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ABSTRACT

Determination of Adulteration in Ginseng(Panax ginseng)

Products by Multi-target Profiling Method

Choi, Ji Yeon
Advisor : Prof. Kim, Kyong Su, Ph.D.
Department of Food and Nutrition

Graduate School of Chosun University

The consumption of medicinal food to maintain good health has increased,
resulting to extend the markets for functional foods. Especially, ginseng(Panax
ginseng, ginseng radix) and red ginseng, a processed ginseng product in South
Korea, are commonly used as foods in general and healthy functional food in
particular from thousands of years ago. Due to high market demands, inexpensive
morphologically similar materials may be intentionally mixed into ginseng or red
ginseng products to derive benefits. It is very important to know whether the
ginseng or red ginseng products are adulterated or not. The genetic analysis cannot
be applied to processed red ginseng products, as they involve high temperature and
pressure processing and genes may be destroyed. Therefore, this study was
designed to find out some physicochemical indicators that would not be changed in
various processing processes. Several possible substances such as Codonopsis
lanceolata, Platycodon grandiflorum, and Pueraria lobata were tested as adulterants
and investigated in the study.

To approached with multi—taret profiling method in subject samples and report a
suitable method, the inorganic components were analyzed by using inductively
coupled plasma/mass spectrometry(ICP/MS) and inductively coupled plasma/optical

emission spectrometry(ICP/OES), volatile organic components were analyzed by
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using gas chromatography-mass spectrometry(GC-MS), phytochemical screening
via qualitative and quantitative analyses were done using standard reference
methods and analysis of nonvolatile organic components were determined using
high performance liquid chromatography(HPLC) and LC-mass spectrometry/mass
spectrometry (MS/MS).

Six macro elements(Na, Mg, Ca, K, Fe, and Al) in individual dried and steamed
dried samples were analyzed through ICP-OES and 19 trace elements(Ba, Cr, Cu,
Mn, Ni, Rb, Sr, Zn, Ga, Se, TI1, Be, Co, V, Li, Cs, Bi, Pb, Cd) in the samples were
analyzed using ICP-MS. No significant difference due to processing was shown
between raw samples and steamed samples and it was difficult to discriminate
among the samples based on the analyzed contents of inorganic components.
Among the statistical analyses, the Linear Discriminant Analysis (LDA) of the
inorganic profile enabled discrimination among the individual samples. The raw
samples and steamed samples were clearly distinguished from each other on the
graph. Thus discrimination among the samples using inorganic elements was
possible by LDA statistics.

The volatile organic components were extracted using the Solid phase micro
extraction(SPME) method, and analyzed using GC-MS. From the results,
(E)-2-hexen-1-ol and barbatene were identified in the raw samples of C
lanceolata and P. gradiflorum, but not in the raw samples of the P. ginseng and
P. lobata. Furaneol was detected only from the steamed sample of P. gradiflorum.
There were difficulties in the analysis of volatile organic components because the
reproducibility was poor and the expected quantities of indicators were very small.
Therefore, it was judged that applying volatile organic components as a method to
identify the similar materials mixed into processed ginseng or red ginseng products
would be difficult.

In phytochemical screening tests, terpenoids, phytosterols, phenolic compounds,
coumarins, flavonoids, and alkaloids were screened and changes in colors were
observed. Since high reactions of flavonoid and phenolic components were identified
in the methanol extract of P. lobata, it was mixed into red ginseng extract at

ratios of 10, 20, 30, 40 and 50% and screening tests were conducted. The intensity

,X,
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of the colors changed according to the mixing ratio, so it was easy to check
whether or not the P. lobata were mixed.

Analyses were conducted using HPLC, to explore indicators that do not exist in
ginseng but are detected from C. lanceolata, P. grandiflorum and P. lobata. In the
results, peak 1, which was detected in C. lanceolate and P. grandiflorum in the
same time zone, and peak 2, which was detected only in P. lobata but not in other
samples, were identified. Expected indicators were verified by measuring their
accurate masses through LC-MS/MS analyses, and as components not detected in
ginseng, the same indicator of lobetyolin was identified in C lanceolate, P.
grandiflorum and an indicator ononin was identified in P. lobata. Therefore, it was
concluded that the HPLC method developed in this study can identify whether or
not C. lanceolate, P. grandiflorum, or P. lobata has been mixed into ginseng or red
ginseng.

A total of 61 general and health functional foods made of ginseng or red ginseng
distributed in the market were monitored and there were no C lanceolate, P.
grandiflorum or P. l[obata mixed into the foods. When samples of processed
products of C. lanceolate and P. grandiflorum, which are similar materials, were
analyzed respectively, the common indicator lobetyolin was identified. Also when
samples of processed P. lobata products were analyzed, ononin was detected. The
method developed from this research can be used not only for ginseng processing
food but also for the quality examination of bonnet, balloon flower roots, and
arrochards.

In nutshell the indicator of similar materials, basic physicochemical components,
macro inorganic and trace inorganic elements, and volatile organic components,
were examined. Although it was difficult to set them as a method for clear
discrimination, the examination was meaningful for the collection of basic data.
Through this study, a method to identify whether or not similar materials were
mixed into ginseng or red ginseng products using the HPLC analysis method was

established. The identification method using HPLC was developed in this study and

can be applied for development of methods to identify other adulterated foods.
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Fig. 1. Market shares and revenues by health functional foods

Source : Ministry of Food and Drug Safety(2017). 2016 domestic market trend analysis of health
function foods

{“/Collection @ chosun



Table 1. Production status of health functional foods

2012 2013 2014 2015 2016
Manufacturin
g compe;ny 435 449 3.1% 460 2.4% 487 5.b% 487 0.0%
(num.

Number of 19495 14981 125% 16632 141% 18956 12.3%
items (num.)

Total Amount

-10.3
(ton) 9

37,217 35829 -39% 32,494 36,083  9.9%

Yield amount B
('000 USD) 10525 10,420 -1.0% 11,208 7.0% 11,332 1.1%

Domestic
sales 13508 14,065 4.0% 15641 10.1% 17,326  9.7%
("000 USD)

Overseas 126
sales 584 754 225% 670 ;

o, 904 25.9%
(000 USD) °

Total
Revenue 14,091 14,820 49% 16,310 9.1% 18,230 10.5%
("000 USD)

20,699  84%

45,060 19.9%

1477115 23.0%

20,175 14.1%

1,084  16.6%

21,260 14.3%

Source : Ministry of Food and Drug Safety(2017). 2016 domestic market trend
function foods
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Table 2. Scale of market by health functional foods in recent 5 year

Year 2012 2013 2014 2015 2016

Ra Product Revenue market Revenue market Revenue market Revenue market Revenue market
nk (mm) share(%) (mm) share(%) (mm) share(%) (mm) share(%) (mm) share(%)
1 Red ginseng 6,484 46.0 5,369 39.6 6,330 38.8 6,943 38.1 9,900 46.6
2 Individual orthopedic 1,797 12.8 2,324 15.7 3,177 195 3,195 175 2,357 11.1
3 Probiotics 519 3.7 304 5.4 1,388 8.5 1,579 8.7 1,903 9.0
4 Vitamins and Minerals 1,646 11.7 1,747 11.8 1,415 8.7 2,079 114 1,843 8.7
5 Milk Thistle extract 136 1.0 308 2.1 676 4.1 705 3.9 1,091 5.1
6 EPA and DHA containing oil 499 3.5 490 3.3 396 2.4 485 2.7 700 3.3
7 Aloe 638 4.9 628 4.2 575 3.5 560 3.1 475 2.2
8 Ginseng 450 3.2 466 3.1 426 2.6 307 1.7 311 1.5
9 Lutein 118 0.8 95 0.6 111 0.7 204 1.1 309 1.5
10 Garcinia cambogia extract 440 3.1 541 3.7 221 14 277 1.5 278 1.3
11 Other items 1,314 9.3 1,548 10.5 1,594 9.8 1,897 10.3 2,093 9.7

Total 14,091 100 14,820 100 16,310 100 18,230 100 21,260 100

Source : Korea Food Safety Management Certification Authority(2017), 2016 Analysis of domestic market trends of health functional foods

Collection @ chosun



o T ¥ U T
e T S ® T oo
o m © T M o
o} B T .0
ol 3 s
@w N S BE ﬁ =
< o S LK
o) ‘Nﬂ
W o o XM S
wooer w o 9
X °r =
L e o B S
£ < = A o# oF
ol I S
o LW o= P
st
S e o o
»AE 0 he] S
+ = emm M %
=0 T T
o X He N
OO I I A ~
—~ <H X
H N —~ - T
— xR oS s.L -
AT K e =
o R O# o
<" 0
= K ~ = 7
& & ° 8 %
L ﬁTu B OC /0» _ ofu
NOXT o He g o zm
e o oo Rz
— X > iolo
% Lt ﬁ_/n_ bo o~ _10 .
w® H ~ 3 Nfo oy
B ow o T B3
CE T
— LC WA_,U R _10
T T o2 0 "
Mo = 60 T %O
TS 5 K &
PSes emw > w
TR T oL M 9
Yo = NE K o o

B At

[e)

=

,10,

oM =2 F

Collection @ chosun



Table 3. Revenue by ginseng commercial products type

(unit : million won)

Ttem 2012 2013 2014 2015 2016
Health functione) Jood o Red 609,402 562727 609,306 668510 :
Red ginseng beverage 266,130 223628 211324 503000 309,805
Red ginseng pickles 34628 27453 6443 18500 20,006
Health fepetioral food of 31786 27181 33256 23936 :
Red ginseng tea 30818 19506 5050 20896 33639
Red ginseng candy 8548 9318 3,065 7,808 9,966
Ginseng beverage 6,872 2,286 3,005 6,131 7,627
Ginseng pickles 5,138 5,853 3,656 4,047 4433
Ginseng tea 4,406 4172 1,057 3,756 4,65
etc. 249 773 238 305 348
Total 1017985 882896 876400 125699 -

Source : Ministry of Food and Drug Safety(2017), 2012 ~ 2016 Food and Food additives
production results, Ministry of Food and Drug Safety(2017), 2012 ~ 2015 Food and Drug

Statistical Year book
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Table 4. Biological classification of P. ginseng, C. lanceolata, P. grandiflorum and

P. lobata
Scientific Panax Codonopsis Platycodon Pueraria

name ginseng lanceolata grandiflorum lobata

General )

Ginseng Deodeok Bellflower root Kudzu

name
Order Umbelliflorae Campanulales Campanulales Rosales

Family Araliaceae Campanulacae =~ Campanulacae Leguminosae
Genus Panax Codonopsis Platycodon Pueraria
Shape

,13,

Collection @ chosun



A 3d A, T4 R AR AT

1 943 49 7154 2 NELAE 97 EF

2 kst g3 Toll gYst a5 S Hth(Park, 1996; Han et al, 2007). 14kl &
5o g 2 3099F9 ginsenosidex= T3 % zFolo 23 diolAl(ginsenoside Rbl,
Rb2, Rc ¥ Rd), triolAl(ginsenoside Rgl¥} Re) % oleanane”| (ginsenoside Ro)® &
o] d#A ArtHKim et al, 2007; Hu et al., 2008). Ginsenosidex &<t 39 (Xie,
McHendale & Yuan, 2005), @4ts}, $1&E4RS a8 A AZE R 2 ofe] 4
el e A7k APHo] Basar givk(Nam, 2002; Kim et al., 2007; Bachran et
al., 2008; Yeo et al, 2008). o]x & Q4 F 42 F2 g5 Uiz AF7F v o
FolAd A7l wiimoel A4td A e ofFvF v gy, =gk, F 55 AF &
&3] AbgstE Afel 2 EAE W9
Ginsenoside Rbl, Rgle] 7
(177 A, 2014), KS7rA(2013)el 8 ¥ ol Slom, 42 7l AT 2A
ginsenoside Rg3E F7Fsttt. =Wl 7743 &9 ginsenoside= = 4|2 %
(CODEX) =#| 7+2(Codex Alimentarius Commission, 2009)°l % <14HA] &
FEEow 289 vk FAAFTFAALI] A QJAAF We A
stom, o5 EAGty] fldte] IEEA, 784 die] AeE 1-butanol FES
A %A ginsenoside A& 13 TLC AgH3} HPLCOl UV(203
nm) == ELSDE dAste] BA35l= Wo] 71A15 o] gt} 38t ginsenosideS 74 &
A Eesta A@str] A9 n&EAFARnEIYZHPLOWA W A7 o=
o] FojA i UtH(Fuzzati, 2004; U472 waH, 2014 KSir4, 2013). sAIvE &
HPLCE ©o]&3 B 707 ooz w9 Zo dAZE U o] A58 4

A
&

i

olf
o

%
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skt of#lwo] A th(Fuzzati, 2004, 71775 2% 84, 2014; KSit4, 2013).

AA4kell #sto] ginsenoside &4 ¢ tiF-E XR{
2012) ¥ FHYEA v]E&S o] &3 YUAiHA] FHH(Bang et al, 2011; Kim et al, 2013;
Chung et al, 2017)¢] F= A% 3

F&F =A(Kim, 2007; Noh et al.,

Hm

2. AL EC AF AT R

Y (Codonopsis lanceolata, deodeock)e AMAtew Eo7|%= 3t ZEE3
(Campanulaceae) 5 < (Codonopsis)ol &3t} Codonopsisd 2252 o=, 4 F
T, Q1% ol oF 40Fe] BXEH vk gyl g A= olsteA AR B Fa
A g Aol gk A7t Folw, i saponin? phenylpropanoidel] gk <15+
7} 18 ¥ o] 4 vH(Ushijima et al., 2008; Li, Liang & Yuan, 2007). t9-& 3} 7o A5
Y dEoFonA A, AH, dE, A4, sid, A2 Fol AEHolA gd A
Ay =Ao] YeA ¢or(Hong et al, 2006; Kim, Chung & Lee, 2014), DPPH<}
ABTS radical 2A%S S48t kst 9 WY 7]5(Lim et al, 2007, Park et al.,
2010; Kim et al., 2013), ¥ %784 & ¥(Shim & Chun, 2012) %o th3t A+E =3
Ao ede aaE st Ak Rasin.

=&} X (Platycodon grandiflorum, Dbellflower root): UTY 3 Fd3 ZZFLy
(Campanulaceae)ol] &&= ojfjafjatol 2l &2 ZAAolgtx Egn, 2 ~ 3d <5 oFg
T AEoR ARgetal v =gk e G5 H ZHE jloAA sk AS FEAHS

olg&xojfom WAHE FoFY] Wi 77 Sol dFeekH #Zo] AE
THHan et al., 2001). o]& ST+ ZAZ Kim 59 d72(2001)2 =A==
o] &S W M4, MF, ME 5 #HFe= FTFAAE dALE 29Ut vk Bas)
At Z=EA= T2 ZEA e A FAEQ platycodin, platycosided, oleanane”]
triterpenoid i+ 4F3HKIim et al., 2013), &< (Choi et al, 2001; Lee, Hwang & Lim
et al., 2004), &4 (Jang et al, 2013) A =L 3+ =4 A 2E(Lee et al, 2002; Lee
& Jeong, 2002), Zd ~HZ A3t &3 (Zaoh et al, 2006) 5 T3 Hofo A ¢+

,15,
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oA glen Z=ex W MZE terpenoidiF ¢l AFEW ] thdk AL7F W= ok
(Zhan et al., 2012).

A FFFAHAA A= A HFESE AFFS TAVIE AAEES g AR
Aol A ek B d
FO kRSt A, 2014). & 7leAEES 457l $ske] HPLC #£419& o]l &3td
platycodin % A, C ¥ D& & -4} 31(Saeki, Koide & Nikaide, 1999),
HPLC-ELSDE Ap-&3to] A#a uhie u7k %9 detectorE o] &3to] & i3 o]
AE ALY R A o] st th(Kim et al, 2002). 3HAI¥H Zebx] o] AREUF E3
A4t ol wig- vheFstar 14k, Y] A sEtxA o] Z xfol7) glo]
A5 Atxdoe] EFHAES Al wEst717F ol g dHe] St

Z(Pueraria lobata Ohwi., Kudzu)& %Fx2A ZLo 7 Eoy F 3} (Leguminosae)
ok (Tham, Gardner &
Haskell, 1988). &3] el vpdst kg2 S sl thokdl isoflavonoid i<l
| wj&oll(Strauss et al,, 1988) ¥, F% X5
=uEs, AddaA AW, AA7] 43 T S

W
=]
< platycodin D2 A3+ tH(2]

ol
o
)
=1
o,
g
o
>
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el
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Al Aed daERdeRA q¥s dua BuHAtH(Thiem, 2003;

Cherdshewasart , Subtang & Dahlan, 2007).
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Korea)& ©]&3ato] 8AIZF &<t 5712 Aule A4S APt 1 A3 A4E &
Sote] A4S Az o, olek e Wyor KM ¢y, A =4, A S 747
Az 8k A et

LA FAEE BAS A% AARE Adsty EE AR E€3dx71(GN-012,
HanilGNCO. Co. Ltd., Jangsung, Korea)E ©o|&3d}lo] 50C Z7AdAA & &= 15%
olst AxF thF st AMRstlth AlE= PE AA e Bykg7]o] wol &4 0]

o] Fo] x| 7] HA7FA -20C ZA9 WAi(MICOM CFD-0622, Samsung, Korea)ol A

PRETEE
Eel AR’ 4, A HY, A e, A #4740 FHAR Bdd 742
AT

3L, A& FEHMS paper filter(no. 41, Whatman, USA)Z o33 & o ajel S
rotary vacuum evaporator(B-480, Biichi, Switzerland)® #4533le] w59 A5
AzstA Tt F5A Al5= FE vialel Hol 4T WAalelA Hyste] AJg= o] &3}

ATt
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P. ginseng, C. lanceolata, P. grandiflorum, P. lobata

- Wash and remove the non-edible portion

Raw sample

* Dry under 50C
and homogenization

Dry sample

- Steamed for 8 hr

Steamed sample

 Dry under 50C

and homogenization

Steamed dry sample

- Extract using ethanol for 2 times in
6 hr

- After filteration (Whatman no. 41)

- Concentrate by rotary vacuum

evaporate and N gas

Extract sample

Fig. 2. The preconditioning process of samples for analysis.

Collection @ chosun
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LLEHE WA 4

-

Fig. 3. Samples by pretreatment method.
(A) : Raw type(left; raw ginseng, right : steamed ginseng), (B) : Powder type,

(C) : Extract type

,22,
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2. Ak R A=

EoAqo A3 SR E 182 MQ o2 Milli-Q ultrapure water purification
system(Millipore Co., Massachusetts, USA)o] ¢J3] AAH Z=HF5¢ HPLC grade?
water(Fisher scientific, USA)E T 93te] AFE3SIATE E3 5 AxE 9ste] +
Z (natural ethanol, Korea)S A}-&3}%]th.

F714% #AES 9t AH8d 2FEZS Multi-Element Calibration Standard
(Anapex, Korea) 100 mg/kg¥ multi-element standard solution III containing all
elements(Perkin Elmer, CT, USA) 10 mg/LE AF&3tth A= & 18] AHE
H AXAHDong Woo Fine Chem. Co., lksan, Korea)¥} ¥}4Fs4=2(Dong Woo Fine

L
a

o

Chem. Co., Iksan, Korea)= HW=AFS AFE3IAT o|83H o2 JtAae
99.9998% 5 AR-& sttt

Atd FUIEE BHS Sdtel Age FEo AM8® diethylether H
n-pentane(Fisher Scientific, USA)2 HPLC grade® +% % wire spiral packed
double =7 %X (Normschliff, Geratebau, Germany)%® AZ=F3tA o, Rl &HS 935t
o] p-alkane(Cr-z), WHEFEZFZE Sigma-aldrichAHUSA)o A n-butyl benzened T
Ydsto] AFg-sA

SR 1R 24 S e AR % B chromatography©l AH8-3  hexane,
ethyl acetate, methanol, acetonitrile % 78"+ HPLC grade® Fisher
Scientific(USA)I A F+43te] AF£35F 2 sulfuric acid, NaOH 5 7)€} A 2kS H A
& 59 %Es ek ARESEATH

HPLC #4& 93 ZF=E2=ZH, lobetyolin(TRC, Toronto, Canada)®} ononin

(TCI, Tokyo, Japan)S T3dte] AF-&3FA T}

,23,
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& AgstdeH, BEE AREE FAME AE7](GN-012, HanilGNCO. Co. Ltd,

7138 A4S 98t Microwave(Top wave, Jena, Germany)= &3llgh %
ICP-OES Optima 5300DV(PerkinElmer, Norwalk, USA)3 ICP-MS Elan DRC
[I(PerkinElmer, Norwalk, USA)Z o]-&3}o] &3}l t}.

A F7148982 SPME fiber 3% (Supelco, Bellefonte, USA)S AF8-3F3th
7ZB-5(60 mx0.25 mm LID. 025 pm film thickness, J&W, USA) columneo] %
GC-MS(QP-2010, Shimadzu, Kyoto, Japan)& ©]§3te] A4 2 H=FiA shalch

A FAAE] AA 2 EgE 93] HPLC(20-A HPLC system, Shimadzu, Kyoto,
Japan)E ©]-83}$ 3 chromatographyel 93] ®#¥® EZAL DAD(Diode array
detector, SPD-M20A, Shimadzu, Kyoto, Japan)oll &l&] HAEsFlom, X FAAES] +
Z 1HEE 9sted UPLC system(LC-20Axr, Shimadzu, Kyoto, Japan)e] ZAg =

LC-MS/MS(Shimadzu, Kyoto, Japan)Z AF&3Fit}.
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Alge A4 gy, =87, d9 A5 THA5E 742 dxste] AFEeY AL, Al
5 9 3WkE BAST FUIAE BEAS 9389l microwave(Top wave, Jena,

icrowave digestion & F2 T3

Q
(@}
=)
=
Q
j=)
N
Ll
o,
ofo
ot
o,
2
>,
il
Ll
Mo
o
-
38
-,
1 =

HIAE Aoste] AlgE g & &
10% ZAbo A 12 AlZF o] @] MZxH F HAZ3 microwave H-E& PL 100
5 gs H 3 0% A 7 mLe A A= 30%

vesselsol] T¥&3}E AZF A 0
W28t a 1 mLE H7bekdch 2 AXeo] 2= TR o]gske] 1000 W =4

b
o
i

Sl Al 5R7F 80C R 48 & 557 50CE 252 Y& ofe tha] 1587F 190°C 7}
A F2AlA 208 FeF FAE L 0 WollA 2083 YA A, B&7 23 & 875

=

Sxs8 A3l 33 FFHT

<
D

197}

42}

@,
Lo,
Iz
2
o
o

= 0] FHF 20 go] HEE 50 mL PP
centrifuge tubeol AH&3F s F7|EAS 3 Aldg&Rqoz A5 tH(Khan et.,

al., 2013; Choi et al., 2014).

O R/19h BHS Table 59 £2N0E FEAFEU=TE QP47 (CP-MS)
nth nFE g ARE F2 B FEAGBerEv 2347 (ICP-0ES)S)

Optima 5300DV (Perkinelmer, Norwalk, USA)E o] &3lo] A&t}

v B8 Ao AbgH 7171 Elan DRC I (Perkinelmer, Norwalk, USA) &
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d o] [CP-MSE o]&3a 7171%ZA& Table 69 YeEFH AT ko] wj$ vre g
S BAE7] wEd BA H, 05% HNOsZ H3 10 ppb %9 daily performance

AFgte] Mg, “”In % Uel dad

==
HN
{.a
@
)
j)
o,
=
(@]
=
z
@]
2
Q
;
-
105}
=
mlo
H

2 s ¥ A

BAA AEE 38 BAstel BF g ADYL SASPom, AFHEs £ 3% o]
o A Agstarh £F 2434 F 20/ AR 54 F FAW Fro] uE

Am el T w9 HAH245%, w/w)S vte &ulR A8kl R %
=4 AEFHEs dal 2F8ds Axedn. v Frldae d9= 100 mgke FE
q3sle] oF 0.25 050, 0.75, 1.0, 1.5, 25 % 50 mg/kg<]
MR g Frdh T8 NS multi stock solution 10 mg/kgS 31438k <F 0.50,
1.0, 2.0 40, 6.0, 80 % 100 ng/kg =2 HYZ working solutions #|F3sle] A&

399 tH(Khan et., al., 2013).
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2144 (Linearity)> ®A3taixl st Alge F=7F R FAe] %= H9 U
A& w] =4 Felatgl o
rALA AMARY S sty th(Pacquette et al., 2012; Khan et al, 2013).

EFEH HA FEE 103 EAste] wHE SA AXE AL v A&
(Limit of detection, LOD)& #xTHAFe] 33w 71&7]|2 Uro] Fom, A
(Limit of quantitation, LOD)+= X 2ke] 108]e] 71712 UFo] ke I
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Table 5. ICP-OES operating conditions and measurement parameters for analysis

of macro elements

Descriptions Conditions

ICP-OES Optima 5300DV (Perkinelmer, Norwalk, USA)
RF generator (MHz) 27.12

RF power (kW) 1.15

Nebulizer Seaspray

Spray chamber Cyclonic

Argon gas flow (I/min)

Nebulizer 0.94
Auxiliary 1.5
Plasma 16
Rinse (sec) 30
Read delay (sec) 30
Replicates 3
Wavelength(nm) Na(589.582), Ca(317.933), Mg(285.213), K(766.490),

Al(396.153), Fe(238.204)

,29,
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Table 6. ICP-MS operating conditions and measurement parameters for analysis of

trace elements

Descriptions Conditions

ICP-MS Elan DRC II (Perkinelmer, Norwalk, USA)
Nebulizer Meinhard type quartz

Spray chamber Cyclonic

Interface Pt cones

Mass analyzer Quadruple

Ar gas flow rates (I/min)

Nebulizer 1.05
Auxiliary 2.0
Plasma 17
RF power (kW) 1.35
Lens voltage (V) 6.0
Scanning mode Peak hopping
Resolution (amu) 0.7
Sweeps/reading 20
Dwell time (ms) 50

Sample uptake rate (mL/min) 1.0

Ba, Cr, Cu, Mn, Ni, Rb, Sr, Zn, Ga, Se, Tl Be,

Trace elements Co. V. Li, Cs, Bi, Pb, Cd

,30,
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S

7h A2 #7148 % £3& 9% A3 SPME fiberd AH

A FrIdwEe A 7HE Ags SPME fiberg A4 st7] flske] 50/30 um
divinylbenzene/carboxen/polydimethylsiloxane(DVB/CAR/PDMS) fiber$} 75 um
carboxen/polydimethylsiloxane(CAR/PDMS) % 100 pm polydimethylsiloxane(PDMS)
fiber 3 &< Supelcorb(Bellefonte, USA)Z 58 T3] AFE3ATt. 2z A 59 3w
A 71 A S35 B 3FES dESAY. WA 242+ SPME fibere 24
of 9k A Supelcool Al F718F 2702 AAZTE 250C %9 injectord] PDMS
fiber= 90+, CAR/PDMS fiber+= 303, 12]3il DVB/CAR/PDMS fiber+ 150+ &<t

=3} conditioningd} St} Conditioning®] k&5 ¥ Z}7}9] fiberE o83 80C =3
9] head space°ll 4] 30% =<t Alg9 3 F7IAES ¥ 3 250TC injectorol A
581 g3st & GC-MS 48 2d3ste] fiberd] F /ol W 35&S v sttt

Y. SPMEd 93 3uA IF7AAE £

v

LA FUIAE B AT FEUY F SPME Wl 7HE A §g SPME fiber
2 goly " =A fiber¢l PDMSfiber:= holder(5-7330, Supelco)oll FZg3t & Al®
S Fas7] A, 250C 2749 injectorol A 90% &<t conditioning st tF. SPME
o xS dAstE 4k gy, =2kA, F AAE 15 g5 479 headspace vialel

H
YHE-EFE29 n-butyl benzene 1 uLES #H7}8t$ith. Headspace vialg 80 +

m;

2C&E A3 & SPME fiber7} ¢to @ 93] Eo] 7t Aejol A viale] septumE 1L
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o] plungerE =t fibers

9] headspace %

of $1xskAl st 80C =7 sollA]l 30+ &<k =EA7I= AH F¢(direct injection)
HE o] &3l TS fiberdl F2AIAT LA [0l £ E SPME fiberg
injectorel]l Y3 TS 587 YA ES BF BHAA gplitless modeoll A GC-MS
5 ol gate] RAleaT,
I.'- - Plunger
|
[ ‘— - Barrel
i1
|~ Hub viewing winciow ;
b
Adjustable neadle
adlsiatinnesdte,
~ Tensioning spring
~ Sealing septum
Septum piercing needle '
F\heraﬂachmsn‘ﬂuumg
Fused-silica fiber —
Pierce GC Retract
o Risa Septum _Expose Fiber/Remove
Sample Septum Expose Fiber/Remove Fiber/Desorb
Fiber/Extract ’J
— — 8 J
—> —> !
-l. -H I—E

Collection @ chosun

Fig. 4. Procedure of solid phase micro extraction.
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2. 3T 5714

M
M
1%
o
do
ot
M
1%
N,
N,
BN
N
N
ol
%

7H A2 #7148 24e A% 24717 =4

A {UIAES B4s7] 9t Ab8¥ gas chromatograph-mass
spectrometer(GC-MS)+= ShimadzuAl el QP-2010(Kyoto, Japan) A& o]-&3tlom,
Alz o] o] 23+ electron impact ionization(ED®™ © 2 ionization voltage®E 70 eV,
ion source ==+ 230C= AAsA . Columne ZB-5MS(0.25 mm ID. x 60 m L.,
0.25 um film thickness, Pnenomenex, USA)E A}&33th &% Z 2232 40T A

3T FAR U 2T/mine] £E2 250C7HA 2§ 1023 fFA8ta, vAl 1

0C/min9 £X=2 300C7HA AsAl7l & 583 fA8k k. Injectore] &%+ 250C
2 AA3Y L, carrier gast 1.0 mL/ming F% 22 heliume AF&39th Al g8

< 1 uLE splitless mode® FYP3FAT. =4S 18 Expgke] W= 40 ~ 400 m/z

2 AAsG . (Table 7)(Khan et al., 2015; Jun et al., 2016).
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Table 7. GC-MS

conditions for identification of volatile components

GC-MS

Column

Carrier gas

Gas
(mL/min)

flow rate

Injector (C)

Ion source and

interface temp. (TC)

Ionization

Tonization voltage (eV)
Mass range (m/z)
Injection vol. (ul)

Mode

Temp. program

QP-2010 (Shimadzu, Kyoto, Japan)

ZB-5MS

(025 mm ID. x 60 m L., 0.25 pm film thickness,

Phenomenex, USA)

Helium

0.8

250

230

Electron impact ionization(EI)

Total ionization chromatogram(TIC)

Rate (C/min)
0
2

10

70
40 ~ 400
1.0
splitless
Temperature (TC)
40
290

300

Hold time (min)

3

10

Collection @ chosun
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. 5 £ & A4 (Retention index)9 &9 W4

n-Alkane XT=2(Cr-Cyp) 40 mg/LE JHAF F71dE HA 4% shelA
GC-MS® #4359t} n-alkane ¥+ 22 chromatogramo] A &2 H peake "WF&
AlZHRetention  time, RT)S &<ttt Kovats(1958)7F AAIS #FE A
(Retention index, RD+& A2 alkanes 7|F2= Abgste] wiE & Azts 5344
Hetd o g2 wFE AFE etz AARAe ol &St mFE AIZFe] ¢k

el 7 7Re] A4 alkaned] MF-F AZFORFE eto] AR A F7

o

4
o

o,
Mo

Log VR(x) - Log VR(Y)
Log VR(Y+1) - Log VR(Y)

Rl = 100 Z + 100 {

Rl : 33E x9 retention index
VR(x), VR(Y), VR(Y+1) : 3}¢& i
vzt FrR A AIZHVRYY) < VR(Y+1))

e g7 742 Y, Y+19 A3 alkane<)

A
L
dor
o,
e
o
o

.

ot

T8 14

Total ionization chromatogram(TIC) < =¥ 2Z}zte] AE-S mass spectrum
library software(NIST 05s, WILEY 7, FENSC 2.0)2} mass spectral data book<]
spectrum(Adams, 1995)¥F2] A% 2 RIge] vHnE 3 3FgtEo dhelo AFAS
1 3 tH(Khan et al., 2015; Jun et al., 2016; Hong et al., 2017).

FERAGAAN BFES fste] HUMe R EFE4E n-butylbenzeney}t 8% 3L
1422 peak area Fo= A& 1 kgoll 7€ LA F718ES oz ez A

],

N
>

o
ol

32
=
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A 58 MABY FNHE BA

1. Phytochemical A& #4

7hANEEd Az

Aggde S0 g gt fr71e8uE AFEste FE3AT. Ugochukwu

(2013)e] FE=WHS 8ot FA4=7F tE n-hexane, ethyl acetate 18]l

=)
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tjo
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_>L
=
fru
>
>
ofo
ol
ol
2
r o
2
nj
;m
k1
i)
B
N
1o,
5
e
>,
il
ME,
fo
ot
3
nj
)

FEoAT FEAS £ 2500 rpmeE YA 2 3 & S
NS whatman no. 2 A2 o
o2 ARgSAT
AR F7F AFE AAstr] fste] 4 el A =], A gy, A F 2Es
10, 20, 30, 40 % 50%4 Aol Ax@ w5 100w 343te] F7b AF g0
= AREE AT

3+ v} phytochemical screening 2 & o] A &8 of

1. Phytochemical screening 243 ¥

215 ol #2)3}= phytochemical A% phenolic compound, terpenoid¥, alkaloid
2 7le A4 3 ARe®E dUs 7 Aok uYd 2 diabE AES 98
n-hexane, ethyl acetate ¥ methanol®] FZ&E&E-& ©]&3}9] terpenoid¥, phytosterolt,
phenolic compound¥F, coumarin¥, flavonoid¥, alkaloid 2] screening 23S 3t

A S Harborne(1998), Treatise®} Evans(1989)¢] #3S #Ha1sl9lt}.
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1) Terpenoid¥

Salkowski‘s test : A& o] BAZ S W A B Z n-hexane, ethyl acetate, methanol
so 7 FE3 AFEA 0.2 mLe chloroform 0.8 mLE &3%3F t}S pasteur’s pipette
S o]g3sl 2 T 3 W 3k S FHUbsku HAAel HAEL] AdARRE

g Agsarh

4z

terpenoid+ 2] +=A4]
2) Phytosterol 5
Liebermann-Burchard’s test : A1@-8& 1 mLel] 0.2 mL9 acetic anhydrideE #7}
sk & ek Ak 2 T 3 Wes dojrmy £ F249 A fiol ot
phytosteroli 2] &A1& 13515t

3) Phenolic compoundF

Lead acetate test : Al&&H 0.5 mLol 10% lead acetate €< 0.3 mLE YAt}

o] F& A whAl o] & phenolic compoundHFE &Helstgd ot
4) Coumarin¥
Ammonium hydroxide test : A& & 0.2 mLo] 10% ammonium hydroxideE % ¢]
UV lampolA ##359S w, 233 4 9= coumarini 7} A3t Yefdlon =
FrE gxzvo=z A At
5) Flavonoid+
NaOH solution test : 1 mL¢ F&E3 20% NaOH &% 05 mLE £33 & 23k

,37,
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FA = w40 Y& T8k flavonoide] EAE SRl

6) Alkaloid¥

Wagner's reagent test : Al&-&H 0.2 mLoll Wagner's reagent(2 g of I, and 6 ¢

of KI/100 mL H-0)¢} Mayer's reagent(2 g¢ HgCl, and 5 g KI/100mL H:0)2e] A] k&
s e wolman A wWalE BAsidh A Az Ay T EEto o}
2t vEg-S gl

Table 8. Summary of phytochemical screening method

Compounds experiment name Reagents Reaction

0.2 mL chloroform, 2 ~ 3 A reddish interface

Terpenoids Salkowski's Test )
drops of H>SO, solution showed the presence

Liebermann-Burch 0.2 mL of acetic anhydride, The colour change

Phytosterols . - .
ards Test 2 7 3 drops of HoSOs solution  showed the presence
Phenolic 0.3 mL of 10% lead acetate
Lead acetate test ) Dark green colour
compounds solution
) . Blue or violet
) Ammonium 0.2 mL 10% ammonium
Coumarins ) ) . florescence under UV
hydroxide test hydroxide solution .
light
. NaOH solution 0.5 mL of 20% NaOH
Flavonoids . Gold yellow color
test solution
) Wagner's reagent A few drops of Wagner's Orange precipitate
Alkaloids , o
test reagent and Mayer's reagent and turbidity
_ 38 _
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2. HPLC ¥ LC-MS/MSE o] &3 v 3 FI|AdE 4

7. HPLCE o]l &% fAIE 59 A BEAAE &4

1) LC 44 93 Ag &9 =4

7}) ScreeningS $% AP & XA

Liquid chromatography& ©]-&3%F v 3 wA] f7]Ad 5 A4S $15t9] thimble filterel
TAsE AR 20 g& B2 F Soxhlet ZA|oA FAZo we} n-hexane, ethyl
acetate, methanol <£2. 2 F&&1 100 mLE <214 F&5& A P3Ac}t. FE59 &9
< filter paper(no. 41, Whatman, USA)2 o33t % 100 mL mass flaskell “4-83}%1
t}. HPLC ¥4 Ao 045 pm membrane filter(Nylon, Whatman, USA)& o] 33l t}

A 224 AES 9% ARsNo T AL

oo
B

W ARHLE B4 R FHS AT AFEY =4

A Rl A EA
g¥} 50 mL methanols &3t38le] 37 FE319 filter paperZ & ZFgk & 50
Fopaao] FEato] AFEAS Axstnt wg Y, =abA] B Fo] FHxARAE
£ 0, 10, 20, 30, 40 % 50% Hl&= Z}7F SAA s =3d & 22 HHFoRE i
FEoto] FAR R 44 £94E A4 AEEAS 2AE T HPLC 415 S8 A

&

oo 7 AE3E7] A 045 pm Abe] 29 nylon membrane filterS ©] &3] o %3}

,39,
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rok
M

&9

o

Al

nQL'

< membrane filter(0.45 ym)E ©]-&3to] o 3} 2 ARE-3Fg )

2) ABAHAE 2482 93 HPLC screening ¥4 Z#A

7171+ Shimadzu*HKyoto, Japan)®] communication bus module(CBM-20A),
degassing unit(DGU-20Asr), 212 pump(LC-20AD), autosampler(SIL-20A), column
oven(CTO-20A), diode array detector(SPD-M20A)7} A% HPLC Al~#S A3}
At HPLCE ©]&3F screening 24 #%<2 1.6 mL/min, TY = 10 pl, A =9}
22190 7 600 nme] AT Table 9). &
125 SP4E #-83to] data 3 % A5t

Methanol % ethyl acetate F& &2 5Cis-PAQ column(4.6 mm ID. x 250 mm L.,

(i

o] E]+= Shimadzu LC solution version

5 um, Cosmosil, Kyoto, Japan)< 40C = A A7 column ovend] #ztslo] o] 831
t} olBAS AgM| water, B&7 acetonitriles AF&3}o] 214H9] ginsenoside 41S
et KSTAKSTH4, 2013)e] 717 &2 WHES &85k ol &aitt. BE&m<l
acetonitriles 0 7 10i27F 20%E FA$ %, 10 ~ 4027t 32%, 40 ~ 55+ 7FA 50%, 55

T T0RT7MA] 65%, 70 T T2 7FAl 90% 2 SR 90% Hl& = 10%E3F FAAI &
47l 20% &= AAstL 683 FAAA tE E4S f5to] baseE P SHA

At

3) A4 F4F 2 fA9 59 HPLC screening ¥4

50% HI& =2 3F9 FAML R SxAXAEE 44 34 £ &Eddste] Az 2™

&8 HPLC® #4319t
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Table 9. HPLC instrument conditions for screening analysis of methanol, ethyl

acetate extracts

HPLC
Detector

Wave length (nm)
Column

Injection vol. (uL)
Flow rate (mL/min)
Column Temp. ()

Mobile phase

Prominence LC-20A (Shimadzu, Kyoto, Japan)
DAD (Diode array, Shimadzu, Kyoto, Japan)

190 ~ 600

5C1s-PAQ
(4.6 x 250 mm, 5 um, Cosmosil, Kyoto, Japan)

10
1.6
40

(A) H.0, (B) Acetonitrile

Time (min) B (%)
0~ 10 20
10 ™ 40 32
40 T 55 50
Gradient profile 55 7 70 65
70 T 72 90
72 7 82 90
82~ 84 20
84 7 90 20
a1 -
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4. LC-MS/MSE o] &% AEAAE 4 W4
1) LC-MS/MS &247]7] %4

Autosampler, degasser, automatic column oven module®Z /¥ UPLC(Nexera
X2, Shimadzu, Kyoto, Japan)®} hybrid®d MS/MS2e 2 ESI-TOF/MS¢! ShimadzuAl2]
LCMS-IT-TOF(Kyoto, Japan)& ©|-&3] FAMY RS A BAHES 4sAT 2 A
oA AF&¥ LC/MS column< Shim-Pack XR-ODS O(3.0 mm ID. x 100 mm L.
2.2 um, Shimadzu, Kyoto, Japan)& ©°]&3t%3 o]l&/dS 0.1% trifluoro acetic
acid(TFA)7} g4 & o] (deionized water)®} acetonitrileS A}-&3FA T & &4
A|ZEE 26202 AAstal ol 71&7] €8 ZZ(gradient elution mode)o= A
A3t o™ acetonitrile®] HE&S %7] 278 9 20%= FAS oS 10.9E7FA
32%, ©]% 155714 9B%e] EExHow HAAEA column AlZES ¢35 18E714
95% acetonitrile®. 2 F#]3F & 198712 Z7] 27l 20%=2 AAste] kA3 AA
. o]E e £42 05 mL/min, Y HFS 1.0 pl, column oven &%+ 40CE 4
sle] A3t} Positive®t negative accumulation modeE A switching A0 =2
AAste] 94, Ee4x] 2 F o ARAAE 2A4S A FH 1S gHsiden A
A BAZAE Table 103 o] xdstgdct. o] 32 93 parameter® capillary
voltagex= 45 ~ 35 kV, nebulizing gast nitrogen gas(N2)E AF&3led 1.5 L/ming

FE502 ZH T, detection voltage= 1.67 kVZ A A3t}
2) LC-MS/MSE °|&% Alg 2 ZFEZF &4

C-MS/MS #Azxnoz 24 vy, =e+#], d2 methanol FE=&2 44

L
BAAY 712 #4E A S R3] 93] lobetyolin® ononin
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Table 10. LC-MS/MS instrument conditions for the analysis of indicator

UPLC
MS/MS
Detector

wave length (nm)

Nexera X2(Shimadzu, Kyoto, Japan)
Hybrid LCMS-IT-TOF(Shimadzu, Kyoto, Japan)
DAD (Diode array, Shimadzu, Kyoto, Japan)
190 ~ 600
Shim-Pack XR-ODS 11

Column (3.0 x 100 mm, 2.2 ym, Shimadzu, Kyoto, Japan)
Oven Temperature (C) 40
Injection vol. (uL) 1.0
Flow rate (mL/min) 0.5
Mobile phase (A) 0.1% TFA/Water, (B) 0.1% TFA/Acetonitrile
Time (min) B (%)
0.0 20
2.7 20
Gradient profile 109 .
15.0 95
18.0 95
19.0 20
25.0 20

MS type

Ionization

Interface voltage (kV)
Nebulizing gas

gas flow rate (L/min)
CDL temp. (TC)
Detection voltage (kV)

Ion accumulation (msec)

Mass range (m/z)

Ion trap coupled TOF(Time of flight)
ESI(positive mode)
4.5
N
1.5
200
1.67
10.0
150 ~ 1,500

Collection @ chosun
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3. FAYE S XFAAE BAHS 5% 495 Ady g4

7h A RS AEEE #4S 9% HPLC 4 =4

AFARE EAS et KSarA(2013)0] WS §83t9 screenings TFHI F
Axe] HPLC ¥4 27<S 49393 Table 119] YeRith HPLC %3 (LC-20A,
Shimadzu, Kyoto, Japan)el DAD7} &=l & x]o] CosmosilAte] Cis column(4.6 LD.
% 250 mm L., 5 um, Kyoto, Japan)& d3te] A#&3irh. Gradient W2 o83

o] Ag" water®} B&7] acetonitriles

=

=

0~ 1027
B4 90% =
skt

Collection @ chosun
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Table 11. HPLC instrument conditions for analysis of indicators in samples

HPLC
Detector

Wave length (nm)

Column

Injection vol. (uL)
Flow rate (mL/min)
Column Temp. (TC)

Mobile phase

Prominence LC-20A (Shimadzu, Kyoto, Japan)
DAD (Diode array, Shimadzu, Kyoto, Japan)
203 nm

5Cis-PAQ
(46 x 250 mm, 5 um, Cosmosil, Kyoto, Japan)

10
1.6
40

(A) H.0O, (B) Acetonitrile

Time (min) B (%)
0~ 10 20
10 ~ 20 32
Gradient profile
20 7 30 50
30 7 35 90
35 7 40 20
— 45 —

Collection @ chosun



1}, HPLC 499 #4384 AZ=(Method validation)

1) A=A (Selectivity)

)
!
i)
N

ha}
o
1o
N
=51
o,
Mo
1o
—d
il
>
)
9
2

=

= =
= T UE AREEYTYH S A @ #4E F =S HPLCY #4 =48

AAstATt =3 A FAAEY UV spectrumS &2l th

2) 2 A4 (Linearity)

o

oy, =2kx e A FAE2 lobetyolin® & A FAH<l ononin ZHzhe] A=A
¥F=gd AxE 9ste 5 10, 20, 40 ¥ 80 mg/kgsS ZFA AT Z+2H9] calibration
standard= 33]% EA&Ath 2 A FAEY peak areas ©]E35te] oFEFEE 7
FAs AAdsF o Ha AsHoR ARFHAAS FkAth B calibration curves

olgdlo] 24 Mgl UelNe] AMAL Ba BANRS ol s PEAdel wWe

3) HEFA(LOD) R AFFA(LOQ)

A3 A (Limit of Detection, LOD)&= Al 5o &A1t hAEAe FH = golgt
T UdE HA2 w52 @y, A =3 (Limit of Quantification, LOQ)&= A 5.9
B4R AHFE F v Ha FEE Ut A 25899 A FEE 103

3

AxE Atete] AEdAE WA 338, AFSHA

R
=2
o

fr

“
MN
)
)
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4) A YA (Precision) @ A &4 (Accuracy)

e

el
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il
N
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et
fil

|

~
fie)

o
o
el

&

37 & 11
X549

e o)

AFgrel A A

sto] A%

=] [e)
T'__‘}S}'é_

=
=

2l

N
P

o

o 5 10 ¥ 50 mg/kg TE=

=
=

3

5|

Frelative

7 %

i

standard deviation, RSD%)%® 3%

5) A A (Stability)

—~
fie)

o
e

ujp

ﬁo

22

2 th. Lobetyolin® ononin® ¥+&
A4TC)ell A 1, 7, 14 1811 30Y

jruze]

N

£

7) 749 (Blind test)

el

R

RERcis-le=
250 mL 3-8 flaskol Ha1 80T

KeX
=

1.0 g) 104

10 g9 methanol 30 mLE&

AN

g
A 60% &<t IFFF(reflux extract)

O

R

0e 34

z“sl_
ol methanol 10 mL

o] ¥}(whatman filter, No. 41)

5
T

g

bl &

35
H o

x

methanol 10 mL<%}
HPLC 4] A 0.45 pm membrane

-
L

efe] AR g)

€]

o 5%

7

]

3 A

a g

T

ujp

gkt

Kol
=1

)
“

b o

filter2 o] 2}
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27kl Azyge) ARt FE el PR F AR ED&(w/we)S

SHelstr] S8 A= 4 M= 6 point= SAHAIEC 0, 10, 25, 50, 75 1831 100%

}:‘]_‘_
S22l lobetyolin®} ononin®] A% RTo|A &<¢l¥ = peak areas o] &3fe] HHEA
A 5=

< sk BE 242 FHE HPLC A 24 2718 ol&stdon, &4 3%
& 203 nm=E AUt AAAA S fste] Alm FAAH YY), BdA 9 A BT
Q1 lobetyolin®] RT % UV spectrume] €x2 49 Y &= =27 &4 =HAG
1 AGE g, AL o] sl EAHLS FAFFAY. X 3 x| FAE2 ononin
9] peak”} &<l® RT9 UV spectrumS &Qlslte] A& 49 o] EdHASS
ot i, HEFAS E8sle] E]4ul &S Alvtete] A3E vaedth

ME HPLC A Aoz ty, kA9 A3EAEQ lobetyolin® o = ZA
¢l onoin® HXFE&NS FA3 vS Ao chromatogram’de] peake] RTS UV
spectrum®| x-S &2ls} it}

gy, ZgkA 9] A AR lobetyolind} &9 A7) onoin®] FE& NS 5 10

20, 40 ¥ 80 mg/kg FE®E FA sl HPLC 4 % Aoz chromatogram’e] 7zt
peak ¥°] = area® Tot HEFAS HAst Algstdh iEgdoew AAdH

AHANE 27 Z peak area ol waba] A el o)
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A 6d A%, FA AFAE F SALE EQGY mUH

(P. ginseng extract) 227, B¢ 85 &3 4w 974, 100% SAN(P. ginseng
beverage) 1571, B} E &3t 4N (F) 5 ar
F 1071 YA 4 #dE AFE Qelx: o

YN (F)(C lanceolata beverage) 471, =245 5N (P. grandiflorum extract) 631,

)
off
Ay
[o]
Q
g
S
o
[
Q.
S
S
(@}
X
<}
g
Q
@}
.
—_
N

N

SR A (F)P. grandiflorum beverage) 471 2 ZF 574 F 7MEAFE 814 Fujst

o RUEHHE AFE AL THTable 12, Fig. 5).

2. 7hEAF9 AAE BH

7h 22 3H AF A ¥

Fag e AEFS 10 g¥ methanol 50 mLE 250 mL 37§ flaskel ¥ 80C <=
LA 608 ¢ StFF=(reflux extract)dr 3, THAE 20 ~ 25 pm¢l o] #A
(whatman filter, No. 41)= o3&t dtt. of3} &F=S methanols ©] &3] F i3]
Al Fsto] ofels g8t 250 mL 57 &3 ¥ 3HA AE 7] (rotary

Fth F5 34755 methanol 10 mLE Y1 &3

il

evaporator)E °|-83sto] T FF

Al A membrane filter(0.45 ym)=E 3 F A|ggHo 72 3}

ol
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W A4(F) FH AEFS AAE B

o 10 mL& F 3l

7 53 & F2IUFE] methanol 10 mLE ¥ il £3fA A
0.45 pm membrane filter2 o} ¥}3+ t}2

AR o R ALgaTt

oo w5 IH AF dX WY

methanol 10 mLE
NS A AE &

filter2 o ¥}3}o

offL

R BEd

¢ membrane

oo AHgstelh

Fig. 5. The photographs of commercial products for monitoring.
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Table 12. The list of commercial products

Sample Composition No.
100% ginseng content 22
P. ginseng extract

9%  of other plants 9
100% ginseng  content 15

P. ginseng beverage
%  of other plants 5
P. ginseng capsules/tablets/powders 10
C. lanceolata extract 1
C. lanceolata beverage 4
P. grandiflorum extract 6
P. grandiflorum beverage 4
P. lobata beverage 5
Total 81

— 51 —
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AEAE BUHD L
A 54 w3 LA FUIAAE A 3 FAEERS A FEARE B4 53 &y
H &5 F Table 113 A3t o=z B4
4. 7VFAE T FAIEE ANEALAEY AP 4 AFUH
MrEl HPLC HZ xdo =2 gy, =atx 9 X EAES lobetyolin®t % o] A ZAE
¢l onoin XTE&NXE T4 S Ao chromatogram’te] peake] RT<¥ UV
spectrumo] A x| ghS gQlsto] A s T}
Lobetyolin®} onoin® #+=84S 5 10, 20, 40 %2 80 mg/kg TE== ZA 3]
HPLC &4 % do{% chromatogram’e] 2} peak #=°] T+ areas T3l HHFAS
2 sto] ALgstanh Eegdor FAAHdH HEHEHAS AR peakareaH ol wEbAd A
Eiaa=g
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o] AE7He HAESIAY F9Ae] A= H-$ Ducan® v 914 4 (Ducan’s multiple

range test)2 AF&3lo] Al FH olatel F<& W Wi Hi o zolE P<0.05 FF

1

ol AZFFAY. BE B4 EAE SPSS(statistical package for the social science)

version 12.0 T =1 (SPSS Inc., Chicago, I, USA)S o] &3} th

2. A8 A9 £XA(Linear discriminant analysis, LDA)
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A3 Ay 2L 1F

SAOA G AEFAARLIE(017)] FiRE e wEE Q1A 72.1%, Y 82.9%,
TEA 72.2%, & 60.3%= el
#o] 7396 ~ 78.07%= ¥ A9}

Cis H| 28k =02 UESTHLee et al., 2013). 3] &
Stare oAb 2088%, webA 1504%, Y 1711%, # 2527%c|n, 24 & 77

3529, 2.376, 2415, 3.085% % YEtWTh FEXAETHANA AAstaL A= 32T EFS <
A 14%, =24 36.%, U4 4.2%, F 1.3%= Hl523h FEoR YERgon, gy <
5.0+2.7% (Yoo et al, 2002), =2FA 2] 1.62 ~ 1.67%(Lee et al., 2013), 4.8276.51%(Kang
et al., 2017)¢} HlaLsto] HIZEAY W2 FFo AT Anova A& Fato &
A3t 5o Alg Fbel 2ol 5 Zhzh A

Algoll A 95% T2 Fo4 Aols gelstdon dAT e Holx Fghth
A A A A4k 1534%, B9 1.352%, =2kA 1.506% L

, =% F 247 2301, 1581, 1577 2 1.230%% #FFH Ak 2o de Q1 akolA
1468%, T % 1532%%= ZA¥Sla, oY, =obA, #A2 242 17.02%, 15.39%,
1295% ©]qth. Anova ©41& F3to] T A3 §o AR Fbol| AolE A7 Ay

A3k AR 2Aws zewd % f93 ol molx gk

2O A& H

o|\
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Table 13. The contents of general components in P. ginsneg, C. lanceolata, P. grandiflorum and P. lobata

Raw samples

Steamed samples

P ginseng C lanceolata P grandiflorum P. lobata P ginseng C lanceolata P grandiflorum P. lobata
Moisture oo, 005000 75570326° 732260518  68.17+0319° £0.196"7  76.04+0.228°" +0.351%" +0.245%"
%) 8940, 5740, 2240, 17+0. 60.78+0.196 040, 76.74+0.351 58.70+0.245
fj})l 2058+0.0456°  1504+00628"  1711x0.120°  2527+0.129" | 352940.120°°  2376:0.190%°  2415:0261°°  3.085+0.299""
Crud
lipid 153440512" 135240818  1506:0225"  1.020+0.13% | 230140996 1581+0232°™  1577+0653™  1.230+0.706™™
(%)
Crud
protein  14.684532"  17.02+¢631°  1539+275  12.05+348" | 15324518 1523479 15484248 1354169
(%)

Y Mean + Standard deviation (n=3)
Y Superscript” notes significant differences between law and steamed samples (t-test) p*<0.05, n.s.; Non significant
The same superscripts (a-d) in a column are not significantly different each other at p<0.05 level by the Duncan’s multiple range test
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TR BEAS 9a  ICP-OES(Inductively coupled plasma-optical emission

spectrometry)ZS ©o]-&3&to] th# 7|94 6F Na, Mg, Ca, K, Fe 2 AlS #4811,
ICP-MS(Inductively coupled plasma-mass spectrometer)S ©|&3}o] vk H7]1U%

19% Ba, Cu, Cr, Mn, Zn, Ni, Rb, Sr, Ga, Se, TI, Be, Co, V, Li, Cs, Bi, Pb ¥ Cd=

a, FEew ALY, A9, AR, AEA, AFIA R ASsEE=EEE o8&k
SHEE AP on, 79 sH8xE AR (FAPAS)S AAlsith

7 Ao AR A% uF Fridaet vF FrlEAa BF 09990 oo ¢
43 214 A (Correlation coefficient, R*)-S &<latgth. thek Fr1 949 Ao 025
T 5.0 mg/kg Aol FmolAl 2AJER AL, NazF 099962 7F =4 Caol 0.9990= 7}
& e AAdEs Bk vF A e 050 T 10.0 pg/kg R RolA A4
3 Cdel 099992 7Hg =4, Vol 0999002 7} vrA 1= Ak Al5e] wHE
=4S Ea I3 #E=IA(LOD, Limit of detection)®t A #HEA(LOQ, Limit of

quantitation) = 9% F71L92E 0.099 ug/gt 0.327 ng/go = Fe
olE ATt mF Fr]¥d4= Lio] 0032 ng/g, 0.106 ng/gl & -3 A¥E B TI
°] 0.103 ng/g, 0.339 ng/gl. 2 =A =AHUY. HEA

>
AN
o
iih)
1)
i
oft
—d
N
(o
o
1o,

3lvs AY A% EE 947 912 T 101.6%9] FaeEs B, o= 70 T 125% W
71291 AOACS} 90 ~ 110%%! CODEX 7ol BEF wEstth(Table 14).
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Table 14. Method validation parameters of inorganic elements using ICP-OES and

ICP-MS

Bamers e o) toat Repet O

Macro elements (ng/g) (ICP-OES)
Na 0.9996 0.375 1.236 A2 293
Mg 0.9992 0.132 0.436 %.1 263
Ca 0.9990 0.293 0.966 93.7 212
K 0.9991 0.135 0.445 A4 2381
Fe 0.9995 0.099 0.327 9%.3 249
Al 0.9993 0.314 1.037 92.1 241

Trace elements (ng/g) ICP-MS)
Ba 0.9994 0.061 0.169 A8 151
Cr 0.9995 0.064 0.213 9%.3 1.26
Cu 0.9992 0.048 0.159 91.2 2.17
Mn 0.9996 0.065 0.216 9%.8 1.96
Ni 0.9997 0.048 0.157 934 2.33
Rb 0.9994 0.076 0.252 915 0.95
Sr 0.9992 0.067 0.222 978 1.19
/n 0.9992 0.084 0.276 95 2.65
Ga 0.9991 0.052 0.173 .3 2.32
Se 0.9992 0.090 0.296 976 197
Tl 0.9994 0.103 0.339 A4 2.06
Be 0.9997 0.037 0.123 9%.6 2.64
Co 0.9996 0.099 0.325 934 1.85
\Y% 0.9990 0.072 0.238 97.2 247
Li 0.9995 0.032 0.106 9.1 2.89
Cs 0.9991 0.100 0.329 101.6 194
Bi 0.9993 0.059 0.196 95 1.84
Pb 0.9994 0.063 0.176 92.4 2.39
Cd 0.9999 0.044 0.146 1009 1.49

PLimit of detection, Limit of quantification, ¥ Recovery of macro elements were spiked at
2,000 ug/kg, while trace elements were spiked at 100 ng/kg, YCoefficient of variation
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Spinach leaves 1570a%} rice flour 1568b
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[e)
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] § -5t
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S

A k2 spinach leaves 1570a9]
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o

R
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X

o

-
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= 9397 7 103.6%, ICP-MS

% 9378 T 104.3% 0.2 YERES ™| rice flour 1568b

ASE 9472 T 97.89%9]
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=
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1
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=

o]
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,ﬁo
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~
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A

Ho} 7714
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Table 15. Validation results of analytical method wusing certified reference
material(NIST-1570a)
Accuracy
Element" -
Certified value Observed value Recovery

(ng/g) (ng/g) (%)
Na 18210+230 17470£80” 95.94
Ca 15260+660 14340+55 93.97
K 29000+260 27459+220 94.69
Mg 9000 9320+23 103.6
Al 310+15 314+14 101.3
Cu 12.22+0.86 11.90+0.51 97.38
Mn 76.0+1.2 75.90+2.6 99.87
Ni 2.142+0.058 2.05+0.044 95.61
Zn 82.3+3.9 80.46+3.1 97.76
Se 0.1152+0.0043 0.11+0.013 99.74
Co 0.393+0.030 0.37+0.022 93.78
\Y 0.568+0.017 0.55+0.012 96.64
Pb 0.20” 0.20+0.043 100.6
Cd 2.876+0.058 3.00+0.092 104.3

Y Values reported by ICP-OES(Na, Ca, K, Mg, Al), ICP-MS(Cu, Mn, Ni, Zn, Se, Co, V, Pb, Cd)

? Mean + Standard deviation (n=3) ¥ Reference value of constituent element
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Table 16. Validation results of analytical method wusing certified reference

material(NIST-1568b)

Accuracy
Blement” Certified value Observed value Recovery
(ng/g) (ng/g) (%)

Na 6.74+0.19 6.38+0.12” 94.72
Mg 559+10 534.84+12 95.68
Ca 118.4£3.1 115.90+2.8 97.89
K 1282+11 1251.65+14 97.63
Fe 7.42+0.44 7.16+0.56 96.44
Al 4.21+0.34 4.11+0.28 9761
Cu 2.35%0.16 2.22+0.11 94.30
Mn 19.2£1.8 18.64+0.98 97.08
Rb 6.198+0.026 6.04+0.044 97.43
Zn 19.42+0.26 18.57+0.35 95.61
Se 0.365+0.029 0.34+0.024 92.03
Cd 0.0224+0.0013 0.02+0.008 99.76

11) Values reported by ICP-OES (Na, Mg, Ca, K, Fe, Al), ICP-MS (Cu, Mn, Rb, Zn, Se, Cd)
? Mean * Standard deviation (n=3)

,60,

Collection @ chosun



. 92 $WE A9 (FAPAS)

P @AAEFEHTIE FHee FAARL B FAPAS =2 F7hsto] <
A AgS AT 2015 793 9¥e] F7)sle] tomato paste?t powdered
brown riceo] W3 S HaPstct. 9770 7ol FHold tomato pasted] -5
z-scorex= Pb -0.3, Cd 052 &= dar, 1477019 7]3o] ZFed3dt powdered brown
rice?] z-scorex= As -10, Cd -09, Pb 0.62 &=

=
=
|z <2 & wHshes 235 4 olF T3 Fr14E BAMHG Al g

o
4
>
b
I

AMEAE AZAsA T (Table 17).

Table 17. Results of external quality control(FAPAS)

Program Metallic contaminants in tomato paste
Analytes Cd, Pb
Date 2015.07
|z <2
Results
(z-score : Cd 0.5, Pb -0.3)
Program Metallic contaminants in powdered brown rice
Analytes As, Cd, Pb
Date 2015.09
171 <2
Results

(z—score : As -1.0, Cd -0.9, Pb 0.6)
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1 A¥E Table 189 #|Al sk},
A4k, HY, =oA Zga o v Frlda 4243 Fadi= K Ca ® Mg
2 K >Ca>Mg >Na > Al > Fe o2 AU AR SHAF] A
S dol we Frlda 2 Fe Al Aok HolA] & Hsd dEow HEY
M, ol ARE As FAHdA AiTt EEHE ol Aol =
F Ao 7 AR ETHO, 1996; Hong & Kim., 2017).

A= FEEFETI i FFEol EExA A dFHA K A Y
T olgh AvrdE 2 YEF wE 53 giEo] 1¥8Y 4
ol g os dex JdrHPark & Yoon., 2014). K& <Qite] AAIEA 1188
mg/kg o & =X 9597 mg/kg, & 9439 mg/kg, 1Y 9159 mg/kget Bl dte] 9
How B dFom AT v AR QAo A Cadl e BA RS T4
Zol A 5946, 7078 mg/kgo 2 M Ee ol o AR} FHARIF 1273,
1224 mg/kgo = 7Hd vr& @S Uetldnh Fest Ale] 4% & A8oA o B2
FFow HEHden ol ARG THAE B =

AT Fr1A #EF A9H(Oh, 1996)o A Fo thEF
mg/100 g) > Mg(265 mg/100 g) > Na(1l.8 mg/100 g) > Ca(1l.2 mg/100 g) >
Fe(0.17 mg/100 g) <=2 & Ve or Cad A3 b 42 B A4¢) )3 4
Fo7 HEHAY. =3 Fol A9 K619 mg/100 g) > Na(30.0 mg/100 g) >
Ca(14.5 mg/100 g)> Mg(7.82 mg/100 g) > Fe(0.28 mg/100 g)2 A5 Y49 stz

of AFol7k At x-A FFEA7IE ol &3 Fo FUIEE EAA3 K(1.58%) >

N
s}
>
©
M
N
r

(o]

i

A
Fr1E9A EAAd, K366

P(0.38%) > Ca(0.18%) > S(0.16%)% &<Ql¥ A a1(Moon. et al, 2012), =& 74
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K(1.23%) > P(0.30%) > Cl0.22%) > Si(0.12%) = S(0.12%) > Al(0.07%) >
Fe(0.03%)= YE}(Bae. et al, 2015) & A4 EY i & FFo=2 AEFHAU
ok Qlat e A RIS i Aol KO S 1 T 3 dAddA =
e o] & "l fhAhshe Ao, Ca?t Mg 941 zol& HolA ekt
B v Qo (Park et al, 2012), AW & Zepx| o] F7|AE hako #3h
Aol o8k Kol 164 7 21.7 mg/100 go-= 7HE & IS BAL, Ca 79 T 9.2
mg/100 g, Mg 45 ~ 6.1 mg/100 g, Na 1.0 ~ 1.3 mg/100 g <o ¥ 39} vt
A3E YeddthLee et al, 2014). Hadye] F7]4d g2 Kol 4032 mg/100 g
o2 7 Bka I ool P(2852 mg/100 g), Ca(2499 mg/100 g), Mg(156.3
mg/100 g) ol o (Park et al., 2009), Al WHS st gy FrdE &4
A, AAYY, 71 2 ek g el 49 Kel 690 T 1030 mg/100g® 7HE
B2 S dedled, Ay mE R 3 Aole f71E HIEE A
&ato]l Aug fFrlAME Y e K, Mg, P, Zn®] 3ol th& Alg9t nHlaste] o #3k
tHChung, 1999).
ojAH FLdT FFT Mol FrIdre] FF Aol AuiAIZIeL A BEF 5o o
2599 (Song & Min, 2009; Moon. et al.,, 2012), W&o & <79
A A gra vlast Ed el grEAbolvt U dddow FAHEA

AA o, By F719% BN olgdtel It olsh FAR Am ek, o

2

g, A 3] SolHel P WS Lehglor] anova ¥4 A AR F3F Aol
wgort ol hHl WAAME AFARe] AMA/LG AMAG] 7] e W B F
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Table 18. The contents of macro elements in P. ginseng, P. grandiflorus, C. lanceolata and P. lobata by ICP-OES

Raw sample (mg/kg)

Steamed samples (mg/kg)

P ginseng P. grandiflorus C lanceolata, P. lobata P ginseng P. grandiflorus C. lanceolata, P. lobata
Na  5296+1.71%Y  9.270+1.43" 46.16+2.47° 1353+0.73" | 4514+154?  9.460+1.10*™  49.16£2.20*™  13.58+1.32""*
Mg 326.2+9.94° 559.9+15.5° 222.044.83" 2114448 | 382.8+369"™  4904+594°" 2463102  252.0+3.05%"
Ca 594.6+40.1¢  465.65+335°  373.8+185°  127.3+857" | 7078396  476.6+21.9""° 45584259 1224174
K 1188+19.0° 915.9+26.2° 950.74275"  9439+27.0° | 1219+236™° 7784223 8289+34.0""  749.3+21.4*"°
Fe 14.16%1.36" 7.540+0.72° 8700+0.68"  24.02+1.96° | 21.20£20.0"" 16.02+9.35™"  1356x4.82*™  26.36+2.55""
Al 18.08+3.40 10.56+1.33" 27384294 32.34+254% | 21.98+057°™  1273x1.37*"  1450£2.90°™  31.80+1.29°"°

Total — 219346.1¢ 1969+57.8° 1638+6.88" 1353+32.6" 2398233 17842538 1608+61.9"™ 1195317

Y Meand + Standard deviation (n=3)
2 -~ . * . . pe . * . . pe
? Superscript. notes significant differences between law and steamed samples (t-test) p <0.05, n.s.; Non significant

The same superscripts (a ~ d) in a column are not significantly different each other at p<0.05 level by the Duncan’s multiple range test
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EoATeA e 4 gy, ZebA], Ao nFTFrIAARe] Aols FelEr] flste] T
g F7194 19%Ba, Cr, Cu, Zn, Mn, Ni, Rb, Sr, Ga, Se, T, Be, Co, V, Li, Cs, Bi,
Pb, Cd)& ICP-MS® 4 3}9ith.

TepA 2] v FrldAa wAAH, 19%9 v FrdA F 100
ug/kg oA wEg HAEH Y4E Ba, Cr, Cu, Zn, Mn, Ni, Rb, Sr, Ga, Se°] i
1 % Zn¥ Mn, Baol 59 dAth Eojxyog oA Badt Sro| 188, 281 mg/kg
o2 gE Agdd v fFolHoer A HEHAs, ol EdAtoldd od )4
Zo] st Aol A st A el A AulE Q14| Badt Sr gHFe] wuvhal Hal
#rk 2lo(Song & Min,, 2009), & A9 45 F A Z°A Ba¥} Sr o] 94

2 Wl EAE BYAAT D2t #A

s Abgol Ale AWe] F& oAb gelt e A=Y wolshy] Eas wu

s TS 2Fdiolti(Park & Chyun., 1993). A5 oAl Zne FF2 & 954
2R

=

> Q1AF 9.05 mg/kg > =2H#] 8.02 mg/kg > WY 579 mg/kg TolAI KA
.03 mg/kg > <At 875 mg/kg > YWY 844 mg/kg > Z 569 mg/kg
To2 dAg AFS HolA FRom TAASEZE FolAQl Aol HolA| gTh
Mn A olA 991 mg/kgo= 7HE @ol ¥ <4t 6.18mg/kg, =244 372
mg/kg, HH 230 mg/kg o= LERRT
SR FUIAE 4 23 Zne HsEe 0220 T 1.236 mg/kgl 2 TSR
o, AFHogE =24 0437 mg/kg, ©1Y 0514 mg/kg, 9 0.632 mg/kg, 7
0.783 mg/kg To= £ AgAF}HY & HAFoz FAHUHChoi. & Chung.,
2003). 14te] A FIIAAE EAATFIAE Mn, Zn 2 Cu®l Hot o] 77

30.57, 10.23, 14.17 mg/kgel L And

=)

7} $7ve S Mnd Zne %S @4, C
= 7k vk (Park. et al, 2012). Fa2v9e 4% Z+ZF Mn 34 mg/kg, Zn 7 mg/kg
2 Cu 6 mg/kgo 2 2 AFZAHe} vluste] &2 FFEo|l o™ (Park. et al, 2009),

i
jon
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Azt 3d 92 24de] FUIAE BAAY, debH o R 24d o] 3T R &

7 mg/kg, Cu 0.15, 9.17 mg/kge] A tHChung. et
al, 1997). =4ty S=4b 59 4 Mn 39.79, 792 mg/kg, Zn 30.79, 18.60
mg/kg, Cu 1552, 1523 mg/kgl = & A} vlulsto] M=l AY 5 A¥ o=
shol ¥ A tH(Bae. et al., 2012).

Tl, Be, Co, V, Li, Cs, Bi, Pb, Cd< 100 pg/kg v¥re] F#E=2 Rl=on Alad
ol de AFRE FRlskA Ak Tl &3k Pbd Cde AFFHAA &+
A7 712 Pb 0.1 mg/kg, Cd 0.1 mg/kgel™, A4k, A4, By, =2k s
AW 2.0 mg/kg, 7F=H 0.2 mg/kge = AAH UM & Aol 24 Pb, Cde
49 Q14 0.1, 0.03 mg/kg, 99 0.09, 0.2 mg/kg, =2+# 0.08, 0.04 mg/kg, Z 0.02,
0.02 mg/kgl 2 7|FAE =g Almv gldth 2012 2 FA AFEIA A o3tH
Pbe] #Hyreh#e 0.033(204, dE) T 0.241(FH2]) mg/kg, Cdel 4 0.012(914) ~
0.069(%=2+4]) mg/kgo = ¥ Aot M2 FEoR HEWATHA T oFF A,
2012). =3I FEFY TS 24 AFeA Pb 003170101 mg/kg, Cd
0.00170.005 mg/kg o = H|=atAY W FFEo R ¥ U tHChoi. & Chung., 2003).

nE i A4, A HoAe F= d4(Ba, SnE AlQE Sol3 <
A= HolA| gokow vkl bR AR A Al 7], B

I
5 T
= T Fd¥Fer WsrbeAe]l 7 A4 vy, = 2 F e dEs 9 ARE

2
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Table 19. The contents

of trace elements in P. ginseng, P. grandiflorus, C. lanceolata and P. lobata by ICP-MS

Raw sample (mg/kg)

Steamed samples (mg/kg)

P. ginseng P. grandiflorus C lanceolata, P. lobata P. ginseng P. grandiflorus C lanceolata, P. lobata
Ba 4.83+0.32*" 493+4.3" 4.87+2.0" 188+116° 5.92+0.30"" 5.4620.15"" 4.38+0.11*"* 87.8+44""
Cr 1.06+1.5" 0.145+0.019" 0.211+0.13" 0.3130.034° 0.509+0.13*"* 0.268+0.036™"  0.249+0.041*™  0.284+0.31""*
Cu 2.8140.23° 2.34%0.16 1.05+0.028° 5.95+0.14 2.43+0.28"" 2.31£0.29P"s 1.49+0.10*" 2.20+0.066™"
Mn 6.18+0.25° 2.300.19" 3.72+0.019 9.91+0.19 451+0.17°" 1.98+0.43*" 3.31+0.22""* 3.85+1.1°
Ni 0.082+0.0061" 0.032+0.0058" 0.170£0.062° ND? 0.0215+0.037*"  0.0228+0.021*™  0.178+0.11"™  0.0290+0.058""*
Rb 1.36+0.041" 0.201+0.014" 1.38+0.033" T47+0.16° 1.33+0.011°™  0.182+0.0019*™  1.23+0.064"" 2.90+0.042
Sr 4.78+0.32* 152+0.13° 2.79+0.10" 2814224 4.78+0.30*" 1.34+0.035>™ 2.77+0.13*™* 1234637
7n 9.05+0.95" 579+49° 802+1.1° 9.54+8.3" 875053 8442056 9.03+0.34""* 569+0.41%™*
Ga 0.1150.0042° 0.202+0.017* 0.128+0.0074* 1.22+0.083" 0.178£0.0058""  0.193+0.0040™™  0.141+0.0085™™  1.92+0.050""
Se ND 0.184+0.12* 0.0577+0.10° ND 1.21+0.19™" 1.79+0.20°" 0.277+0.27*"* ND
Tl 0.002+0.0001* ND 0.0030.0001" 0.006£0.0004" | 0.003+0.0001** ND 0.003£0.0001**  0.006+0.0001™™*
Be 0.00120.0001* ND 0.001+0.0001" 0.003£0.0003" | 0.001+0.0001*"  0.001£0.0001*"  0.001£0.0001*"  0.003+0.0001*™*
Co 0.0120.0003" ND ND 0.03+0.002° 0.02+0.003>" ND 0.005+0.009™™* 0.03+0.001""
\% 0.01+0.001° 0.008+0.001° 0.009+0.002" 0.03£0.002° 0.02+0.001¢" 0.009£0.001"™  0.008+0.0004*™  0.03+0.001*"™*
Li 0.008+0.0005" 0.004+0.001 0.01+0.001° 0.007+0.0003" 0.02+0.002" 0.007+0.0003*"  0.01+0.0002°™  0.008+0.0002*"
Cs 0.002:0.0002° ND 0.00120.0002° 0.5+0.05" 0.002+0.0001*" ND 0.002£0.0017*™  0.7+0.04™"*
Bi 0.001+0.0001" 0.001+0.0002* 0.002+0.0023" 0.001£0.0007* | 0.001£0.0002*™  0.001£0.0001*™  0.001=0.0004*"* ND"
Pb 0.1+0.02 0.09+0.01" 0.08+0.01" 0.02+0.0004* 0.2+0.2°>* 0.2+0.01"" 0.2+0.02"™" 0.03+0.03*"*
cd 0.03+0.009" 0.2+0.006° 0.04+0.003" 0.02+0.002* 0.04£0.02"" 0.2+0.008°™* 0.05+0.002>" 0.01+0.003™*
Total 30.4+0.35" 17936 22.6+2.1% 504+324” 29.9+1.2*"¢ 22.3+1.1*"* 23.3+0.65""* 229+94""

'1) Meand *+ Standard deviation (n=3), ? Not detected
YSuperscript” notes significant differences between law and steamed samples (t-test) p*<0.05, n.s.; Non significant

The same superscripts (a-d) in a column are not significantly different each other at p<0.05 level by the Duncan’s multiple range test
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Fig. 6. Two discriminant plot of samples by linear discriminant analysis using macro

elements
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1. n-Alkaned #H%

ul
A
>
>
ik

A2 RrldRe FEEuel A oRE #Asr] 98]l n-pentanest

diethyletherE® 33k &uj(1:1, v/v)&= BEAANRS s}

g
2 base lineS® FE 8 F718vE FUA 714 BAe 435S Felstant

(Fig. 8).

7ZB-5 capillary columng ©°]&3te] EFEZ n-alkanes E43 GC-MS
chromatogram<= Fig. 99 Yelil e, 31"l peakd WFE A ZH(retention time,
RT)S 3ttt 217219 ®a<rol] dd s = RTS 9 ¥ E A $(Retention index, RI)

T H-& basic programel]l Y#H3ste] FEl® 7} peake] RIS T3 tH Table 20).

(x10,000,000)

1.00

Fig. 8. GC-MS chromatogram of blank sample(n—pentane:diethylether, 1:1).
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Fig. 9. GC-MS chromatogram of n—alkane standard mixture.

Table 20. Retention time of n—alkane mixture for setting retention index

No. RIV n-Alkane Compound name RT? (min)
1 700 C7His n-Heptane 8.460
2 800 CsHig n-Octane 10.658
3 900 CoHzo n-Nonane 16.269
4 1000 CioH22 n-Decane 28.487
5 1100 CuH2 n-Undecane 36.877
6 1200 CioHos n—-Dodecane 44.640
7 1300 CizHos n—"Tridecane 51.843
8 1400 C1aHszo n-Tetradecane 58.566
9 1500 CisHzo n-Pentadecane 64.894
10 1600 CieHz n-Hexadecane 70.884
11 1700 Ci7Hsg n-Heptadecane 76.571
12 1800 CisHss n-Octadecane 81.978
13 1900 CioHuo n-Nonadecane 87.247

1 . . 2) . .
Retention index, © Retention time
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2. SPME ®Ho @& Y F714E9 4 24

o Zhg-o 2 I [ AES TFA|7]aL o]F gas chromatographyd injectorel]
dstel del o3 SFEES A7+ WHelth. SPME WHS SDE FEWeol H]

AR B 40 B4 b5 SPMES o

AREe A4 TUHES Y] fste] wAss AQANS A RE ARESEAT
WA, polydimethylsiloxane(PDMS) fiber& #dk $ X mWE &S 157
flete] 50C, 80ColA 30 &3t AT FIEES EHT ths GC-MS=E #4383
o EA A 80TCelA o & T2 HEHAAL 50T 7oA gl=A &dd 3t
e FAEA

## SPME fiber A 85 32 PDMS, CAR/PDMS, DBV/CAR/PDMS fibers ©]
&ste] 80TCelA g Fr|diEe] dd F25S vustdr. 5 44 F A=
A7Fsk A butyl benzenedt A #7182 24H7He] peak areas Hlulsto] A A
S et Ay HAEE AEA W3 total A HFS PDMS fiber 16,854 mg/kg,
PDMS/DVB fiber 6,657 mg/kg, PDMS/DVB/CAR fiber 2,191 mg/kg <22 &2ly]

S tH(Table 21). AFH o2 SPME fiber 19 F&5&&S vwsk A3 v A4 fiberd!
PDMS fiber7} 384 f71A4%E X3S st HHo=w Adxo »E AFS Y}

ATt
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Table 21. Contents of volatile organic compounds in P. ginseng according to different type SPME fiber

(unit : mg/kg)

D 2) 3) SPME fiber
No- HI Compound name MET MW pOMS” CAR/PDMS”  DBV/CAR/PDMS"
1 951  —Phellandrene CioHise 136 4706 0.411 0.230
2 956  —Pinene CioHise 136 143.1 14.39 6.550
3 968 Camphene CioHise 136 46.50 4.893 2.120
4 986 g -Pinene CioHie 136 35.55 10.28 4470
5 993 g -Myrcene CioHie 136 36.06 5.871 3.340
6 1002 n-Octanal CsHi60 128 9.360 37.81 1.870
7 1030 dl-Limonene CioHi16 136 116.4 1.339 0.680
1.S 1057 n-Butylbenzene CioHu4 134 ND” ND ND
8 1085 ¢ —Terpinolene CioHi6 136 ND ND 0.140
9 1087 2-Methoxy-3-(1-methylethyl)-Pyrazine CsHi2N2 152 4.658 3.860 1.170
10 1103 n-Nonanal CoHi1s0 142 ND 1.703 0.140
11 1161 Non-(2E)-enal CoHi60 140 1.957 4.183 0.610
12 1175 2-Isobutyl-3-methoxy-Pyrazine CoH14N2 166 2.129 ND 0.150
13 1204 Decanal C10H200 156 ND 0.665 0.160
14 1221 2-Methoxy-3-(1-methylpropyl)-Pyrazine CoH14N2 166 2.129 6.904 1.970
15 1229 Methyl thymylether, Carvacryl methyl ether CiiHisO 164 1.856 11.61 2.960
16 1263 (E)-2-Decenal CioH120 154 638.4 1.822 0.500
17 1297 Modhephene CisH24 204 277.33 1.030 ND
18 1309 Germacrene B CisH 204 863.5 62.74 42.86
19 1323 Bicyclogermacrene CisH24 204 4910 4.212 2.640
20 1334 Bicycloelemene CisH24 204 ND ND 59.43

]‘)Retention index, “Molecular formula, *Molecular weight, “polydimethylsiloxane, *carboxen/polydimethylsiloxane
9divinylbenzene/carboxen/polydimethylsiloxane, "'Not detected
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Table 21. Contents of volatile organic compounds in P. ginseng according to different type SPME fiber (Continue)

(unit : mg/kg)

1) 2) MVVB) SPME fiber
oo Kl Compound Name ME PDMS” CAR/PDMS”  DBV/CAR/PDMS”
21 1352 g -Clovene Cistl 204 ND" ND 61.93
22 1374  Cedrene-V6 CisHa 204 121.0 116.6 11.95
23 1378  Presilphiperfol-7-ene CisHa 204 2086 703.0 21.00
24 1389 g ~Panasinsene CisHz 204 20.02 418.4 225.7
25 1391 g -Elemene CisHa 204 3.762 31.43 149.6
26 1415 B -Maaliene CisH2 204 348.0 8.150 ND
27 1417 & ~Gurjunene CisHa 204 59.75 118.2 31.70
28 1424  (E)-Caryophyllene CisHz 204 2531 60.54 39.83
29 1436  Calarene CisHa 204 38.04 447.6 1334
30 1455  (E)- g-Farnesene CisHz 204 2078 1044 281.6
31 1456  Valerena-4,7(11)-diene CisH2a 204 3425 486.0 125.8
32 1459 4 —Panasinsen CisHx 204 36.86 154.6 42.62
33 1462 o ~Humulene CisHz4 220 1983 559.7 155.1
34 1464 4 —Neoclovene CisHz4 222 487.3 741.6 200.5
35 1474  (Z)-Caryophyllene CisH2a 204 702.1 427.6 136.6
36 1477  Selina-4,11-diene CisH2a 204 7.019 130.5 32.82
37 1485 g ~Neoclovene CisHz 204 332.4 158.6 43.03
38 1494 g -Selinene CisHaa 204 9.341 1441 28.33
39 1500 Bicyclogermacrene CisHa 204 5.403 676.1 295.3
Total (mg/kg) 16,854 6,657 2,191

DRetention index, *Molecular formula, *Molecular weight, “polydimethylsiloxane, *’carboxen/polydimethylsiloxane,

9divinylbenzene/carboxen/polydimethylsiloxane, "'Not detected
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7 wol F1F Ak AuyelAls 9578 mg/kgel A fF7IstgEe] A
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Fig. 10. Chromatograms of volatile organic compounds of raw samples analyzed
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Table 22. Results of volatile organic compounds in raw P. ginseng, C. lanceolata, P. grandiflorum and P. lobata by

GC-MS
(unit : mg/kg)
No. RI'’ Compound Name ME” MW Pginseng  Clanceolata  Pgrandifiorum  Plobata
1 780  n-Hexanal CsH120 100 ND” 136.3 285.2 1,645
2 830 (E)-2-Hexenal CgH100 98 ND 116.2 279.9 ND
3 835 (Z)-3-Hexene-1-ol CsH120 100 ND 362.5 ND ND
4 897 (E)-2-Hexen-1-o0l CgH120 100 ND 181.7 2,808 ND
5 901 n-Hexanol CsH140 102 ND 6458 7,125 1,080
6 956 « —Pinene CioHis 136 143.1 ND ND ND
7 968  Camphene CioHis 136 46.50 ND ND ND
8 936 B ~Pinene CioHis 136 35.55 ND ND ND
9 993 B ~Myrcene CioHis 136 36.06 ND ND ND
10 993  2-pentylfuran CoH140 138 ND 8.950 19.87 179.6
11 1002  n-Octanal CsHi60 128 9.360 ND 35.97 9.99
12 1030  dl-Limonene CioHis 136 116.4 ND ND ND
LS 1057 n-Butylbenzene CioHi4 134 ND ND ND ND
13 1060  (E)-2-Octenal CsH140 126 ND ND ND 212.7
14 1087  2-methoxy—3-(1-methylethyl)-Pyrazine CgHi2No 152 4.660 ND 441 ND
15 1098  linalool CioH150 154 ND ND ND 21.30
16 1103  n-Nonanal CoH150 142 ND ND 91.72 ND
17 1161  (E)-Non-2-enal CoH160 140 1.960 ND 61.51 ND
18 1204  Decanal C10H200 156 ND 4.450 31.51 ND
19 1263 (E)-2-Decenal C10H180 154 638.4 ND ND ND
20 1309  Germacrene B Ci5Hoy 204 863.6 ND ND ND

Retention index,

Molecular formula, YMolecular weight, “Not detected
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Table 22. Results of volatile organic compounds in raw P. ginseng, C. lanceolata, P. grandiflorum and P. lobata by
GC-MS (Continued)

(unit : mg/kg)

1)

Y

No. RI Compound Name MF MW Pginseng  Clancedlata  Pgrendifiorum— Plobata
21 1374  Cedrene-V6 CisHoy 204 121.0 ND? ND ND
22 1374 g -Barbatene CisHa 204 ND 334.0 1,189 ND
23 1378  Presilphiperfol-7-ene CisHo 204 2,086 ND ND ND
24 1389 g -Panasinsene CisH 204 20.02 ND 46.30 ND
25 1391 g -Elemene CisHa 204 3.760 24.32 59.76 ND
26 1415  g-Maaliene CisHas 204 348.0 ND ND ND
27 1417 ~Gurjunene CisHos 204 59.75 ND ND ND
28 1421 o -Barbatene CisHoy 204 ND 1,019 ND ND
29 1424  (E)-Caryophyllene CisHa 204 2,531 ND ND ND
30 1436  Calarene CisHa 204 38.04 ND ND ND
31 1441  (Z)-Thujopsene CisHoy 204 ND 311.4 249.7 ND
32 1455  (E)- g -Farnesene CisHa 204 2,578 269.8 525.6 21.06
33 1456  Valerena—4,7(11)-diene CisHa 204 3,425 ND ND ND
34 1459 ~Panasinsen CisHos 204 36.86 ND ND ND
35 1462 o ~Humulene CisHoy 204 1,983 88.25 43.08 ND
36 1464 4 —Neoclovene CisHa 204 487.3 ND ND ND
37 1474  (Z)-Caryophyllene CisHx 204 702.1 ND 32.61 ND
38 1485 g -Neoclovene CisHa 204 332.5 ND ND ND
39 1487 g -Chamigrene CisHa 204 ND 263.4 330.4 ND
40 1500  Bicyclogermacrene Ci5Ho4 204 5.400 ND 7.010 ND
Total 16,654 9,578 13,226 3,168

DRetention index, ?Molecular formula, *Molecular weight, *Not detected
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Table 23. Results of volatile organic compounds in streamed P. ginseng, C. lanceolata, P. grandiflorum and P. lobata by

GC-MS (unit : mg/kg)
No. RI’ Compound Name MF” MW~ Pginseng  Clanceolsta P.grandflorum  Plobata
1 928 Butyl acrylate CH0O2, 128 45.60 316.58 1432.62 101.29
2 1002 n-Octanal CsHi60 128 1.34 ND” ND ND
3 1045 Benzeneacetaldehyde CsHsO 120 8.68 149.34 480.96 28.42
I1.S 1057 n-Butylbenzene CioHu 134 ND ND ND ND
4 1063 2-Acetyl-Pyrrole CeH7NO 109 87.50 586.63 1186.87 455
5 1103 n-Nonanal CoHi50 142 1.20 66.11 42.17 14.29
6 1106 Maltol CeHsO3 126 152.86 ND 39.06 128.16
7 1144 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one = CgHgO4 144 63.65 561.85 1758.55 ND
8 1309 Germacrene B CisHay 204 101.17 ND ND ND
9 1352 pg-Clovene Ci5Ho4 204 272.40 ND 30.31 9.33
10 1374 g -Barbatene CisHa 204 ND 114.02 99.06 ND
11 1378 Presilphiperfol-7-ene CisHay 204 108.85 ND ND ND
12 1388 y -Maaliene CisHa 204 1159.40 ND ND ND
13 1389 g -Panasinsene CisHa 204 ND 63.89 104.57 70.76
14 1391 pg-Elemene Ci5Ho4 204 887.58 82.96 137.34 39.84
15 1405 Cedrene CisHa 204 83.27 34.59 ND ND
16 1410 Guaia-6,9-diene CisHay 204 212.41 ND ND ND
17 1415 g -Maaliene CisHa 204 91.01 ND ND ND
18 1417  —Gurjunene CisHay 204 20.16 ND 40.78 ND
19 1421 4 -Barbatene CisHay 204 ND ND 62.84 ND
20 1424 (E)-Caryophyllene CisHo 204 208.81 ND 43.63 13.23

DRetention index, ?Molecular formula, *Molecular weight, *Not detected
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Table 23. Results of volatile organic compounds in streamed P. ginseng, C. lanceolata, P. grandiflorum and P. lobata by

GC-MS (Continued) (unit : mg/kg)
No. RI’ Compound Name ME” MW~ Pgiseng  Clanceolata  Pgrandflorum  Plobata
21 1429  -Selinene CisHa 204 126.7 ND? ND ND
22 1436 Calarene CisHos 204 835.4 ND ND 62.40
23 1439  -Maaliene Ci5Hoy 204 101.4 ND ND ND
24 1443 Aromadendrene CisHa 204 288.2 16.26 34.37 27.30
25 1451 (Z)-Eudesma-6,11-diene CisHa 204 56.38 ND ND ND
26 1453 (E)-Farnesene CisHa 204 425.8 261.0 338.1 1515
27 1456 Valerena—4,7(11)-diene CisHos 204 742.2 ND ND 71.15
28 1459  —Panasinsen CisHx 204 297.8 27.48 ND 33.09
29 1461  -Humulene CisHa 204 774.2 47.21 95.23 81.74
30 1463  —Neoclovene Ci5Ho4 204 946.8 61.35 90.12 88.20
31 1465 Alloaromadendrene CisHos 204 215.1 ND ND ND
32 1473 (Z)-Caryophyllene CisHa 204 623.4 22.80 47.68 57.57
33 1477 Selina-4,11-diene CisHos 204 193.3 18.50 ND 21.69
34 1484 pg-Neoclovene CisHa 204 209.5 ND ND 19.62
35 1487 g -Chamigrene CisHoy 204 ND ND 2851 ND
36 1495 Viridiflorene CisHos 204 734.8 72.53 176.9 92.12
37 1499 Bicyclogermacrene CisHx 204 385.4 47.14 84.17 52.34
38 1521 & —Cadinene CisHos 204 53.50 ND 14.34 4.630
39 1587 Spathulenol Ci5H240 220 13.02 ND ND ND
40 1596 (-)-Globulol CisHa0 222 32.18 ND ND ND
41 1605 Viridiflorol CisHay 204 31.56 ND ND ND
Total 10,592 2,550 6,368 1,223

DRetention index, Molecular formula, YMolecular weight, “Not detected
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Table 24. Results of phytochemical screening test of methanol, ethyl acetate and n—-hexane extracts

Methanol extract Ethyl acetate extract n-Hexane extract

Raw samples Steamed samples Raw samples Steamed samples Raw samples  Steamed samples

Anaivtes G" CL? PG" PLYRG” CL PG PL G CL PG PL RG CL PG PL G CL PG PL RG CL PG PL
Terpenoid 2 2 1 1 3 3 3 3 3 3 3 3
Flavonoid 3 3
el : :

Alkalod 1 1 1 1 1 1 1 1 1 2 2 2 1 2 3 3 3 3 3 3 2 2 2 2
Coumarin 2 1 1 3 2 2 2 1

Phytosterol 1 12 2 1 1 2 2 1 1 3 3 2 2 3 3 1

Y'G : Panax ginseng, ® CL : Codonopsis lanceolata, ® PG : Platycodon grandiflorum, Y PL : Pueraria lobata,
? RG : Red ginseng(steamed P. ginseng), ® 1-3 : Numerical representation of reaction intensity
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Table 25. Result of phytochemical screening test of red ginseng methanol extract

mixed with 3 species according to the mixed ratio

Flavonoids Phenolic compounds

Mixed ratio
(%)

—
C lanceolata ‘ ' ‘ ' |

powe €000

P.grandiflorum

10 20 30 40 50 100 10 20 30 40 50 100

(CEhmhnniens
Clnnnnper
"X X1 X

C lanceolata

P. lobata w2 2 3 3 2 2 3 3 3

V' 1-3 : Numerical representation of reaction intensity
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Fig. 16. Chromatograms and UV spectrum of ginseng extracts mixed with C

lanceolata.
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Fig. 17. Chromatograms and UV spectrum of ginseng extracts mixed with P.

grandiflorum
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Fig. 18. Chromatograms and UV spectrum of ginseng
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Table 26. Linearity of the unknown compounds according to the mixing ratio of the

C. lanceolata, P. grandiflorum and P. lobata

Mixed C lanceolata Mixed P. grandiflorum Mixed P. lobata

Unknown
peak 1 peak 1 peak?
compounds
Reg(ryesj;(f;)hne y=3871x+155869 y=54661x-441121 y=189632x+1462938
lati
coce(;lfircieaﬁ(()lgz) 0.9966 0.9705 0.9864

‘Samples prepared by mixing the dried powdered plant materials of C lanceolata, P.
grandiflorum and P. lobata in proportions 10, 20, 30 and 50% with P. ginseng extract
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4. LC-MS/MSE o83 AxAHE R 7 &Y

Adutx o7 LC-MS/MS+= o|23lo] wa} A E = Eo] &5 (fragment ions)e &

@ ~# 9 (mass spectrum)= RFFsle] 54 AFS ZHe Ee] 42 F9, 44

o ik e AVEHFE F3 o] 23 Hl  ESl(electron  spray
ionization)@} 3}sF% o]23} "Wl APCl(atomospheric pressure chemical ionization)
o] R oty A ARrE 199t 12WF(high vacuum)S L 78 A A7)
o] Azte] rhedldom, vArrE AHFEA 7] (time of flight/mass spectrometer,
TOF/MS) 59 iLidsls AFdA el e 7] od-of 2] QA2 NMRe 9
AR 7He AW AAE Fell vA FrIEeE ] sA4o] LC-MSerx A&stA &4
o] 7bsstAl H AT LC-MS9| o3} Wy & 7 de] ARSI A e A7E
To]23} ¥ (electron spray ionization, ESI)& EA|#o A vjEH = AAo =& AL
Ve AEE A EHFIF FAH AL oluf Hshrt SAE AA= ERvsE S o
o HeE AW VA EIE Eo2H o]yt Hrh o] =Y E sampling cones

E3le] mass analyzer(mass filter)2 ©]53}A ¥ olu A5 o] HEal= 7o dojr}
A 7] WiEel A AlE Fo Ao Wol &85 vk (Voyksner, 1994).

MS/MS+ &gEe] 48Rt oiyel 249 Fx Zdbx &oldtA &8

glom wx FAHo EFE AL R 72 A Festth(Jensen, Tomer, &

o

(o3

Gross, 1987). MS/MS & A& o]<<S WolE9|= mass analyzerv 3=

i, T AR AERATEe YA detector2 AFEETE i A A AL EZ] A
EAHRS o] 2EM(on trap, IT)H I} H] P A Htime-of-flight, TOF)E A 2] o]
AZE stolBEl =y MS/MSE ob&atlon, o]5& o &3 Ax A i o
T7F g4 FdFH o, FI09 mass analyzerE AZAsle] EANstE A EA9
AR S AFeted & =g "k 53], v A AFEAaow Fae Ak
Aol 7hsste] dAMES A 2 AFE F 9

A B Ao A= UPLCOl ion trap(IT) mass analyzer®t time of flight(TOF)
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mass analyzer’} 423 LC-ESI-IT-TOF/MSZ X ZAEe 25 &

3lo] peak 13 peak 29 selected ion monitoring®} full scan spectrume €& % 7]

7] W formula predictor Z 213 o] &3sle] AAstA} st}

wa

) 8423 AE 2 4

M

ESI(electro-spray ionization) ion source 2ol A & WAL AZFo] &o|3A
om Algg Ao o]3tE 5t EAH Fo A 45 kVE AFstATh EAH
A ot AlE ol BEAF] 9§ Ar7AE 15 Lming 4E0w S8%g)
t}. Positive ion mode®} negative ion modeES W] 13+ ZA I} positive ion modeo| A ¢
2 AEE YERo] AZEAS 913 o238+ positive ion mode® & EAS 3
At

ESIE #Ago] & =43 Boh 54 stehEo] tgh 2343 o] 23t Aoz A
inlet system®. %2 94 columne| #2HE UPLCeLe A2

durA 1 ODS column®l endcappinge] & ® W74 3.0 mm<e Shim-Pack

o

0

=

rr

XR-ODS 1I column (Shimadzu, Kyoto, Japan)2 A €ls}on 2e5S FFAA 7F
AE4dol 23 ion suppression?] F&FS HA3} 7] Hste] 1 =i

umz 2 AS AFEEAT FE5HS 05 mL/ming 3 om Aldgd FAFS 10
L, column oven &%+ 40Co|A %33 A4S vehfde. dubzr oz

S 93 o] FAbel 3w 2k(volatile acid)$l acetic acidt} formic acidE v #7}a)
W AR o]23td Ego] H7] wEddl 0.1% trifluoro acetic acid(TFA)7F &f¥ &
o] 24> (deionization water)2} 0.1% TFAZ} g% ol EYEH (acetonitrile) & AF-&-3}
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2) LC-MS/MSE °] 8% AFAHEL R 7& &<

UPLC-DAD &4 Z#= column Zolof &A% &3] HPLC-DADE ©] &3 A
el A 2lE dd RTSF AFol7k hdeh. S14t+he] chromatograms Bl alste] 7ol gt
peaks AE3}al UV spectrum® Hdojfo wel gy y =2%= RT ¢F 6.6 min?l
A peak 1°] =& At

Aol o AEAESRE FAHSAY peak 2= RT 75 Bo=2 YEeytoew, UV
spectrum®] Y Tt FUIS Flstrt 122 UPLC-DADE ©| 83k peakl®}
peak 20| A&+ RT &<ldk & ESI(positive mode)?t IT-TOF mass analyzergE =
3 x5 gelstATh

HY(C lanceolata)®] A XEAAFEO 2 o %= peak 12 UPLC-MS/MS® positive
mode®l| 4] peak 19] full-scan mass spectrum¥ MS/MS spectrum= =43t 1
A3 m/z 419170, m/z 4351453 o= Z4Z} [M+H] ¢} [M+Nal o= Ebstal, m/z
815.346> [2M+Nal = 215 1 th(Fig. 19, Table 27).

S A(P. grandiflorum)®= o] X ESI-MS #X3% ZAyZS Fig. 209
Table 28] A A|SFATE. peak 19 EEA= A= 39617002 m/z 419.170%
[M+Nal', m/z 435.1453%= [M+KI', [2M+Nal &= m/z 815346 #t& B ith

HFAH o2 peak 12 CyuHx0s2] EAHS zte 3gEZ FHAY. 2 A3E
Formula Predictor(ver. 1.2)9} Accurate Mass Calculator(Shimadzu, Kyoto, Japan)2.
2 mass spectrum®] &4 3e] peak 19] A F3= EFL lobetyolin®d Aoz oA4st
At

Z1(P. lobata)ol Al &% peak 29 TICSF mass spectrum S Fig. 21| YEeEFHSA
t}. Peak 29 mass AH#3S m/z 431.134 [M+H], 453.115 [M+Na]® % 883.241
[2M+Na] 2 #2451 0] CpHxn002 335 ZA ononing F4 38 tH(Table 29).
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Fig. 19. Stimultaneous UPLC-DAD chromatogram at 203 nm (A), LC-ESI-MS total

ion chromatogram in scan mode (B) and MS spectrum of C. lanceolata

Table 27. Peak identification of C. lanceolata extract

RT Amx  Meas. Meas. Diff. o
Sample . on Formula Identification
(min)  (nm) m/z Molecular (mDa)
4191674 [M+Nal" 3961782 0.2
254,
C. lanceolata . .
658 267, 4351453 [M+K] 396.1821 3.7 CxHx0g  Lobetyolin
(peak 1)
283
8153464 [2M+Nal'  396.1786 0.2
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Fig. 20. Stimultaneous UPLC-DAD chromatogram at 203 nm (A), LC-ESI-MS total

ion chromatogram in scan mode (B) and MS spectrum (C) of P. grandiflorum

Table 28. Peak identification of P. grandiflorum extract

RT  Amax Meas. Meas. Diff. R
Sample . Ton Formula Identification
(min)  (nm) m/z Molecular  (mDa)
4191674 [M+Nal® 3961782 0.2
P gadfloum 24, .
661 267, 431453 [M+K] 396.1821 3.7 CypHx0s  Lobetyolin
(peak 1) 03
8153464 [2M+Nal”™  396.1786 0.2
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Fig. 21. Stimultaneous UPLC-DAD chromatogram at 203 nm (A), LC-ESI-MS total

ion chromatogram in scan mode (B) and MS spectrum (C) of P. lobata

Table 29. Peak identification of P. lobata extract

RT Amax Meas. Meas. Diff. o
Sample ) Ton Formula Identification
(min)  (nm) m/z Molecular  (mDa)

431.1337 [M+H] 430.1269 05

P lobata 4531153  [M+Na] 430.1261 -0.3

(bealk 2) 469.0833 [M+K]" 4301256 -0.7

8332406  [2M+Nal 430.1261 -0.3
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3) LC-MS/MSZE o] &% EF&E32 9 2 XFAHE &Y

HPLC % LC-MS/MS #A& £ HY(C lanceolata), =T+A(P.

f

ob

2

b

ro M
)

grandiflorum) (peak 1) ¥ Z(P. lobata) (peak 7}
lobetyolin®} ononin®ll | @&S =Wl 98t z+zhe] xEE4do LC-MS/MS 2z
9] RT, UV spectrum % & && vluste] 2tz AgAdads d9stdt gy,

=2}x], &9 indicator compound®] TFZE Fig. 229 YERWTH

)2] marker peak(peak 1, 2)=, 2+2t

g, 2atAe AgR %7

Lobetyolin®] ¥ +% S LC-MS/MSZ w243 A3 MS spectrum® Z37F AA Al
59 A¥xgy dAstATh 99 ¥ =214 9 methanol FEEAA FdsA SAH A
A oA A AR peake] RTSF UV spectrumo] 5 U &S &<lah9it}

ty ZgkAE 2E Campanulales(Z 2232 255 228 wo] £33 A v
o] Aol sYatH, LC-MS/MS w45 Sl & H¥ lobetyoline WY Z=ebA] =
MPAF Fdo A FEt 53], Qao 5 A7+Z(Q2007) HY, Zek#] 5o
£ HPLC-UV fingerprintE T3] #2413 23 g3t =% E5Fo|A lobetyolin®]
AEHJeH, =& AAE 2 UV spectrumy} £ oA A Ayl 5Adg
gQlstdth. Kim 5(2014)2 ki (Codonopsis pilosula) %=+ tangshen 522 &
= Ao e At gy, =X E B9 e, C pilosulas WY, ZEHA4
of e 2 EI &b gy} ZepA e AnAdTo= 4% lobetyoline] A&
ATk wAEE w9, dl, WY AE, duA A2, 18y 9 S FE X567
el A& T Fxz LdEet AME ] gtow we FF Sl B W 24
7e 3 2E ey &F Wl Panax (4ol tiAl= 2 AW E7|%= A THWang
et al,, 1996). &= <Fd(China Pharmacopoeia Committee, 2010)°l] &2H oz S| =
lobetyoline] &} &&= Zg] ofAEAE C pilosulad) &4 AEOFZA FQ3 odo]
7] W&ol C pilosula®] 338t vpA R FFE o) ok (Song et al, 2008). =3 THE &

A3 52 4% lobetyolin A#& o]g3te] AW/tEE Zlor AR H AT
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o]x & lobetyoline %% %3 (Campanulaceae) AlE2] A& A w7
[e3]

5
e 222N HY, EeAE FEHo PEd & AU 2 AT
b A AEHE FF

Aol Aoz =AW ononin® ZFEEE APENE LC-MS/MSE o] &3}

o] BEA3F & methanol F& %39 UPLCY RT, UV spectrum¥ mass spectrum %

Xiao(2004) = ¥ A9 H(P. lobata)¥ &Y FIHLeguminosae) 2220 37|
(Astragali propinqguus)°] ™3] LC-MSE o] &3] isoflavonoidFS X3 1

== =0

% F8 3FEZ ononing AAEFHUSH ononinl®E FX7F 7THEE peakE m/z
4311 [M+H]", m.z 2689 [M+H-Glul ¢ E%o]2(fragment ion)S &2l i
1 HPLC-DAD ¥ ESI-Quadrupole/MSe.® EA3F Lv S5(2011)¢8 9+ A,

ol
R
o

bl

Ol'

N
ko

flavonoidi= formononetin, calycosin, glycoside, ononin %22 &2l 1 F oA
%= ononin® [M+H]'E= m/z 431, [M+Nal'+= m/z 453, fragment ion2 m/z 2692 £
AT ARl H(P. lobata)®] MS 4] HlolEl9} dX g A Z YEFRTE & Aol A]

%= AFE3FY Y mass analyzer®! H]3A|7HE A =FEA 7] (time-of -flight, TOF/MS)E

o] &3t 371(A propinquus radix)E #A3lal isoflavone % ononine w43k A3}
olr AXTS e ATHQI et al, 2009). 7] w3 <k ¢y, =okx S3 e
ToFE 8ol fAeH] "ol #Heol X EAREQ ononing &Y indicatorz XA 3}

ETEAY FAAY oo w3 &3 vagthl MS spectrum 5 A 37F
A x5t ononings #He XLz HAASATY. A AFAEoZ HAASE ononin
flavonoidf % isoflavonef-oll <3t & o] formononetin—-7-glucoside =

A2 430.40 g/mol, 8F3F212 CoHOg0] T}
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OH OH

Lobetyolin Ononin

Fig 22. The structure of indicator in C. lanceolata, P. grandiflorum (A) and P.
lobata (B)
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T Y4 By Fd

o= HPLC % LC-MS/MS ZA#}=

3

K

|

o
o
o
ujp
il

X
g
o

0
ol

s

el

“

1o
=~

£

A

=

7] (single

S} (Yang & Heo, 1999),
ginsenoside?] #2419
UV A% 3o =24 203 nme

}o] gradient 7]27]
A<l lobetyolin® ononin®] HPLC #4]

Y

Rid

At Cig columne A&

[e)

]

S

HPLC=

<
Ta
%/\}.QJE

31 tHTable 30).

42

[e)

EE

Diode array detector”}

B2
EZ3t32F PDA detectori® Rt ofu e} @At UV detector2% 2 i

wavelength detector) 2.t} o %2 data

screening &

gl
B

—_
fite)
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1) A=A (Selectivity)

®AE2 ononing ¢F 165 +o. 2 Ef 33 E al
Aol UV spectrumE 189 o, 1 235 Fig. 239 YR ITh 220 nm ©] &
o A A ;AT lobetyolin®] Hul &4 3¢S 268 nmelA L, SIS 253
nm, 268 nm, 283 nm<% I|HOo =2 YETE Ononind Ao T34 250 nm=E &
= AT

EoATddAe 424 bdE gy, =dA, J9 ARARES sARAsaL, tiEo] A4
o] A% {2 ginsenosides] EAAF-E FR1s7] &A= 203 nme] I A A
= Agader. oY, =2kA 3 He AxE 2 lobetyolin¥ ononin®] H W& 34
o] 24z} ftEr R Ao Frudd 2HT 254 nmelA A4S At 4
58S 4 4 Ak B AFH LS diode array detectorE ©]-83to] W& WY wHS
A4 5 203 nmé] Gd IS AdEste] dHeolHE #4892, DADE ©| 834 &
ol 203 nm HE= 254 nm7b AA o] v @I detectors o] &3A 2 EAE

AT 5 ek s A g

=2
)
jivd
i3
Y
&2

2) # A4 (Linearity)
ty, L9 A E; AR lobetyolin® ononin®] £33 Z#FE&NS 5 10, 20, 40 1
mg/kg?] FER EAS] REH IS Agstech

0
Mo g0zl Ao FaALF[R)E 09997 ooz $
oo, AR HEF 5 T80 me/keg e tehiol B
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Fig. 23. Chromatograms and UV spectrums of lobetyolin (A) and ononin (B) by
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developed HPLC method.
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3) #E¥A(LOD) 2 AFTALOQ)

HZ A (Limit of detection, LOD)E A& 9 EXYLE #HE & = Ade IAE
o), AH3A(Limit of quantification, LOQ)x= LA Az oA =AHAET 4
= BEAYAL9 HATFEoT 203 nm ZA3 oA lobetyolin® LODE 0.098 mg/kg,
0OQ+= 0.323 mg/kgo]l a1, ononin®] LOD+= 0.171 mg/kg, LOQ+= 0564 mg/kg o &2
grol ¥ it (Table 30).

)

=

Table 30. Results of correlation coefficient, LOD, LOQ of indicators by developed
HPLC method

Marker . Correlation LOD LOQ
Linear curve coefficient
compounds R (mg/kg) (mg/kg)
Lobetyolin y=22,687x-2,307 0.9997 0.098 0.323
Ononin v=18910x-30,255 0.9997 0.171 0.564
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4) A EA (Precision) ¥ A 34 (Accuracy)

22

4

s

=

o

15% 7]

o
T

HRSD%) %k

H =

A

—

0

o

olo

1oR

|

ok

N

@

—

X
o
N
=]

—_
fie)

oF
el

0
o

gl

A e

=)

A 59 lobetyolin® ononin?]

99.09 ~

o
.

91.38 ~ 102.3%, ononin

o
.

, 1 A3} lobetyolin

A= g ol H7E Itk (Table 31).

H
=4

102.5% 9]

3) by developed HPLC method

Table 31. Results of precision and accuracy(n

Measured RSD Accuracy
concentration

Spiked
conc

Marker
compounds

(%)

(%)

(mg/kg)

(mg/ké)

2.18 91.38 ~ 100.5

483 + 0.24

10 10.02 + 0.13 1.26 98.99 T 101.5

Lobetyolin

1.08 100.5 ~ 102.3

50.05 + 0.55

50

1.94 100.5 ~ 102.5

5.08 + 0.05

10 10.07 + 0.07 0.67 99.94 ~ 101.2

Ononin

50.23 + 0.72 1.44 99.09 ~ 102.0

50
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5) 2+A A (Stability)

an)
n)
!
)
N
1o
N
K
o,
Me
o
o,
ox
(@)
@
<
o,
=
o
3
£
o
o
[©
o1
@
B
o
o
=~
@]
=2
2
2
o
ol
ol
s

alls
o
o
&
<
o,
=
o
N
=
o
offt
[-'0
b
rJ
S
o
o O
k1
<
o <
X
o,
i)
rlr
)
Q
2.
107}
=.
2.
=
O
O
N
1o,
re
1
i
=)

ow= AFEgrt. =3 2ol FAEZQ ononin® 1 T 30Y FoF ALolA 964 T
Z 1

024% W= PEAYCr, BE Avp= 21 |3t

Table 32. Results of stability of indicators by developed HPLC method

Period(Day)
Marker Temp.
Compounds (TC)

RSD
(%)

Mean SD
1 7 14 30

25T 99.9 101.8 99.8 99.5 100.2 1.02 1.02
Lobetyolin

4T 100.9 100.0 100.1 99.8 100.2 0.18 0.18

25T 100.0 96.4 100.2 101.0 99.4 1.99 2.01

Ononin

4T 100.2 102.4 100.9 99.6 100.8 1.17 1.16
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7) WA A E(Blind test)

B A= 10717
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Table 33. Linearity of blind samples by developed HPLC method

Powder type

Extract type

Linear curve

RZ

C. lanceolata

Calibration
curve

Linear curve

RZ

P.grandiflorum

Calibration
curve

Linear curve

R,2

P.lobata

Calibration
curve

yv=6694.746, zero through

yv=26250.15%, zero through

0.9999 0.9979

7.05\1eax100,000 Area(x1,000,000)

E 25
ELE E
509 20
403 =
207 E

E 1.0
20 E
1.0 05
T 2s sJo0 780  Cohc T 2Ee sJo0 780  Cohc

yv=11634.91%, zero through
0.9931

Area(x1,000,000
125 .

y=37376.95%, zero through
0.9993

Area(x1,000,000

|;u =D wlo 780  Conc
y=28493.82, zero through
0.9991

Area(x1,000,000

0o 280 slo 780 Conc
y=81701.25%, zero through
0.9998

Area(x1,000,000

5[I—-

0o 280 slo 780 Conc

oo 280 slo 780 Conc

Collection @ chosun

- 118 -



Table 34. Results of blind test in powder type samples

Mixed ratio(%) Measured ratio(%)
no.
P ginseng  Clanceolata P grandflorum Plobata Clanceolata  P.grandflorum Plobata

5.09 341 +

b ° i i 263" 117 ND”
2 90 5 5 B 1((3),2; 9 é)g; \D
R )
oo s m e T Y o
6 5) - 5 B 7.5%; 5 Sg; \D
7 80 - 10 10 152.5.9199 + liiggi 9 gg;
R T
oo 00 S Uy
oo 0 om0 le s

Y Mean + Standard deviation (n=3) ? Not detected
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Table 35. Results of blind test in extract type samples

no.

Mixed ratio(%)

Measured ratio(%)

P ginseng  Clanceolata  Pgrandflorum Plobata Clanceolata  Pgrandflorum Plobata
481 * 3.60 * 2
1 95 5 - - H ND
0.29 0.08
13.02 = 841 +
2 90 5 5 - ND
0.64 0.38
15.7 + 9.96 + 207
3 70 5 5 20
1.84 0.99 0.28
434 + 262 * 315 *
4 50 15 15 30
2.62 0.63 1.16
452 +
5 95 - - 5 ND ND
0.64
761 £ 485 *
6 95 - 5 - ND
0.31 0.22
155 + 942 + 863 *
7 80 - 10 10
2.09 0.95 0.19
39.3 £ 233 % 9.85 +
8 50 40 - 10
441 1.58 0.08
252 + 151 + 10.32 =
9 70 10 10 10
3.02 1.21 0.16
394 * 234 * 8.89 *
10 60 10 20 10
1.14 0.31 0.12

Y Mean + Standard deviation (n=3)
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9. AEQE A4 2 AL B4 27

AMAIEE AT dY, BeA], FY AXRAR,
dEo 2 g93t lobetyolin®} ononing ¢ FAHFAE o] &t A4 2L AG=FEA ]
9 sle] z}zteol A|EES methanol® F%3}3l diode array detector(PDA T+ DAD)
7} Z#E HPLCEZ =439t HPLC ¥4 A3} lobetyolin®] peak”} &¢l€ 29 ¢

Y r= @Az £ 3489 2™, ononin® peak ¥ UV spectrumeo] 7
=

mg/kg® FAHUT T F HFRS A4A AEAA e

Qiao 5 A2 (2007)8 HY(C lanceolata)s ZFF3 BA 4 2499 A g

Mz

A3kl lobetyoling 0.794 mg/g, 0180 mg/g Ao ZeA(P. grandiflorum):
hubeioll Al 943k lobetyoline] 0.070 mg/g EAES HistAtt Eebx ] Aigtol
Aol A Aol Axel HSzgk FEelAn = FolA g 4270 vha
152 2243 23} lobetyolin® HiF TS 7646 mg/kgl = E A3Axnel 79
FAFEF T L @) o = lobetyole 3.94 mg/kg 0.2 32l ¥ A THKim et al, 2014).

>~
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Table 36. Quantitative results of lobetyolin and ononin in extracts of P. ginseng,

C. lanceolata, P. grandiflorum and P. lobata (unit : mg/kg)
Sample No. Lobetyolin Ononin
P. ginseng 10 NDV ND
C. lanceolata 6 76.3 + 1.95” ND
P. grandiflorum 6 65.8 £ 3.71 ND
P. lobata 7 ND 422 + 12.0

Y Not detected 2 Mean * Standard deviation(n=3)
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F. ginseng decoction

2.5+

] J\.,v_n_“_m_,_\_,_\_,._,_\_/lr‘lur\.\_,—:—'—"—\—\_
0.0 T T T T
- gmAUx10) 100 15.0 20.0 25.0

1 C. lancealara decoction
2.5

_\w
0.0 T T -

T T
10.0 15.0 20.0 25.0

50 mAlLx10)
P. grandifTorum decoction

P. lalata decoction

Fig. 24. HPLC chromatograms of red ginseng, C lanceolatam P. grandiflorum and

P. lobata of commercial products
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Table 37. The contents of marker compounds(mg/kg) in commercial products of P.

ginseng, C. lanceolata, P. grandiflorum and P. [obata by HPLC

Sample Type Composition No. Lobetyolin Ononin
100% ginseng 22 NDV ND
P. ginseng Extract
% of other plants 9 ND ND
100% ginseng 15 ND ND
Beverage
% of other plants 5 ND ND
Capsules/tablets 10 ND ND
C. lanceolata Extract 10096 C. lanceolata 1 39.1 + 1.08” ND
Beverage C lanceolata, water 4 545 £ 1.36 ND
P. grandiflorum Extract 1009 P. grandiflorum 6 265 = 16.1 ND
Beverage P.grandiflorum, water 4 145 + 6.08 ND
P. lobata Beverage P. lobata, water 5 ND 746 £ 24.2

Y Not detected 2 Mean * Standard deviation (n=3)
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