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Abstract: Ginsenoside Ro decreased measures of inflammation, aging, oxidants and thrombus formation in a
previous study. To measure ginsenoside Ro content in red ginseng from different years, an optimized extraction
method was developed to determine ginsenoside Rg,, Re, Rb, and Ro content by HPLC in 43 batches of red ginseng
from different origins, growing years and manufacturers. The results indicate that the best extraction method was to
ultrasonify a 1 g sample in 70% methanol for 50 min. The total running time of the optimized gradient was 50 min
using a C18 core-shell column and was half the time described in the Chinese Pharmacopoeia, 2015 edition. The
separation resolution of all of targeted compounds was greater than 1.6. The peak shape of ginsenoside Ro was
optimal when the mobile phase consisted of acetonitrile and water with 0.1% phosphoric acid. The content of
ginsenoside Ro was in the range of 0.11% to 0.43%, and the average content was 0.26%, which was higher than
that of ginsenoside Rg, and Re. The ratio of ginsenoside Ro and Re as a threshold could be used to discriminate
red ginseng from different growing years; in addition, 100%, 94.4% and 46.6% of red ginseng from six, five and
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four years exceeded the threshold of 1.3. Our optimized analytical method for characterization of red ginseng is

convenient and shortens the assay time.

Key words: red ginseng; ginsenoside Ro; quantitative analysis; ginsenoside Ro/Re; criterion revised
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Table 1 Samples from 43 batches of red ginseng (HS)

Sample Batch Growing .
Origin
number number year
HS-1 H18110201 4 Huichun Jilin
HS-2 H18111501 4 Northeast
HS-3 H19100201 4 Yichun Heilongjiang
HS-4 H19100202 4 Fusong Jilin
HS-5 H18101301 4 Tonghua Jilin
HS-6 H18101302 4 Yanji Jilin
HS-7 H18101303 4 Ji'an Jilin
HS-8 H18080601 4 Hengren Jilin
HS-9 H18110202 4 Wangging Jilin
HS-10 H18110203 4 Northeast
HS-11 H18111502 4 Heilongjiang
HS-12 H18111503 4 Heilongjiang
HS-13 H18111504 4 Northeast
HS-14 H18111505 4 Huinan Jilin
HS-15 H18111506 4 Xinbin Liaoning
HS-16 H18101001 5 Northeast
HS-17 H19100203 5 Ji'an Jilin
HS-18 H18101201 5 Hengren Liaoning
HS-19 H18101202 5 Fusong Jilin
HS-20 H18101304 5 Tieli Heilongjiang
HS-21 H18101305 5 Changbai Jilin
HS-22 H18080602 5 Yanji Jilin
HS-23 H18101203 5 Northeast
HS-24 H18101306 5 Northeast
HS-25 H18101002 5 Northeast
HS-26 H18110204 5 Changbai Jilin
HS-27 H18110205 5 Changbai Jilin
HS-28 H18111507 5 Jilin
HS-29 H18111508 5 Changbai Jilin
HS-30 H18111509 5 Changbai Jilin
HS-31 H19100204 5 Changbai Jilin
HS-32 H19110301 5 Jilin
HS-33 H19110302 5 Jilin
HS-34 H18080301 6 Yanji Jilin
HS-35 H18080302 6 Hengren Liaoning
HS-36 H18101203 6 Changbai Jilin
HS-37 H18101307 6 Northeast
HS-38 H18101003 6 Northeast
HS-39 H18101004 6 Northeast
HS-40 H18110206 6 Changbai Jilin
HS-41 H18111510 6 Changbai Jilin
HS-42 H18111511 6 Northeast
HS-43 H19110303 6 Ji'an Jilin
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Figure 1  The typical chromatography of red ginseng (A), mix
standard of mobile phase with 0.1% phosphoric acid solution (B),
and mix standard of mobile phase with water (C). Peak 1: Ginsen-
oside Rg,; peak 2: Ginsenoside Re; peak 3: Ginsenoside Rb,; peak
4: Ginsenoside Ro

FE PR (LOQ). 45 L3R 2, 4 Bl 7 M i AH 5 R &
>0.999 8, KL R 4F

1.4 BEE HWKEEE, IHHAS 21 Rg.Re.Rb;.
Ro {## i} [8] RSD 435/ T 0.67%-0.42%-0.18%-0.13%,
i T F RSD 43 il /N 0.719%.0.81%.0.82%.1.46%. H
[E)RE 1 5 A2 21 Rg,.Re.Rb,.Ro fi B I 1] RSD
43 5145 T 0.93%.0.62%.0.26% 0.19%, I fii 1 RSD 43

AT 1.31%.1.28%.1.03% . 1.64%, % HIRE % 1 RLIT
15 =EEM AR ANS LT Ry,.Re.Rb;\RoFF
& A N 2.35.1.82.4.22.2.45 mg-g, RSD 43 %l N
0.37%.0.68%.1.01%.1.63%, i # /7 ikE R MR IT.
16 TBEM AZ2HRg,.Re.Rb,.Ro &1 RSD
73 il 2 1.56%- 1.43%.1.23%- 1.89%, 2% W 4% 73 ¥ ¥ £
48 h WEE o

1.7 #EEE  Z5EH, AS B Ry, BT
97.72%~104.62% 2 [f], RSD<2.97%; A\ £ & Re 7f
97.01%~100.61% 2 [i], RSD<2.74%; A\ % %2+ Rb, [
SR {F 94.32%~96.53% 2 [i], RSD<1.89%; A Z & f
Ro [a] Y % 7F 94.44% ~103.28% 2 [ii], RSD<2.72%.

2 HMHRNEERREERESE

SRR (83), 43 A FRIFA S 4iMh N &
B Ro & & B N 013%~043%, ¥ 52 A4
0.26%. AZ %2 H Ry, & &4 0.08%~0.37%, “-3

TR N 0.26%. A= Re & & U [ N 0.06%~
0.41%, “F¥J & & N 0.16%. NS 21 R, FREUHEHN
0.28%~0.91%, “F- 34 & & 4 0.46%, %Jﬁf)ﬁ!ﬁﬁ/ﬁ &
& (0.20%) i —f5. 4iREH, A2HEHANS
Rb, %, AZEBHRoKZ, AZEEHReH Eﬂiﬁ%o
T BUCE BN e 45 A I 80% 1E AL S NS B
Ry, Re Rb;\Ro )& & BRFE, W & h: A 5 4% T 15
HHE, & NS 21T Ry, M Re B8 A 15/ F 0.33%; Rb,
A5 /5F 0.37%; Ro A5/ F 0.20%.

B A KA BR 193 n, N2 24 Ry, fl Re P34 &
B>, BN R . NS 2 H R, LG
A, N2 BH RoZBHIHN (K 2A). 4FEANSRE
HHEHZES T SFEM6 A, (WA MRS & REIRE, T

UD}?H?HEUH

Table 2 The calibration curve, linear range, regression, LOD, LOQ of ginsenoside Rg,, Re, Rb, and Ro

Analyte Calibration curve Regression (R?) Linear range/ug-mL* LOD/pg-mL* LOQ/ug-mL?
Ginsenoside Rg, y=4.1508x-25177 0.999 8 10.95-350.50 0.10 0.34
Ginsenoside Re y=4.1190x-3.589 8 1.0000 13.02-416.50 0.09 0.30
Ginsenoside Rb, y=3.0644x-32477 1.0000 15.05-481.50 0.15 0.49
Ginsenoside Ro y=35924x-4.0219 1.000 0 10.72-343.00 0.19 0.62
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Figure 2 The average content of ginsenoside Rg,, Re, Rb,;, Ro and Ro/Re (A) and the scatter plot of ginsenoside Ro/Re for all of 43 batches

red ginseng (threshold of 1.3, 1.5 and 1.8 in the line) (B)
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Table 3 The content of ginsenoside Rg,, Re, Rb, and Ro in red ginseng (n = 2, x = s, mg-g™)

Sample number Ginsenoside Rg, Ginsenoside Re Ginsenoside Rb, Ginsenoside Ro Ro/Re
HS-1 2.77£0.99 1.95+1.20 4.54 +0.93 1.68+1.80 0.86
HS-2 2.81+1.95 1.72+1.25 462+131 1.99 +1.47 1.16
HS-3 2.18+0.79 2.33+1.78 5.59 + 0.26 1.84+1.41 0.79
HS-4 2.21+0.75 1.17+1.43 2.85+0.18 1.92+0.48 1.64
HS-5 2.86+1.23 4.12+0.18 9.14+0.28 2.09 £1.59 0.51
HS-6 2.81+1.29 1.99+1.08 3.56 +£1.26 2.36+£1.38 1.19
HS-7 3.44+0.92 2.01+0.36 5.63+1.11 2.10+£0.36 1.04
HS-8 2.34+0.38 1.75+1.36 5.60 +£1.23 2.72+2.10 1.56
HS-9 2.36+1.44 1.72 £0.80 3.41+1.69 1.78 £ 0.07 1.04
HS-10 2.85+1.21 1.56 +1.26 3.99 + 0.66 2.72+1.12 1.74
HS-11 2.56 +0.69 1.46 £0.57 3.40+0.23 2.31+1.00 1.58
HS-12 2.38£0.69 2.09+0.24 3.63+1.40 2.31£0.16 111
HS-13 3.37+152 1.65 + 1.46 4.19+0.77 3.13+1.50 1.90
HS-14 2.54+1.90 1.79£2.16 3.59+0.12 2.58+£0.72 1.44
HS-15 2.89+2.15 1.97£1.79 5.99+1.08 3.40+0.62 1.72
HS-16 0.79+1.77 0.56 +2.10 2.86 +1.41 1.34+0.26 2.37
HS-17 2.47+1.23 1.26 +0.48 3.17+0.07 1.96 +2.00 1.55
HS-18 1.95+0.28 1.58 +1.57 445+1.20 2.30+0.76 1.46
HS-19 2.38+£1.35 1.85+1.82 446 +151 2.59£0.72 1.40
HS-20 2.72+0.33 1.70 £ 0.52 5.29+1.44 2.76 £ 1.46 1.63
HS-21 2.34+0091 1.25 £ 1.67 4.24 +1.05 2.38+£1.45 1.89
HS-22 2.88+1.01 1.78 £0.85 4.42 +0.52 2.46 +1.30 1.39
HS-23 2.73+1.03 1.97 +1.07 6.53 + 1.06 2.99+0.22 1.52
HS-24 3.40 £ 1.47 2.15+1.39 7.58 £1.00 312+0.21 1.45
HS-25 265+1.11 159 +1.30 5.45+0.19 2.64 +1.56 1.67
HS-26 2.43 £0.05 1.32+£0.63 3.53+0.71 2.66 £ 0.96 2.01
HS-27 3.73+0.59 1.18 £1.58 5.59 +£0.58 4.29+0.31 3.65
HS-28 212+1.80 1.16 £ 0.80 2.81+0.49 2.06 £1.75 1.78
HS-29 3.64+1.61 1.64 £1.64 49+0.24 2.75+1.79 1.67
HS-30 2.65+1.98 1.3+1.37 3.72+1.90 2.68 +0.99 2.06
HS-31 2.12+1.69 1.22+1.10 3.01+0.61 1.85+0.21 151
HS-32 3.58+1.98 259+1.11 538+1.71 2.07+£1.43 0.80
HS-33 3.35+1.27 2.33£2.30 5.12+2.15 3.58 £0.66 1.53
HS-34 1.67 £ 1.00 0.71+0.79 2.96 £1.04 245+1.14 3.44
HS-35 2.98+£0.29 1.85+1.30 7.08 £2.02 4.09 +1.09 221
HS-36 3.05+0.31 1.64 £1.58 6.28 +1.54 4.14 +2.09 2.52
Hs-37 1.83+0.96 1.01+1.30 5.03 +0.43 2.90+0.14 2.86
HS-38 1.02+0.25 0.80+1.18 3.49+1.15 2.40 +2.09 3.02
HS-39 1.30+0.81 0.88+2.20 472+1.18 2.58+1.73 2.93
HS-40 310+1.17 1.22£1.27 4.62 +£0.99 4.11£0.97 3.36
HS-41 29+1.94 1.45+0.75 5.28 +£1.06 2.98+1.22 2.05
HS-42 217+1.44 1.57+1.26 3.16 £3.63 2.15+1.83 1.37
HS-43 3.70+1.16 1.77£1.48 4.72 +£0.78 2.89 +2.35 1.64
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