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ABSTRACT

Analysis of Inorganic Elements and Indicator compound

form Abeliophyllum distichum Nakai leaves

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

Graduate School of Chosun University

Abeliophyllum distichum Nakai(A. distichum Nakai) is the only native plant in
South Korea. It mainly protects the body from chemical or physical stimulate. This
study was conducted on A. distichum Nakai and their macro, trace and toxic
element concentration, total polyphenol compound, total flavonoid, flavonoid and
indicator compound were determined by modern instrument techniques, such as
ICP-OES, ICP-MS, UV-spctroptometer and HPLC.

First part, the powder sample of A. distichum Nakai was digested by microwave
combustion system and macro elements(Ca, Fe K, Mg, Na, P, S and Zn) were
analyzed by Inductively coupled plasma-optical emission spectrometry(ICP-OES)
and trace and toxic elements(Li, Be, V, Cr, Co, Mn, Ni, Cu, Ga, Se, Rb, Ag, Cs,
Ba, Pb, As and Cd) were determined by Inductively coupled plasma-mass
spectrometer(ICP-MS). The following analysis methods have been validated by the
analyzed reference material(NIST-1570a) for sensitivity, linearity, precision and
spikings to achieve satisfactory results in all cases. Among the macro elements, the
Ca(551.45+5599 mg/kg) and K(348.17+4.384 mg/kg) were the highest amount
compare to other determined macro elements. In addition, among the trace elements,
Mn(164.37+6.507 pg/kg) and Ba(11.50+0.203 upg/kg) were the highest. The levels of
toxic elements, including Pb, As and Cd were counted very low amount compare to

recommended WHO guideline and therefore did not found to pose any threat to

_V_
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consumers.

Second part, the total polyphenol compound and flavonoid analysis of A.
distichum Nakai using UV-spctrophotometer showed 74.192 mg GAE/g in 50%
ethanol solvent, and the total flavonoid content was the hight 57.280 mg RE/g in
100% ethanol. In addition, high performance liquid chromatography(HPLC) were
used for the quantification of flavonoid and indictor compounds. Different polar
solvent(methanol and ethanol) and extraction procedure(soxhlet, reflux, and
ultrasonication) were applied to select the highest amount of major phenol and
flavonoid compounds in Abeliophyllum distichum Nakai. Whereas, 50% ethanol with
reflux extraction was showed the highest amount of rutin hydrate(11.511+1.143
mg/g) and quercetin-3-glucoside(2.939+0.244 mg/g) in Abeliophyllum distichum
Nakai. In the analysis of the Abeliophyllum distichum Nakai indicator compound,
the ultrasonication extract using 50% ethanol, was confirmed to be 407.02 mg/100
mL. In conclusion, this study has the potential to be utilized in the food industry
by identifying the physicochemical components using the extract of Abeliophyllum
distichum Nakai.
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Table 1. Biological classification of A. distichum Nakai

Scientific name

Abeliophyllum distichum Nakai

General name
Order
Family
Genus

Species

Shape

White forsythia

Lamiales

Oleaceae
Abeliophyllum

Distichum
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A 2F As R LH

Al1dAFAE L 7]7]

AR e FEAER ARSSIY HAYdS Skl T vAdus <l

ol FdY HS FTHIFIEZR FA ¥ EVE AASE  FAEAZR7I(GN-012
HanilGNCO. Co. Ltd., Jangsun, Korea)E ©]&3}o] 40C ZHAANA FE3ZF 15%

U7t HEE Azdgich B ARE A8 sl prES wdd F

Abgatlom, A Alge] Bk -20T olatellA ®Watith

2. A 2 A=

Hoodgo| A ALE3 Z=F/F4E HPLC grade® water(Fisher scientific, USA)$}
Mili-Q ultra pure water purification system(Millipore Co., Massachusetts, USA)el
oal 182 MQ FEoz AA" SF5TE AH&shsith

g Frida 9 vg Frjda B4S 93 #5892 100 me/kg
Multi-Element Calibration Standard(Perkin Elmer Co., CT, USA)S A}&3l3ith A&
3] Al AF&3F &= HNOs(Dong Woo Fine Chem Co., Iksan, Korea)?} H>O.(Dong
Woo Fine Chem Co., Iksan, Korea)E& ©]&3F3th. ICP-OES¢} ICP-MS 24 A
AFE3 Ar gastE 1l <£5(99.9998%)= A}-&3F3 )

H] S| U] f-71 A B A8 913 A8 3% A n-hexane, ethyl acetate, methanol, ethanol
2 acetonitrile 52 F7] €wl+= =5 HPLC grade(Fisher scientific, New Hampshire,

USA)E Fufste] &40 Ab&38}d T} B3k 2N Folin-Ciocalteu’s phenol reagent, sodium
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carbonate, diethylene glycol, sodium hydroxide, dimethyl sulfoxide(DMSO) trifluoroacetic
acid % phosphoric acids AF&% 7|E} A9k Sigma-Aldrch AF] 48 SFA] kS
ol g3yt EAlo Ag3 FFEEHEE gallic acid, rutin, rutin  hydrate,
quercetin-3-glucoside % verbascoside(Sigma-Aldrich, Darmstadt, Germany)S -7 5} ¢
AREE T B4 Al AFE3F FE = filter paper(No.2 Whatman, International Ltd.,

England)®} PDVF syringe filter(0.45 pm , Whatman, International Ltd., England)&
AL-8-3F 5 T

F718E A4S $918te] Microwave(Top wave, Analytik Jena, AG., Uberlingen,
Germany)% A& E #3813 $ ICP-OES(Optima 5300DV, Perkin Elmer Co., CT, USA)%}
ICP-MS(Elan DRC II, Perkin Elmer Co., CT, USA)E ©|&3lo] A8t} v] 32
FAE BAS 93k 7]7] 2+ shaking incubator(HB-201SF, Hanbaek Scientifi CO.,
Hwaseong, Korea), centrifuge(Combi R515, Hanil Science CO., LTD, Daejeon, Korea),
water bath(HB-205WM, Hanbaek Scientifi CO,, Hwaseong, Korea),
UV -spctrophotometer(Bio—Rad, Hercules, CA, USA) ¥ HPLC-PAD(LC-20A HPLC

system, Shimadzu, Kyoto, Japan)& A}-&3}%
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T4 BAS A% Als dAY wHes A2 Fe Wy F24 28 Wil
Rom, B AFaAE A4 Fa WHET TR E4do] A, dA e 4Es
Aoja = Aol 8% H&7l 7Fs3 top wave microwave system= ©]-83F 52

=]

FAE ol &t Frl=S 7HE &alls] ffste]l wAstd vAduy o £ 0.5g
S teflon vesselo]l o] 7 mL 70% HNOs(purity 70%, Dong Woo Fin Chem Co.,
Korea)?t 1 mL 30% IH.Os(purity 30%, Dong Woo Fin Chem Co. Korea)E
A7Fsk k. Top wave microwave system ZZ o] 2% Aoz 5E Fob
TCE 2% s & Lt 50C2 225 9T 168 &¢F 190C= 2%
FeAA 200 T A THNho, 2018). HE Fall=e] Fel 200 gol HEF 50
mL centrifuge tubedl AE3F= F ICP-OES % ICP-MS<9

o]-&s 3 th(Fig 1).

Hgaow

S

=5
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Dry sample 05 g

70% HNOj3; 7 mL
+ 30% H>0; 3 mL

Teflon vessel

Digestion

Digestion step
1. 5 min 80T
2. 5 min 50T
3. 15 min 190C
4. 20 min 190C

Make up 20 g

Analysis by ICP-OES, ICP-MS

Fig 1. Flow chart of microwave digestion process.
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Al

g
Inductively coupled plasma-mass
gEs 24

AT
Abg3lo] P #ye] gxg &
g vhFAL
RF generator
AAHFA o, Ar gastE 9 nebulizer 0.94 L/min, auxiliary 1.5L/min, plasma 16
Li, Be, V, Cr, Mn, Ni, Co, Cu, Ga, Se, Rb, Ag, Cs,
DRC modell &

L RAAE BHE AE T
FAAE BAS 98 Az 24 A
spectrometry(Elan DRC 1II, Perkin Elmer Co., CT, USA),
Inductively coupled plasma-optical emission spectrometry(Optima 8300, Perkin Elmer
Co., CT, USA)E o]&3te EA3AT. Ar gasEs o838t F=2@dZet=vts
darst g g st sto] o7 | A v EHA o] duAE EFAA L2
S48 A7l B e Az =5 FAsE dYE o835 tH(Nho, 2018).
Al 5% HNOs;E& o]&3ste] 1023 M3 ¥ daily performanceE
¢l 5 A xaskith
= Ca Fe, K, Mg, Na, P, S ¥ 7Zn & 8&%&
2712 MHz, Rf power 14kWZ=
A 7IAIZEE 30minel ™, o] % AHAIZE Hgh 30ming

ICP-OESE
BA AT TR

13 ALE3 ICP-MS+
40 MHz, Rf power 14 kWo 2 AA3 T Ar gaste
coolant 17 L® Z#]F% . Torch®+ demountableZ

L/min® Z#F%t. 4
T At
ICP-MSE o] &3 mddie
Ba, Ph, As ¥ Cd & 17&S B43%
o] 83992, RF generatorte
auxiliary 2.0,
platinum-s A}F-8-3FA tH(Table 2).

nebulizer 1.05,
AL83F3 2™ interface cone<
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Table 2. ICP-OES and ICP-MS operating condition and measurement parameters

for analysis of elements

Descriptions Conditions
ICP-OES(Optima 5300DV, Perkin elmer, Norwalk, USA)
RF generator (MHz) 27.12
Rf power (kW) 14
Nebulizer Seaspray
Spray chamber Cyclonic
Argon gas flow (L/min)

Nebulizer 0.94

Auxiliary 15

Plasma 16
Read delay (sec) 30
Rinse (sec) 30
ICP-MS(Elan DRC mode II, Perkin elmer, Norwalk, USA)
RF generator (MHz) 40
Rf power (kW) 14
Argon gas flow (L/min)

Nebulizer 1.05

Auxiliary 2.0

Coolant 17
Dwell time (ms) 6.0
Sample uptake flow (mL/min) 1.0
Reaction gas Ar
Spray chamber Cychronic type
Torch Demountable
Interface cone Platinum

- ']0 -
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TR EAS 95k 100 mg/kg Multi-Element Calibration Standard(Perkin
Elmer Co., CT, USA)<& 245% HNOz= 3]Alste] Ao AbEetaith. vk 24
A] 100 mg/kg multi stock solutiong 3]243}e] 025 0.5, 0.75, 1.0, 1.5, 2.5, 3.5, 4.5,
55 mg/kgl® A|xsFoH, wHEFLsr FHES 98] 100 mg/kg multi stock
solutione 0.25, 05 1, 2, 5 10, 25 pg/keg *% Azt A=A ZA Y

1)

(rgdoz ALE3A tH(Hong et al., 2017).

TR 384 AF5S st HESA(Limit of Detection, LOD), "4 #F g (Limit
of Quantitation, LOQ), & (Accuracy) Z]3 AEA(Precision)S 2 A3}t

A Fo EAsks 24 U] EAE 49T F de HALEEE HEdAGn

NS 73] o] FAHe whE FAste] WMolA(RSD %)E AHESAT
F7}2  NIST(National institute of standards and technology)® = 5-E
< ¥ & A (Certificated reference material, CRM)?! Spinach leaves(NIST-1570a)&
Tttt dsET=EAS Abgste] B Ao &
A

B ogte S vastel #4049 Fusty

ZHow REAL S
o},

Jﬂ

_']']_
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A 3 A HITAH AHAE A
1. v XA YF9 flavonoid ¥4

7}. UV-spctrophotometerZ ©] &3l flavonoid ¥4

Azxd vAYE 9 1.0 g2 10 mL 50%, 100% methanol, ethanolE #7}3F 3
shaking incubator® ©|&3te] 150 rpmolAl 24 Azt For FEaE  FACh
Centrifuge(Combi R515, Hanil Science CO., LTD, Daejeon, Korea)S ©]-&3}o] 3,500
rpmoll A 158 o ®EEstd e, olF HFF NS PDVF syringe filter(0.45 pm
Whatman, International Ltd., England)® o3 % F Zg¥s % 2 %

Eetnwols 3 B9 ARgAon Aga

n AU F Z8d s 3-8 Folins-Ciocalteu 'y S o] &3Fo] =4} th(Singleton
& Rossi, 1965). A& F&E&E 10 mLe 50 mL 02 N Folin-Ciocalteu’s
reagent(Sigma-Aldrich Co., Ltd.,, St. Louis, M, USA)ZS #7}3te] &3 & 5
AAFAGE. o] 4 mL 75% NaCOsE FH7bste] bAoA 60% &t AA +
UV-spctrophotometer(Bio-Rad, Hercules, CA, USA)S AFg3}e] 750 nmoll A SH ==
SAsAth T Zeds FFS 7] fleke] gallic acidE AHE Sl eH 0, 6.25, 125,
25, 50, 100 ng/mLe] s%=9o xFAFTAS st F E8ds T ALS mg

gallic acid equivalent(GAE)/g= YEHH S

B Eok Uk

W

o

_']2_
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3) & EgdH o= T
Aol F ZEtR wol= $ake DavisH S o] 83t A3 tH(Chane et al.,
2002). "]AYFe FEE 1.0 mLe 2.0 mL diethylene glycolE H7}sle] &3 3

20uL 1IN NaOHZ Y i water bathollA 604 E<F WS AJAFAC. A7l &HS

FAEE SAHSAY. F PR o= g2 ruting AFESLY] 0, 6.25, 125, 25, 50,
100 pg/mLe  Fxo TP HIA FAste] mg  rutin equivalent(RE)/gZ

LERA AT

_']3_
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Y. HPLCE o] &3 flavonoid 4]

=g AR Al oA FE A

"

u Ayl flavonoid AR EAME 9%
m-hexane, methanol &, 3+7FF= Al 50%, 100% methanol, ethanol % waters
m

AbgEg o2&y FEFo| = methanol, ethanol 2 waterZS ©]-& 343t}

FE=< AR 150 g@ &r 100 mL& AR&Ste] FEsii g7 FE2 BT 2
FellA A= 1560 g F=8v 100 mLE o]&3ty FEFsdon, 25d5F52
AxAE 1.0 g3 25 mLe &vlE AR&eto] A2 2ExzolA Aldsiit
FENe % Whatman No.2 filter paperE o] &3] oJ¥3sdom, 045 pm PVDF
syringe filter= A} o ettt o] F of3d &AL EAAF LN o2 AHESATH

3) Flavonoid A& EF£9Y A=z

ul Aol flavonoid A% #91S 913}e] rutin hydrate, quercetin-3-glucoside?]

=5

FE54S 27 1000 meg/ked ZEgAoR wE E methanol® 3] A e] 200

mg/kg®] mixture standardE #| %31t} Mixture standard® 200 mg/kgS 05, 1, 2,

_']4_
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5 10, 20, 40, 60, 80 % 100 mg/kg= A F ZFL&EAES Axste] A

g ekt

4) Flavonoid & #4< 4

ol

24717 24

nAugRe] AR ol 93k HPLC-PDA ®Ax7S St 24 oia

Ao 2= rutin hydrate % quercetin-3-glucoside® AA3FA 2 A= 330, 370

nm=zZ A4k 71&7] &8 2=z A &) 0.1% trifluoroacetic acid’} &%

water, B &Wl& acetonitriles AF&3FTE 2583 B &l 20%=2 E#Fal o]%

40%2 AsAA 187 54 F 100%2 FsAA 62 59 54 AAFAG. g
7

A=) O o
2Hg 9

ofs
il
2

w7 20% 2oz 717] AHE FAS T tH(Table 4).

_']5_
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Table 3. HPLC condition for flavonoid analysis

Descriptions

Conditions

HPLC(LC-20A, Shimadzu, Kyoto, Japan)

Detector

Wave length (nm)
Column

Oven temp.(TC)
Injection vol.(uL)
Flow rate (mL/min)

Mobile phase

PDA (Shimadzu, Kyoto, Japan)

330, 370
Capcell pak Cig MGII
(4.6x 250 mm, bum, Shiseido, Japan)
40

20
0.7

(A) 0.1% trifluoroacetic acid in water, (B) Acetonitrile

Time (min) B conc. (%)
0.0 20
25.0 40
Gradient elution

26.0 100
32.0 100
33.0 20
- ']6 -
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2. VAR AEAE £

7}. HPLCE o] £ 3 screening &4
1) €8 screening 4 9% Alg&d AR

R R8RS A7l 9@ soxhlet FAlol HAsE AE 50 gt

mL n-hexane, ethyl acetate, methanol =22 75TCoA 8A|7F &9t F=3FA
FZ 8 NS Whatman No.2 filter paper® ¥ % 100 mL mass flaskol] A &3+ F,
PDVF syringe filter(0.45 um , Whatman, International Ltd., England)® A o3}
stol uAe HA ZRutEIaHI(LC-20A HPLC system, Shimadzu, Kyoto,

Japan)i-A o A3ttt

2) HPLC screeningS 913 #4717 =4

HPLC-PDAE o] &3to] FAEW FE5E5E2 n-hexane, ethyl acetate ¥ methanol<
2a3g9dS sk =4 &2 nhexane FEE2 w48 938 &4 7 (normal-
phase)¢! silica column(4.6x 250 mm, 5 um, Shiseido, Japan)< AF-&3lslom, <A &uj<l
methanol F&&3 ethyl acetate FE=E2 I Z 9 (reverse phase)?l Cig
MG I column(4.6x 250 mm, 5 pm, Shiseido, Japan)< AF&3}] gradient elution 7 o] A
239t B4 column oven 2%+ 40C = AASA 1,

Fom A FEES 10 pbEs FYsidnh olsd A &vi= water, B &=
& B pump= 10760% %2 =&
Fom 60.1765.07HA 100% = A AT & 531 A4 slFAh o] F thA]l 10%

22 10 mlL/mnlE &2

_']7_
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Table 4. HPLC condition for screening analysis of ethyl acetate and methanol

extracts

Descriptions

Conditions

HPLC(LC-20A, Shimadzu, Kyoto, Japan)

Detector

Wave length (nm)
Column

Oven temp.(C)
Injection vol.(uL)
Flow rate (mL/min)

Mobile phase

PDA (Photo diode array, Shimadzu, Kyoto, Japan)

1907800
Capcell pak Cis MGII

(4.6% 250 mm, 5um, Shiseido, Japan)
40
10
1.0
(A) water, (B) Acetonitrile

Time (min) B conc. (%)
0.0 10
57.0 60
Gradient elution

60.1 100
65.0 100
65.1 10
- ']8 -
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. HPLCE ©| 8% AN EAE 24

1) #2847 A& A AF &4 A=

AxED BHS 9a A8 FEE&de £34 FEF Ade Ay
3ol A3 hexane, ethyl acetate & methanolZ ©]&3l o, SFFEF A

methanol, ethanol % water, 253 F& Al 212} 50%, 100% ¥]&°] methanol¥}

ethanol& A}-& 3} th

2) FEWyd B &1 A=

Y FE, FF FE, 299 FEYHES S FEF &S v on,
SAEY 2 AR FEF Z8&S A5ty Hste AxAIE 150 g¥ n-hexane,

ethyl acetate ¥ methanol 100 mLE A}&3lo FE3AY. SFFE52 o234 F=
A= npgo g Alg 150 gol 727z 100 mL methanol, ethanol ¥ waterE ©| &

=3 F= vl A AxAR 10 gt FEE&W 25 mLE o] &3

4

=& AlFsdvh
>

=
+=9 60C 2= =AM & Hl&d F&s Flstuzr sdoen EE

o

[¢]

ol 2 whatman No.2 filter paper®} 0.45 pm syringe filter2 o3 & HPLC-PDA
< 9k &Aooz ALESAT

e
i

M
i

3) AL EEEY A=

A
solutiond< Az ¥+ 10, 20, 50, 100, 200 mg/kg= &] A &}

Fkl

A BA4E 9%t verbascoside®] XTEZAS 10000 mg/kgel  stock

o H =
T&AE B

=<1

_']9_
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4) ABAQE 4L AT 2X77 =3

aAuEe] AREd 248 9 HPLC 717l 2de AuAdie= HAe
verbascoside®] #H W& 3420 330 nmoll A AT Gradient & =
Sl 0.1% HsPO7F &% wateret B 8wl acetonitriles AF8-3F3TH B
10% €38 ZHoz BAS AFsted 78 & B%=E 8% ¢ FA AATE F
23 HEH 60%E FsAA F the 258 5E 100% 20 F2 5% FF S8 Fa 2@

10%2 Al kA 3FA1 7 5=t (Table 5).

_20_
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Table 5. HPLC condition for indicator compound analysis

Descriptions Conditions
HPLC(LC-20A, Shimadzu, Kyoto, Japan)
Detector PDA (Photo diode array, Shimadzu, Kyoto, Japan)
Wave length (nm) 330
Column Capcell pak Cig MG
(4.6x 250 mm, bum, Shiseido, Japan)
Oven temp.(C) 40
Injection vol.(uL) 10
Flow rate (mL/min) 1.0
Mobile phase (A) 0.1% Phosphoric acid in water, (B) Acetonitrile
Time (min) B conc. (%)

0.0 10

7.0 25
Gradient elution 100 >

23.0 60

25.0 100

30.0 100

32.0 10

-1 -
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3. 24 +84 HF

7}. 2 A (Linearity)

AAAES TrEsE7] 93}e] verbascoside EFE A o]83}e] standard curveE
2k 3FA T}, Verbascoside= 10, 20, 50, 100 2 200 mg/kgl. & AZx & Z+7} 33| dhE
o ARgts A=ttt Y peak areaitS AlAMsle] standard curveZ

fom, 2289 ¥ go] Azg =AW ol 3= Helaty

Ao
o2l
ol
ol

A

»
oL
ol
e
e

Y. E o] A (Selectivity)

AU F=EE9  verbascosideA 2] RT(retention time)¢} UV  spectrum®]

EEEAS AAFEAE FaAstg

o AEdA1O0D) 2 A ZFEA(LOQ)

HZ¢A(Limit of Detection)= Al&e] EAsts A8tz st oy E2&
sloldl = Qe i FEE day, HA HEE 73 ol wE BA & sy
FrAke] 33 E Tl 7|27IE HWrolE Aot

A3 =(Limit of Quanitation)y ®A4&1x 3l hAEAS AFS F Je=
HAAFEE oty BhE 24 F A 108 §F 717 = Yol Blolth

_22_
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2. U A (Precision) ¥ A &4 (Accuracy)
444 (Precision)2 ®HE =43 kel JdxsH A (relative standard deviation,
RSD%)Z &%

Flgty] flste] mEER N HUMHS Abgstdl o, dA e

ox
s
oX,
>
(@)
(@)
o
=
Q
(@)
S
filo
ok
-
O/

§ 4% v EFHel A ABAe] FuH wEd $ES EFES W/
%

B oAoa f3e HHe A 27 o2 HPLC-PDAE o|&3te] E431% e

.

il

e
A AR HEE A} UV spectrum® dxE el 3 & AT}
=

SigmaAloll Al Fujst xF2FH S o] 8319 stock solution &HS A

=]
=
g4 to] ARG8El W, peak area® 2 HFHE ol &stol AEE s

_23_
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Nlo
T

o4
oF

4 0.02970.068 ng/g, "l#HEA 0.02270.153

2]

o

o
_ae
!
o
ali
il
N

nH

%)

~

% Pt

4 0.08870.225 pg/g, " HFHEA 0.06770.463 pg/g=

L

4

e

e
R

A& FolA 0.022 ng/g, 0.067 ng/g= Cu

pud

SHAl A 0.029 pg/g, 0.088 ng/go

tha
ek
) o

’

A B
o o

A

1
A

)
pal

B

23}

ug/g°l

0.9920

o

<0

=<
Th

32X

0
o

7
Fy)!

om, 1 F Cu Gu % Seo] 0.9990 °]

i
v

oW
1o

|
¢

1o
)

B
fite)
o A
P+

0.575.0%

o

o
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Table 6. Method validation parameters of inorganic elements using ICP-OES and

ICP-MS
Corr. Coeff

Element " LOD LOQ” v’
Macro elements (ng/g)

Ca 0.9982 0.039 0.117 2.094

Fe 0.9954 0.047 0.143 0.825

K 0.9927 0.048 0.146 1.305

Mg 0.9969 0.034 0.102 1.270

Na 0.9988 0.029 0.089 0.563

P 0.9972 0.029 0.088 0.702

S 0.9936 0.068 0.225 1.012

Zn 0.9928 0.047 0.142 0.903
Trace elements (ng/g)

Li 0.9975 0.083 0.252 2.022

Be 0.9988 0.058 0.177 1.944

A% 0.9959 0.043 0.131 3.529

Cr 0.9964 0.031 0.093 4.644

Co 0.9925 0.047 0.143 4.086

Mn 0.9954 0.050 0.150 4.432

Ni 0.9966 0.039 0.119 3.320

Cu 0.9999 0.022 0.067 3.087

Ga 0.9998 0.048 0.144 4.470

Se 0.9990 0.101 0.307 2.435

Rb 0.9974 0.103 0.034 3.028

Ag 0.9964 0.046 0.139 5.061

Cs 0.9980 0.046 0.141 4.924

Ba 0.9997 0.086 0.260 2.250
Toxic elements (ng/g)

Pb 0.9955 0.115 0.348 2.112

As 0.9967 0.037 0.112 4.453

Cd 0.9985 0.046 0.140 4.980

YLimit of Detection, ?Limit of Quantification, *Coefficient of Variation

_25_
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Ha g B/l EA oA FY3s Spinach leaves(NIST-1570a)5  ©]83to]

Aol FAF BAWHew YHE EAWe 274 HAaAT. ICP-OESE

o3 uFdAre AEEE 9B7101.9%clNew, ICP-MSE  olgste] FA3I
MEFdal] JPgEs 9207985%= YERsth & A7 A A3 CODEX 7+

o

907100%<F AOACY 7] 707125%= 2olzo] EXWo g AlFA
St skt (Table 7).

_26_
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Table 7. Validation results of analytical method using

material(NIST-1570a) by ICP-OES and ICP-MS

certified reference

Element Certified value Observed value Recovery
(ng/g) (ng/g) (%)
Macro element
Ca 15,260 + 66" 14,820 + 38 97.1
K 29,000 £ 260 27752 + 114 95.7
Mg 8910 £ 90 9,081 + 10 101.9
Na 18,210 + 230 17,790 + 80 97.7
7n 82.312 £ 3.901 80.246 + 0.581 97.8
Trace elements
\% 0.570 = 0.031 0.556 + 0.047 96.5
Co 0.392 + 0.051 0.387 = 0.072 97.4
Mn 76.012 + 1.212 72.881 + 0.087 95.8
Ni 2.141 £ 0.058 2.017 £ 0.031 93.9
Cu 12.274 + 0.687 11.497 + 0.251 93.4
Se 0.117 + 0.0009 0.115 £ 0.003 98.3
Toxic elements
Cd 2.896 + 0.078 2.669 = 0.057 92.0
As 0.068 + 0.012 0.067 = 0.013 98.5

U Mean + Standard deivation (n=3)

_27_
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2. vds B4 23

ICP-OESZ o]&3}e] Ca, Fe, K, Mg, Na, P, S ¥ 7Zn& &4}
Fig 2, Table 8| #| A3}t

nAuRe] gk As BAAY T Y9a® Ca Koldlew, Ca > K > Zn > P >
Mg > S > Fe > Na o2 SRIHdrh w7 ¢le] Cadl HT g 551.456
mg/kg® SJEJqom, Zg2 AW W A% g o, Zao] HIAGFS AW
Zel 2" &Y FEAATE doa ®aw iy ti(Jacgmain et al, 2003). 20159
HAEAR 7|F Z49 dddade Ad 200 F4 71+Qd 650 mg/dayel™,
el Ca e 20 oA 7]l 530 mg/dayE SHFAIVIE YoE
gl E . Kwon 5(2014)¢] A+Z23 v Adus- <le] Ca, Fe, Na 3 Mge] &2
166.17, 361, 159, 3772 mg/100g= R glew, ¥ Ao 1A Auje

AFATH A =2 S A+ AU

b4t/

)=

’

il

N

e a F AR =2 Ko Hit FEe 348173 mg/kg® FHAEHloH,
AA FwFe] 98% Al EFAetE wFAdAR AEY ARG A&, AW 7 B
Asts sttpa AT (Sawka, 2005). Choi (2020004 =ul AAI2E<Q
HAAA G- (Populus  Tomentiglandulosa)F= 22 tW#& F714 2443 K 9075
mg/100g 2.2 7Hd w2 S Blon B A5 mduy Ko et 3.8u 3
kol & HATh gk & AAEIAEQ wH| 7| U (Vitex rotunditolia) =714 K9
SheF2 1,469.20 mg%, Ca 496.6 Mgt 34420 mg% =2 K1 E il Qo o=
nAuye b8 235 903 + AU Lee et al., 2008).

ol9lo] thaF Fr)A A¥<Q Zn, Fe, Mg, Na, P 2 S¢ 7% 200 mg/kg "I=te]

|

S
5
e}
X

_28_
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630.000
530.000
430.000
330.000 -

230.000

130.000 | z:

80.000

[
==
70.000
60.000
50.000
40.000
30.000
20.000
10.000
0.000 . - .
K Mg Na P S Zn

Content{mg/kg)

Ca Fe
Element name

Fig 2. Comparison of macro elements content in A. distichum Nakali.
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v FA = Li, Be, V, Cr, Co, Mn, Ni, Cu, Ga, Se, Rb, Ag, Cs, Ba, Pb, As ¥ Cd
£ ICP-MSE o]&ste] #4389 em Fig 3, Table 8o AAstATE m A9
MEgds B A9 9% o2 Mn > Ba > Cu >Rb > Ni > Cr > Li >V > Se
> Co > Be > Cs > Ag= 1A
2 Mn¥ Bax 77 164.379, 11505 pg/kgel 3dro
AHATE Mne G54 G439 A A=z} o] Ao 7lojsty v+, 3

2 Zhsp ke 23AES i (Nho, 2018). B3 A= AWM FalZdiAE flol=

o
%,
i

jal
Lo
N
ko
(o,
B~
fu

rir

superoxide dismutase &4 9] XM Z2lx} dAstS shvla dHA

Lee 5(2007)¢] A7olA AA 105 5 =W 157 AAsts FAEWF(Cudrania
tricuspidata Bureau) 99 F713 &= E4 A3 Mn 1.99 mg/g, Ba 002 mg/g %
Cu 001 mg/go= Zsglon, FABUFe mdufo wgkdisl nla A
nduyte] wgdhe e RS yeto £33, AAUTF(Albizzia julibrissin
Duraz)2 el 23 Mn 2.82 mg%, Cu 0.76 mg%® X115 4o (Lee et al., 2010),
n e m ekl A Adel xpol & gelstilth.

Agel A% Ay ExE HAeH, Mns A% Li Be, V, Cr, Co, Ni, Cu,
Ga, Se, Rb, Cs ¥ Ba& 100 ng/kg "Rte] w&=2 gRIFATE. 54D 3% 24
A= Ph(0.058 pg/kg), Cd(0.038 pg/kg) 2 As(0.029 ug/kg)elRon, T

AEFE ZF ddesen syl

_30_
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210.000
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Content{ug/kg)
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0.020 I
0.000 = L
Li Be Av4 Cr ™Ni Co Ga Se Ag Cs Pb As cd
Element namse

(b)
Fig 3. Comparison of major trace (a), minor trace and toxic (b) elements content in

A. distichum Nakai.
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Table 8 Macro and trace and toxic elements content in A. distichum Nakai

Elements Abeliophyllum distichum Nakai

Macro elements (mg/kg)

Ca 551.456 + 5599
Fe 8764 + 0.243

K 348.173 + 4.384
Mg 48931 = 0.076
Na 4531 + 0.108

P 56.839 + 0.839
S 9.512 + 0.052

Zn 163.509 + 0.314

Trace elements (ng/kg)

Li 0.140 = 0.026

Be 0.004 £ 0.001

A% 0.048 £ 0.004

Cr 0.195 + 0.014

Co 0.022 + 0.001

Mn 164.379 £ 6.507
Ni 0.385 + 0.032

Cu 3.126 =+ 0.151

Ga 0.070 £ 0.004

Se 0.040 £ 0.001

Rb 1.687 + 0.048

Ag ND?

Cs 0.003 £ 0.000

Ba 11.505 + 0.203

Toxic elements (ug/kg)

Pb 0.585 + 0.019

As 0.029 £ 0.007

Cd 0.038 £ 0.001

UMean + Standard deviation (n=3)

YND=Not detected

_32_
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Al 2AHAEY /IS 24 23

1. 9| AIFF 9] flavonoid #4 23

T EZddls 92 F ZgERxo= FHES A fste] 4 23 2
o g () 6.25 125 25 50, 100 mg/kg =9 gallic acid®t rutine ©]83}]
TAstg e T ogebEe AMAHLS BT 0999142 yEluth(Fig 4). wAUHF

£ 5

W F ZEds 9 F EgtEieol= 3 Z3E Table 9, Fig

AU Qe = ZgdE a2 50% methanol FE =9 4-$ 64.961+0.961 mg
GAE/g= YEsto™ 50% ethanol 74192 + 0.693, 100% methanol 75.282 + 1.059,
100% ethanol 53.423 = 0.192 mg GAE/go.Z &1 3r}t 50% ethanol ¥ 100%
methanol AF& Al fFoAoz M3 s dHeEHes AT F JAH F
SR o= 82 50% methanol 2 50% ethanol % A] 26.982 £ 0.618, 27.220 +
0916 mg GAE/g= =] Aole AA zbolubA] %A RE 100% methanol 5% 7
100% ethanol %ol A4 53.232 + 0.994, 57.280 + 2.152 mg RE/go.2 o] &uje} F
=d3s g9 5 A
I ow Ayl Q¥ E71¢ 70% methanol FE Al F
Zold =S 47 5064 + 0.16 mg/g, 1353 + 0.22 mg/gol Ao, SPR o=
96.47 + 0.15 mg/g, 1853 * 0.82 mg/g= AT 2 AF9 F=8v ¥ F
s R vl A A we FEoR gRlHgoY, F EHExoE e
Ag g ke AyE Rtk E3, Kim 5(2015)2 AFolA mlAduFol e
EF AUl EFA U (Fraxinus rhynchophylla Hance)o] £vid & Zgds

g oHal A Aol methanol FEEA 62 mg/gl® elEgom, Lee

5(2010)8] AFAAM £ Oleaceae ) ol U5 (Chionanthus retusus) %5 A&
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Qow, o] 4Lhiol
T AUAgH
= d+E
ey
ethanol F& A] 7}%

Collection @ chosun

Z9E 3602 mg/g, = ZetR ot 3341 mg/g®E HIE Il
giE F ZEE 2 F FgEoEv HwE =58 3T
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Fig 4. Standard curve of total

E=se

R2 = 0999

concartraction of rutin{mag/kag)

(b)

polyphenol compound content(a :

total flavonoid content(b : rutin).

(«/Collection @ chosun

_35_

20 40 a0 80 100 120
concentraction of gallic acid {(mg/kg)
(a)
R =00995
//y
20 40 &0 26 160 120

gallic acid) and



Table 9. Total polyphenol and total flavonoid amount of different extract in A.
distichum Nakai

Total polyphenol compound Total flavonoid
Solvent 3 2
(mg GAE"/g) (mg RE”/g)
509 Methanol 64.961 + 0.961° 26.982 £ 0.618
50% Ethanol 74.192 + 0.693 27.220 + 0916
10096 Methanol 75.282 + 1.059 53.232 + 0.994
10096 Ethanol 53.423 + 0.192 57.280 + 2.152

DGallic acid equivalent
YRutin equivalent

YMean + Standard deviation (n=3)
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Fig 5. Total polyphenol and total flavonoid content of different solvent condition in

{“ICollection @ chosun

50% MeOH

50% EtOH 100% MeOH 100% EtOH

Solvent

A. distichum Naki.
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U4. HPLCE ©]§3% v Y9 flavonoid A& &4 23

1) M XAJF9 flavonoid A& EA

ydrate 12.748 min, quercetin—-3-glucoside 14.481

min®| A & H (Fig 6), Axd AFHe AL 25 09998 ooz 3 A3ks

B o] FEQ o (Table 10, Fig 7)

et
36 [ 1. Rutin hydrate : 12748 min
2. Quercetin-3-glucoside : 14481 min

24 ﬁ j

08

175 260 25 min

Fig 6. Chromatogram of flavonoid standard.

_38_

Collection @ chosun



Table 10. Results of linear range, correlation coefficient for determining flavonoid

by HPLC method

A Linear range Equation Correlation
() (mg/L) d coefficient
Rutin hydrate 370 0.57200 y=2.69x10"x 0.9999
Quercetin—-3-glucoside 330 0.57200 y=2.44x10"x 0.9998
Conc. (100} Conc.(x100}
2.0—_ 2.0
o i
1.0—5 1.0
I}.E'—f I].Ef—_
M( 2500000 5000000 ared D'U( 2cofo00 . soodooo " area
(a) (b)

Fig 7. Standard curve of flavonoid rutin hydrate(a) and quercetin-3-glucoside(b).
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2) #& &7 A4 25

P AU flavonoid AR A4S fletel HA Y FEF &vlE AEEAT. A4
% A% hexane FE=A flavonoid “do] AR ol o]F EA o FA4
€ ulQl methanol, ethanol % watergE ©]&3to] FEF3Ath. FlavonoidiF+ o1&
THY e FEE 7 lermg B AFdaE 50, 100% Hl&E &v FES
3 B4 Z2&sS Fgdedn #4437 100% methanol &® ARE Al 100%
ethanol®.t} &4 &&c°] o =skoy, v&d SuiFES &3 23 50% ethanol
FZ 5o A rutin hydrate, quercetin-3-glucoside’} 7}F& =& &&S vetWrh =3
water &M1& o] &3 WA FEENA S FA W] Hl o] ALY 1A okt
A A A UFe flavonoid AR wAS 9% HAY FE2E

ethanol= #& A A3

==
[}

hs

o

=
=

4

F& 2108 AYey] Sletd &A4 =, dF 75, 29
T B&e vlustih &2 FEW S o83 methanol FF &0l A rutin
hydrate, quercetin-3-glucoside %2 zZ}z} 5296 + 0.144, 1.317 + 0.240 mg/g=
ey FHFS FEANEYG B2 FEoR SEd
¥ F& A] 50, 100% methanol F =<9l A rutin hydrate®]

mg/g°] 1 0.1, quercetin-3-glucoside®] 3 2.648
+ 0263, 1.404 + 0436 mg/g= &2 At} 50% ethanol FE&%2] 7% rutin hydrate 11.511
+ 1.143 mg/g, quercetin-3-glucoside 2.939 = 0.244 mg/g°] %1 2™, 100% ethanol 5
3.231 £ 0.220, 1.272 + 0251 mg/g= FAHAJTt. BFFE3} 257 F32 FA

< el en, &ujo] mE F&F §3E g1ste] flavonoid &4 Al 50% ethanol&

ol g3 FFFES HH FExdor A tH(Table 11).
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Table 11. Result of the analysis of the flavonoid amount in A. distichum Nakai

(mg/g)
Condition
Extraction Rutin hydrate Quercetin—3-glucoside
Solvent Temp., Run Time
Hexane 75C, 8h NDV ND
Step soxhlet ‘
MeOH 75C, 8h 5296 + 0.144% 1.317 + 0.240
50% MeOH 75C, 2h 6.248 + 0.155 2648 *+ 0.263
10026 MeOH 75T, 2h 5370 £ 0.116 1.404 + 0.436
Reflux 50% EtOH 75C, 2h 11511 + 1.143 2939 + 0.244
100% EtOH 75C, 2h 3.231 + 0.220 1.272 + 0.251
HO 100C, 2h ND ND
MeOH Ambient, 30 min 8.183 £ 0.308 1.438 + 0.296
Ultrasonication EtOH Ambient, 30 min 6.060 = 0.301 1.303 = 0.292
H.O Ambient, 30 min ND ND

UND=Not detected

YMean + Standard deviation (n=3)
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2. HAURS AELE 4 23

7b. €l screeningg ¢ % HPLC 4 Z3
1) Screening & £v AR

—_L
=k

oo
it

W] 5% Al nhexane, ethyl acetate 3 methanol FEES 1A%
ARt ETRTE ol & FAEA M, screening testdHE T
s A FEEME ATt B4 942 1907800 nm W2 A A3t o,
203, 230, 254, 280 ¥ 330 nm IFoll A vl FA1S A AR TH(Fig ).

H =4 A Aol

d 22 nphexane FEE9 203 nm oA Fe 2 peak’t

ste1sRlom 230, 254 2 330 nmel HPW Aot HAEA YTy T FAQ

ol

ethyl acetate®] ¥ WA Al p-hexane FEEo| H|slo] B peak—g: gelst 4

AR o™, methanol F=22 3&HE Y]l A] n-hexane, ethyl acetateR U =2

e et v peak”Zl gHQ1E ATk
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Fig 8. HPLC chromatograms of step down extracts according to wavelength.
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Fig 9. HPLC chromatograms & UV spectrums of the expected indicator

in ethyl acetate and methanol extract.
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HA R FF 24 4

r-1n:

v X x4

1) ARZE 344 2 34

g FAHE FEES  full-screening test® ] &2¥ unknown peak
THoR AES FASAC V& AYAFolA 2L oleaceaet ¥ A E I}
Bw o A&l magnoliaceaess, loganiaceae % Sol|X  verbascoside7} AETHaL
By agdth(He et al, 2011). ¥ screeningZ3}olA =ZA3 unknown peake}t

verbascoside?] ZTFE2Z Wl Al FLe RTS HY &+ 3% 330 nm= 5L

°] stolsle] mlMURe] x| FAEOF  verbascosideE A A3ATHFig 10).

] 2

o

ME
ftlo

Verbascosidex= acteoside® @], caffeoly phenylethanoid glucoside™® F=

ofrlole] AWl EA EQFHH(He et al, 2011), dwtx oz A EAd L

EA et & H thH(Imakura et al., 1985; Jang et al., 2018). Oh 5 (2003)2] 1 -of A
=

ACE Al &452 So] sdttar =3l om verbascosideo] thdt F-2H8-o] il

B 9o}
ket mal
inﬂi;‘li..m tp 13.3%4 min
i o ]
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Fig 10. Chromatogram and UV spectrum of verbascoside.
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nAuEel AR Fde A% FE8vl= ©AH FF Al hexane, ethyl

acetate, methanolE ©]&3lAtt. 57 FFo] AF8¥ &vlE= methanol, ethanol 2

watero| o™, =83 FZ A] methanol?} ethanolS AF&3Fe] z+zF 50, 100% H]-&
FE 58S AT AAE FF Al ethanol&v7F T2 A& EI glom,
A5+ AP} ethanol &7} methanolRth £ 5 &5 AT = Uk £
A A AT ARAE B4 Al 100% ethanols HE F=8vl= dEHsA

oA A m AU (xR 285 HAS ] fE A4 F&E, SR
F= 9 259 FEUHoE A tHTable 12). HPLC 7171212 Al 2%, A
34, o, (2), (thHe WwHe=m HPgsiirt. x4 FEWHE o83 nhexane
FEENA AFAR] AN A ko) ethyl acetate FEEoA 20.860 = 0.501

mg/100 mL, methanol FE&EIA 725267 + 1.576 mg/100 mL= A= ATE =24

FES E3 FAEW F= Al verbascoside A#o] EHES FAad £ YA
Z 21 A 2 FEUHl Hlgtol e Aol A8 HY & EE&2 FEARL

=
2 FroR ey [ FF Al T8 w9l methanol, ethanol
o = 23 AR 847.052 + 1.050, 921.601 =

2 water SUlE O] >
gtol 9l o™ (Fig 11), ethanol FZ& oA B %

S
1.279, 70.772 + 0.645 mg/100 mL=

=L S O = = 0 =
A F AdAY. 2T FEFES o] &3

d
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Al 150436 = 0.919, 248375 + 0.936 mg/100 mLo] e} 60C 2% ZZ A 337.
+ 0.045, 422.160 + 0.301 mg/100 mLe] %t} 100% methanol, 100% ethanol &+
Aol A 236318 + 0.446 mg/100mL, 332.301 = 0.246 mg/100mL=Z 1% glom

60CelA 402259 + 0.537 mg/100mL, 470.022 + 0576 mg/100mLE Xt} F&
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Table 12. Comparison of verbascoside amount in A. distichum Nakai

) Condition Verbascoside
Extraction
Solvent Temp., Run Time mg/100 mL extract
Hexane 75T, &h NDV
Step soxhlet EtOAc 75T, 8h 20.860 + 0.501%
MeOH 75T, &h 725267 £ 1.576
MeOH 75T, 2h 847.052 £ 1.050
Reflux EtOH 75T, 2h 921601 + 1.279
H>0O 100C, 2h 70.772 £ 0.645
Ambient, 30 min 150.436 + 0.919
50% MeOH
60C, 30 min 337.094 + 0.045
Ambient, 30 min 248.375 + 0.936
50% EtOH
60C, 30 min 422.160 = 0.301
Ultrasonication

Ambient, 30 min 236.318 £ 0.446
100% MeOH

60C, 30 min 402.259 + 0.537
Ambient, 30 min 332.301 + 0.246

100% EtOH
60C, 30 min 470.022 = 0.576

UND=Not detected

YMean + Standard deviation(n=3)
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Fig 11. HPLC chromatograms and UV spectrums of methanol (a), ethanol (b) and

water (c¢) in A. distichum Nakai by reflux extraction.
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Table 13. Validation result of analysis method for A. distichum Nakai

, Correlation LOD"  LOQ” RSD?
Equation N Accuracy
(nm) coefficient (mg/kg) (mg/kg) (%)
Verbascoside 330 y=8.69x10°x  0.9970 0.273 0.819 98.2 2.74

YLOD(Limit of Detection)
YLOQ(Limit of Quantification)

YRSD(Relative standard deviation)

Conc.(x 100}
2.00+

1.75

1.50

1.25

1.00

0.75H

0.50 L]

0.25+

0.00-

500000 1000000 1500000 2000000 425

Verbascoside

Fig 12. Standard curve of verbascoside
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ang & Park (2018)¢] A= o FEEY U032 mg/g) B
Az 2(95mg/g)el verbascoside$t®d Hlal Al 1 AFRo A 82958 + 0.703 mg/g=
= AdE g £=2F, vduFet 22 Oleaceaes: ]l =2lB A3 ol &3
%94 F% A verbascoside ¥#EF& 436 mg/kg® 2% oW (Bastante et al., 201
8), Xie 5(2019)e] ATFAA logniaceaes o\ 43t Buddleja officinalis?) 2] verbasco

it} oo mAYFo &3t verbascoside

B
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Fig 13. Chemical structure of verbascoside
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Table 14. Amount verbascoside components in A. distichum Nakai

(mg/g)
Extraction Condition Verbascoside
Solvent Temp., Run Time Contents (mg/kg)
Ultrasonication 10026 EtOH 60C, 30 min 82.958 + 0.703"
UMean+Standard deviation (n=3)
- 53 -
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