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ABSTRACT

Determination of Ligularia fischeri in mixture of Caltha palustris
processed foods by HPLC and LC-MS/MS

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

Graduate School of Chosun University

Recently, as the quality of life improves due to the increase of national income.
So, natural foods consumption are increasing for example organic foods. In
particular, plants are harvested from the mountains or agricultural lands have been
recognized as representatives of healthy food, and the number of plants directly
harvesting is increasing. As a result, there are increasing in food poisoning cases
due to the inadequate consumption of inedible plants against of edible plants.

The samples are suspected of being mixed due to its similar appearance of edible
plant. Caltha. palustris is a toxic plant that can cause blisters, stomach pain, and
sediment when it is eaten directly or any mixture of processed food. So, these two
sample discrimination method establishment is very needed to prevent food
poisoning.

In this study, a screening test was first conducted to search for indicator
compounds between C. palustris(edible plant) and L. fischeri(inedible plant), and it
was extracted using soxhlet method, whereas the solvent is used as priority basis.
As a result, the methanol was selected as the final solvent. For HPLC analysis,

two peaks were identified only in C. palustris. These two unknown peaks were

,V,
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selected as indicator components and their retention times were 13.52 min and 18.16
min, respectively.

Also, in order to establish an efficient analysis method, reflux extraction, hot
water extraction and ultrasonic extraction were tried with different times, such as
30 minutes, 60 minutes and 120 minutes, and finally, reflux extraction 120 minutes
was selected as the optimal extraction condition.

The unknown peaks found in HPLC were analyzed by LC-MS/MS and it is
confirmed the compound of magnoflorine and tsapine. So, it was compared with the
standard of both compounds and selected as the indicator compound.

Finally, magnoflorine and taspine have been identified an indicator compound of
C. palustris. It will be possible to discriminate indicator compounds through optimal
analysis methods when it are mixed in agricultural products distribution or
processed food. In addition, it will be possible to minimize the damage caused by
ingestion of plants, and L .fischeri will be improved as a reliable food in the

modern food table.

,VI,

Collection @ chosun



A1 A £

dbH AEFS AdAsteE e AnAe 8 de T 7]EAS Aot e
AEHE F=ASNA Ao AdAAE R AIAA ol FFl oal], AR
FHete] g yegterRy ol&o] weEely] wEel $2 wHe AL =
HAAZ o] &¥Att(Hwang, 1991). HZole= w43 =W &5 2 A{FE S71

ek Ul ®OFEed 2E ARAAAEIN AFREAFE S gg #ilo]
FoAIHA %S SIg AT E o] ol FolA, vet Ve de 7 Au=e] Al
T Z7HeA H At (Nam et al., 2017).

kA AR Ao A At AE F A4S Jhed AS A gelstar,
Feluel Atofoll A AEow o]fd F Ue A
7EA1&F 7S o] =2 ARl ¢F 909 Folth(Yeon et al, 2012; An, 2009).

o1
AAe AQH AT gWHeE vl FAuou, Azdr ARAFoR

A oF 480FolH, AFgH R

it
rlo
:

AAo] vy HA A5 AFHoz FAsta 9Jom(Yi & Goh, 2011), 4 % (2019)l
ojat wWrjAasditEe] Aitdo] FEs] FAgHl weEl AHAR S, A=
Akl e ket FAE Heola vk 20189 & W ASSdMES] AL
29,4484 o2 2014 F AJLEAAQl 27,8009 el Hlgte] 59%9] AHES BIoH,
D7 A5 JAE &3t AuEe] A9 2018 A4k 47329 Ao
KAkl 36859 el Hlste] 284%9 #=& 4FES EATHTable 1).
=9 450 wobdel wel, Av=a ejgdo] FAR H2E e]lste] AH F
F2AgS dodle HTE ezt WdeA doju=d, 53] ol vyl d Ao
=

ofb= Al7lel= AE27texak Eo] deva FHKFMA, 2008).
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Table 1. Production of short-term income forest products and wild vegetables for

the past five years

Unit : 100 million won, (%)

2014 2015 2016 2017 2018

Short-term income

27,800 28,704 27,664 29,136 29,448
forestry products

Wild vegetables 3,685 3,832 4,060 4119 4732

Reference : Korea Forest Service(2018 Production of Rorest Products)
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qFsrold AEAAN Aol A5EA Er Al AP vARA e
BAH o BUHE %4y 2 A4 A8 APEH (Ko, 2008),

U
So AES o 8Tt A4S wek 4FS B g 9Y =

dota 455 9 A B 4roz At AWS AFHem gdr oy
AAE AFEe BB AdgoR wAstel YAHAY FHE FAELL
HASEA  wadE  Agmem  Fx  BA AhjEd @ Az
o E 4 o] W (KFMA, 2008), AH b2 = 2918 & gl Sxt FoubE, AE, o=,
sEshel 9 dee] 5o ITHKEMA, 2008). © % ol i slba BAwol

HUE T st F3H(Ligularia fischeri)= =3t3o)] £3t= AUyE2 Ef9 uty)
o] Holut e HdFYH EAYY FE T, 48, 31 % g} A Exsta
Row, F2 Ak FAY H &3 2R A A sk vdA 2EAECY 54w
Fole 1-2 m Aol <AL FHow H7] %o Fdol JUTHKNA, 2014).

AAE Al WEstar AR A FURGS, A8 ofFRES A

=4
AR 4ol & "EEo] WA dxAs A HYeon et al., 2012).

EJt B ¥t (Chang et al, 2008).

TH= JUsty oz H71AI vitamin A, B, C, B-carotene % niacine 15
sH-8tal k. 1 ¥ potassium 778 mg/100g, calcium 241 mg/100g, iron 30.926
mg/100g, 44 056 mg/100g, B-carotene 4,681 wg/100g, vitamin A 780 RE/100g
2 A wdA|Ql tannin 3.3 ppm/glE 7S A AEFEAEZA FE71X7F =1 (Cho

& Kim, 2005, Chang, Kim & Oh, 2008). o}u]i=Ate] & &3 3562 mg/l00gl =

,3,
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alanine, glutamin acid, glycine 2 aspartic acid®} Z<2 Fv| @@ oju| Ao B
H) &S AA| 5k a2, isoleucine, leucine, lysine, phenylalanine, threonine % valine=
ol et T A HFiEs FA4% JtH(Ahn et al, 2011; Woo, Shin & Hong,
2017, EF FA FE w3k, Y, BY Ak oA L GFA 5o ¥l 9

7157 Ak ook el /83 Ao AAXH(Bae et al, 2009; Choi, 2019),
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dubgt FolA % ATH(Park et al, 2004). Rt M@ Fu Fom EATe
Aol 15~ 20 cm AEolth A% WA A gow o], FHE 2 gloA
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Table 2. Classification of L. fischeri and C. palustris

Edible plant Not edible plant
L. fischeri C. palustris
Raw
Picture
Dry
Order Asterales Ranunculales
Family Asteraceae Ranunculaceae
Genus Ligularia Caltha
Species fischeri palustris
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Y. A3As € 4717

B ARgI FHSE 182 MQ FFEoRE EAEF 4 X Millipore Co.,
Massachusetts, USA)oll 2] A
Pittsburgh, USA)E T3t A&s9th
acetate, hexane 2 methanol 59 & "+ Fisher Scientific AFollA] HPLC grade <<
o7 Ffste] AREetd o, Ve AlES A8 SEAIE et AREskath

HPLC #4<& ¢33 ZFE2 =, magnoflorine % taspine(Sigma-aldrich, Darmstadt,

HPLC grade®] water(Fisher scientific,

(i,
ofN
Sl
e
v

S fall A A3 acetonitrile, ethyl

NBE AZAN77] 98 545 AZ7](GN-012, HanilGNCO, Jangsung, Korea)S
o] g3ttt ANFEAY AHA 2L EgE DADDiode array detector, SPD-M20A,
Shimadzu, Kyoto, Japan)S %3 HPLC(20-A HPLC system, Shimadzu, Kyoto,

oft

Japan)E o] &3, AR 4 % ¥ UPLC(Nexera X2, Shimadzu, Kyoto,
Japan), ESI(Electrospray ionisation) % time-of-flight(TOF) coupled Ion trap(IT)<S %

TAEo] 9l UPLC-ESI-TOF/MS(Shimadzu, Kyoto, Japan)& A}-&3}$1t}.
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2. HPLCEZ o] &3 X34 E &4

7h AE8d zA

+3 B FoUES] HPLC 415 flste] #dstd A= 5 g& ZH7 thimble filter
of @i soxhlet FXZ ©]8&3t] n-hexane, ethyl acetate 2 methanol <o 2 A
Lo wet F2Lu 100 mLE £34 FEL g9t FE28 gL paper filter(No.
41, Whatman, Kent, UK)&2 o] 33}%1 32, 100 mL mass flaskell B&3F 2™, 045 um
membrane filter(Nylon, Whatman, Kent, UK)E o] &3] o3} & HZ o FZHE&m=

HAer] 9% AGElo gt

B

AxEd GANe 98] FAZ wgl x4 o2 A Z3 hexane, ethyl acetate 2
methanol 5% %<& Ab83e] HPLC #4& W3t

7171 Shimadzu AHKyoto, Japan)®] communication bus module(CBM-20A),
degassing unit(DGU-20Asr), 2tH2] pump(LC-20AD), autosampler(SIL-20A), column
oven(CTO-20A) % diode array detector(SPD-M20A)7} A A2 ¥ HPLC A ~ElS ALE
3o, screening FA1A] column 2% 40CE, £5<S 1.0 mL/min, A&3E &
190 ~ 800 nm, TP HF2 10 pLo2 A3 33T

Methanol % ethyl acetate %> column oven®l 5Cis-PAQ column(4.6 mm LD.
x 250 mm L., 5 um, Cosmosil, Kyoto, Japan)& #*ale] o] &3¢t oo z:=
0.1% trifluoroacetic acid(TFA) in water(A&m), 0.1% trifuloroacetic aicd(TFA) in
acetonitrile(B-8&-1})& A}-&3stdon, BEuE 7|2 = 00 ~ 0523 10%=2 A 8FaL
0.5 7 20.027F 50%, 20.0 T 20.127HA] BR%E FSAI AT 5% HEZ 5EZF FA A
7131 25.0 7 251274 10% Hl&= AAS 10 FAAA the £4S 95k

AL
o
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71715 A 32 Z S (Table 3).

BE9] hexane FEE& 4 A A columne o] &3A 1wt H A oA v A

(o3

A el 5C-PAQ column(4.6 mm LD. x 250 mm L., 5 ym, Cosmosil, Kyoto, Japan)
© 2 distilled waterS AF&31A @i Z7o|A o] &3 TE Hexane FEES EA43)
71 &, o] s4o 2 HPLC grade®] ethanol® acetonitrile(1:4, v/v) &
H (isocratic mode) 2.2 #2435} tH(Table 4).

2E A% do]E+= Shimadzu LC solution version 1.25 SP4(Shimadzu, Kyoto,

Japan)E F&ate] B4 AnE 47 2 fAeqd.

,10,
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Table 3. HPLC instrument conditions of methanol and ethyl acetate extraction

HPLC Prominence LC-20A (Shimadzu, Kyoto, Japan)
Detector Diode array detector (DAD, Shimadzu, Kyoto, Japan)
Column 95Cis~PAQ column
(46 mm ILD. x 250 mm L., 5 ym, Cosmosil, Kyoto, Japan)
Column Temp. 40 C
Flow rate 1.0 mL/min
Wave length 190 ~ 800 nm
Injection volume 10 uL
Mobhile phase (A) 0.1% TFA in Water, (B) 0.1% TFA in Acetonitrile
Time (min) B (%)
0.0 7 05 10
05 7 20.0 50
Gradient profile 20.0 7 20.1 95
20.1 7 25.0 95
25.0 7 25.1 10
25.1 7 35.0 STOP
~11 -
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Table 4. HPLC instrument conditions of hexane extraction

HPLC Prominence LC-20A (Shimadzu, Kyoto,Japan)
Detector Diode array detector (DAD, Shimadzu, Kyoto,Japan)
Column 5Cis~PAQ column

(46 mm ILD. x 250 mm L., 5 ym, Cosmosil, Kyoto, Japan)
Column Temp. 40 C
Flow rate 1.0 mL/min
Wave length 190 ~ 800 nm
Injection volume 10.0 pL
Mobile phase Ethanol, Acetonitrile (1:4, v/v)
Runing time 35 min

,12,

Collection @ chosun



HAA o FEEE AAS Y] fsle] AR 25 g3 methanol 2 ethanolS 50 mLA
2AI7F ok 80C FxHdo R 3F FE(reflux extraction)S 3tk 3% NS paper
filter(No. 41, Whatman, Kent, UK)Z &334 100 mL mass flaskel] AB-&3t o,
0.45 pm membrane filter(Nylon, Whatman, Kent, UK)Z T}A] o]} 35to] A|gdgHog
AF-&-3F3i

#HAe] F= WS AYstry] 98 99 F=(hot-water extraction), &3 FF

(ultrasonic extraction) % 37 FZE(reflux extraction)® UWFow 308, 608 2

=S Ayt FEH BeE FEFNL 747 paper filter(No. 41, Whatman, Kent,
4 45 pm membrane filter(Nylon, Whatman, Kent,

0
UK)& of3tsto] HF A8 om AEaith

,13,
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Rol7 AP Eolow AHAY BHL g5ke] H 4] HPLC

= 2
A Z2A4S #8389t HPLC(LC-20A, Shimadzu, Kyoto, Japan)$ DAD7F &2t 7]

&

M

719 5C15-PAQ column(4.6 mm ID. x 250 mm L., 5 ym, Cosmosil, Kyoto, Japan)<
AAdste] ATt Gradient S ©]-&3ko] water(A& )¢t acetonitrile(B-8-v)
< ol NeE ARSI, BEUWE VIEo®E 0 7 1027F 20% A ¥, 10 T 2087k
Al 32%9 BlER S7HAH AL, 20 T 30&7HA 50%, 30 T 35E7HAl 90% = S5t
3B T AR = vs EA4 S SE bR EE B o R 20%E FAAAHH. Column =

T+ 40C, 745< 1.0 mL/min, ¥ 10 pL 2 AE342 190 ~ 800 nme] =71

om ¥HE FaF

,14,
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4. LC-MS/MSE °] &% ARAHEL 54

LC-MS/MS #42 autosampler, degasser, automatic column 2 oven module® =
T2 % UPLC(Nexera X2, Shimadzu, Kyoto, Japan)®} ESI-TOF/MS(LCMS-IT-TOF,
Shimadzu, Kyoto, Japan)E o]&3& % on, HPLC ¥4S Tl AEARE FHH+=
peakE TASAT. # 77 A SFFES o3 HdHE e ) ARs SH4st
7] Wl e ol2dt B e =we F7] 98 I3 Ate] Thaixl ol st o
2 0.1% trifluoroacetic acid in water(A-&m)e 0.1% trifluoroacetic acid in
acetonitrile(B& )< A}g3tH Tl B3 columneE+E capcell core Cig (2.1 mm id. x
150 mm L., 2.7 um, Shiseido, Tokyo, Japan)= AF&3t3om A& 5 uyLs FY3H
column oven &=+ 40T, o4 %2 02 mL/min¢l 27 3dlo|A A4S Ak
71€7] $8 ZZ (gradient elution mode)e BEWE 7|02 HAASAL, 00 ~ 05
7HA] 10% = BE&wlE 87392 05 7 2002 7H] 8% = FEAIA T 200 ~ 21.0%
7HA BEWE 95% 2 & § 4383 columne AlHE 98] FAEFow, o Al
55 98 column® <t E 251FFH BEWE 10%E w43 &4 521

AT MS/MS 4 2702 15 L/mine £5& Ny, 7[AS ST Fo] Al5E BF
Q.

)

A 71 t}& ESl(electro-spray ionization, positive mode)® ©]-23} A|Z 2w CDLY

L 200C, ZA® A9k 45 kVE FAtHTable 5).
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Table 5 . LC-MS/MS instrument conditions

UPLC

Detector

Column

Column Temp.
Flow rate
Wave length
Injection volume

Mobile phase

Nexera X2 (Shimadzu, Kyoto, Japan)

Diode array detector (DAD, Shimadzu, Kyoto, Japan)

Capcell core Cig

(2.1 mm id. x 150 mm L., 2.7 um, Shiseido, Tokyo, Japan)
40 C
0.2 mL/min
190 © 800 nm
5 uL

(A) 0.19% TFA in Water, (B) 0.1% TFA in Acetonitrile

Gradient profile

Time (min) B (%)
00 7 05 10
05 7 20.0 85
200 7 21.0 95
21.0 7 25.0 95
250 7 251 10
25.1 7 30.0 STOP

Mass analyzer

Tonization

Mass range

CDL Temp.

Nebulizing gas flow

Time-of-Flight (TOF) coupled Ion trap (IT),
(LCMS-IT-TOF, Shimadzu, Japan)
ESI (45 kV, Positive mode)
100 ~ 1,000 m/z
(Loop time 0.8 sec / event time > 300 msec, repeat

3, ion accumulation 10 msec)
200 C
N, 1.5 L/min

Collection @ chosun
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3) A& @A (LOD)

LS|

A Alsel EAs=

M

of detection, LOD)&}aL &3&}H,

oZi

fr

=

7
A= 3t

A

b
A

103] wHE
afol] 108] &

==z
[¢) AL
® A

A

Z 3T
<

4) AU A (Precision) ¥

55

(relative standard deviation,

Collection @ chosun

RSD%) =

2 AFEA(LOQ)

Z3HA (Limit of quantitation, LOQ)&} L
A5 AlAtste] 3381E St

Aol 71&7|2 Yol A

,18,
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Y. #73 A3 (Blind test)

methanol® 2A17F &b 80T =ZAstelA SFF=(reflux extract) 3+ F WY 7Z}sto]
paper filter(No. 41, Whatman, Kent, UK)& o] 33t t}& 25 mL HyZgl~=0] A&
3t 0.45 pym membrane filter(Nylon, Whatman, Kent, UK)& ] 33t o]} ol S
T AEE ARSI

HPLC #41& HA 24 zxoz A8t om, RT9 UV spectrum® 93] o

£ §3 AFAS ol &kl EdHES Atste] 2aE wlasgit

1

,19,
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6. AE=Z29 A4 R AT WH

B ABAE F BAUR] £Y oF (AL A ARBAY P4 WL A3

f

’

HPLC HZA Z7Ho% TIUE NEAHAEY 589 chromatogram peak

9] RT ¥ UV spectrum® xS elsti.
&

T3 FUE AFAHE FFENE BAo fo|3 ¥ 2 ZA 3 v}e, HPLC ¥4
< B3l ¥ chromatogram’de] peak =©] E+ areags ©|83sto] A 2

e
i)
s
>
_] {4
r o
PrL
3R
£y
m
oft
°x
jae
Ho
Ll
SE
2
T
rr
ot
X
ol
s
i
Ho
=
S
R
2
L
o

=L 2~
= 1

| Zgfazo] Yo, 2417 e 80C F7 sloll A $HFF=E(reflux extraction)dF 3

paper filter(No. 41, Whatman, Kent, UK)& o] 33}t of 48 re 1o Zo}E

_l‘—— ®

o] o5 AgsA setstaa AEEHS Ao, V7= @ SE S 71(B-480,
Buchi, Flawil, Switzerland)E ©]-&3}3lth. ©]% 10 mL #3 Zghx=d] AFEshaL
0.45 um membrane filter(Nylon, Whatman, Kent, UK)Z Ao ste] F AP & Ao
2 ol&stity w3 JheAFE EUHYS 8 ATAeR FHd 24 =249 w4

A sk
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A3 234 L uF

1. HPLCE o] £3F X gA % A

ethyl acetate ¥ methanolZ T4 F%& 3 ¢ HPLC #4& &3 A xdE &4
of 744 A gvlE Ak 2P o2E HPLCE o83 190 ~ 800 nm W=
AAste] full-screenings &AL, A3 F 203, 230, 245 E 280 nme] FHFS A

Bl 3lo] chromatogram®} spectrum= H]) il &4 8} o}

Hx

24 gud HPLC 29 23, n-hexane 3 ethyl acetate FE&°l4+= 203 nm

o 7} B peak’t FAHYA G ZH 9} HlaE e EoJEo| M Eo|Ao] Q=

peak A A &kl Methanol F&E9 49, n-hexane¥} ethyl acetate FE =&
of Hlal th9] peako] E1F S, o]F methanol FEES TAHLE AT S

G L, T UEAN AT 81 = unknown peakE #7183 tH(Fig 1-3).

,21,
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5,0 AUGI00

259

L. fischeri

0.0
. . T T : . .
5.0 7.5 10.0 125 15.0 17.5 20.0 min
(A) 5 gMALIX100 (B)
C. palustris
254

0.0+
5.0 75 10.0 125 15.0 175 20.0 min
5 gMAUX100)
L. fischeri
257
0.0+
(C) 50 75 10.0 125 15.0 175 20.0 min (D)
S_Gr*lAUf)ﬂ ag
C. palustris
251
0.0
5.0 75 10.0 125 15.0 17.5 20.0 min

Fig 1. Chromatogram comparison result according to wave length of n—hexane extraction

Collection @ chosun

(A) : 203 nm, (B) : 230 nm, (C) : 245 nm, (D) : 280 nm
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5 Gr*lAUf)ﬂ g
L. fischeri
251
0.0+
5.0 75 10.0 125 15.0 17.5 20.0 min
5 0MAL100)
C. palustris
257
0.04
5.0 75 10.0 125 15.0 17.5 20.0 min
5_Ur*l.x\\Uf)ﬂ g
L. fischeri
251
0.04
50 75 10.0 125 5.0 175 20.0 min
Sﬁr'v\ufx‘lnn
C. palustris
254
0.04
5.0 75 10.0 125 15.0 17.5 20.0 min



5_Ur*l.x\\Uf)ﬂ g 5_Ur*l.x\\Uf)ﬂ g
L. fischeri L. fischeri
251 251
0.0+ ] 0.04
(A) 50 75 10.0 125 5.0 175 20.0 min (B) 50 75 10.0 125 5.0 175 20.0 min
Sﬁr'v\ufx‘lnn Snrqa\umnn
C. palustris C. palustris
254 251
0.04 0.04
5.0 75 10.0 125 15.0 17.5 20.0 min 5.0 75 10.0 125 15.0 17.5 20.0 min
5_Ur*l.x\\Uf)ﬂ g 5_Ur*l.x\\Uf)ﬂ g
L. fischeri L. fischeri
251 251
0.04 0.0
(C) 50 75 10.0 125 5.0 175 20.0 min (D) 50 75 10.0 125 5.0 175 20.0 min
Sﬁr'v\ufx‘lnn Snrqa\umnn
C. palustris C. palustris
254 251
0_0——LA A U_D_gﬂ_LW,
5.0 75 10.0 125 15.0 17.5 20.0 min 5.0 75 10.0 125 15.0 17.5 20.0 min

Fig 2. Chromatogram comparison result according to wave length of ethyl acetate extraction

(A) : 203 nm, (B) : 230 nm, (C) : 245 nm, (D) : 280 nm
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5_Ur*l.x\\Uf)ﬂ g
L. fischeri
251
0.0+
(A) 50 75 10.0 125 5.0 175 20.0 min
Sﬁr'v\ufx‘lnn
C. palustris
254
0.04
5.0 75 10.0 125 15.0 17.5 20.0 min
5 Gr*lAUf)ﬂ g
L. fischeri
251
0.0+
(C) 5.0 75 10.0 125 15.0 17.5 20.0 min
5 0MAL100)
C. palustris
257
0.04
5.0 75 10.0 125 15.0 17.5 20.0 min

Fig 3. Chromatogram comparison result according to wave length of mathanol extraction
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(B)

(D)

5 Gr*lAUf)ﬂ g
L. fischeri
25
0.0
5.0 75 10.0 125 15.0 17.5 20.0 min
5 0MAL100)
C. palustris
ES_WM
0.0

5.0 7.5 20.0 min
5 Gr*l.*\\Uf)ﬂ g
L. fischeri
25
0.0+
5.0 75 10.0 125 15.0 175 20.0 min
5 0MAUX100)
C. palustris

2.5

D_D_J_A/\_A_/\_A_AMAM_AA_JLMJIL\@_LA}'\_A_AL—#_.,_

5.0

(A) : 203 nm, (B) : 230 nm, (C) : 245 nm, (D) : 280 nm
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MAU(100) Peak 1 (RT 13.52) Peak 2 (RT 18.16) - Feaic] s e

z0] . _ "
L fischeri -,
1 .
251 s
4 5T
o] : : : : : : : WA 5 K L_ i
(A) 50 75 100 125 |80 175 200 min - - b e T T
5 oMAUGx100) oy T -
C. palustris x i
=
E
257 L ) A (
I|
B , =
i i =
00 I|."13. A
50 75 100 125 50 175 200 min = 5 = = R SRR S
Peak 1 (RT 1352) Peak2 (RT 18.16) Peak 1 Peak 2
¢ (TAUI00) : - -
L fischeri
. ]
251 '= s
.' ik
5
0o _'\._ ] v & BE-B
(B) 50 75 100 125 150 75 200 mn e - - - -
£ AUEE100) L
. :‘. i
C. palustris |k E
1
257 =] | -
Lt |I.| =
1 1A -
DD_MMMJ%_ 1 V' ; - U'hL_;
50 75 400 125 B0 175 200 min S e e M T -

Fig 4. HPLC result of chromatogram and spectrum of the expected indicator in

methanol extraction

(A) : 245 nm, (B) : 270 nm
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2. HPLCE o] &3 AFAHE 3 EXY 4F

7b. HPLCE °] 8% TduE9 #dY &4

AEQ FUEe] EYHA=AE Rl Ao B
2, HPLC screening testE ©|&3F 4 A= nigow

T3tk Columne 94 A& <l 5Ci5-PAQ column(4.6 mm LD. x 250 mm L
m, Cosmosil, Kyoto, Japan)& A}-&3te] E4& o, 7]&
Hodks o, & &AWl 7Hd HAstd EA et
UL AxEHA= AA¥ RT 1352%F % 1816%9 HAd &5 342 717} 270 nm
2 245 nmA 2, F peak®] EEAN IHEES EAS W, LS 270 nme 2
A7t AtH(Table 6).

Screening 235 53] FEE WS methanol2 AA3IN o HHo FE5HS g
3l7] e =48l methanol @ ethanol?] FEHES o=z AdS =
FEE&E A 4 A3, FouE methanol FFE°] peak 1 area @t
345645, peak 29| area < 57304340 % A HQ O ethanol FE=9 peak 1
area #r< 149576, peak 29 area 7S 3,280,928¢ A= vtebUigith A= v wE}
A2 ), ethanol® .t} methanole] Aty o2 w& F&F &S Ye YUY Wi &
JupEo vk EA)3H= unknown peakE-S A4157] 93 HAH Y F& &vlE methanol
= AR sEAHTable 7).

F= %W MY 5&S Eol7] A FF A S g2A HAAste] FuE
o &-fr=o] A+E unknown peakEel FEELES vt HA FEEAES AA S

Atk WA FE A 0%, 60 9 1080w 2AL AL, FF YPent
o

e
g
T
Q
w
(@}
=)
o
l¢)
at
=
Q
o)
=
(@}
=
SE
rieh
B
o
e

&% (hot-water extraction), &3 3
Atk

WA 98 F3Z(hot-water extraction)®] 7-%-, magnoflorine 2 taspine $F %2 30

(reflux extraction)® o] F=3}

,2’7,
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60 H 1204 =oA] Z+ZF peak 19] area #k-2 228,101, 277,517 % 730,994 = 1}

o peak 29| area w2 77 597,918, 731,967 ¥ 697,994 = YEIGTE 2T
FZ(ultrasonic extraction)®] 4%, FF A ZxolA ZH7Zb peak 12> 121,466,
151,294 % 20793822 YElSEO ™ peak 2% 256,468, 713,967 % 19977702 <l
Ak mAlwro g 3tF F3(reflux extraction)®] F& A 7HE peak 19 area #H
223,390, 247,424 2 677,057, peak 2¢] area @k 933,057, 726,603 % 4,396,028 = 1}

Bl 989352 6082714 area #hol S7FSHY peak 22] 24I13F FEF3 W] WSR-S

,28,
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Table 6. HPLC instrument conditions for analysis of indicators in samples

HPLC Prominence LC-20A (Shimadzu, Kyoto, Japan)
Detector Diode array detector (DAD, Shimadzu, Kyoto, Japan)
Column 5Cis~PAQ column
(46 mm ILD. x 250 mm L., 5 ym, Cosmosil, Kyoto, Japan)

Column Temp. 40 C
Flow rate 1.0 mL/min
Wave length 270 nm
Injection vol. 10 ul
Mobile phase (A) Water (B) Acetonitrile

Time (min) B (%)

0.0 7 05 10

05 7 20.0 50
Gradient profile 20.0 7 20.1 95

20.1 7 25.0 95

250 7 25.1 10

25.1 7 35.0 STOP

~ 99 -

Collection @ chosun



Table 7. Analysis results of unknown peaks by the solvent conditions

Unit : area

Condition Peak 1 (13.52 min)

Peak 2 (18.16 min)

Methanol extract

Ethanol extract

345,645

149,576

5,730,434

3,280,928

Table 8. Analysis results of unknown peaks by the extraction conditions

Unit : area

Condition Peak 1 (1352 min)  Peak 2 (18.16 min)
30 min 223,390 933,057
Reflux extraction 60 min 247 424 726,603
120 min 677,057 4,396,028
30 min 228,101 597,918
Hot-water extraction 60 min 277517 731,967
120 min 730,994 697,994
30 min 121,466 256,468
Ultrasonic extraction 60 min 151,294 713,967
120 min 207,938 199,777

Collection @ chosun
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3. AEAE 54 H FHE AF LC-MS/MS &4 2%

7F. LC-MS/MSE o] &% AFZAE € 7+ &

B Ao 4= HPLCS ion trap(IT) mass analyzer 2 time of flight(TOF) mass
analyzer’t &#¢ LC-ESI-IT-TOF/MSE AR&alA Soll4 F33% RT 13528 %
RT 18.16%¢] unknown peaks FA 3ttt

Unknown peakE & A37] §18] LC-MS/MS £4& Psil o %o FA
& 7Ieoz Ayt 71712002 column Aol f#Fe] o] 2y Egton
webs] HPLC #HE715 o83 Axel RTe Ael7b Atk UV spectrum®] A}
2o wz}, RT 135289 unknown peake RT 7.02%°l, RT 1816%¢] unknown
peak 9.95+ o Al & = A TH(Fig 5).

A3

HJ

AR o7 FZ% unknown peak & WA RT 7.02%9 3g&o thal [M] o]

I:Ll

AF(m/2)S 342169, CypHpNHy &2 BHQl¥9la, RT 9.95%< &f&Ed e
IM+H]" #(m/Z)& 370.129, CyH;gNOgo. 2 ==t 2 ZAxlo] s Accurate
Mass Calculator(Shimadzu, Kyoto, Japan) ¥ Formula Predictor(ver. 1.2) T2 13 &

E3] mass spectrume 31418313, RT 7.02% 9 unknown peaki= magnoflorine, RT

9.95% 9] unknown peaki taspined Ho =2 o3 tHFig 6, Table 9).

o] ZopEo AFAHAEOZ o =5 magnoflorine 2 taspined XFE2AS
Aste] S AAES T

,31,
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Peak 1 (RT 7.02)

Peak 2 (RT 9.95)
Peak 2 (RT 9.95
3_GmAfo1UU} eak? ( ) mAU1OF mAU1 00
E 151 1.5
20 108 1o
(A) 10_5 i - 'Jé—b\
; ao = 0.0
M 20 0 m m 0
0.0 25 5.0 75 10.0 12.5 15.0 175 min
mAU100) .
307 C palustris | ' AU 00 mAU1 D00
1 . palustris | 7 ol
204 .
(B) ] ' z 2
" MML_AN “ & E -
1 g o=
] 00 0.0
00_‘_4 T T T T T T T T T — T T T T T

0o 25 50 75 100 125 150 175 mn @ % 0m m@m

Fig 5. L. fischeri and C. palustris chromatogram with UPLC detector
(A) L. fischeri chromatogram and spectrum

(B) C. palustris chromatogram and spectrum
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2 pMmAUX1,000)
-~ DA Ch (245} = 100
1.5
(A) 1.0
0.5
0-0_- T T T T T T T T T
5.0 8.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0
& 210, D000 ()
ST
(B) EI&WV\J\M
o f‘\\___
50 "'If) 'l'ID 5‘3 :ID 5:' { ] 2! ] 3‘;3 4‘ ]
Wls\men.mnnnnnnn\, BlU\men_Dﬂﬂﬂﬂﬂﬂﬂﬂ‘,
370,126
1.0 342,189 2.0
(C) 0.8 1.0 325,05
56,180 i
0.0+ T ‘ T ! 0.0+ T ‘ T
2850 500 780 mz 2850 500 780
peak 1 (RT 7.02) peak 2 (RT 9.95)

Fig 6. LC-MS/MS analysis result of C. palustris

(A) UPLC chromatogram,
(B) LC-MS/MS total ion chromatogram in scan mode,
(C) MS/MS spectrum
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Table 9. Identification of peak of C. palustris methanol extraction

uv
R.T. (min) ) ESI(+)-TOF-MS Predicted candidate
Sample Detection

HPLC LCMS  Amaxl m/z  Adduct Ion Mass(da) Formula  Compound

. 13.52 7.02 270 342.169 M1 342.41 CyoH,NH," Magnoflorine
C. palustris

MeOH extract ‘ .
18.16 9.9 245 370.126 [M+H] 369.12 CooH190NOg Taspine

,34,
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ARALE &4

N

LC-MS/MS €]

=il
=

HPLC

sto] LC-MS/MS

o
=45 T4

22|
B

oF

—~
fie)

‘mo

magnoflorine 2 taspined] & 33S =

Aol UV spectrum, RT @ &

=3
0

i
fie)

=]
4]

=

E{_}__

2

o] mix standard®

hSS

oF =43 RT 7.02%, RT 9.95% ol 1o+

7}
o

=

N
sl

o)
Ho

,_MH

I
i

342.169 % 370.128%=

FiohH(Fig 7-8, Table

KeX
T
]

A ZFgk(m/z)

o]%

ki3

1

=3

geolE 3, UV spectrum

10).

—~
file)

taspine o =

=il
=

AF =25 magnoflorine

w2} A],

FSA Tt
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Magnoflorine Taspine

3 c”"L\DU,@(\"éE?)@m - UUMagnoﬂorine Taspine Eniu 100, AL 000
: nmjx 1. 5
STD 10
(A) 2.0 1.0 . 2
0.5
] 0.5 ]
1.0 l n = E 9%
) J 0.0 0.0
UD T T T T T T T T T T T
00 25 50 75 100 125 15.0 175 min 200 300 nm 200 300 m
3 DmeUAXSEE}zm . MAUGA00) ’ MAUI00)
(@7onmyxT. L fischeri | :
(B) 2.0 1.0
1.0 o 0.5 o
&
0.0
Uﬂ? T T T T T T T T T T T
00 25 50 75 10.0 125 15.0 175 min 200 200 nm 200 00 nm
3 OmAU(xﬂ]U} rBublion) mAUG 000)
~PDACHT (270nm)x 1.00 c .1 E
. palustris 1o
© 7 IR ol
1.0 -~ 2 I
0.0 I} 0.0 0.0
L= P A e I A e R T T T T
00 25 50 75 10.0 125 15.0 175 min 200 300 nm 200 300 m

Fig 7. UPLC chromatogram of sample and standards(magnoflorine, taspine)
(A) Standard chromatogram and spectrum
(B) L. fischeri chromatogram and spectrum

(C) C. palustris chromatogram and spectrum
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(A)

(B)

(C)

. ) Magnoflorine Taspine
3 pAN00) Magnofiorine _ Taspine rduBhon mAUGd 000)
~POATKT Z70nm] x 1.00 1.5
STD 104
204 1.9 7
& 059 8 o 05
1.0 n q 5} ﬁ 08
l ) Jl. 0.4
0 == T | DL R LR B T T T T T
00 25 50 7h 100 125 15.0 175 min 200 300 nm
3 DmAU(xﬂ]U} mAUGd 00)
~PDACHT (270nm) x 1.00 .
C. palustris 1
2.0 g
0.5
1.0 2 2 mg
0.4
00— T T T T T L | T T T T T T
00 25 50 7h 100 125 15.0 175 min 200 300 nm 200 300 nm
1 5inten.(110.000.000) 2 plptenx10.000.000)
3ro01ze
10 342,169 20
0.5 10 325 0
0.0+ T T T 1 0.0+ — T — T — T ™
250 00 750 miz 250 00 750 miz
1 slnten (10.000.000; 3 ginten 10.000.000)
370128
1.0 342189 20
0z 12 228 08
28,180 |
0.0+ T U — T — T ™ 0.0+ T T T 1
250 00 750 miz 250 00 750 miz
Magnoflorine Taspine

Fig 8. LC-MS/MS chromatogram of magnoflorine and taspine

(A) Standard chromatogram (B) Sample chromatogram (C) MS/MS spectrum
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Table 10. LC-MS/MS analysis of magnoflorine and taspine standard

Standard R.T. (min) Amaxl1 m/z Adduct Ion
Magnoflorine 7.02 270 342.169 (M]"
Taspine 9.95 245 370.126 [M+H]"
_CHj CH,
(e} N
HO CH,
OH
/O
HsC e
N+
N, CH3
HsC CHs
Magnoflorine Taspine

Fig 9. Structure of magnoflorine and taspine

,38,
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A A (selectivity)e] A2 sgyE XxAHdFEo=Z AAHE magnoflorine 2

taspine®] WHFE A7k 1352 2 1816% o2 E 3gEe S WA g
REaEon, A FARe UV spectrum?t A X3S &2l th. Magnoflorine2] Z oj
oS 270 nm, taspine® Ho FFud nml.Z YElgon T 3 EY
SAEAS A Hd S92 270 nm= A A sk

2744 (linearity)< €213t 7] 9138 magnoflorine 2 taspine®] Z+EZ 4914 mix
standardE A &3t ZFz-e] 10, 25, 50, 100, 250 ¥ 500 mg/ke, 1, 2.5, 5, 10, 25 %
50 mg/kg® F&7F HxEE MI & A+ HFAHES AU F AR BT AE
ARAS B Ao AAAFR)E 4A2H, magnoflorined 0.9952, taspines
09954 o] om % A4S HEtl At (Fig 10).
Magnoflorine % taspine?] #Z3IA(LOD) ¥ AHHZFIA(LOQ+E HW FTFu3el
270 nmol A &3+ 2™, magnoflorine?] LOD+= 1.07 mg/kg, LOQ+= 3.55 mg/kgo]
A 3L, taspine® LODE 0.07 mg/kg, LOQ+= 0.22 mg/kg o2 &2l it}

AW A (precision)< ¥ A9 HH B z@poR 33 WHE A3l FUI Fhol

0.83%, taspine< 0.55%= At A7 (accuracy)S ZoEHC] HE5A &
% ¥ % &3t 3

10

a1, 71 A3 magnoflorinee 98.1%, taspined 95.7% % 4Wh=3dh kel 7S
Atk 2 Ao Hgd FAYHA g fFad HASS f1ske A A (selectivity),

zlzd/\

_l.4

(linearity), #Z A (limit of detection, LOD), A #3FA (limit of quantification,
Hdom RE ZAi= AOACE

NE wESE e dor], B AT AN At BouEe £y @

O

LOQ), B A (precision) ¥ A A (accuracy)S £A3

—r—‘
),
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Table 11. Validation result of analysis method for discriminating C. palustris.

LODV LOQ? R Accuracy RSD?
(mg/kg) (mg/kg) (%) (%)
Magnoflorine 1.07 3.55 0.9952 98.1 0.83
Taspine 0.07 0.22 0.9954 95.7 0.55
U LOD : Limit of quantification
2 1.0Q : Limit of quantification
» RSD : Relative standard deviation
Magnoflorine Taspine
(Area) (Area)
500000 3000000
450000 -
a0 - 2500000 -
350000 St
300000 - y = 53956x - 18764
250000 - y=914.71x- 969.37 1500000 1 R*=09954
360000 R®=09952
150000 - 1000000 -
100000
500000
50000 -
0 T T T y (ppm) 0 4 ; ; ; : (ppm)
0f 00; 200 300 400: 500i 60O 0 0 20 30 4 S50 60

Fig 10. Standard curve of magnoflorine and taspine
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Y. 973 2433 (Blind test) 23

taspine< 245 nmolA area & EleAth. EE A A= magnoflorine %
taspine®] chromatogram® RT$ UV spectrum< Bl 2 eSS =3 A9 Ase
& =99oH, RT 13522 ¥ 1816%° &<2l% = peak area #to2 TYHEH (%) A
Fe Aitstel A=t th(Fig 11).

4 Ay W31 AlgE £ 10749 23 AHE+E magnoflorine true value + 1.62,
taspine2 true value + 2392 &2 HTh 104 5 C, H ¥ J AlREE 0%&E & o]
Fom A AR FAS magnoflorine 10.6%, taspine= NDZ U EGEo ™ 2 A
#He 6%Rez Z+7 37% 2 6%9 exrh #dEd. B Az Az
magnoflorines 11.8%, taspine2 13.3% 2% YEFFoy AAZE 10%= 27 1.8%,
3.3%¢ 927} gelx gt DY Al 29 magnoflorined 19.29%, taspines 21.3%¢ 2
H7b vpEbskan, AAGe 20% 2 ZH7E 0.8%, 1.3%<9 oA FglEdoen E Az
magnoflorines 31.1%, taspines 28.3%<2] A¥7l yvgow AAFHLS 30%=E 1.1%,
1.79%9] 227} selx et F A 859 A3 S 2 magnoflorined 8.2%, taspines ND
o] Ayt vgtow A AIGe 5%E 3.2%, 5% x7F vERyTE GH A 59
Z=A2k0 2 magnoflorined 13.0%, taspined 13.6%= 2AA 7kl 12%0°l H]&] 1.0%,
1.6%9] 2x7F yeiytow, wmixwo g [ A89 ZAHZFOE magnoflorines 8.7%,
taspine> NDZ A A & 5% = 3.7% % 5%= 215 th(Table 12).

PYHAAAS Foto] FoluEe] TAoF dofe E EAMeR 10% o H7tE A

$ e Aow FAHon, ofE Fal Aud wEEe AHNES

>
ﬂl
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Magnoflorine Taspine

(Area) (Area)
1200000 6,000,000 -
1000000 5,000,000
800000 - 4,000,000
600000 y = 10227x+ 86538 3,000,000 - i
R?=0.9981 y = 48121x+93147
R?=0.9941
400000 2,000,000 -
200000 1,000,000
1
0+ . : i . . . (ppm) 0+ - : . (ppm)
0 20 40 60 80 100 120 0 20 40 60 80 100 120

Fig 11. Linearity of blind sample by development method

Table 12. Results of blind test involving C. palustris in L. fischeri

True value | Magnoflorine Error Taspine value Error
(%) value (%) (%)

A 6 114 -4.6 ND" -6
B 10 12.7 -1.8 13.3 3.3
C 0 ND 0 ND 0
D 20 19.9 0.8 21.3 1.3
E 30 316 -1.1 28.3 -1.7
F 5 9.1 -3.2 0 -5
G 12 13.8 -1 13.6 1.6
H 0 ND 0 ND 0
I 5 95 -3.7 ND -5
J 0 ND 0 ND 0

D'ND : Not detected
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5. AlxAES B8 R ¥ 4 23

EoutE o] A FE Al magnoflorine ¥ taspine®] AA @ AHFRAS Q&) FHA
FEHY BEAHS o]ttt A4S 3ol magnoflorine ¥ taspine?] ¥ +E 29
chromatogram RT®} x| oF-F E<lstg e, UV spectrume &3l Hlust3th
Magnoflorine®] RT¥ 1352% 02 ey om ) taspined RTE 1816202 vrehyict

(Fig 12).

AeS 98] magnoflorine @ taspine?] standardES Z+z} 10, 25, 50, 100, 250 % 500
mg/kg, 1, 25, 5, 10, 25 ¥ 50 mg/kge] §E==2 XA S v, HPLC #41& S3] 4
o] 2 chromatogram”’}¢] peak ¥°] T+ areas o] &3to] HoEA ZAo A&ttt
A7 EHow o FFEH AFEHS AAstA e, 2479 methanol FE=S
33 WHE AT &9 vled A k2 magnoflorine®] 75, 0%, 5%, 10%,
15%, 20%, 50%, 70% 2 100%°1A] Zt7z} 0.00 + 0.00, 207.39 + 1.35, 254.18 + 4.81,
27147 + 178, 325.42 + 1.23, 671.84 = 353, 86851 + 2.53 ¥ 120277 = 4.70 mg/kg>
2 e th Taspine®] 749, 5% olst= AEHA %o, 10%, 15%, 20%, 50%,
70% 2 100%° A4 Z+7F 1559 + 0.30, 1751 + 0.48, 20.86 = 1.85, 40.64 + 3.29, 62.99
+ 281 % 9392 + 1.17 mg/kgo & &2l th magnoflorine® taspine & 7 249

R*= Zh7F 09952 2 0.9954 ©] $ith.(Table 13).

ins
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Magnoflorine and

taspine Standard

100% L. fischeri

5% C. palustris
95% L. fischeri

10% C. palustris
90% L. fischeri

15% C. palustris
85% L. fischeri

{“/Collection @ chosun
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taspine Standard
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70% C. palustris
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100% C. palustris

Fig 12. Chromatogram mixing ratio of L. fischeri and
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Table 13. Quantitative result of sample ratio by mixing

Unit : mg/kg
Mixing ratio Magnoflorine Taspine
100% L. fischeri NDV ND
5% C. palustris / 95% L. fischeri 207.39 + 1.35” ND
10% C. palustris / 90% L. fischeri 254.18 £ 4.81 1559 £ 0.30
15% C. palustris / 85% L. fischeri 271.47 £ 1.78 1751 + 048
20% C. palustris / 80% L. fischeri 32542 £ 1.23 20.86 = 1.85
50% C. palustris / 50% L. fischeri 671.84 £ 3.53 40.64 + 3.29
70% C. palustris / 30% L. fischeri 868.51 + 2.53 62.99 + 2.81
100% C. palustris 1202.77 £ 4.70 93.92 = 1.17

U'ND : Not Detected ? Value are mean * standard deviation(n=3)
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Table 14. Magnoflorine and taspine content in L. fischeri processed food

Unit : mg/kg
Products No. Magnoflorine contents Taspine contents
L. fischert products 30 NDV ND

D'ND : Not detected

5 oTAUK100)
1 STD
207
(A) ]
104
ol ) -
I T T = n i
0.0 25 5.0 75 10.0 125 15.0 75 mn ° y m
5,pRAULA00) ~ RT13.52 N RT 18.16
(B) 4
? = m [\' T "
e
4D
k1
5T
(C) .
T
: : : : : . : = e .

5.0 75 10.0 125 15.0 175 200 min

Fig 13. Chromatogram and spectrum for confirming the presence of L. fischeri in
processed foods

(A) Standard chromatogram and spectrum

(B),(C) L. fischeri processed foods chromatogram and spectrum
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A E=EHZ hexane, ethyl acetate @ methanol A= FEEL A %3}
Atk HPLC +4& &3l 59 YE2 methanol FE=°14 270 nmol A =4

RT 1352% 9] unknown peaks &<213}% 3L, 245 nmolA =4 HE%+ RT 18.16%
9] t+& unknown peakE 1A o FAEAS fE Hd S IFFe= 270 nm
= AAFFAY. o]F Z= 2719 unknown peakE A FAEOE

HE Fdet7] A8l F=80, Wy 2 AE dEste #A4S At 1 A

W, HFAHoR HA FEEWE methanol, HA FEEHES IF FE(reflux

th LC-MS/MSol M= #4271 2 b2 column? o]go2 9F3te] RTE #ols H
Fom, UV spectrum® sdodFo wel RT 13529 unknown peak RT 7.02+°l
vebgom [M]' o] & A ZzH(m/z)S 342.169, RT 18.16%¢] unknown peak-& 9.95%9])
A BFow  [M+H] o] AZFgh(m/z)2> 370.1290.=2 =t MS/MS library
search 23, RT 7.028 o] &<l%l unknown peake magnoflorine, RT 9.95% o &)
&hi= peak taspinel.2 AT FAHE Ao LA AN HAAe s, A%

wo 2 F4¥ = magnoflorine ¥ taspine®] XFEAS F9ste] Al
=
geor w8 FiuEe 9oy dagel g AHEE gHET] §A

a4 A=S AgYstH o1 magnoflorine 2 taspinedl] w3k 2o AxE (0.9952
0

9954, AZIALOD)S A7 =2 1.07 mg/keg ZE 0.07 mg/kg, B ZF3A(LOQ)Y 2
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2= 355 mg/kg 022 mg/kg, BEALS 083% 2 055%°0|H, mpA T o2 G
2 98.1% % 9B.7%o =2 gl Y EAe g A= EF AOACOA AlA

3k 7)o ety on, Frdom WA BHAE(blind test)E WAL A BE

¢

Ao ArE AFwHdorn 23¥ AI} magnoflorine true value = 1.62
taspine2 true value + 2.3

T FEHL A= w3 7FEAE 30

%]
o
hl
gt
[-‘O
Ll
32

A

Al
.
FA F AEBLS FAT 5 gon, 4559 Ao=RY dAFe FA%Y

=
HAFAHor 2 A A, 875 AES FH AEEV AES FoUyEe &=
Ao AHS s FoUEe A FAE2 magnoflorine 2 taspines HH A #A

717191 HPLCE &l 4% & v s /Mgt o5 &l vdd 47

HANE BgH EA WEo] 5T oM, BhE FAAE B I S EATE
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