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ABSTRACT

Background: Sophora flavescens AIT root is used as a herbal medicine in Asian culture. This
study was aimed at selecting the best cultivars, by comparing growth characteristics, active ingredi-
ents, and antioxidant activities.

Methods and Results: A total twenty nine accessions of S. flavescens were collected from five dif-
ferent regions in Korea. Plant height, leaf length, peduncle length, fresh root weight, and seed
weight were the growth characteristics selected. Antioxidant activity was determined by measuring
the total polyphenol (TPC) and total flavonoid contents (TFC) as well as the radical scavenging
activity of DPPH, ABTS and FRAP. Oxymatrine and matrine, active ingredients in S. flavescens
were analyzed by HPLC. Results indicated that accession YS-11 had the highest plant height
(152.5 cm) and peduncle length (54.0 cm). The fresh root weight was highest in JA-01 at 4.9 kg,
while the highest total seed weight was recorded in accession BH-04 at 77.7 g. The YS-03 acces-
sion contained the highest oxymatrine and matrine total contents (0.9616% and 0.9638%, respec-
tively). Accessions BH-02, YS-11, YS-05, and MJ-03 had the highest levels of antioxidant activity
(p <0.05). Oxymatrine showed a high correlation with TPC and FRAP. TPC showed high correla-
tions with TFC, DPPH, ABTS and FRAP. TFC showed a high correlation with DPPH.
Conclusions: The superior lines can be selected for use as standard variety breeding material by
comparing the growth characteristics of the accessions.
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Metzger, 1980; Huang, 1998).

aptel BEl= o MNE T, U8 SA A AE olof
o2 AMEET (Kang ef al, 2004), S-Uztl % tah
=eFd (MFDS, 2019) 3 th@Rl=iepdelgtel (gehta3
(MFDS, 2020)°1 ZH2t a4t 372 SA7F Elo] o]85
2 Utk FEAHAESEE 3%-4%2] quinolizidine alkaloids
312 6% - 10%2] flavonoid 22|31 saponin 5] -5
o] 1o (Ding et al, 1992; Kang and Kim, 2000; Chen
et al., 2004; Yang et al, 2004; Ha et al., 2006; Park et
al., 2010), alkaloid /3%
hydroxymatrine, anagyrine,
allomatrine 2 sophocarpin 522 th2F 20%7} matrine>}
oxymatrine®. 2 T E o] At} (Kumagai et al., 1990).
I 9o= phytoestrogen® 2 U3 daidzein, genistein,
formononetin 52| isoflavones 3}3ES X3Sl Utk (Wu
et al, 1985; Yagi et al., 1989; Tang and Eisenbrand, 1992;
Ryu et al., 1997, Woo et al., 1998; Shin, 2000; Kim and
Lee, 2009; Lee et al., 2010). ]2 3+ Phenol % flavonoid
AAES 2lEe 53 o] AAMEEEA] phenolic hydroxyl”]
£ 7H7] vl e gl 7]t A} S A Aget
w x| wet o)sketA] A gl AR 7)se] tEA e
@t} (Chung and Kim, 2004; Kumar et al., 2007; An et
al., 2012). Phenol ¥ flavonoid &2 3Hits) gAJuent of
Uzt 5, 1S3, 3, @ AEES F ook A
2 48 zh= Aoz dEA Utk (Cuvelier et al, 1996;
Ambriz-Pérez et al., 2016; Tungmunnithum et al, 2018;
Lee et al., 2020).

matrine, oxymatrine, sophoranol,

methylcytisine, baprifoline,

55, Akl okeld SHomE A%, 754 NS,
A9, A9, W] B5F Fo 4B ol A Yok

=

=2 (Cho et al, 1999; Ding et al., 2006, Zhang et al.,
2007), 4% % matrine2 ©|x, °]Z, G, X, 928 T
o 20| oxymatrine> IZA 85, 7HA ALY @37 Q)
= Aoz 4R At (Chen er al, 2000; Ma et al,
2008; Jin et al., 2010). =3+ X|ol-2ld A2 N 7
o] Ui, Aol A7) e AT B
3%lo] 9t} (Kang and Hwang, 1992; Lee, 2001).

okg ool ] WalF D)8 475 YAANR SEHo]
4249 matrine?} oxymatrinee TF T =& 54174
YRS AT Aol Qo] Wals WAl &z o
(Zheng et al., 2000; Sohn et al, 2004; Yang and Zhao,
2006; Liu et al., 2007, Mao and Henderson, 2007; Lee et
al., 2013), AEFEZES 083 ATollA R Hel
AMEHE, shiupd Aol A7 23 AFE AT
(Kim et al., 2008c).
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sl F2 FAE olgsle] WaST. Teht @4 S48 F
Fol glu ) AT HEL A AAT )%
S Sl5elA] Sgjated 4% AR AEZ o8
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= =2
3o, 2018d MA| Y2 11,102 kg &2 O)FE
Qo o]&&lal o] (APQA, 2019) -8+ E£90 g 2

Ho] Fasit.
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To TS A5 54 2 2 F2AER] matrinest
oxymatrine o] 53 LS Hulalo] 2o FEEom
S8R 2038 28R FgalaAt sl
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1. Al Mg

As 54 Hrtel AR AR 201790 A=k 5 Ul
A4 B Y= 29 A ALS AEoR 5
o, £ gdA9 MAE FAR HAE 2% 50 cm 27]€]
2JAS o] AA7E A7IA] AEF R SHEEE
71 QARkEATA AlFEA AAE F AL 4839t

Z¥zke] AAE 50 em Ao AA3le] 2018, 20190
ZAFE 39, 4dA0] A ARSI, S BEAARANE A
23 SEAREEHEAEHAN Wleke AEE AAE 9
sk AE EAZRAN 9F-34P (NFSV, 2016) Wel we
T35kt

2. FRURE 24

FRAALE AAG W) Sk A

- FYEA k] Aol ARgEAT thEel S ok
(2018)¢] a4t AFEA Al wh w2 £ 05 g2

90 ¥ 3 3 Zgv A" FEI F
filter (0.22 pm pore size, Whatman Co., Kent, England)=
o Fate] ARE-sISIT.

HPLC ¥AJo] A}£3 acetonitrile, water, potassium
phosphate (TEDIA Inc., Fairfield, OH, USA)= HPLC &+
o] AleFS AME-3}%1S ™, matrine?} oxymatrine (Sigma-
Aldrich Co., St. Louis, MO, USA) &= =42 Table 19l
HAlgE 27O =2 Agilent 1200 Infinity HPLC (Agilent
Technologies Inc., Santa Clara, CA, USA)E °]&3le] &4
skt

FEEAS fl8l 7 FEEES 25, 50, 100 ppme] s
A B8 AAIEke] matrineS y=17817.660x - 16.624, R* =
0.9997, oxymatrine y = 18130.761x - 51.458, R* =0.99812]
AFAAE I, o] A& o]&3ate] it ARl

= pg /\}\_]_,
E0]9= matrine, oxymatrineS 3 B2 2519

Aol O

Sk - 5= membrane
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Table 1. HPLC conditions of matrine and oxymatrine analysis in
root extracts of Sophora flavescens AlT.

Instruments HPLC system (Model : Agilent 1200)
Column ODS-inertsil (4.6 mm X 150 mm, 5 zm)
Mobile phase 5 mM potassiumphosphate buffer (pH 6.0) :

acetonitrile = 90 : 10
Column temp. 30T

Detector UV 208 nm
Injection volume 10 £
Flow rate 1.0 m¢/min
Run time 20 min

3. 5 Zaluks o 5N

I A F ZPdE g 39S Coseteng and
Lee (1987)2] ¥l wg} AAISIATE AlFe] 20 v F=
1 mé ol Folin-ciocalteu‘s phenol reagent 0.2 mf & 7}kl A
204 10 #7+ W5 1 M NaCO; 04 ml S 715k
Tt SR 8.8 mb 2 Hrkste] 30 £ AeolA whE
A1 TR 3,000 rpmell 10 27+ Q4] Relsklch
FEAe s BFYEAZ 760 oA FHE A )
, 4% FFEE tannic acid (0 g/ml - 500 pg/md;
Sigma-Aldrich Co., St. Louis, MO, USA)E o|&3lo] ¥
HAE& S 5 7 ANE FEEY 85 THE Yt

F A=y ST FRe P

Z EHE ol T 35782 Kim 5 (2005)°] *Hol )
2t ALFul o R AAEITh FE AR 0.5 m, 10%
aluminium nitrate 0.1 m{ €} 1 M potassium acetate 0.1 mé
S F£AFog Yo B 80% ethanol 4.3 mé S H7lste] A
Lo 40 E7F WHSAIZI & 045 m membrane filter® <]
F3te] X-ma 1200 spectrophotometer (Human Co. Ltd.,
Seoul, Korea) 415 nm oA S35 43N}

A7 & EEiHxolr e 4kdt F59 quercetin
(0 pg/ml -500 pg/ml; Sigma-Aldrich Co., St. Louis, MO,
USA)YS 343 3T A% FHo2HE FgExol= 3}
AES JH3t] FEE 100 g T quercetin equivalence

(mg-QE/100g)= YERHATE.

5. DPPH free radical 212t =&

2,2-dipheny-1-picryl hydrazyl (DPPH) radical 2~ 4]
Prst &% AR F2 ol&EHe= WHOE DPPH A%kl
A Wl $HFE radicalo] $H9E wf AAo] GAlE = Y E
45 olgsle] 73t} (Cho et al., 2013).
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224+ DPPH radical 22752 Brand-Williams 5 (1995)
o] WS WHY3te] HrFSISaL, positive control> Vitamin
C (0-1000 pg/ml, Sigma-Aldrich Co., St. Louis, MO,
USA)E Ar&stdth a4k &< 1.0 me ol 1.5x10* M
DPPH &9 3 ml 3 ¥ &3 5 dLox 30 #1F v
AlZl Ty 517 ol =S SRt 7] §3=e] @
of gt 2o] Fe WEE=E $Hlsle] DPPH radical &7
= Ha AESI

—

6. ABTS" radical 2H=H =A

ABTS radical cation decolorization 43 (Re et al.,
1999y ©]8-3ld 2,2-azino-bis (3-ethylbenthiazoline-6-sulfonic
acid) (ABTS, Sigma-Aldrich Co., St. Louis, MO, USA)
radical 2275& =331

74mM ABTS £33 26mM potassium persulfate
(Dagjung, Siheung, Koreaye 1:1 (vv)& 3t 4, &
aollA] 15 A WgAER] Fole (ABTS')S W8k, ¥
E=7F 732 nm oA 1.0 |87} E|== phosphate saline buffer
(PBS, pH 7.4)& ol&sle] 343 A& S48 A= o)
Elsv=

4% ABTS' €9 4 mlol] 20 M2 53 IFEES
04 mt S Egtsto] A2olM 10 21 W-gAIZ1 F- 732 nm o]
A FBEE =AU ABTS' radical 271% (%) 194
ANEA7RH] FHREE AR T $8ERE e 4
S Wl T 1002 #st] ABTS ZAF radical 2758 H|ws}
ST}, Positive controlZ Vitamin C (Sigma-Aldrich Co., St.
Louis, MO, USA)E AME-31T).

7. Ferric reducing antioxidant power (FRAP) Z&

ksl 2 3 RES-S S S FRAP €432 Benizie®)t
Strain (1996)¢] W] wet ZA3IATE 03 M acetate
buffer (pH3.6), 0.04M HCI°| £33 10mM 24,6-
tripyridyl-s-triazine (TPTZ) €< % 0.02 M Ferric chloride
solution (FeCl;-6H,0YS ZHF 10:1:1 (viviv)e] HIEZE 1]
g &3tk & 37Ce] FgdA] 5 F Ft 7S the
FRAP 548 7|42 AR

FRAP & 2 meol 34t 55 05 mb 3 S/ 25 ml
< 7Ftal 30Ce] g271elA 10 #7F WA $- 593 nmz
TREE 48t FEd0) tigk S8 FeSO, 7H0
AlokS o1g3te] 0 mM-1.25 mM W ¥
BFEE FAsl] AFEde ve ¥ 4 72

s

FeSO, 7H,0 mM=Z $hibel gro 2 shele

8. SHEN
A 548 247 vy AFoR Ao A By FEE
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Ipol MSEM, FeM
o] g4 9 AR BA A A} n = 3)Z SAS EG
(SAS Institute Inc., Cary, NC, USA) Z2I%S o]&3}o]

7F Ao Wi EFUAE ARSI, p < 0.05 oA
Duncan’s Multiple Range Test (DMRT)Z 242 77435}

Som, AAAAE Pearson®] HE AFAS (Pearson’s
correlation coefficient)S ©]&3le] F244S ®7]sI T
2o 9 oz

1. DAF 2RIXQI0] MSEA

M (Sophora flavescens AIT.) AR GS-01 - GS-05
—t— % ‘ME 4k, YS-01-YS-11& %Xé‘é& o2k JA-01 2
MJ-01 - MI-06& HeHeie XIQ} F5+, BH-01 - BH-06
AAEE A s 9 XH & Al gl

HSAIZ & Frieiaen, ASEA A= Table 29+ 2t
29 7N FRARKNSY] 2 AR HAES 1119+198 em 2 1

BI= 748 om -152.5 cm 2 274 B¥Egon, A7k
777 em ] Xol7k itk AqE Hghe eido] 1328+

87cm=E 7P Ekom  ZIoF 1149+53 cm, ¢ 1063+
12.7cm, 24F 943+ 11.3 cm, B3} 93.6+84cm o] 02 1}
Bttt 2% oitelld 8 vS-11 Aol 23 1525+
6.5 cmZE fosH 7 Zom AT 253+1.3 cmE A&
o] AFo] 3Tt (Table 2).

QA HA HHFL 22.1+22emE 20.0cm -26.2cm 7}
86.2%= 717 Wol WAL, A HFgkS xIte] 24.1
t1.6em=Z 7P A JERTE 58] YS-02 ARHo] 262+
02cm 2 =A ZAESIT (Table 2).

TRE) G B 345+80m 2 L BRI W=
204 cm - 540 cm 2 WA EXFHL, AGE HF-L dAto]

398+84 cm 2 7Pg E9kow E3] YS-11 Aol 540 +
14.0 em 2 oM 7P =2 73S EATh (Table 2).
A2Fe AA Hat 1.7+1.0 kgolglen zotolx =3k
JA-01 F-4210] 49+0.1 kgo & 7P e A2 3 B4
S YERIT} (Table 2).
T3 iﬂ%—%k Ha-e

= v
E‘ﬂ

23.0+£20.0g2% 3.0g-77.7 g7 |
REd H2 3.0+£08 g7 AW 77.7+64

A BH-029F BH-04 FRE 0=
ARGt 717] vE ASEES Bt

ke ZHJ ZF YS-112 233} 3737804 9]
YS-02& §elA 918 vERh 24e] 71 /iAIE0]
AT & AL B AT JA-010] 9915 YERIL

YS-11 AL 37340 995 JepiA v AEolMes 3
TR W2 AGEALS HYon, BH-04 Ado] +F Al
FoA 915 YERTE (Table 2).
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=2 gl ShMS) 2
HolAFRE B o AIF (62.63%)F TT ATH
(86.86%)°] Ho|7t Zem 7 (10.04%), =73 (1769) EL
31374 (23.06%)2] Wole W Aol o9} o] A
B0l B2 AolE Holil Fx7F §& Al i A o]
H FHFE] 745 ol éz—% Ao At
2 ZEME A FHFE 7l Fe 2 A5 oA
thFek HolZ Byl 9n } HFele 3719k A =
Aol t=23 A Zol= AUl 86%01%1 W (Chang ef al.,

1995), #7124k F5F 2l £7] Aol, EAF, o] FH,

2t A5 5o ZolS Btk (Lee ef al, 1999). 1 £
% & (Rho et al, 1994), A& (Park et al, 1994) %
S (Kim et al, 2008b)2] 35 o= Folgt At
O]E E—}\)\E}~

A E AAZE, F7] AT S 54 ZpolE Ho
ol MEL FFoE Sk & %ﬁz}z_iﬁ -8

g Zo= Azt

T T
THE AR tiste] 4 F83439] oxymatrine?t
matrine 32 H|wsle] £ A3} (Table 3) F-ARA7E

o)
AT

o4 zpolg HATE a4 A & oxymatrine
A SFES 07439 + 0.1370%0] 32, $HFo] 7P =& AL
oAt A 3 YS-0322 0.9616 + 0.0045%]Ach. whA
7V gk sheRs Yehd A1 BalolA] 4238 BH-03 A
22 03614 £ 0.0011%C]1% o™ 717 =& YS-039} Hlws}
Rs W oF 3 uje] HF A7t Wk
A9 e Zb FlA g ARIES] §gol
7} 0.8264%, 0.8262%% =7 Yehs 43S B3 1
S0 2= oAt 0.8037%, B4F 0.6353%, B3} 0.6286% =]
Rom, shko]l =o Ak 10 7 A FolAe o AtolA
A3 YS-03, YS-04, YS-08, YS-06, YS-097} && ohaF
91E YERAY (Table 3).
2% W matrine RS oxymatrines} FHEZOZ YA
frElo) ATt FHALEY Hit FHS 0.0262 + 0.0556%=
7P w2 dEe dE A2 M 1 MI-029f
MJ-01 Ao & 0.1921 + 0.0052%, 0.1824 + 0.0015% ©]
dom =3 Y F 2 o] 0.01% oS 9 Al
o}, X9 e FFolx =33 AhEC] 0.0652%=

¥

N

_E_I

I~

T
o

5

?‘5]—

& 7h e FRE R 2 o BN 5
A3 AE0] 0.0434%010.01, FAke] 0.0156%2] T
BTk Hole] EEE 0.0013% - 0.1921%2 WA BE

Q= A0 Hol A 7o) 3tk Hol7} Alg AL Gl

3%t} (Table 3).

olsl 2& Fe] woli 2& FRel TAtolzhe A A
AR AR BRSO FuslHT BNSE T 5



Table 2. Growth characteristics of Sophora flavescens AlT. accessions.
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Accessions” Plant height Leaf length Peduncle length Fresh root weight Total seeds weight
(cm) (cm) (cm) (kg) (8
GS-01 74.8+33.3 17.6%4.6" 23.9+10.9" 0.8=0.1m 9.5+0.61
GS-02 100.5+2.5%hik 22,83, 5abedefs 35.9+3,7cdefehi 1.6+0.18" 21.2+1.08"
GS-03 102.5+11.5°%" 22.820.220cdefy 34,641, 7cdefehi 1.7+0.1% 24.8%1.6%"
GS-04 94.0+12.0Mik 18.82.18" 31.2 45, 2cdefehi 0.7£0.1° 9.4+0.94
GS-05 99.5+(. 58"k 21.2+1,7¢defch 27.5+4 5 3.8+0.3° 45.5+2.9%
YS-01 133.0+34.0% 20.8+0.3°% 52.1+6.1% 0.7£0.1° 9.2+1.01
YS-02 139.0+15.0% 26.2+0.2° 43.6+6.6" 1.3+0.04 8.6+1.9¢
YS-03 121.8+9.3bef8 20.90, 74t 26.5+6.0/8" 1.0£0.1™ 28.5+0.5
YS-04 128.3+17.8%de 20.0=1.3¢% 31.9£0.9efghi 1.3x0.1% 14.9+0.6
YS-05 124.0%19.0°df8 25.4+3.12¢ 40.7 +14,9bcde 2.0+0.2° 64.6+8.1°
YS-06 133.0%4.0%¢ 20.8+0.8%fh 32.93. 7¢delehi 1.6+0.18" 47.1+3.5¢
YS$-07 130.5+7.5% 22.4+4 6bodefs 38.3+9.9%fk 1.5+0.1" 21.6+1.28
YS-08 126.5+18.5%def 18.6=1.68" 35,642, 5edefehi 1.1+0.1™ 9.4+1.24
YS-09 131.310.8%< 22.2+(),72bcdefs 38.30.3® 3.2+0.4¢ 56.9+1.7¢
YS-10 140.5+4.5% 26.0+2.1% 44.3+9.8%¢ 0.5+0.1P 7.4+2.44
YS-11 152.5+6.5 25.31.3% 54.0+14.0° 2.3%0.2¢ 8.7+0.54
JA-01 114.9+13.9bcefsh 24.10,13bcde 32.7 9. 6cdefhi 4.9+0.1° 7.3+1.2¢
MJ-01 123.3+16.30f 24,40, 77bcde 35.715.0defhi 0.6£0.2° 16.9+1.71
MJ-02 114.8+8.3bdefsh 24.2+3.6%0cde 36.9=4. 60k 0.6+0.1% 6.1+0.94
MJ-03 106.020.0%f8"i 22.9(),22bedefs 25.2+7 28 1.2+0.14m 21.6+1.58
MJ-04 110.3=0.3¢defshi 21.4+1,9cdefth 33.0 2, 5cdefehi 1.2+0.04m 4.3x0.6"
MJ-05 94.0+2,0Mik 21.7+4,7bcdefeh 30.02,0defehi 1.8+0.1% 41.3x2.1°
MJ-06 89.5+9.5hik 19.2+1.5% 28.6+4.6°%h 1.6+0.18" 43.9+3.7%
BH-01 103.0=7.0°8" 21.0£0.71fh 39.0+1.07f 1.9+0.0% 25.8+1.0%
BH-02 84.5=7.5% 21.01.5%fh 28.5+2.5%8" 0.3%0.19 3.0£0.8
BH-03 99.0=3.08"k 22.3+(),22bcdelg 39.4+6.1°0 1.5%0.1" 3.8+0.2¢
BH-04 99.5+ 3. 58"k 23.5+1,pabedef 37.342.3¢defeh 2.3+0.2¢ 77.7+6.42
BH-05 83.0+4.0* 21.3 4,7l 20.4+1.2 2.1x0.1° 7.6+1.6°
BH-06 92.5+13.5hik 23.7+1.4%bcde 22.5+4.81 3.1+0.1¢ 20.1+1.6M
Mean 111.9+19.8 221+2.2 34.5%8.0 1.7+1.0 23.0+20.0
Min. 74.8 17.6 20.4 0.3 3.0
Max. 152.5 26.2 54.0 49 77.7
C.V.(%) 17.69 10.04 23.06 62.63 86.86

YGS-01 - GS-05; collected from Geumsan of Chungcheongnam-do, YS-01 - YS-11; collected from Yesan of Chungcheongnam-do, JA-01;
collected from Jinan of Jeollabuk-do, MJ-01 - MJ-06; collected from Muju of Jeollabuk-do, BH-01 - BH-06; collected from Bonghwa of
Gyeongsangbuk-do. "Values were expressed as the means and standard deviation of two years results.

of Mol7t 8 Yele AeE FHsks A9 e 734
7], BEZ17F 5ol wpet kel 2po]7t dvk= B (Ota and
Mino, 1979; Jin et al., 1993; Song et al, 1999; Kang
and Kim, 2004)53} Y3192, 4 (Kim and Chae, 2001)
o HAMA FhulEdl g wWHolel v|A (Kim ef al,
2003)9] 2l o] FHEL Apol7h Atk Ao}
AFsHAl WFEFSTE
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ZF FEAES TS T HERS 0.7701 £0.1343%=
UeRd o™, YS-03 AHIo] 0.9638 +0.0041%= F+2]5kA 7}
Z =2 F S JEY 2 gLo® MI-06 (0.9275
+0.0012%), MJ-05 (0.9230 +0.0001%), MJ-02 (0.9203 +
0.0117%), YS-04 (0.9175+0.0668%) 5°] +o& =7 L}et
1)k
AN

= AdelA

i}

el

e

FaAdESE AL matrined



Table 3. Contents of oxymatrine and matrine in root of Sophora flavescens AlT. accessions.

FA
(=]

A

g
o2

Lt

ok

Accessions” Oxymatrine (%) Matrine (%) Total (%)
GS-01 0.5131+0.0004°" 0.0612+0.0008° 0.5743+0.0011'
GS-02 0.8240+0.0022 0.0041+0.0002" 0.8281+0.0020°
GS-03 0.6477+0.0036™ 0.0049-0.0003" 0.6526+0.0033*
GS-04 0.6617£0.0077™" 0.00390.0001" 0.6656+0.0076*
GS-05 0.5298+0.0067° 0.0040=0.0001" 0.5338+0.0067™
YS-01 0.7195+0.0041" 0.00290.0000% 0.7224+0.00418"
YS-02 0.6614+0.0067™ 0.0016x0.0001" 0.6630+0.0068*
YS-03 0.9616+0.0045 0.0022+0.0004" 0.9638+0.0041°
YS-04 0.9139+0.0655" 0.00360.0013"k 0.9175+0.0668"
YS-05 0.7484+0.00998" 0.0049+0.0003" 0.7533%0.0101%8
YS-06 0.8706+0.0022 0.0026+0.0001" 0.8786-+0.0021
YS-07 0.7640+0.00388 0.00330.0001" 0.7674%0.0039'
YS-08 0.8908+0.0752 0.00270.0004 0.8935+0.0756™
YS-09 0.84690.0024%f 0.0015+0.0002% 0.8484+0.0022%
YS-10 0.7046+0.0012 0.00150.0000" 0.7061x0.0012"
YS-11 0.7541+0.01058" 0.00130.0001' 0.7553+0.0106'
JA-01 0.8264+0.0012° 0.00252:0.0000" 0.8289+0.0012°
MJ-01 0.68640.0030" 0.1824+0.0015" 0.8688=+0.0015
MJ-02 0.7282+0.0065" 0.192120.0052% 0.9203+0.0117°
MJ-03 0.8386+0.0000 0.0043+0.0002" 0.8429+0.0002%
MJ-04 0.8619+0.0046% 0.00370.0002"* 0.8656+0.0048
MJ-05 0.91760.0000° 0.0054x0.0001" 0.9230+0.0001°
MJ-06 0.9242+0.0010° 0.00330.0001"* 0.9275+0.0012°
BH-01 0.6498+0.0169™ 0.0297+0.0007" 0.6795+0.01621
BH-02 0.6320+0.0127" 0.0082+0.00018 0.6402+0.0126%
BH-03 0.3614%0.0011° 0.0370+0.0005° 0.3984+0.0015"
BH-04 0.7278+0.0148" 0.0089+0.0005# 0.7367+0.0153%"
BH-05 0.68040.01594™ 0.1729+0.0020° 0.8533+0.0139%
BH-06 0.7199+0.0095" 0.0036:0.0002"k 0.7235+0.00978"
Mean 0.7439+0.1370 0.0262+0.0556 0.7701+0.1343
Min. 0.3614 0.0013 0.3984
Max. 0.9616 0.1921 0.9638
C.V.(%) 18.40 212.10 17.40

GS-01 - GS-05; collected from Geumsan of Chungcheongnam-do, YS-01 - YS-11; collected from Yesan of Chungcheongnam-do, JA-01;
collected from Jinan of Jeollabuk-do, MJ-01 - MJ-06; collected from Muju of Jeollabuk-do, BH-01 - BH-06; collected from Bonghwa of
Gyeongsangbuk-do. Values were expressed as the means and standard deviation of three replicates. "Means with different letters are significantly

different at p < 0.05 by Duncan’s Multiple Range Test (DMRT).

oxymatrine ©]%x,

A EAL 54 §_ﬁr7} Ath= A

o, dld, &

Z]
!
)

E‘Eﬂxﬂ A 01 (Chen et al

2000; Ma et al., 2008; Jin et al., 2010) A28 Aoy
a2 AR o] =& A AdE w4t Al SR 9

S A S S8 9ot BAd 715

7} Aoz 7luiEh

o hel A5 &4
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OIS - el - M= - XIRD oDk - Upls - =2t

B3l =13 BH-02 AFY9CZ 312.1+2.6 mg- TAE/100g
oo, 7P v S vER AL T ol e
MJ-06°] 249.0+ 0.9 mg-TAE/100g ©]it}. &3} (Kim er al,
2008a; Jung er al, 2019) 2 F (Mujié er al, 2011)94
A 7 F ZEElEe] ol 3 AelE Bile 2 243
IME A As Balom olfgt Ayle faazkde] A

d FARGA JgS ke Zolgt ALRE T} (Table 4).

T ZEfR ol el A 2 32.8 +£ 19.8 mg-QE/
100g 1o, 7P =2 TS veRd 212 BH-02 AH1S
2 88.5+4.0 mg-QE/100g ©|ATt. o] 7P AL AP
o 2bellA] £33 YS-052 4.0+ 0.2 mg-QE/100g ©]1}.en, ¥
oAt 60.4%% A YERITH (Table 4).

Table 4. Antioxidant activity, total phenolic contents, and total flavonoid contents of Sophora flavescens AlT. accessions.

Accessions” TPC? TFC? DPPH? ABTS FRAP?
GS-01 291.7+4.3¢ 20.3£6.5™ 63.6+0.2% 41.3x0.1" 12.6+1.0"
GS-02 280.17.08" 16.3x0.6" 65.60.4¢ 51.0%2.0" 16.9%0.2°
GS-03 297.9+3.0b 13.6+0.2° 58.9+0.2" 52.1+12.1h 13.7%0.31
GS-04 300.8x3.1° 24.9%6.1K 61.4+2.18 59.2+1.5% 13.4%0.3
GS-05 295.6+1.8%¢ 30.0+2.5" 62.1+1.48 58.4+0.9' 12.6+0.5™
YS-01 300.6x1.6" 40.5+4.6% 98.5+0.2° 59.9+0.3% 16.3%0.3¢
YS-02 300.9+2.4° 45.7%2.5° 93.3+1.0P 58.4+0.8 16.1%0.1¢
YS-03 281.9+1.28" 17.6+0.4™° 55.0+0.2) 65.6+0.3%¢ 13.3+0.1¥
YS-04 278.7 1.2 22.6+2.74m 54.6+1.8 64.4+0.7% 13.220.2¢
YS-05 258.7+0.9° 4.0+0.2° 46.9+1.2" 70.7+0.0° 15.0+0.2'8
YS-06 276.2+1.8" 12.8+1.3° 54.8+1.1i 66.8+0.4b 14.1+0.3"
YS-07 271.7x1.2m 13.2%0.2° 49.1+1.8" 68.6=0.1>< 14.0+0.0"
YS-08 300.1+0.9" 65.0+3.4° 94.4+1.5P 58.4+0.0/ 13.120.1"
YS-09 274.4+1.89 25.8+3.3Kk 53.5+1.8% 66.8+0.5P 13.6%0.3*
YS-10 294,421,719 56.8+3.3¢ 90.8+1.0° 57.9+0.18 15.220.1¢
YS-11 299.1x0.1% 74.7%6.3" 98.9+0.6" 59.0+0.0% 15.5+0.3%
JA-01 268.6+1.9™ 19.5+3.1mn 56.8+1.6" 68.7+0.15 14.8+0.18
MJ-01 268.7+2.8™ 26.8+3.1Kk 55.8+2.0 68.9+0.3% 15.7%0.0¢
MJ-02 282.8+0.08" 32.7+0.6" 62.6+1.48 65.3+0.0% 15.5+0.1%
MJ-03 283.4+0.38 38.4+0.2% 70.6+1.1¢ 67.7+0.5P 17.4%0.3?
MJ-04 263.60.4" 27.5+0.41k 55.9+2.4ik 69.8+0.0" 16.7%0.1°
MJ-05 281.8+2.78" 34.8+1.28" 69.4x1.1¢ 65.5+0.5%¢ 17.0%0.0
MJ-06 249.0%0.9° 27.9+0.8'k 52.2+0.8' 70.7+0.1° 17.4%0.2°
BH-01 295.9+0.1¢ 27.3%0.6' 71.3+0.7¢ 62.5+0.3¢ 13.220.4¥
BH-02 312.1%2.6° 88.5+4.0° 100.0+0.0 76.3%0.5° 11.3%0.2°
BH-03 297.0+0.9b 60.6=1.7 89.7+0.0° 58.5+0.4% 11.9%0.2"
BH-04 278.4%1.21 42.2+4.8% 66.2+2.2° 68.0+0.4% 14.1+0.0"
BH-05 290.9+3.2f 19.5+2.3mn 58.6=1.7" 64.6=0.8% 14.7+0.28
BH-06 279.7 158" 23.01.5Km 57.8+2.3" 68.9+0.20 14.1+0.5"
Mean 284.7+14.8 32.8+19.8 67.9+16.8 63.2+7.2 14.5+1.6
Min. 249.0 4.0 46.9 413 11.3
Max. 312.1 88.5 100.0 76.3 17.4
C.V.(%) 5.2 60.4 24.7 11.4 11.2

GS-01 - GS-05; collected from Geumsan of Chungcheongnam-do, YS-01 - YS-11; collected from Yesan of Chungcheongnam-do, JA-01;
collected from Jinan of Jeollabuk-do, MJ-01 - MJ-06; collected from Muju of Jeollabuk-do, BH-01 - BH-06; collected from Bonghwa of
Gyeongsangbuk-do. ?TPC; total polyphenol content (mg/100g), > TFC; total flavonoid content, (mg/100g), “DPPH; 2,2-dipheny-1-picryl hydrazyl
radical scavenging activity (%), ABTS; 2,2-azino-bis (3-ethylbenthiazoline-6-sulfonic acid) radical scavenging activity, %, “FRAP; ferric reducing
antioxidant power (mM-FE/g). "Values were expressed as the means and standard deviation of three replicates.
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dtrog F ZEjds el B2 A9 T SR eolE
T =4 Uehbe Aol A=l (Lee er al, 2012)

AFME F ZeulE o] E& BH-02 AHge] 3
ol g §7ﬂ L}E}L} "45&‘ 01—? A3} AL
X /~

%% el @

Zo % %g}y_l‘:o]c sk y_q— 4 Hﬂoﬂ/\'] 2A= 64 v A
© B9 FRARS) $ Zehiiol= gge] Wolvk 4.04-
88 6 mg QE/lOOg o2 WA RE=HA=, S FH5

03l & 3RS BAEgILd e 3=

gl AT
7& i%%k x}om UrEkalll olgist ol 4 FHAM
A A9 zlolol] 71213k Ao E AzFEct €14k (Shi ef al.,

2007; Szakiel e al., 2011), 27|A} (Han et al., 2019) 52
A 75 Aol whet 22} thAHEo Zfol 7k kg gh
the BaoA B npel o] MR tE FEolu Aujehd
o] Zpol7t A &= 22 keS| FR-ek Yol zlelE 7H4

& & 9L Aoz A7tHE.
ol F2E9 DPPH radical 2245 BAS =33 23

AA| B4 67.86 + 16.77% ©]2AT}h. DPPH radical 7%
o] 7k w& AL H3loA =73 BH-02 A2 100.00
+ 0.00%2] TS BPom, YS-11 (98.92+0.60%), YS-01
(98.48 + 0.20%), YS-08 (94.37 + 1.46%), YS-02 (93.31+
1.02%)0] =02 A4S Yeplth ol A 47.1+57%
(Kang et al., 2004), 371 47.8+5.0% (Mou et al., 2011)
2 334 214t 46.49+0.79% (Moon ef al., 2019) 53} H
wale] =& 3¢] DPPH radical 274 4L 717 Aoz
QLQD} DPPHE gAtsied 49 sl ofs) kst
Jol SAHBR AEFEE ey IFE Ik 9F
W= Aoz AEA Atk (Kil ef al, 2018). B AT 2
Fol|A] ksl AJEQ F Zejulsd F Sk o= ol
2o 2ol A DPPH radical 4% A= =4 Jeht &
cbsl @46 JEgS F F Avhe Biels Xk Ad3E
ST (Han er al, 2019; Lee et al, 2019; Choi et al.,
2020).
ABTS radical 27% T3+ BH-02 A+go] 7632 + 0.50%
2 7P 7482 DPPH radical 24%% Y3 432 4

}=

mlo m&%

=

(¢

Bl ol ZEjuls B EefReolE o] 3ilst &
Aol B JFFE + o= dAdEm enR} (Han er al,

2019), AM2-&
(Eelvls, Sehiieo]
< FEe B
FRAP $4& pH 3.69] 270X Al5e] itsiAl=HE
ferric tripyridyltrizaine -3 7} ferrous tripyridyltrizaine S 2
e AL =Hsk= 207 (Benzie and Strain, 1996)
3 A4 =AE FRAP & 11.28 mM/g-17.40 mM/g
94 hgi,l]—g— B}, z+ ;(],Y_]Bﬂ Jﬂﬂ-ﬂ—o Uzoﬂj\i /‘\;ﬂa]_ MI-

L (Lee ef al., 20192 tiao g aks &2
Sy arkel 248 AFd A 2

ED\_
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2

03°] 17.40+0.25 mM/gl 2 7} =3 MI-06 (17.36+
0.21 mM/g), MJ-05 (16.95+0.04 mM/g), MJ-04 (16.73 £
0.07 mM/g), YS-01 (1625i033 mM/g)?] o7 ZHEA
o Ao 7holle FolA ST AES] ol =4 U
sk,

ool e A%E TS B W, L
42 EAo] oxymatrine, matrlne, Ea H
=X el etk ¥ 4 9
%k, ;(]Exglﬂ’ ﬂx}ﬂ AR A g—zﬂ = = A
2le} Zzte] B
2 AdE

A=)

S F49

ahilst gt U JIsM MEae| Akkeh

I A ksl S F EEEE, F SRR
X, oxymatrine @ matrine®] FHIAIE Lolrr] fsle]
Pearson’s correlation coefficient 145 A3l o 1 A}
= Table 59} 2t}
DPPH radical 42717

o]

-0

= oxymatrine (r=-0.306, p<0.01)
2 ABTS radical &71% (r = -0.233, p < 0.05)3% <9 4
AHAE eI F Y9 T ¢ = 0746, p <
0.001) ¥ F ZEpE=ol= 3= (r = 0.880, p < 0.001)7=
&) AHA#AIE YeRNATE. ABTS radical 2752 A4
A= oxymatrine (r = 0.391, p < 0.01)% 2] JAIAE
BAy, & Eg9s FF ¢ = 041, p < 0001) #
DPPH radical 7% (r = -0.233, p < 0.05)3 29| A4
AE B3tk & Z28ls T2 matrineS A|9lslal 5 E2t
Hiol= &k (r = 0.585, p < 0.001), DPPH radical 27

=

o

5 (r = 0.746, p < 0.001)3= 2] FHAFAE, oxymatrine
(r = -0.516, p < 0.001), ABTS (r = -0.441, p < 0.001)
2 FRAP (r = -0455, p < 0.00)Z= 2 AAdA7 A
= AeZ RIS (Table 5).

ikt e T2 s B EgRxolE 59 7154
4 g wyshd daEo] e AeE duA o &

A A} a4t Bele] d4ksl 8442 oxymatrinedt ET]HE

SHF w9 B AREHY ULE & F UL o=
ZEE SEe] S B ARl oet kst 2449 xpol
7} 9JthE Kim 5 (2012)3% Lee 5 (2019)9] <7 ZAze}
A5

2 d7e T At ‘E S0 A ellA g ik Al
< R st A5 st S-S ke, &
/3 oxymatrine?} matrine T, T EEjdE FF L T F
grco|t ghES SAgste] st SAAe] HIAE =
Aveltt S 54 24 A3 YS-112 24, 33l $

e g = A FANA 2 49
WO S S SHS ohlo. AFHE BILO AH
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Table 5. Pearson’s correlation coefficients among oxymatrine, matrine, total polyphenolic compound content, total flavonoid content, and

antioxidant activity from Sophora flavescens AIT. accessi

ons.

Bioactive components

Antioxidant activities

Oxymatrine Matrine Total polyphenols  Total flavonoids DPPH ABTS FRAP
Oxymatrine 1.000 - - - - - -
Matrine -0.249" 1.000 - - - - -
Total polyphenols -0.516™ -0.043 1.000 - - - -
Total flavonoids -0.230° -0.103 0.585™" 1.000 - - -
DPPH -0.306" -0.159 0.746™" 0.880""" 1.000 - -
ABTS 0.3917 0.023 -0.4417" 0.032 -0.233" 1.000 -
FRAP 0.474™ 0.064 -0.455™" -0.163 -0.077 0.160 1.000

Correlation are significant at ™"p < 0.001, "p < 0.01 and "p < 0.05, respectively. Pearson’s correlation analysis was done using average values of

each variable (n = 87).

o] 3 777 g0 2 7P skt Vs EE
YS-03 AHde] oxymatrine H9-215 LFERIAL, MIJ-02 2Rdo]
matrine 9915 UERATH @413 S48 BH-02, YS-11,
YS-05, MJ-03 AR Fol w73k aHlst @448 Bl
A2 ksl AR ZElvs, STk ol ek 2 )
2 o) tigk Ak JE Joy a4k fa4
ksl Fajo] A3k AT mRlEi B AT A
o] ASEAo] e =
| =31 gits} gJo] 43t
710 o]& 7NkeE EFFS Sl U
42 Aoz AlEHTH

o gape

o ¥o o
32

ZAe =2

ATAIY @AM E: PI012559062020)
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