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ABSTRACT

Background: This study aimed to explore natural antioxidants of plant origin by evaluating the
antioxidant activity of seed extracts from Polygonaceae species.

Methods and Results: The seeds used in the experiment had a filled-seed percentage of at least
89% and a germination rate exceeding 50%. The total phenolic content was highest in Rumex cris-
pus (10.8 mg GAEs/g seed), followed by Rumex obtusifolius (8.3 mg GAEs/g seed). The total flavo-
noid content was highest in Reynoutria sachalinensis (1.7 mg QEs/g seed), followed by Persicaria
sagittata (1.5 mg QEs/g seed). The DPPH radical scavenging activity, based on ECs, values, was
highest in Rumex crispus (5.5 ug/ml) and Rumex obtusifolius (7.5 ug/md). The ABTS radical scav-
enging activity, also based on ECsg values, was highest in Rumex crispus (1.5 ng/mQ) and Rumex
obtusifolius (2.0 ng/mQ). In the FRAP assay, Rumex crispus (9118.0 uM Fe(Il)/g extract) and
Rumex obtusifolius (7334.4 uM Fe(11)/g extract) exhibited the highest antioxidant capacities. Based
on hierarchical clustering analysis of antioxidant activities, the ten species were classified into three
groups, ranging from low (Group 1) to high (Group 3) activity.

Conclusions: Rumex crispus and Rumex obtusifolius were classified into Group 3, demonstrating
the highest antioxidant potential.
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E3, sl 2ol w2 A4S AFHETE Aoy A
¥ fdo] B o] BHUET Rlo], kst Aol w2 4

Ex19e 7EX)7} A0} (Ha et al, 2023; Wang et al., 2024)

o] A=A T HiEg sHET gAkst o] ot
8 2 A% 5 F4 Astet g Aol dokar Barskar
. dE B9, UIF (Ghrcine max L)X += 3Hikst €4do]
o FRAe] wolgo] =9k, RE| (Hordeum vulgare
Lyldes 5ol wet 23t d2rle shy dot 543 &
HEA SHE Alole] #AE Raslth (Kumar ef al,
2020; Jovanovic et al., 2024).

& AlE2 A AR R de
4 8550 AMSH). S22 = FE
A, Fxpe} w3 JejF EHES g vt ESY] R
g4 olgllo] Fag AFt HH, HEHoRE g g A&
ExoF AMEEO] YT} (Hong and Lee, 1983; Kang, 2012;
Kong et al, 2018). < 7oA vitE} A& FEE9
ot A sel Hixi doem, aF AHE
(Persicaria Mill.y2 ©]2t4¥ (Persicaria filiformis (Thunb.)
Nakai), BZH (Persicaria japonica (Meisn.) Nakai ex
Ohki), 2% (Persicaria nepalensis (Meisn.) H.Gross) Il
A ghiksl gdunt olde}, wul (tyrosinase A3l), &, &
g 33 WA Y Hyun et al., 2007, Kim et al., 2019;
Choi et al., 2020; Seimandi er al., 2021). AEZ2 =2
ol 4HA L% (Reynoutria Houtt)2] 73-%-, SHE: =}
A2 59 TAZ (Reynoutria japonica Houtt), %37
(Reynoutria sachalinensis (F.Schmidt) NakaiyS 2&sl] 9
2bsl, B, deh 7 H A BE, 7Y R T okl
o] wrsl At} (Zhang er al, 2022). HE3F LA o]4
(Rumex L) AEEEL dts}, 3, a4, A&
W H T} (Vasas ef al., 2015).
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Wojo} e AEA| HR| 27

EE3h, sl=ole 10
g5k vt} g§9S 7t

o Qo £,
glo] Aol T

pes

o

q

- e

- LM - Ak

[

A= Aot FAE Aee T3 FRow st &
el 71ofsk= el 24 sigtes dHohal sl dos &
HA Slel, T FEEe] st S el 7154
AF 2 ooE AEA 840 E AT TEHE o
S

Hebq & Aol FRLANN e Fol 545
3 epgHoR AR ARt 1 e 1059 sE

HE T4 FHES IO Pus DY Wl vias
t A2 BEE S oHE AT BF /154 4F o
SJofE AR BEIA] AR /AR AR AN
shsict.
AT 9
1. M8 ME W SR g it
B A FPUTINFE Sl Bopre FA

= ARSI (Table 1). ABE pit)E3) Qui2RE HuS
Higk AAsl FAEE ARSI oH, ARG FAF AR
tAd #nl7d (DVMS6, Leica Microsystems GmbH, Wetzlar,
Germany)Z ©]-&-3t] #FsISlth (Fig. 1). THET WokdAt
£ Addste] &5 A% T4 dEHE Bkl o, WA X-
ray (EMT-F70, Softex Co., LTD, Tokyo, Japan)E ©]|-&3}
Z24E (Percent of filled seeds, PFS)S ZAlSISAth.

7} FE9] Wolz7e SER-SIDE Fste] HA 3t
(Society for Ecological Restoration, 2025). 9] ZAFE o}
271 2 FAE e PolsdS Hsh] flste] over-
sowings 918 TS Alete] 47474 (TGL-1S, ESPEC
MIC Corp., Osaka, Japan)ollA ZHt] 3047t v g3ttt
(Davies et al., 2015). f=°] T35 3 UeE FAE 7]
Fo 7 mjd wolgS FAREIIOH, HEWols (Percent of
germination, %), T50 (Time to 50% germination, days), *3
o2 U4 (Mean germination time, days)y= AlAHSFITH

Table 1. The list of 10 Polygonaceae plant seeds used in this experiment.

No. Scientific name Korean name Collection time
1 Persicaria filiformis (Thunb.) Nakai [-sak-yeo-kkwi 2019.09.26.
2 Persicaria japonica (Meisn.) Nakai ex Ohki Huin-kkot-yeo-kkwi 2017.11.17.
3 Persicaria lapathifolia (L.) Delarbre Huin-yeo-kkwi 2020.10.13.
4 Persicaria nepalensis (Meisn.) H.Gross San-yeo-kkwi 2019.10.01.
5 Persicaria sagittata (L.) H.Gross Mi-kku-ri-nak-si 2019.10.03
6 Reynoutria japonica Houtt. Ho-jang-geun 2019.10.10.
7 Reynoutria sachalinensis (FSchmidt) Nakai Wang-ho-jang-geun 2019.10.08.
8 Rumex acetosa L. Su-yeong 2019.05.29.
9 Rumex crispus L. So-ri-jaeng-i 2019.06.19.
10 Rumex obtusifolius L. Dol-so-ri-jaeng-i 2019.07.10.
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y’gonaceae lant seeds: Persicaria filiformis (Thunb.) Nakai (A), Persicaria japonica (Meisn.) Nakai ex Ohki
fa (L) Delarbre (C), Persicaria nepalensis (Meisn.) H.Gross (D), Persicaria sagittata (L.) H.Cross (E),

Reynoutria japonica Houtt. (F), Reynoutria sachalinensis (FSchmidt) Nakai (G), Rumex acetosa L. (H), Rumex crispus L. (1), Rumex

obtusifolius L. (J) seeds. Scale bar; 1T mm.

(Dezfuli et al., 2008). T3k, FHFWol&o] 50% o|slE e}
A FAke] Ae, APBATE Fxsl] AR (Persicaria
Mill.y 5Col|x] 857k #2354 (cold stratification) A2,
SR ES 1 ugml o] GA; A A& S8l F7140 4k
g5 H71elth (Araki and Washitani, 2000; Pipinis et
al, 2016). 2 &9 Hrk= 259 482 7|02 75t

At

. A FEE M

Homogenizer (Bead Ruptor 24 Elite, Omni-International,
Georgia, USA)°} A AAE o] gste] HA 7+ Al5e] AF
2 ojv] 20809] 75% MERS (MeOH, Macron Fine Chemicals,
PA, USA)S #7Iste] 25CeA 797 FE3ch 5 &
oJ3}A] (0.45 pm, Hyundai Micro, Seoul, Korea)= o433}l
evaporator (CVE-3110, EYELA, Tokyo, Japan)E ©]|-&3}<]
7 sEsiAt FE8uE &3] AAS F dimethyl
sulfoxide (DMSO, Sigma Chemical, St Louis, MO, USA)
o 10 mgmee] TERE =1 FEES )Mt & Aol A}
881212, 10-1000 pg/ml H9e] FE=2 3|4sto] L4sl3l
o FETES AR T U] FE8vi7t eds] AAE F
=8 WEEE Yehf AXbsisih
3. & H=d siE 54

Z HEA 3FEE-LS Folin-Ciocalteu A|2Fg- 2H-8-3F

}

Singleton
T (1999)¢] A5 S8t Hrieldt. T4 FEE

FE== 20 4L
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o 40 102 SF5l =21 04 N Folin & Ciocalteu’s phenol
reagent (Sigma Chemica, St Louis, MO, USA)E YHol& &
SEZF WA 3 140 42 700 mM Na,CO; (Daejung,
Siheung-si, Korea)g Ho]F3L /d20lA 2417+ HH-SAIF oW,
microplate reader (Multiskan go, Thermo Scientific, Vantaa,
Finland)E ©]€3}] 765 nmollA] ¥ks-lo] S5 A3
o} (Kim et al, 2022). Gallic acid (Sigma Chemical, St
Louis, MO, USA)S HFEZ=EH X Rkl 4
R = kS

Z 31 [e]
FaAS
==

T==

4. & Z2B01E 53
% ZP}H0|=E Christ?t Miiller (1960)2] A7E HIF s

o Hriskith 100 W FAF FEE00 300 0 ek
(EtOH, Daejung, Siheung-si, Korea), 20 /£2] 1 M potassium
acetate (Junsei Chemical Co., Tykyo, Japan), 20 £ 9
10% aluminum chloride (AICl;, Junsei Chemical Co., Tykyo,
Japan), 560 /1 o] SFTE Wil 3 & AF2olA] 307t
HESAIZ] 3 96-well plateo] #F ¥ microplate readers ©]
83t 415 nmelld WA FFEE ST (Kim er
al, 2022). Quercetin (Sigma Chemical, St Louis, MO,
USAYS BEFEAEA BEIIE TEe] B4 225 ) ¥
F2 LAt

T=

YA
MTE at

AT

5. DPPH 2iCjZt &4k Hot
DPPH 2]z 27422 Blois (19587} ASHsh ¥

o =
= 3
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st Frketdeh. T4 FE= 50 bl 150 1421 0.1 mM
1,1-diphenyl-2-picrylhydrazyl (DPPH, Alfa Aesar, MS, USA)
o)zt &S E9tate] 3047 GaolA] REGAIFATH (Kim er
al., 2022). 2 3] 517 nmollA microplate readerE ©]&3}
of W3] F4EE S4sITh (Kim er al., 2022). 7347t
T T4 FEE U 34 &uE Hrtste] vk 53
TE S35t Ade WESE kel & ECs wE
SFth  Ascorbic acid (Fujifilm Wako pure chemical,
Osaka, Japan)e FAUNZTLOE ARG8Tt

(%) =

5
(1-FEEAATI SRR,
B E e

6. ABTS elC|Zt &gk ot

ABTS [2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic  acid)]
o)z AL Miller 5 (1993)2] A+E W3] Fr}
SIATE S5/ 5 Mol 140 mM potassium persulfate (K,S,0s,
Acros oragnics, Geel, Belgium) 88 uLE 7}3F &3 AJekd]
ABTS diammonium salt tablet (Sigma Chemical, St Louis,
MO, USA) 225 ¥o] 7 mM ABTS $-8&9S whso] o4l
o 14 - 16A7F WAXNZ §, o5 oe-&F} 1:889] HIEE
210] 734 nmollA =48 FF= ol 0.70 £ 0.027}F HES
ZZ3 ABTS solutione A|2Fo & ARE3IATH (Kim et al.,
2022). 96-well platecl] A& 10 /£ 2} ABTS soultion 190 /4 &
3t 28 30%7F WHSAIZD H, 734 nmollA wES o] &3
T2 AT (Kim ef al., 2022). 37 $4 F25

=
Al BA SiE H7ele] wkele] FR=E STk A
e WEEE AN T, ECy e 78IRATh Ascorbic

acid (Fujifilm Wako pure chemical, Osaka, Japan)s <3t

Table 2. Germination traits of 10 Polygonaceae species.

U - 2

R HE - LRI - 2sf

2702 AHgasith.

ABTS &Y &2A5 (%) =

(1-REE AT a8
FATI 8%

7. Ferric reducing antioxidant power (FRAP) &J}

FRAP %7k= Benzie®} Strain (1996)2] A+5 583514
2319tk FRAP solution> pH 3.62] 300mM/ £ Acetate
buffer (Samchun, Pyeongtaek-si, Korea)2} 40 mM/{ HCIl
(Fujifilm Wako pure chemical co., Osaka, Japan)ol] =<1 10
mM/ {2, 4, 6-tris(2-pyridyl)-S-riazine (TPTZ, Sigma Chemical,
St Louis, MO, USA)®} 20 mM/{ ferric chloride(Sigma
Chemical, St Louis, MO, USAYE 10:1:1 H]&Z Ad A
o] BHEo] AMREATH (Kim ef al, 2022). 10 /49 X8}
FRAP solution 200 /£ & &3tste] 37CelA] 4&7F WA
T 593 nmol|A] wkgole] S35 =435St FRAP value
+ ferrous sulfate heptahydrate (Sigma Chemical, St Louis,
MO, USA)E ¥FEZZHN A4S TEY], Fe(l)Q] thy
§Fo = YR

8. SAEM

it TES Ve R FES Ve d ASH 3
A8 ATk T4 FEEE d4ksl X3 (DPPH #H
Z+ 2784, ABTS @)z £27484, FRAP) HIoJHE Z-
socreZ R F3}sll Ay FEFETL ATE o] &3 Ward's
method®] 7152 A0l ARgsiint. aitst &4 H7t
A3 33 HhEson, FAEAS IBM SPSS statistics
v.23 (IBM, NewYork, USA)S o]&-3l3]tt.

Condition

No. Scientific name Korean name PFSY (%) (Day/Night) PG? (%) T50% (day) MGT? (day)
1 P filiformis [-sak-yeo-kkwi 99.0 + 1.0” 25°C (12h/12h) 1.0%2.0 - 4.0=8.0
2 P japonica Huin-kkot-yeo-kkwi 99.0x1.0 25°C (12h/12h) 9.9 2.2 171x7.0 16.4 =39
3 Plapathifolia Huin-yeo-kkwi 94.0 =35 25°C (12h/12h) 0.0 £0.0 - -

4 P nepalensis San-yeo-kkwi 100.0 = 0.0 25°C (12h/12h) 100.0 = 0.0 5.6 £ 0.2 7.7 1.5
5 P sagittata Mi-kku-ri-nak-si 89.0 £ 3.4 25°C (12h/12h) 0.0 £ 0.0

6 R. japonica Ho-jang-geun 96.0 £ 0.0  25/15°C (12h/12h) 1.9 %22 - 6.8 = 8.1
7 R sachalinensis  Wang-ho-jang-geun ~ 89.0 = 2.5  25/15°C (12h/12h)  53.1 = 7.0 5304 7.2x1.2
8 R. acetosa Su-yeong 94.0 +1.2  25/15°C (12h/12h)  82.2 = 6.1 3.8+03 4.9 +0.2
9 R. crispus So-ri-jaeng-i 99.0 +1.0  25/15°C (12h/12h)  98.0 = 2.3 46+03 54+0.5
10 R obtusifolius Dol-so-ri-jaeng-i 90.0 +2.6  25/15°C (12h/12h)  89.3 = 6.6 3.8+0.2 45+03

YPFS: Percent of filled seeds, ?PG: percent of germination, ¥T50: Time to 50% germinations, “MGT:mean germination time, ®Data are

represented as the mean + SD of quadruplicate determination
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Table 3. Improved germination traits of 6 Polygonaceae species following cold stratification and CA; treatments.

Condition

No. Scientific name Korean name (Day/Night) Treatment PG" (%) T50? (day) MGT? (day)
1 P filiformis I-sak-yeo-kkwi 25°C (12h/12h)  CSY 8 weeks  53.0 + 6.07 29+09 3.8+ 0.4
2 P japonica Huin-kkot-yeo-kkwi ~ 25°C (12h/12h) ~ CS 8 weeks 65.8 = 3.2 21+0.2 29+0.5
3 P lapathifolia Huin-yeo-kkwi 25°C (12h/12h)  CS 8 weeks 73.0+5.0 1.9 +0.2 24x0.2
4 P sagittata Mi-kku-ri-nak-si 25°C (12h/12h)  CS 8 weeks 79.0 = 8.2 1.6 = 0.1 23*0.2
5 R. japonica Ho-jang-geun 25/15°C (12h/12h) GA; 100 pg/md  65.0 = 19.1 74+19 80=x1.6
6 R sachalinensis ~ Wang-ho-jang-geun 25/15°C (12h/12h) GA; 100 ug/m0  62.5 = 17.1 23x0.8 2.5*0.6

YPG: percent of germination, T50: Time to 50% germinations, *MGT:mean germination time, ?CS means cold stratification, *Data are
represented as the mean = SD of quadruplicate determination

29 o DB Huolgol Zvise A4S A1 5 UH, 58 10%

ujvke] wlolg-S Uehd 59 tlEiAls 50% o)/de] delg

1. DICIET} A2 EXiSe| 2o 2} 2 W AT Ak Welswe] AL, vIFAF TS0

it &3 2E FAEe] €S Wk S8l SHES F o] 1.6d, MGT7} 23¥42 7F¢ wWstom, S7<to] T50
5 dolg, T50, HadelihadsE ALY (Table 2). 744 MGT7} 8.04 = 7F =gA YeRsit)

FAES Y, BE vlHES A& TAT 89% oo R & 3*7‘041'1]9} BojF o] g, A4 A wolgo] Fx1E

@6} Joh & #HA wolxl 25T, 25/15CaMe] g T & Qtke AFEI7F 1™ (Araki and Washitani, 2000),

50 A9 A, A5 59 (Rumex acetosa L), 2~ FHEN}; Aol o5 wolgo] SE FE5L oz 2

ﬂxﬂol (Rumex crispus L.), E421°] (Rumex obtusifolius

L)yt 50% olde] HEdols-S vepilom, 2% Aoy}
2E|ol7t ZF2E 100.0%, 98.0%% 71 =& wols-S UE

Wk 10% PIRke] HFdol&S UERd ofdtedy, $l3Eoiy,
YA (Persicaria lapathifolia (L.) Delarbre), 7]F-2] 7 Al
(Persicaria sagittata (L.) H.Gross), 3= 50%°l 717
Wolg-S U 95 652 e g FHEN
Ag AF2 A2let GA; AEE st (Table 3).
71E AgYATet o] FHek AE g BE FollA

LS Eget

=

=

TG galo] Hodk Aow AztELH AxpFlozm B o2
oA A BE FAELS 50% olde] wols-S vERiT

A2

IAND
= o

2. OICi=Ey FETS,
2}
e

_L.“.E-:.}\—] 51_'6]—‘:' a‘]—E}: 1:11 z

SAE2

E U=t
215 FA 1059] 75% wlEk
EgH o 1
T} (Table 4). FE5E&2 24 - 11.5%= THFs
ojatod g9} A H 7} ZH2) 2.9, 24%E RO

3 =

3}

Table 4. Extraction yield, total phenolic and flavonoid contents of 10 Polygonaceae plant seed extracts expressed in gallic acid and

quercetin equivalents.

Total phenolic content  Total flavonoid content

No. Scientific name Korean name Extraction Yield (%) (mg GAEs/g seed") (ng QEs/g seed?)
1 P filiformis I-sak-yeo-kkwi 2.9 +0.0Y 1.0 = 0.0 0.3 £0.0
2 P japonica Huin-kkot-yeo-kkwi 4.8 0.1 2.1+£0.0 0.9 £0.0
3 P lapathifolia Huin-yeo-kkwi 49+0.0 3.8=+00 1.1 = 0.1
4 P nepalensis San-yeo-kkwi 2.4 +0.0 0.7 = 0.0 0.6 = 0.0
5 P sagittata Mi-kku-ri-nak-si 40=x=0.3 1.0x0.0 1.5 =0.1
6 R. japonica Ho-jang-geun 10.0 = 0.1 55%x0.2 1.6 0.0
7 R. sachalinensis Wang-ho-jang-geun 11.5=0.0 8.0 = 0.1 1.7 0.0
8 R. acetosa Su-yeong 7.3 0.0 45=0.5 1.6 £0.1
9 R. crispus So-ri-jaeng-i 109 £ 0.3 10.8 £ 0.3 0.9 = 0.1
10 R. obtusifolius Dol-so-ri-jaeng-i 8.7 £0.1 8.3 £ 0.1 0.8 £0.0

"otal phenolic contents are presented as g gallic acid equivalents per gram of seed, ?Total flavonoid contents are presented as g quercetin
equivalents per gram of seed, *Data are represented as the mean = SD of triplicate determination
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ZE|Ael7t ZH2E 115, 109%2 78 =9kt & sled 39t
E 3] A9, 0.7 - 108 mg GAEs/g seed® ThSs1lom,
210377} 0.7 mg GAEs/g seed= 7 S| AE]Ao)7} 10.8 mg
GAEs/g seed® 7P =7 Uelstth & Sehhieo|= 3]
7%, 03-1.7 mg QEs/g seed® T}A3151.0H, 012t % 7} 0.3 mg
QEs/g seedZ 7MY YA 4520l 1.7 mg QEs/g seedZ
7 =A YElsitt

N e 3 B4 B9

3T

shekS Uebd A2]Ao] (108 mg
GAEs/g seed)E 7102 W3l g2 T4 F=25 T 7/
=2 Hs=A SE FFE e, 39 ad1Ex
(Dendranthema zawadskii (Herbich) Tzvelev var. tenuisectum
(Nakai) Kitag.) (13.5 mg GAEs/g seed)RttE 97 EZ3}
&% (Phlomis umbrosa Turcz.) (6.2 mg GAEs/g seed) X.Th
=7 JeRtth (Kim et al, 2021; Kim et al., 2022). T3t
AEoefE oz AMgHE tE nuEy AEEY] 49, &F
o] A 249.8 mg GAEs/g, 7154 (Rumex
acetosella L) & FEE2 5432 mg GAEs/100gC. 2 H Iy
Tt (Breifej et al., 2015; Saoudi et al., 2021).

==X 0

TEET

3. OICIZ1} EXI=9| DPPH 2lC|Zt AHsrd =} Zut
it Z3 A8 F2F 559 DPPH oz &AASAHS 5
3 AL 50%d o] FEE FE(ECs)E B7FHith
(Table 5). 443}, ECs, % &S 55 - 632 pgml & T}
FHA vEbTh Aot EaEAolrt Zhzh 55, 715
pgmlE 2 S JeRlom, oj2ted | Ak, w|tE]yt
A7V 742y 632, 61.8, 524 pgml 2 SR EAS UERTh
53] AglAo] Fxke] A%, itsA= de] d#lzl ascorbic
acid®] ECs, ZFSl 7.5 pgml BT} =& FAS Jeplo
2 APz Aol E21¢] butanol EEE0] ascorbic
acidith &/do] o= A+ ZA3E Hush vb Ut} (Suh er

R HE - LRI - 2sf

al, 2011).

w3k U2 vl EY AE 345 A, A, AR F
Z89] A3 AFolXe Aot (dconogonon alpinum (All)
Schur) A FEEo] 154 wgml, Y22 (Persicaria
chinensis (L.) H.Gross) A% FZF°] 19.2 pgml oA =
DPPH ]z &2AZY A3E Bisiglon, Aol 4
FE= 391w, Y FEE2 711 pgmlE IS
(Choi et al., 2020).

B rl

H

4, DICIZY} A2 BXIS9| ABTS 2iCiZF AHE 2y A
it E AE F4F FE29] ABTS 2oz A4S
3l Ao 50%Y Wel FEE $5 (ECs)s H7Fekict
(Table 5). 443}, ECsy & 7+ 1.5-214 pg/mlz theks)
Al UFERiTE. DPPH 2HoZ A2 37t A3e} vy 2
aEAo], B2t 47F 15, 2.0 pymb = 7 2 &
e YERoH, ojatody], Aty w|FE A7} 124, 214,
15.6 pg/mb 2 S+ 245 YepRlith 53] o<, Lejol,
EagAo] Fxke] A, dieAR dE] R ascorbic
acid®] ECs, 7Q 2.9 pg/ml R} =S 348 Jehh
U nit]E3} A5 FEE9 ABTS 2tz A4 A+
£ AHEH, T 34F A, Az T e 24 F
AT Az FEFE (52 gl Aot (4. alpinum Schur)
FEE (53 rgmbye] 7P EA vERoH, ARl
Az} Bl 712 154 pgml, 227 pg/me ©] ABTS 2tz
2AZAE 7 Ao g B HAY (Choi ef al., 2020).

-
3

5. OICIZY AlE XS] FRAP EJt it

e E AE SRk Aks @& Bk S8 A
FEE9] FRAPS 715130} (Table 6). %4123}, FRAP 3t
£ 1042.4-9118.0 pM Fe(ll)/g extractZ T}F3Al YERTE

Table 5. The ECs values for the DPPH and ATBS radical scavenging activities of 10 Polygonaceae plant seed extracts.

No. Scientific name Korean name DPPH radical Scavenging ECs, (ug/m0)  ABTS radical Scavenging ECs (g/m0)
1 P filiformis I-sak-yeo-kkwi 63.2 2.2 12.4 £ 0.4
2 P japonica Huin-kkot-yeo-kkwi 26.1 0.5 7.2 0.0
3 P lapathifolia Huin-yeo-kkwi 14.8 £0.2 3.3+0.0
4 P nepalensis San-yeo-kkwi 61.8 £ 1.1 21.4 £ 0.1
5 P sagittata Mi-kku-ri-nak-si 52.4 = 6.1 15.6 = 1.3
6 R. japonica Ho-jang-geun 28.5+0.3 3.0+ 0.0
7 R. sachalinensis Wang-ho-jang-geun 16.4 + 0.8 25 +0.0
8 R. acetosa Su-yeong 30.7 0.3 6.1 = 0.1
9 R. crispus So-ri-jaeng-i 55=*05 1.5 0.0
10 R. obtusifolius Dol-so-ri-jaeng-i 7.5+0.7 20=+00

Ascorbic acid” 7.5+ 0.1 29 +0.1

"Data are represented as the mean = SD of triplicate determination, *The positive control is ascorbic acid
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Table 6. The ferric reducing antioxidant power assay (FRAP) value of 10 Polygonaceae plant seed extracts.

No. Scientific name Korean name FRAP value pM Fe(ll)/g extract ~ FRAP value pM Fe(ll)/g seed
1 R filiformis I-sak-yeo-kkwi 1593.4 + 35.6" 46.7 1.0
2 P japonica Huin-kkot-yeo-kkwi 2461.5 = 64.4 119.3 £ 4.8
3 P lapathifolia Huin-yeo-kkwi 4391.0 =+ 334 216.6 = 1.6
4 P nepalensis San-yeo-kkwi 1045.8 = 35.7 25.1+09
5 P sagittata Mi-kku-ri-nak-si 1042.4 = 262.2 40.7 £ 6.7
6 R. japonica Ho-jang-geun 3894.2 £ 72.4 391.1 £4.3
7 R. sachalinensis Wang-ho-jang-geun 5104.8 = 183.5 585.3 £ 21.0
8 R. acetosa Su-yeong 2741.3 = 94.1 201.0 £6.9
9 R. crispus So-ri-jaeng-i 9118.0 = 270.4 9924 £53
10 R. obtusifolius Dol-so-ri-jaeng-i 7334.4 = 1425 638.8 = 1.0

Ascorbic acid?

9953.0 = 152.7

"Data are represented as the mean = SD of triplicate determination, *The positive control is ascorbic acid.

2gAol, E4e)Aol7}t 9118.0, 73344 pM Fe(ll)/g extract
2 7P = deistem, AodF, vieEA 7 242t 10458,
10424 pM Fe(Il)/g extract® 714 Sl YElsith. 3248
< Whgste] FAF FAC] e FRAP #s ALteis 72,
TREZRAR 2E|Aol, E4eAe]7t 992.4, 638.8 uM Fe(ll)/g
seed® 7P =7, Atedy, wiFRAAIZE 242t 251, 4072 S
A vt 23, 2 AYe BE FA FEE2 T
(ascorbic acid)2] FRAP %%l 9953.0 uM Fe(llyg Ht} 2
2ol vttt

7P =2 FRAP 35 UEhd 2ol 4 FE=
(9118.0 uM Fe(Il)/g extract)?] ZH-$-, 52
92 FA FEFE9 EEF (Prunella vulgaris L. subsp.
asiatica (Nakai) H.Hara) (29104 uM Fe(Il)/g extract), &
(Elsholtzia ciliata (Thunb.) Hyl.) (2836.2 uM Fe(Il)/g extract)

BoleE =4 velgdth (Kim er al., 2022). 31, 5A3F 0}
ER1 Z2HEAH (Persicaria minor (Huds.) Opiz) & F
Z5L 377.6 uM Fe(ll)/gz, Ae|o] ¥e] FE52 13535
mM Fe (I/gZ Ag]Ae] G F5E 99 mM Fe (g =
BIFT} (Maksimovic et al., 2011; Hassim et al, 2014;
Eom et al., 2020).

v

6. DICIZY A2 BAES] AIEA 8= dyt

TA FEEC] s 5EE VIEeE niHES 1058 &
Fotal Hlastr] 98l oA Wk ksl sES TNke =
THEA S Fsth. DPPH 2tz 2AZA  (ECy),
ABTS &tz 2484 (ECs), FRAP (uM Fe(Il)/g extract)
HlolEE o]&ale] 2ME tle2a3iS Farste], W2 3
3} &S Zl= group 19MHEH & ditst S48 zhe=

Table 7. Comparison of antioxidant activity according to groups divided by hierarchical cluster analysis using DPPH-ABTS radical
scavenging activity, FRAP data in 10 Polygonaceae plant seed extracts.

- TPC TrC DPPH radical ~ ABTS radical FRAP FRAP
Group Scientificname ~ Korean name (mg GAEs/g (1g QEslg seed) scavenging ECsoscavenging ECsy (UM Fe(ll)/g (UM Fe(ll/g
seed) (ug/md) (ng/md) extract) seed)
P filiformis I-sak-yeo-kkwi
1 P nepalensis San-yeo-kkwi 09+02" 08=05 59.1+6.1  164+40 122723054 37.5%=103
P sagittata Mi-kku-ri-nak-si
Pjaponica  Huin-kkot-yeo-kkwi
R. acetosa Su-yeong
2 P lapathifolia Huin-yeo-kkwi 48+20 1409 233+6.7 44+20 37185 *1032.5 302.7 = 1729
R. japonica Ho-jang-geun
R. sachalinensis  Wang-ho-jang-geun
R. crispus So-rijaeng-i
9.6+14 09 x0.1 6.5*+12 1703 822629959 815.6 =193.7

R obtusifolius ~ Dol-so-ri-jaeng-i

"Group-wise data are expressed as mean = SD
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2zs - el - uRlE - 2l - gl - HAE - LRI - 28R

:" -
o No.  Scientific name Korean name Group
— N~
_g 1 P filiformis I-sak-yeo-kkwi 1
8 2 P. japonica Huin-kkot-yeo-kkwi 2
5 3 P. Iapathifolia Huin-yeo-kkwi 2
2 w- 4 P. nepalensis San-yeo-kkwi 1
% 5 P. sagittata Mi-kku-ri-nak-si 1
8 -
% 6 R. japonica Ho-jang-geun 2
g . 7 R sachalinensis \Vang-ho-jang-geun 2
8 8 R. acetosa Su-yeong 2
§ 9 R. crispus So-ri-jaeng-i 3
2 10 R obtusifolius Dol-so-ri-jaeng-i 3
o

- -

Group 2 Group 3 Group 1
o1 1T |
2 8 3 7 6 9 10 1 5 4

Dendrogram using Ward Method

Fig 2. Dendrogram showing classification of datasets by a hierarchical cluster analysis using ward’s method. The datasets include
DPPH radical scavenging activity (ECso), ABTS radical scavenging activity (ECso), FRAP (uM Fe(ll)/g extract). The red dotted line

means selection criteria for three clusters.

group 3, & He] ZFo® EFIITt (Table 7, Fig. 2).
Aoz o AAAY group 32 BFE HE0], =2
Ao T2 FEES kst SAo] 7P =4 vERET

ESH QP AellA AEjAelet EaeAolo] AJA 7]
23 APt b2 R} proanthocyanidin?} catechin
o] EIL kst & I mrke A3t BiHgloy
(Feduraev ef al., 2018), 15 A} &2 ditst &4& 2+
= ARA T8 HESS AXSHA Rl FAETE feS
TS o9 kst S tigk F7HAQ] At &
L83,

2 d7E iHER AE S VR &
=S ol&ste] Ao, :r”‘"r’“
AA et e FE B3 7S EVﬁ
At FHE vE=2r, dist AR 7F s
ol B3I (Feduraev ef al., 2022). HE3
=5 ol s} s9o] fosk gt 53
o8 &Y A5 A5 ofHrhe A3t vhE
%o} gkt} (Hanen et al., 2009). 2342 o2 BF75H4
2 F ) 585 dAidke A ofEe A
), & 5ol3o® s} o] S ojwg ATS
A getrdt a7t Qo] ®elth

Bailly (2004)y= SAF A7} o}l Igolla] A &A=
S AR sl A - Ao ksl Ego] Ay
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