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Figure 1. The limitations of the angular-based similarity indices
revealed through virtual data vectors. (A) The two vectors, whose
composition ratios of the three components are two to one to two, are
regarded as equivalents irrespective of their absolute values. (B) The
two-fold difference at the concentration of the component 2 in Case 1
has little effect on the angle of the two vectors, but the other two-fold
difference in Case 2 clearly influences.
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AT [24-26]. L4F9 ABFol= @ E(control chart) &
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of WA olxF AIZ= Y FHeF AEV] ol AAHM TR
HE7L ZEFv olsd =AY or oleids THTo A=V
Qroll X o] o] st Aol F

Hest @ Ad A”s TheA st 7PE FHZole ol
Gradient thale] 2% Gradient®} % GradientE A5t HE
FEshsE A= YR pEEdnt [36]. sHAIRE, o]t
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W ES o}z M)A HA AFLE7|d= B ASo] gt}
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of, B2 A¥S T3 dojx Y Ao} HPLC Al~H

£ Fojok 3t} wheld E Ao A F ¢

A4 83 F JEE 7|E HPLC BAloA & W3S 74 o4&
=

S bsAl e e Awsad sk

BodAqe g A8z 7HE <4k (Processed ginseng) &
o] &3kt QI AF AT HdAE AFE A T M AEE
ZHAH 2w Al AR tid AnjRe] AA £F oA Erh
53] 7ty A4S wE do Q14 1§ Ginsenoside® 7% W37t
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1. Ad9wH
1. AREJHPEIXES o] L3 T4 HIH
1.1. A&, Ak

U AlA fEE= WE AE 1) FAab Atractylodes
japonica (KJ group) 20%; KJ1-20, 2)
japonica (CJ group) 11%; CJ1-11, 3)
macrocephala (CM group) 9%; CM1-92 39t &4
WElglolds §3t FE4 atractylenolide I, II, IIIi= Aktin
Chemical (Chengdu, China)°lA T3ttt HPLC 9 =,
Hge ol EYE™H-2 J.T. Baker (Phillipsburg, NJ, USA) o] 4|
TS

<Ak Atractylodes
=2 Atractylodes

1.2. 47|71 4 =4

Agilent (Santa Clara, CA, USA)A}FS] 1260 Infinity HPLC
system¥} diode array detectorgs Alm 4o AT
IS AgilentAe] Polaris 5 Amide—Cig 2% (250 X 4.6 mm,
5 im)S AT AY EE 30°CE FAEHQom olFA
&2 1 mL/min2 248300 °ol&d A= &, °l%d Be
SMHEYUEHE AREH o =12 o3 Zrh 0-5+% (30-50%
B), 5—20+ (60-55.5% B), 20—35+ (55.5=78% B), 35—40+
(78—=100% B), 40—45+ (100% B). Alm+ 10 uLsE FY3H
At AR E I HZAES 3 236 nmellA] g 583l
A WElgol A& $13h atractylenolide 19] 42 278 nmelA]

=z 93 345 nmE F71ske] &9 1l atractylenolide 11, 1112
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1.5. 5% fFAMY AE(CAM) A4t

A. Japonica NBEQ Hy AZvEIYHIAES AF AP
A

ARt AA VIE ARE ST Ve AlRe B7F o

_ D=1 XY
\/2?21(961')2 2 ()2

(2)

Yi
m = max(max (;),K(%))
oAZIM  xk yiz A VI AlERS W7 Ul AR
ARvEIHIAE f iA 93 dJAS ovetal a2 F A9
ArsE dujgth Ax = 0 ~ 19 #= 7HA9 19 | F
ARVEIHZAE U AE JIF5Y 287 FLsth AR o
2 AEelM e WE S AdnEZE g AR AR 9
BACEZA ghol 1ol 7Mhers 7 AR ANbHRl FEAfo]7h
slol ARt AR me AR FEAkele Huig(HA Addin g
Hogtk HAxwe o9 & Z erR oE  F
ARPPETDNIAL AlelM 7 2 wRARlE &g 3

2ogkel 19 W F A RE A oR F5ah

—n

K

1.6. ALEEFHY S o] &3 oA AE
2 A=Y CAM#k(e, a, m)< F4 7| 243 A5 4
= 9% A 4 ZEEHAT obde ARk Ad d=
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i=1

x= CAMZY ¥WE (x = (,am)’), Ky(x) = HE 7H2 W Ad
s udth a2 AR AE YUt o] AqtelA Ad
sk K= oldfe} 2 AdbA<Ql AY $h=(standard multivariate

normal kernel function) & AF&3tG T [41]

Ky (x) = (2m) 3/2|H|™/2¢ T (5)

1714 Hi= "olg 9 FEAL HHE-1/2)o] vldetA A FHATH R
program®| ks package® &3l ©| #4& Yy H7F A
NE 22 AR 24 g5 9% f(2)7F AAs 99X pru Z o

A0l Ao w 3},

H 7w v—~

2. 8P Z= o1& F4 B
2.1. A&, A<

Ginsenoside Rgl, Re, Rbl, Rc, Rb2, Rd, 20(S) —Rg3, Rkl1,
Rgbi= A4H 7hgitell A wElsta 1 +%7F 98% oldds
HPLC-UV-ELSD= 2lskglrt [40]. HPLC S+ =, "&s
S EYE™ELS  JT. Baker (Phillipsburg, NJ, USA)e°lA
TR EANMe A8E oYt F2  Ginsenosides=

o

Egsa ot

A AE 985 FFES Ginseng Science Inc.

(Seoul, Korea)ollA] Al&wtt). 2+ Ginsenosider® 4 mg/mL9]



TR HEEe] Ho] AENoR HASGII WA HAo| uket
A7 B F2 dEE R 34ste] ARgEgit

2.2. 87171 4 =34

Waters  (Milford, MA, USA)AFE 2695 Alliance HPLC
system¥} Sedere (Virty—sur—Seine, France)AF2] Sedex 75
Evaporative Light Scattering Detector (ELSD,
SR AE7N)E AR wBAd AREsITh S
Phenomenex (Torrance, CA, USA)A}2] Gemini Cis Z¥ (250
X 4.6 mm, 5 mwm)= AFESRTY AY &&= 40°CE
FAEJeH o5 F42 1 mL/minZ AUt olFA AE
&=, ol Be oHEUE"HS ARRIoH HF 24 12
oh2 2k 2ok 0-20% (22% B), 20-25+ (22-32% B), 25-30%
(32% B), 30—45+% (32—-40% B), 45-55+ (40—-55% B), 55—
57+ (55% B), 57-67+ (55—100% B), 6770+ (100% B).
dadow Ams FUe7] #8k9] Injectore]l 10 pL FE=
A8kl full-loop injectiond}3lth. ELSD 312 53 2tk
Nebulizer gas pressure; 2.5 bar, Drift tube temperature; 50°C,

Detector gain 8.

2.3. 0] 4ol AE A= vA= &

Ginsenoside FF %t olsd Al wet A=7]9 TE W&
sty fstey 4 A™H Al Unions Q439  Flow
injections AAITAT. olFAN 52 1 mL/min® 23R o

Ginsenoside €9 25, 50, 100, 200, 400 pg/mLe] FE=
11

-':rx I 'kl:l- 1_-]i



THEAT ol A 47HA £x(20, 40, 60, 80%
oMAEYER) oA glst3itt

2.4. Peak bandwidth7} A& 7% v|x|= 9

970€] Ginsenosidex= 384 Fx9F A FA oA
g2 =AZ mdEst] A kA aFoer ERFUdch (D
Protopanaxatriol ~ (PPT) Al &3F= Rgl, Re, (2)
Protopanaxadiol (PPD) HAe°| <3}+= Rbl, Rc, Rb2, Rd, (3)
Less—polar (LP) Al <3+ Reg3(S), Rkl, Rgb. Peak
bandwidth7} & Hxel e Fio =5 FAs] St 4
7% W Ginsenoside® 22% (PPT), 35% (PPD), 55% (LP)

SMEYEHR isocratic w23t HE LS &l

2.5. ¥4 HAA3 2 f84 AF

Y

o

o O
a1 o

of

A= % HF3F(Response normalization) = £ 3l
F4 2/ 7 Peak bandwidth® 94 S vdste] 4 %
T2tA o7 HAsIsIt #HZ 27E Section 2.29 WA

STt Ginsenoside X%T=4d 9% == A4 A

N

2 e

sl

m
ro,

w4 Fads ATsl fd 49 A4 (Linearity),

#HZ A (Limit of Detection), % kA (Limit of Quantification),
_]

A1 A (Inter—, Intra—day  precision), 224 (Accuracy),
534 = (Uncertainty) & =435ttt AL Al 5%
Z7Ao]A Ginsenoside® ZAZ3dt1 %9 7 uwjo WA e
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signal—to—noiseH| 7} Z}

o
oI

A

A==
R ATy

Ginsenoside

~
ﬁo

234 % (V)= EURACHEM/CITAC Guide CG 49

.
2AE e )

fife)

~
ﬁo

40°C

(6)

| Bk o]
Ginsenoside Rgl(PPT

-

R

Ui + U2

10 mL9]

thA
Aol A

A

=

o
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Table 1
Design matrix and responses for the face-centered central composite

design (FCCCD)

Set Temperature (X)) Time (X5) % MeOH (.X3) Total Peak Area

1 30 30 60 19604
2 50 30 60 20872
3 30 90 60 20068
4 50 90 60 21344
5 30 30 100 20336
6 50 30 100 21504
7 30 90 100 20676
8 50 90 100 21404
9 30 60 80 21108
10 50 60 80 21924
11 40 30 80 21444
12 40 90 80 22008
13 40 60 60 20360
14 40 60 100 21136
15 40 60 80 21476
16 40 60 80 21624
17 40 60 80 21776
18 40 60 80 21536
19 40 60 80 21612
20 40 60 80 21844
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Table 2

Analysis of variance (ANOVA) table for the response surface quadratic

model
Source Sum of squares” d.f® Mean square’ F-value* p-value, Prob>F°®  Significance
Model 8.13x10° 9 9.03x 10° 41.71 <0.0001 significant
X 2.76 x 10° 1 2.76 x 10° 127.56 <0.0001 significant
X, 3.03x 10° 1 3.03x10° 13.98 0.0039 significant
X; 7.89x 10° 1 7.89x 10° 36.41 0.0001 significant
XX 2.33x 10" 1 2.33x 10" 1.08 0.3238 not significant
XX 5.25x10* 1 5.25x10* 2.42 0.1506 not significant
XX 6.06 x 10* 1 6.06 x 10* 2.80 0.1254 not significant
X2 3.92x10* 1 3.92x10* 1.81 0.2080 not significant
X? 2.25x 10 1 2.25x 10 1.04 0.3316 not significant
X;? 2.17x10° 1 2.17x10° 100.01 <0.0001 significant
Residual’ 2.17x10° 10 2.17 x 10*
Lack of fit® 1.18x10° 5 2.36 x 10* 1.19 0.4254 not significant
Pure error” 9.87x10* 5 1.97x10*
CorTotal' 8.35x 10° 19

* Sum of the squared differences between the average values and the

overall mean.
® Degrees of freedom.

¢ Sum of squares divided by d.f.

d . . . . .
Test for comparing term variance with residual (error) variance.

¢ Probability of seeing the observed F-value if the null hypothesis is

true.

f . . .
Consists of terms used to estimate experimental error.

& Variation of the data around the fitted model.

18
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" Variation in the response in replicated design points.

" Totals of all information corrected for the mean.
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Table 3

Validation results of the HPLC method

Calibration curve® R LOD LOQ Precision (n=5) Recovery® (n=3) Repeatability
(ng) (ng) Intra-day Inter-day (n=5)
RSD® (%) RSD (%) Mean (%) RSD (%) RSD (%)
AT-1 y=51.655x+44.476 1.0000 0.26 0.86 0.37 1.98 92.96 2.80 3.93
AT-2  y=39.555x +24.414 1.0000 0.37 122 0.37 1.90 93.67 1.80 3.83
AT-3 y=25.357x+22.989 0.9999 050 1.65 0.75 1.00 99.79 1.68 5.35

*y, value of peak area; X, value of concentration.

b Recovery (%) = (observed amount — original amount)/spiked amount

% 100%.

“RSD (%) = standard deviation/mean x 100%.
d AT-1; atractylenolide I, AT-2; atractylenolide II, AT-3; atractylenolide

I1I
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Figure 3. Representative fingerprints of (A) the mixed standards, (B)
the A. japonica samples, and (C) the 4. macrocephala samples. AT-1;
atractylenolide I, AT-2; atractylenolide II, AT-3; atractylenolide 111, Unk;
Unknown compound.
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Figure 4. Selective elimination of the response of the unknown
compound with the reference wavelength and 3D spectra in the
corresponding area.
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VA dEbE 5 S Aol eldR 1 A} o] Al A
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Figure 5. The elements of the three data vectors, KJ8, CJ10, and KJ11,
having a high ¢ value over 0.97 and their CAM similarity values. (A)
Peak areas of the fingerprints and (B) Relative peak areas of the
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Figure 6. The limitations of the congruence coefficient found in
evaluating the similarity between the actual samples and the reference.
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Figure 7. The distribution of the ¢ (the congruence coefficient) and a
(the average of peak area ratios) values for the 40 Atractylodes samples;
the KJ group (circle, red), the CJ group (triangle, blue), and the CM
group (square, green).
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Figure 8. The distribution of the ¢ (the congruence coefficient) and a
(the average of peak area ratios) values for the 31 A. Japonica samples;
the KJ group (circle, red) and the CJ group (triangle, blue).
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Figure 9. The distribution of the CAM values for the 31 A. Japonica
samples and the three levels of the kernel density estimation with plug-
in bandwidth matrix. The yellow colored regions are expected to
contain (A) 90, (B) 80, and (C) 70% of the points. The anomalies
written in blue color: (A) KJ7, KJ10, KJ12, and KJ16; (B) KJ17, KJ18,
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of the anomaly detection.)
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Table 4
The CAM values of the 40 samples

Sample The c value Thea value The m value

KJ1 0.9357 1.0872 2.6082
KJ2 0.9848 1.0245 2.1336
KJ3 0.9614 0.9618 2.4933
KJ4 0.9396 1.0143 2.4500
KJ5 0.9773 1.1178 2.3431
KJ6 0.9380 0.9567 2.2507
KJ7 0.9698 0.9607 4.7017
KJ8 0.9825 0.9917 1.5267
KJ9 0.9757 1.1441 2.3852
KJ10 0.8135 0.7977 3.3592
KJ11 0.9741 1.1732 2.8940
KJ12 0.9358 0.6860 4.4168
KJ13 0.9891 0.8766 1.8052
KJ14 0.9341 1.0684 2.6762
KJ15 0.9391 1.0042 2.3066
KJ16 0.7411 0.8148 5.2372
KJ17 0.9816 0.7554 3.1258
KJ18 0.9810 0.7358 2.2400
KJ19 0.9923 1.1046 1.6241
KJ20 0.9756 1.4031 2.3045
Cl1 0.9793 1.0501 2.1209
Cl2 0.9385 0.8655 2.0964
CJ3 0.9717 1.0051 1.4399
Cl4 0.9514 0.8969 2.0318
CI5 0.9491 1.0386 1.9009
CJ6 0.9694 1.1699 2.0768
CI7 0.9267 0.9465 3.1003
CI8 0.9818 1.0993 1.7144
CJI9 0.9511 1.0150 1.6712
CJ10 0.9814 1.3098 2.1162
CI11 0.9056 0.9246 2.8825
CM1 0.5144 0.3615 N.C.?
CM2 0.3165 0.1585 N.C.

CM3 0.3942 0.1788 N.C.

CM4 0.2995 0.1950 N.C.

CM5 0.3473 0.1307 N.C.

CM6 0.4114 0.1565 N.C.

CM7 0.4309 0.1405 N.C.

CM8 0.4140 0.1489 N.C.

CM9 0.3249 0.2373 N.C.

* Not calculated because the samples of the CM group were ruled out
from the statistical analysis.
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Figure 10. The distribution of the CAM values for the 31 4. Japonica
samples and the two levels of the kernel density estimation with plug-in
bandwidth matrix. The yellow colored regions are expected to contain
(A) 80 and (B) 70% of the points. The anomalies written in blue color:
(A) KJ7,KJ10, KJ12, KJ16, KJ17, KJ18, and KJ20; (B) CJ10 and KJ11

added on to those in (A). This figure shows the views from the lateral

side of Figures 9B and 9C to understand the surface of the areas exactly.
(The probability density area with the ¢ value greater than 1 is formed
due to the feature of the kernel density estimation, but is not the area

where actual data exists and is not relevant to the procedure of the
anomaly detection.)
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Figure 11. The two-dimensional contour plots of the estimated kernel
density at the level of 70% (Figure 9C). If the point is situated far from
the red region of the high density area, the likelihood of it being
anomalous is high. (The probability density area with the ¢ value
greater than 1 is formed due to the feature of the kernel density
estimation, but is not the areca where actual data exists and is not
relevant to the procedure of the anomaly detection.)
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Figure 12. Comparative analysis of the samples qualified by the
proposed approach and the conventional approach. (A) Relative peak
areas (sample/reference) on log scale. (B) Averages of the relative peak
areas of the 22 samples at the individual components. (C) The height of
the bars shows how much smaller the inter-sample deviation (RSD) of
the relative peak areas is in some approach and so which approach is
favorable. (D) The height of the bars shows how much the average of
the relative peak areas of the 22 samples is closer to 1 in some
approach and so which approach is favorable. Blue indicates the
proposed approach, and red indicates the conventional approach.
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2. AUFFE o] &3 T4 F/MY
2.1. o] B Aol HE AR "X = G

Ginsenoside Rgl, Re, Rbl, Rc, Rb2, Rd+ P. ginseng® P.
quinquefolius® 2 Ginsenoside® =Ul¥7t olyz} o8 Yt
TR AE AEOSRE FE3o Qltl. Ginsenoside Rg3, Rkl,
Rgbe <SIies 92 7Hd3s o sk 5538 F9
Ginsenoside® §4F, 7haQlate] F4&oln &4 Folth. whebA
2 AFg= ¢ 974 GinsenosideE A8 tjoz AQ3F3ich
(Figure 13). %A ELSD7} ®#doz 4#HA A ¥ (non—

specific detector) Fd3%t o]&A}, flow injection ZZ1elA o]

Figure 14+& t& o]EAF A A2 9709 Ginsenosided] HHg
<+ (response curve) = UERHATH WA Figure 14A& °]&7
x7d0] 40% oHHEYUEAA W] 97l Ginsenoside®] Whg 4
HolEr, o3P g2 o] EdES Fx9k 4% Aol7t A
@om ELSDY #AE #ev old EA9 steta SAo| 9
Aol WA ¢k7] ol 97He] REg A AEs] AT o714
o wWuE =g Ued J71ex= A 7.5% [Relative
standard deviation, RSD, n=3) ¢l =23t} Figure 14B+= 4719
ol F7 (20, 40, 60, 80% CoFMEUEZR)A 9719
Ginsenoside® H+ #HE =2 wbg FAE Yepd Foloh

=
o] F7dol f7] &miQl oHHEUEZYS] FeFo] Fotd & ELSDE

Y,
S
o o

ﬁ

o

A AEhc T s A2 5 AT 80% oMHEYERS

o

27 e e AE BEE 20% oMMEUEUS s 3
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uj Hoh 26) 7FF Zloh o] A ELSDY A& ALt olsA
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97}  Ginsenoside X%  AFo]e HAF= Hu 9.5%(RSD) |

Faess, 25% 4% pEsl
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Ginsenoside Formula MW R, R, Ry

Ginsenoside Rgl  Cy;H.,0 801.01 OH Ogle Ogle
Ginsenoside Re CygHyp O3 947.15 OH Ogle(2-1)rha Ogle
Ginsenoside Rbl - C5Hy; 045 1109.29 Ogle(2-1)gle H Ogle(6-1)gle
Ginscnoside Re Cs3Hgy 05, 1079.27 Ogle(2-1)gle H Ogle(6-1)ara(y
Ginsenoside Rb2  CoyllygO,, 107927 Ogle(2-1igle 1 Ogle(6-1)ara(p)
Ginsenoside Rd Cigllg04 947.15 Ogle(2-1)gle 11 Ogle

Ginsenoside Rg3 C;Hp,04

785.01 Ogle(2-1)gle H OH

Ginsenoside Formula MW R, R, Ginsenoside Formula MW R, R,

Ginsenoside Rkl C,,H, 0, 76699 Ogle(2-1)gle H Ginsenoside Rg5 CpHp 0, 76699 Ogle(2-1)gle H

Figure 13. Structures and molecular weights of the selected
ginsenosides. ara(f), arabinose (furanose); ara(p), arabinose (pyranose);
gle, glucose; rha, rhamnose.
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Figure 14. ELSD response curves for the nine ginsenosides in flow
injection analysis. Flow injection analysis was performed in triplicate.
(A) The response curves for the individual ginsenosides using 40%
acetonitrile as a mobile phase composition (The error bars indicate the
standard deviation of repeated analyses) and (B) The response curves
constructed from average responses of the nine ginsenosides using four
different mobile phase compositions: 20, 40, 60, and 80% acetonitrile
(The error bars indicate the standard deviation of responses of the nine
ginsenosides).
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2.2. Peak bandwidth7} A& 7% v|X= o3

Peak bandwidth7} ELSDe #HE kel vA= 9F=
geolsty] $ste] PPT, PPD, LP I1&° =2 9719 Ginsenoside®
Tl o 7 715 Ginsenoside® 84 EAJo wA 22, 35,
55% SFMEUEHS] isocraticzi-& 4&3te] APS 133t
PPD (Figure 15A), LP (Figure 16A) ZIsgolA Ao <3|
detA FAE A9l AS- isocratic A B2 979
ez g2 Ak 97019 Ginsenoside”} flow injection A& oA
Hlsh s A5 RoF s st 7
bandwidth7} Weolfel wet A& A=E7F fasks Jle gdd +
ARtk PPD 17 A¥elA Ginsenoside Rde HAE #HEE
Ginsenoside Rb1e HE =9 67%UTh. »pz7HAZ LP 1%
Alglol A Ginsenoside Rgh® HZE %%+ Ginsenoside Rg39]
AE AR 68%WE Eo=th o] A¥es obuiE: EAAIL
AzHe SAA AR wWAYUSEESY AAs FI wdd
Adiz Holxng, 9d wAYUSFE S, ddg At (Rayleigh
scattering) < 4Ae] HAo] e 0.18) olstd wj FAikie]
A FEFe WA= AR g Qo 53| o] uwje FAkt
A YA Abol=9] 64wl HlHskE Zler dHA Utk [47]
Egk AP @AM BAAIS s AulEstAl HE DA
AR Atol=E AAete Aow delA Aok [48]. wEbA b
oA E @ A s FARAEY sV FAEHL
HEAoz HE dANA o 2 dA Ao]l=E whew A= o]
o] Frkst A= gy Absbe] GEkol] osto] A FHATHH
PPT 15°ll 43l= Ginsenoside Rgl¥ Rew 3lld oA A

l

H] 528t Peak bandwidth® &2 =7] wlZo] 1 A3E st
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Figure 15. Evaluation of elution bandwidth effect on the ELSD
response and stepwise changes of the gradient condition for the
response normalization in the protopanaxadiol (PPD) group.
Chromatographic conditions: (A) 35% acetonitrile for 15 min
(Condition 1), (B) increase from 35% acetonitrile to 42.5% acetonitrile
for 15 min (Condition 2) and (C) increase from 35% acetonitrile to 50%
acetonitrile for 15 min (Condition 3). Elution order: (1) ginsenoside
Rbl, (2) ginsenoside Re, (3) ginsenoside Rb2 and (4) ginsenoside Rd.
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Figure 16. Evaluation of elution bandwidth effect on the ELSD
response and stepwise changes of the gradient condition for the
response normalization in the less-polar (LP) group. Chromatographic
conditions: (A) 55% acetonitrile for 15 min (Condition 4), (B) increase
from 55% acetonitrile to 85% acetonitrile for 15 min (Condition 5) and
(C) 55% acetonitrile for 5 min and increase from 55% acetonitrile to 95%
acetonitrile for 10 min (Condition 6). Elution order: (1) ginsenoside

20(S)-Rg3, (2) ginsenoside Rk1 and (3) ginsenoside Rg5.
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=
g5l 271 32 (Figure 15C) ZshAl Ay A3 Z43d
Ginsenoside Rd9 AZE 7IEE E3| wWo] AEAA1 (o] FA
_l_

F2mo o)eF o8k

M
oX
o>

A3 4709 Ginsenoside® A& HAEE HE FFo2 9E F
ARk o] uwl 4709 Ginsenoside®] & HA2E= 3.04%0]
BNt 271 142 HAE 16.73% Atk LP ZEolA s
71 544 (Figure 16B) 4% 459 Gradientwroz= AE
HEE Hest & 4+ gl wEbA Ginsenoside Rg39] Peak

bandwidthi= #A13F A ©& 429 A= =5 S7HA1717] f4

7 63 %2 (Figure 16C) F#4<l Gradient® AME3FITE 1

A3 AE AEE H3 & 5 UM o o 3709 Ginsenoside

kil A delMe HAake

20.02% 9. 7+ 1% vtk HAskE 2352 AA Ginsenoside
A

2
BN

AEEY ddg FehE A Eetel wAlE F=HE FksiT
(Figure 17B). &7 digt AAgt Y& 4 A~" 374
uet g=7] wEe] A

#HAX3 ¥ Gradient FZAelA PPT, PPD, LP 1% 4
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Figure 17. HPLC-ELSD chromatograms of (A) mixed standards by the
initial condition, simple connection of the three optimized conditions:
0-20 min (22% acetonitrile, PPT group), 20-53 min (22-55%
acetonitrile, Condition 3 in Figure 15, PPD group), 53-58 min (55%
acetonitrile, Condition 6 in Figure 16, LP group), 58-68 min (55-95%
acetonitrile, Condition 6 in Figure 16, LP group), (B) mixed standards
by the final condition and (C) processed ginseng concentrate by the
final condition. Elution order: (1) ginsenoside Rgl, (2) ginsenoside Re,
(3) ginsenoside Rbl, (4) ginsenoside Rc, (5) ginsenoside Rb2, (6)
ginsenoside Rd, (7) ginsenoside 20(S)-Rg3, (8) ginsenoside Rk1 and (9)
ginsenoside Rg5.
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Table 5

Regression data, LOD, LOQ and recovery for the nine ginsenosides

Ginsenoside Calibration curve® R’ LOD LOQ  Recovery’ (n=3)
(bg)  (Mg)  Mean (%) RSD®

(%)

Rgl y=1.6908x+1.6250 0.9957 0.125 0.250 103.36 1.90
Re y=1.7522x+1.4948 0.9977 0.125 0.250 93.77 3.03
Rbl y=1.6652x+1.9421 0.9965 0.090 0.190 93.83 1.36
Re y=1.6903x+1.9413 0.9967 0.090 0.190 106.47 3.35
Rb2 y=1.6621x+2.0059 0.9970 0.085 0.170 105.38 3.92
Rd y=1.6583x+2.0346 0.9978 0.085 0.170 107.61 4.47
Rg3 y=1.6099x+2.2404 0.9970  0.070  0.120 99.13 0.98
Rkl y=1.6268x+2.2295 0.9962 0.070 0.120 102.15 0.51
Rg5 y=1.6132x+2.2088 0.9951 0.070  0.120 104.80 2.58

*y, log-transformed value of peak area; x, log-transformed value of

concentration (pg/mL)

b Recovery (%) = (observed amount — original amount)/spiked amount
x 100%

“RSD (%) = standard deviation/mean x 100%
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Table 6

Intra- and inter-day precision of the direct and group quantification

method for the nine ginsenosides (n=3)

Ginsenoside Direct quantification Group quantification
(group®) Intra-day Inter-day Intra-day Inter-day
precision precision precision precision
Content RSD"  Content RSD  Content RSD  Content RSD
(mg/g) (%) (mg/g) (%) (mg/g) (%) (mg/g) (%0)
Rgl® (PPT) 1.16£0.05 4.57  1.16+0.04 3.22 1.16+0.05 4.57 1.16+0.04 3.22
Re (PPT) 3.25£0.09 2.76  3.06+0.09 2.85 3.33+0.09 2.64 3.10+0.12 3.78
Rbl (PPD) 7.02£0.15 2.14  6.83+0.24 3.53 6.47+0.14 2.11 6.25+0.23 3.67
Rc® (PPD) 5.61£0.08 1.44  5.49+0.25 4.62 5.61+0.08 1.44 5.49+0.25 4.62
Rb2 (PPD) 3.88+£0.10 2.55  3.8440.10 2.61 3.97+0.10 2.49 4.01£0.12 2.95
Rd (PPD) 4.6840.08 1.63  4.58+0.08 1.75 4.80+0.08 1.57 4.70+0.09 1.83
Rg3° (LP) 8.13£0.07 0.81  7.92+0.30 3.76 8.13+0.07 0.81 7.92+0.30 3.76
Rkl (LP) 7.58+0.11 1.50  7.40+0.19 2.63 7.80+0.12 1.51 7.65+0.21 2.78
Rg5 (LP) 8.85£0.15 1.68  8.67+0.18 2.08 8.43+0.14 1.71 8.33+0.15 1.84

* Ginsenoside group designations: PPT, protopanaxatriol group; PPD,

protopanaxadiol group; LP, less-polar group

® RSD (%) = standard deviation/mean x 100%

¢ Representative standard of PPT group in group quantification method

4 Representative standard of PPD group in group quantification method

¢ Representative standard of LP group in group quantification method
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Table 7
Individual and global uncertainty of the direct and group quantification

method for the nine ginsenosides (calculated at quantification result)

Ginsenoside Calibration  Precision Accuracy Global Expanded
(group) curve uncertainty  uncertainty
Ui U, Us U, Us U 2U

DQ* GQ° DQ GQ DQ GQ DQ GQ DQ GQ DQ GQ DQ GQ

Rgl® (PPT) 0.017 0.017 0.019 0.019 0.026 0.026 0.011 0.011 0.013 0.013 0.041 0.041 0.081 0.081

Re (PPT) 0.015 0.016 0.016 0.022 0.016 0.015 0.018 0.018 0.021 0.021 0.039 0.042 0.078 0.083
Rbl (PPD) 0.016 0.015 0.020 0.021 0.012 0.012 0.008 0.008 0.010 0.010 0.031 0.031 0.062 0.063
R¢! (PPD) 0.015 0.015 0.027 0.027 0.008 0.008 0.019 0.019 0.024 0.024 0.044 0.044 0.088 0.088
Rb2 (PPD) 0.015 0.015 0.015 0.017 0.015 0.014 0.023 0.023 0.028 0.028 0.044 0.045 0.089 0.089
Rd (PPD) 0.015 0.015 0.010 0.011 0.009 0.009 0.026 0.026 0.032 0.032 0.045 0.046 0.091 0.091
Rg3° (LP) 0.012  0.012 0.022 0.022 0.005 0.005 0.006 0.006 0.007 0.007 0.027 0.027 0.054 0.054
Rkl (LP) 0.016 0.012 0.015 0.016 0.009 0.009 0.003 0.003 0.004 0.004 0.024 0.022 0.049 0.045
Rg5 (LP) 0.018 0.012 0.012 0.011 0.010 0.010 0.015 0.015 0.018 0.018 0.034 0.030 0.067 0.060

* Direct quantification
® Group quantification
¢ Representative standard of PPT group in group quantification method
4 Representative standard of PPD group in group quantification method

¢ Representative standard of LP group in group quantification method
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Table 8

Comparison of contents for the nine ginsenosides between the direct

and group quantification method (n=5)

Ginsenoside  Direct quantification Group quantification
AContent”
(group) Content A  RSD’ Content B RSD %)
(mg/g) (%) (mg/g) (%)

Rgl® (PPT)  1.15+0.04 3.35 1.15+0.04 3.35 0.00
Re (PPT) 3.16+0.15 4.64 3.21+0.17 5.42 1.58
Subtotal 4.3140.19 4.41 4.36+0.21 4.82 1.16
Rbl (PPD)  6.90+0.22 3.21 6.33+0.22 3.45 8.26
Rc! (PPD) 5.52+0.19 3.48 5.52+0.19 3.48 0.00
Rb2 (PPD)  3.87+0.14 3.60 3.98+0.16 4.00 2.84
Rd (PPD) 4.63+0.10 2.10 4.744+0.10 2.10 2.38
Subtotal 20.92+0.65 3.11 20.57£0.67  3.26 1.67
Rg3° (LP) 7.99+0.23 2.88 7.99+0.23 2.88 0.00
Rkl (LP) 7.47+0.19 2.50 7.70+0.19 2.46 3.08
Rg5 (LP) 8.75+0.19 2.21 8.37+0.16 1.90 4.34
Subtotal 24.21£0.61  2.52 24.06+£0.58 2.41 0.62
Total 49.44+1.45 2.93 48.99+1.46 2.98 091

*RSD (%) = standard deviation/mean x 100%

® AContent = |Content A — Content B|/Content A x 100%
¢ Representative standard of PPT group in group quantification method
4 Representative standard of PPD group in group quantification method

¢ Representative standard of LP group in group quantification method
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Abstract

The inconsistent quality of herbal materials caused by
biodiversity highlights the importance of a quality evaluation
system which can rigorously filter out herbal materials not
equivalent to the qualified ones. For this purpose, both the
fingerprinting method and the marker determination method are
currently used. In the present study, we propose better ways to
improve the methods commonly used in each approach. Firstly,
we developed a mixture of three similarity indices for the first
time, which is termed as CAM, to make up for weak points of
some widespread similarity indices in the similarity analysis of
chromatographic herbal fingerprints. It was suitable for the
fingerprints with large deviations in the data and offered in—
depth information on the similarity of the samples to the
reference. Forty Atractylodes samples were the case, and their
three similarity values (CAM values) were fed into a three—
dimensional kernel density estimation for determining their
qualities. As a result of comparing to the common approach, the
samples qualified by the proposed approach were more
chemically analogous to the reference. Secondly, we developed
a relative quantification method using an evaporative light
scattering detector (ELSD) for determining multi—components
in herbal materials economically. The potential variables, mobile
phase composition and elution bandwidth, affecting the ELSD
response in the gradient analysis were investigated. With the
consideration of the two important effects, stepwise changes of
the gradient condition were carried out, and the inconsistent
responses from different analytes could be normalized. The
availability was confirmed by comparing the ginsenoside
contents in a material of ginseng products determined by the

direct and relative quantification method. The largest difference
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in the determination results from the two methods was 8.26%,

and the difference of total contents was only 0.91%.

Keywords: Herbal materials, Chromatographic fingerprints,

Relative quantification, Chemical equivalence, Quality assurance
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