims Srams Sremes Siuoms Srnames Sos)-remes Sreumgs Sresmes S
0.9 1.245 0.431 1.024 0.908 0.437 3.599 0.740 1 0.242
1.0 1.263 0.430 1.007 0.901 0.439 3.616 0.744 1 0.244
1.1 1.283 0.431 1.004 0.897 0.437 3.703 0.749 1 0.244
FEHE 1.264 0.431 1.012 0.902 0.438 3.639 0.744 1 0.243
RSD/% 1.480 0.209 1.071 0.587 0.282 1.541 0.627 0 0.405
F5 AEREXWNESH 9 ML HEIREREFHZM
Table 5 Effects of different temperature on relative correction factors of nine components in Black ginseng
it/ C Sios-wmgs Srass Srsmes S Sunanes Si09-wgmes S Suesis S
25 1.263 0.428 0.998 0.900 0.439 3.632 0.746 1 0.244
30 1.263 0.430 1.007 0.901 0.439 3.616 0.744 1 0.244
35 1.272 0.429 1.022 0.900 0.437 3.635 0.743 1 0.242
S 1.266 0.429 1.009 0.900 0.438 3.627 0.744 1 0.243
RSD/% 0.382 0.218 1.170 0.046 0.297 0.281 0.177 0 0.383

R 6 AEMERGEHENESH 9 MRS EIEEE TR

Table 6 Effects of different instrument and chromatographic column on relative correction factor of nine components in Black ginseng

10 LN Soosmims  frames Sremes  fooms  foams  fooomams  fuams  froms  froms
Waters €2695 (Aji 7 45¢ Waters Symmetry C 1479 0438 1050 0900 0443 3635 0751 1 0.245

HIMADZU ODS Cis 1647 0444 1074 0882 0439 3471 0741 1 0.243
HIMADZU LC-16 (i %5 Waters Symmetry C 1547 0417 1124 0874 0445 3530  0.748 1 0.258

HIMADZU ODS Cs 1586 0435  1.016 0858 0447 3254 0715 1 0.245
M 1565 0434 1066 0878 0444 3473 0739 1 0.248
RSD/% 4498 2693 4260 1959 0810 4629 2226 0 2763

2.4.8 FEME AR HAMR R — I Z PRI 3 it

HAtBSFERTASBERN S, 85RLET M
% 8o RHIMIXT 1R 22 (RE) /34T 2 ik 2R, RE

AR BORAH i TR S0 S — I 2k

TE 0%~3.84% 22 8], F&BH—M Z 13k 5 FMRE & il
ELERIC B E 2N,

PP RSB il X AR RTE 200~400 nm
AIAEIE T AT BRI, AL BUE 210 nm Ab (3514
AR Z | B, HWB R, HNItksE
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xR7 MBS MBS IMRERETESER (ng-g")
Table 7
ginseng by ESM(mg-g™)

Content calculation results of 11 batches of Black

4% (208)-Rhl F4 Re4 Rk3 Rhd (208)-Rg3 Rkl Rg5 Rh3
sl 0292 0.041 0750 0.864 1138 1910  1.896 5286 0.040
$2 0280  0.109 0635 0772 1021 1989 1710 4.690 0.036
$3 0087 0026 0158 0289 0407 0652  0.624 1911 0.046
4 0121 0033 0198 0595 0905 1213 1133 3.640 0.046
85 0063 0015 0103 0361 0562 0707  0.698 2357 0.034
$6 0075 0020 0.128 0406 0628 0707  0.698 2319 0.031
7 0070 0022 0.119 0206 0339 0614 0468 1834 0.037
S8 0057 0014 0063 0079 0093 0112 0088 0261 -
$9 0080  0.026 0.130 0.094 0.109 0190  0.152 0435 -
SI0 0139 0026 0133 0.186 0215 0254  0.169 0480 -
SIT 0119 0020 0095 0.142 0.167 0187  0.127 0383 -

T =7 FoRAAEIE]

8 1MT#HES8HHA,—NESELEEETELER(ng-¢")
Table 8
ginseng by QAMS(mg-g™")

%% (208)-Rhl  F4 Rg4 Rk3 Rh4 (20S)-Rg3 Rkl  Rh3

Content calculation results of 11 batches of Black

S1 0.296 0.143 0.760 0.884 1.160 1.959 1.925 0.040
S2 0.284 0.111 0.644 0.790 1.041 2.040 1.737 0.036
S3 0.088 0.027 0.160 0296 0.415 0.669 0.634 0.046
S4 0.123 0.034 0.201 0.608 0.923 1.244 1.150  0.047
S5 0.064 0.015 0.104 0370 0.573 0.725 0.709 0.035
S6 0.076 0.020 0.129 0415 0.641 0.726 0.708 0.031
S7 0.071 0.022 0.120 0211 0.346 0.630 0.475 0.038
S8 0.058 0.014 0.064 0.081 0.095 0.115 0.089 -

59 0.081 0.027 0.132 0.096 0.111 0.195 0.154 -

S10 0.141 0.027 0.135 0.190 0.220 0.261 0172 -
S11 0.120 0.020 0.097 0.145 0.171 0.192 0.129 -

E: =7 IR AR E

210 nm fE R . HTRSAM PR, AS
B WKL, i R RREBO L G L LR
FEHO) . FRBUAFIOK . HEE . 50% T EE . 70% 9 g K
IETEE) . Fi#E(0.9, 1.0, 1.1 mLemin™) LK ik

HBE (25, 30, 35 °C), #ix TV LRy s R DL
$EHOT

AWFFTHST T BB HPLC $6 80815, %07 4
W ResEtEm . EIMERLF . AT A
Bl T 12 A, AR T 0.900, H
S, RIRI = R S 2 b 22 ) Y A g 0 T R
WIS . BN FE RS AT 11 LB S
a3 2%, XWTREN RS L . R, M DL K
T 7 A5 1 22 S i

E—WZ LM, B AS B ReS
i, HIETALT | PREARTELE T, B EE ReS
WCANZY . RH—Z PR T 11 #LRSHER
H ORI AS BTG E, K —I 2Pk MRk
(25 2 0] G Wl 38 22 5% o X U I — I 2 1P vE AN (L
PRI T2 R R, TR LA A v 1 o
Witk i b, ATk EA RIFMZ T8 R LK HE
Wb, AT RS T b A B AT ) Ty i R R

S 2k :

[1] 2500, 2. NS 1 253 PE IR IR LD . i R0 D 24 30 2
i, 2020, 36(8): 1024-1027.

[2] Bsk, SPEEMS. B ENIMIFTTE R ASH5E, 2019, 31(1):
42-46.

[3] =g, skitR, #WEPE, & ASHfl—RS 1 UPLCHE 8L A
R =R ER 224, 2016, 37(2): 40-42.

[4] R, B, A, AR ERORAR Gk R TS AR
FHASBEANERD). hEZE, 2017, 52(12): 1069-1072.
[5] 52h@, THa, tRokss. HPLCIKMGE 19 AS Bl - SR f o
FIAS A @] 7 BEARER, 2013, 40(10): 1993-1995.
[6] ZZH 4, FvE. BSHEMS P NS BAF 1 S, & Ak 2Y

FBEAR, 2012, 33(3): 135-137.

[7] FEEGS, RRHOEN, SKIFEIEE, SF. ASIRPESI T Z NS 8 o M
FAABIA TR FEmALT). TP EE RS, 2018, 54(2): 94-96.

[8] SUN B S, GU L J, FANG Z M, et al. Simultaneous quantification
of 19 ginsenosides in black ginseng developed from Panax ginseng by
HPLC-ELSD[J]. ] Pharm Biomed Anal, 2009, 50(1): 15-22.

(%dt: RHR)



