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ABSTRACT

Background: The ginsenosides Rb1 (G-Rb1) and Rgl (G-Rg1) are used as marker compounds, and are the principal bioactive com-
pounds assessed in the quality control of white ginseng. This study was conducted to analyze white ginseng samples of different and
to obtain useful data for the quality control of white ginseng.

Methods and Results: The variation in the content of G-Rb1 and G-Rg1 was evaluated among 35 samples of 4-, 5-, and 6-year-old
white ginseng. The content of both G-Rb1 and G-Rg! did not significantly differ among ages, and the relative ratio of the maximum
to the minimum content of these within ginseng of the same ages was more than two. However, the ratio of G-Rb1 to G-Rg1 content
in the 5- and 6-year-old ginseng was significantly higher than that in the 4-year-old one. According to the ‘Ginseng industrial act’,
the standard (w/w, %) minimum G-Rg; and G-Rb, content is 0.10% and 0.20% or more, respectively. Among the 35 samples exam-
ined, the content of G-Rg; was found to be 0.124 - 0.399% with none being less than the standard level, while that of G-Rb,, was
0.147 - 0.595%, with 4 samples (11.4%) failing to meet the standard levels. The content of G-Rg; and G-Rb; did not show a constant
relationship with the size of ginseng.

Conclusions: In our study, the content of both G-Rg1 and G-Rb1 varied widely, and there was no significant difference among cul-
tivation ages. The results of the present study might provide useful information for the quality control of raw ginseng and processed
white ginseng using marker compound.
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al., 1999; Sengupta et al, 2004; de Souza et al., 2011).
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Fig. 1. HPLC chromatograms of ginsenosides standard solution (A) and Panax ginseng sample (B).
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2014).

AN ATAE P BAL 98 HPLC AH)E Agilent

1260 infinity HPLC/DAD system (Agilent Technologies
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nc., Santa Clara, CA, USA)YS AR}t HPLC 4 Z

H-2 Thermo Fisher Scientific (Waltham, MA, USA)<]
thermo accucore C18 (3.0 x 50 mm, 2.6 ym) AHE ARL3}

30Col B2 AN BT A5 FUHFS 10 LE T,
o]l 0-5 & F9F 20% acetonitrile, 5-20 & F<F 20

— 23% acetonitrile, 20-25 & F<%F 23 — 30% acetonitrile,

25-30 & =9t 30— 40% acetonitrile, 30-35 & =<
40 — 50% acetonitrile, 35-60 ¥ F° 50— 85%

acetonitrile, 60-62 ¥ &9 85% acetonitrile, 62- 65 ¥ &
QF 85— 20% acetonitrile, 65-70 ¥ 5<% 20% acetonitrile
o] 2702 7]1L7] &kt ol f52 1 m/min® = s}
3L, UV AZE719] 203 nm 3pgollA F-35E S7g3te] w48}

At} (Fig. 1).
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Ao} Aakeke FA Az WollMm= 3 ko] o)zt A
5, 6 kel f-o] 22l Zfo]E HolA| FUT} (Table 1).

A A WAk Vg AR AR AlE X9 21
(kg/3.3nh) Ha AN E THAG 442 1.69kg, 5
WZe 203kg, 692 242kg 02 5d2F 6d2 Zhle
Z Ato]7t §IATH (Table 2).

Iy e 25 4492 399g, S92 532g, 64
61.9 01UTE FFA AL Ht AikgolA] 4422 142kg, 5
W 301 kg, 642 330 kgo|aL, e o2 44,
5d2, 6d2o] zH2F 359 ¢, 76.8 g, 111.9 go|Ath. A=, it
A o] Ha YA 432 2.17kg, 5AFS 2.75kg, 6
T2 273 kgolaL, W Fo 49, 5A, edo] 7t
7} 524¢g, 62.1g, 89.8 go|3Ut}.

2. JEBoMO| MZLE

TRt (@8 wRuahe] AEsgL 20.6-32.7%2 A
R folHl Aol HolA] o3t} (Table 3).
WA ABAE ARAA Azdos AxTEe AR
Grgge] = B9t Lee 5 (20040 53] Aoy
ZALIA 4<5<edzom ATZTl we oF 70

Table 1. Yield and root weight in ginseng with different root ages
by sampling cultivation region (total of 3 cultivation

locations).
Root age (years)
Samples
4h=12 5m=11) 60 =12
Vield Range 091-2.86 094-394 2.04-4.48
(kg/3.3 m) Mean 1.80£0.63"  2.65£0.95" 2.80+0.72
cv 35.00 36.00 25.70
Root Range 18.8-71.7 385-1150 50.3-34.2
weight Mean 43.80+14.34" 63.67+21.86" 90.74+23.50°
(g/root)  CVv 32.70 34.30 25.90

*Means within a row followed by the same letter are not significantly
different based on the Duncan’s Multiple Range Test (p < 0.05).
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Table 3. Drying yield of processed white ginsengs with different
cultivation root ages at 3 cultivation locations.

(unit: %)
Root age (years)
Location
4n=12) 5m=11) 6(MN=12)

Hongcheon 32.01+1.30* 32.66+1.28* 30.78+1.45%
Sejong and Taean  31.48+1.46 30.08+1.48" 29.60+1.64%
Yeongju 32.66+0.76" 32.68+1.66" 30.20*2.43"
Total 32.01£1.23* 31.64+1.87* 30.05=1.17°

*Means within a row followed by the same letter are not significantly
different based on the Duncan’s Multiple Range Test (p < 0.05).

Table 4. Content of 50% ethanol extract of processed white
ginsengs with different cultivation root ages at 3
cultivation locations.

(unit: %)
Root age (years)
Samples
4n=12 5Mn=11) 6M=12)
Range 29.87 -42.25 34.00-45.12 37.99 - 51.71
Hongcheon Mean 36.94+4.80° 40.29+4.46 42.07+3.33%
Y 12.37 9.86 11.15
, Range 24.87-40.72 18.98-41.22 27.14 -4537
Sejongand 4 320445760 31252717 33.68+843°
o 945, : . 68+8.
v 16.68 22,02 18.97
Range 25.97 -44.78 39.07 - 44.56 25.47 - 4537
Yeongju Mean 37.23+6.89% 4235+094° 33.35+7.59"
v 17.28 4.31 20.55
Range 24.87-44.78 18.98-45.12 19.48 - 51.71
Total  Mean 35.70+5.82% 36.89+7.28" 36.37+7.72°
v 16.50 19.60 22.10

*Means within a row followed by the same letter are not significantly
different based on the Duncan’s Multiple Range Test (p < 0.05).

Table 2. Yield and root weight in ginseng with different root ages by sampling cultivation region.

Root age (years)

Samples
4(n=12) 5(n=11) 6(n=12)
Yield (kg/3.3 m’) 1.69+0.49° 2.03+0.78° 2.42+0.43%
Hongcheon ) .
Root weight (g/root) 39.90+8.67" 53.20+2.60" 61.90+11.60"
Sejong and Yield (kg/3.3 ) 2.17+0.51° 2.75+1.13% 2.73+0.55%
Taean Root weight (g/root) 52.40+13.20" 62.10+17.30" 89.80+15.30"
\eong Yield (kg/3.3 m’) 1.42+0.50" 3.11+0.32° 3.30+0.83
congiu Root weight (g/root) 35.90=11.20" 76.80+28.30Y 111.9016.60"

*Means within a row followed by the same letter are not significantly different based on the Duncan’s Multiple Range Test (p < 0.05).
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Table 5. Composition of G-Rg; and G-Rb; of processed white ginsengs with different cultivation root ages at 3 cultivation locations.

Root age (years)

Samples
4(n=12) 5(n =11) 6(n =12
Range 2.10 - 3.48 2.11-3.99 1.94 - 3.23
Hongcheon Mean 2.72+0.57° 2.88+0.81° 2.79+0.61%*
cv 21.00 28.10 21.90
: . Range 1.94 - 3.33 1.75 - 3.02 1.86 - 3.35
Ginsenoside-Rg; , A A A
(mg/g) Sejong and taean Mean 2.67%0.51 2.32+0.46 2.63+0.53
v 19.0 19.7 18.8
Range 1.66 - 3.46 1.38 - 2.43 1.24 - 2.40
Yeongju Mean 2.45+0.67% 2.06=0.49° 1.92+0.52°
v 27.30 23.69 26.89
Range 2.33 - 4.49 2.79 -5.95 2.82-5.17
Hongcheon Mean 3.40+0.88% 3.90%1.52° 4.28+1.06%
v 26.00 39.00 24.70
_ , Range 1.90 - 4.16 1.89 - 3.68 1.90 - 5.15
G'”Se(”mos/'o)'e'Rb1 Sejong and Taean Mean 3.070.82% 2.68+0.70° 3.34%0.57°
o8 cv 26.80 26.00 23.40
Range 2.13 - 4.48 1.85 - 3.66 1.47 - 3.01
Yeongju Mean 2.96%+0.91° 2.99+0.84° 2.47+0.72%
v 30.80 28.10 29.20
Range 4.43-7.95 4.94-9.93 4.84 - 8.35
Hongcheon Mean 6.13+1.45" 6.78+2.32° 7.07+1.66°
v 23.60 34.20 23.50
Range 1.90 - 4.16 1.89 - 3.68 1.90 - 5.15
G-Rggmg/;)}m Sejong and Taean Mean 3.07+0.82% 2.68+0.70 3.34+0.57°
cv 26.80 26.00 23.40
Range 3.84 - 7.49 3.64 - 6.65 3.78 - 7.92
Yeongju Mean 5.73+1.32%® 5.00+1.13° 5.97+1.05°
cv 22.99 22.67 19.57
Range 1.11-1.38 1.12-1.51 1.38 - 1.62
Hongcheon Mean 1.24%0.11° 1.32%0.16 1.53%0.07°
v 8.80 12.00 4.40
Range 0.98 - 1.37 0.96 - 1.37 0.99 - 1.86
G-Rb,/G-Rg; ratio  Sejong and Taean Mean 1.13%0.11° 1.14%0.12° 1.27+0.15
v 10.00 10.20 17.10
Range 1.08 - 1.30 1.29 - 1.55 1.18 - 1.40
Yeongju Mean 1.21+0.09" 1.44+0.10° 1.28+0.08"
cv 7.30 6.60 6.30

*Means within a row followed by the same letter are not significantly different based on the Duncan’s Multiple Range Test (p < 0.05).
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Table. 6. Composition of G-Rg; and G-Rb; of processed white
ginsengs with different cultivation root ages.

Root age (years)

Samples
4n=12 50=11) 6Mn=12
GR Range 1.66-348 1.38-3.99 1.24-3.35
(mg/g Mean 2.61+0.58" 2.40+0.65" 2.49+0.62%
cv 22.08 26.85 24.76
Range 190-4.49 1.85-595 1.47-517
G'Rb1 4+ a 4+ a + a
g Mean 31250867 310£1117 3.36=105
oV 27.64 35.81 31.12
. Range 3.82-7.95 3.26-9.93 2.72-835
R8It Mean 5721420 504226 5.40+2.21°
G-Rb; (mg/g)
cv 24.86 44.80 40.85
Range 0.98-138 0.96-1.55 0.9 - 1.86
%‘_ﬁbﬂ Mean 1.18+0.11° 127+018" 1.34=019°
& v 9.38 13.81 14.52

*Means accompanied by the same letter are not significantly different
using the Duncan’s Multiple Range Test (p < 0.05). All the data
showed the average value of samples from three cultivation regions.

oA Hu] 44.8%FA] °F 2 uje] WHo| & R ol 9
Q1 =) 78 dEe] ) Al ule- Fevh avd
el =t

SHH Choi (1991)= $-2lu=t 18 7 A

3 g8 AR

o] A gk AL AAE BE FHA 28.7%, AU 43.6%,
Bt 36.8+4.6% Hol 2 AFAAAM 4 Azt A x|t
AT} AN g Wake] F2 ok oA G
AXIEE 18.0% oVFo = Hgstal Slct
4. Q1k X M2 (GRg, G-Rby)Q| Sl2kt}p =4

Aol Afxd AR AMEAlel= (G)E HFH

(aglycone)2] 3}tz we} 34 protopanaxadiol (PPD) 7l
9} protopanaxatriol (PPT) Al AlEH o E EF==d G-Rg
Z G-Rbr> 717z PPT ¥ PPD Al ARES] T3 AlEdo
22X AA 2 oBdellA Q1] AFARCR o] &E AL Utk
(Choi and Kim, 2013). @A 2juviete] QahkdH, oigher
A, 2B AL A71SAFTHAAME o]& A Rt <l
AAIEFE AR Z SAE] Atk (Kang ef al., 2008;
MAFRA, 2014; MFDS, 2017, 2018b).

A9 A 57 o RRE w9 984 @4, 5, 6
daew HE Alxd R @594l G-Regt G-Rb,
Shgo] AHE=Z Zol7t A=AE AR (Table 5).

G-Rg, e 3 7l A9 2% A2 folg 3 AJol=

HolA| YA G-Rb, 2 HHA= Hol 4 FA )yt F
A AIF, BHAGAA ede] tht w2 AT B0

e ng

AR (@F) AcloiE 6dzo] 2dle] W 9
£ o5 3

AAH o7 A28 G-Rg3} G-Rb, $HF 719

T =2
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o]& HolA Ut vt A A2 G-Rgt G-Rb2
ek Hx|e] HolAFE BHH G-Rgol 4% 442, 592,
ool 22 22%, 27%, 25%C1%3L, G-Rb2 43, 59,
6d20] ZHz}F 28%, 36%, 31%= Ho] G-Rglth & WHolA
TE B3 (Table 6).

E3] Table 69149} 7Fo] ZF A2 G-Rg @ G-Rb, &3
XS HA A 2 HY T 7 A9 2 6] o] &
o|F Ho] A 7ol FAIA foFQl AfolE HolA] it

I o 2 Ay ATE E3) G-Rgﬁq' G-Rb,9] e
3 oFg]@Alo] EIA L Tt (Nam, 1996). oS &9 G-
Rgr> TFA1771 (CNSyll A=2 &3HE, G-Rb WA=}
5 Helt}h X3 E#4IA 53 (angiogenesis)ol]l 210 G-Rg
2 2XE7E Hole Wh, G-Rb2 JA1d aHE Hole
Aoz AHA|ZL Ut} (Sengupta et al, 2004). T3 F-oH

2 G-Rb/G-Rg® H&E THET (Nam ef al, 1998), 53]
ol Mt (Panax quinguefolius) 7Y%= xpo|7F Qo] <F
ZlgAol= xpaAdo] Qlth (Chen et al., 2008). WA G-
Rbi/G-Rg; HI&2 A& e] #olA shte] FAAER A
g = Jrar AR

B AgollA] ZA] Al Fol tfgk A2E G-Rb)/G-Rg,2] H&
S By 432 BHrle 592, ad2oA foA A =2 A

g2=
==

o)A om (Table 6), L3 JF A ALBlae a2 B
edo] o A =2 M ERNQIT} (Table 5).
ol olmle A= F7Ie} | G-Rb sHgo] Atidor &
AZ2] A vlgo] 7k WlEel ez sET (Kim
et al., 1984; Nam et al., 1998).
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g EAIGM A WA AR A" Q1 v
A & 35 Aol AR AR (GRg, GRb)e] T &

¥5 B9 G-Rg 4 124 mg/gellA, Hh 3.99 mg/gel AL,

G-Rb & F 4 147 mglg, | 5.95 mg/eE R AT} (Table 6).
ME 2o zRE A2E F 35 7] A8 dist Ax 4
o] TS At ARl S wiake] AAIE (G-Rgy
0.10% ©1’¢, G-Rb; 0.20% ©]) Bl s G-Rg, TolA
= 71A vge] giey, G-RbpolM = AAL 71EA] v
NEBE 358 F 43 @32 1, 5892 2, 682 HEA
11.4%0]3t}. o]213F A= Choi (1991)¢] AR =85
54 18 S o= g ZAlA] HofFE G-Rgy T 71
2 A= 9o, G-Rb 2 A (11%)°]
28 Hof, & AE A A dAsIGIT
wEba] S5 14 Au) Al 58] 14ke] SFa/gEel Akxd
o

N

)

2] H|

P

SheF Holale] B4 o2 YEMe] A - A
A8 By @e A Fe o] Lk
5. gipo] F)IH X3 M2 et

B AFA o] mEAE @d2 1 3, 592 2 A, 6d
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Table 7. Variation in content of G-Rg; and G-Rby by root size of 5-years-old white ginseng.

Ginsenoside (%)

Sizen Root diameter G-Rby/G-Re;
(pyun™) (mm) G-Rg G-Rb, G-Rg + G-Rb,
10 19.50 - 22.60 0.21+0.05 0.21+0.01 0.42 1.00
10 18.00 - 19.40 0.17=0.00 0.19=0.00 0.36 1.12
20 16.30-17.90 0.17+0.00 0.18=0.00 0.35 1.06
20 15.00 - 16.20 0.17=0.01 0.21+0.01 0.38 1.24
30 13.50 - 14.90 0.27=0.11 0.31%0.22 0.58 1.15
50 11.00 - 13.40 0.19+0.01 0.19+0.02 0.38 1.00
75 8.00 - 10.90 0.16=0.01 0.16=001 0.32 1.00
Lateral root 3.50-6.50 0.27+0.03 0.47=0.11 0.74 1.74
Pnumber of pieces per 300 g package.
< 1 3) d8ite] 548 #Ee A5 sds 1 HE A9 Z < Hong (2014)2] 59 s3] =714 (20 - 30 goll
Aol 9ot 8 AHAT, YuiA 3 e 99 Al B A 130g o) ZAINE GReF GRbl #2I Aol7t
3, 53 AAEF] 11sg D 134g=A i 2 Zo] 54 wsA Atk meb i =18k AamAlel= gl of
oAt Sixe AR 7l YAIE AE HolA] ¥ ltal Ert
upebA B F719k AmAle| = SHete] o] e A Fe Qlabe] Ak o] Arial dy e = gl
A5 AT L3 AuiEs 7R Il AplE 5d w2 AldeMe 5 F5ol obd §34 EA el A
o 9RMo® RS Axste] FA (F2)E Sem A7) B AT oA T ARG E el FH4 &
= Auksle] B4 @ RUARES AgSle] Qake] 218 G- o) whE A AAlmAel= g o] adlE WA 4
Rg# G-Rb, &de ZARSISATE (Table 7). = HaL 2k 2y AN 53] JHA 250l 2 A
ZAF A, B Hg| 9T HEo] 1 SUF 45 oA G-Rb, gHgo] HAIFEA] o3l W Aog FARES

AL el BE A0 Ahjsiont, 53] A2l
e FFS Hole A ololE Ko A7 g
WA = Gk okeE W] FARY

¥ 3F Felsh 2o A vg Ak}

o, 5359)

O

)
jis SAle] Aol 7t Alsted

(h2 WAL S Aol HlEH o AT Sagel

o ohiict.

o
Ao Ault
Qlate] A7 FAeAte|= gl tisAl= Li 5 (2009)

O~
%
=
S
A

2 oA 6 kel A AT AAAllE e 7t
B ¥e ¥ A9e HAFQA, Choi 5 (2013) Huht
4-620] ZAM=AlOl= R, 53] G-Rb, TS A2 @
Agle] 2 Aol AABrE o] Foklnka Busle] &
A Astst Zolg Hich,

=y

S (2006)°] wl=AtlA F2o] 2 A
7ol W2 G-Rg;@ G-Rb, FHFFANIA F2]3F 2jo]S Ho|
A e, E3] Cho 5 (2013)2] AlE % wiite] =7l
ol A ¥ AR (G-Rg;, G-Rb)) ZAMIA 30 AF (n=43)
o] 50 MFHT} G-Rg 2 G-Rbo| Hit aFF =9kt) &3
FATAES] FRANe] A7 AR 15 HEo] 25 A
FET} G-Rg;, G-Rbo| H+ TFo] 3|z HWolr, 22 4t
H} & AhollA Fpo] &2 Z1o2 ZAEAT (Cho ef dl.,
2014).
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