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Abstract Artemisia fukudo Makino belongs to the Asteraceae family, is a halophyte that can grow
in salinity soils and is known for its various physiological activities. However, few studies were
comparing it according to the growth environment. Therefore, in this study, we analyzed the
antioxidant activity, functional ingredients, and safety of Artemisia fukudo Makino according to the
growth environment. Total polyphenol content was the highest in native mature leaves, but 2,2’-
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) and 1,1-diphenyl-2-picrylhydrazyl radical scavenging
activity was higher in cultivated leaves than in native leaves. The total mineral content, excluding
sodium, was higher in cultivated than in native leaves. The content of potassium and calcium was
higher in cultivated leaves than in native leaves. In addition, heavy metal analysis showed that
cultivated leaves were generally lower than those of native leaves. Residual pesticides were not
detected in all samples. In conclusion, since there is no significant difference in cultivated leaves
compared to native leaves, it was judged that cultivated leaves could be used as a variety to be
grown and mass-produced.

Keywords Artemisia fukudo Makino, total polyphenol, radical scavenging activity, mineral content,
heavy metal

1. M2
& (Artemisia spp.) =8FIHCompositae)°] &5h= oj2jafjio| &2 vH|wd 7| S Eofo Z
Agste] 3.4900] Aol - FAYAEZA A AALOZ 2000 F FL 5000] B o}]
o
2014; Park 5, 2011). &9 £F 2L 7}2|9] 5o Busla Qa7} 535 B2 &(drtemisia
princeps Pampan.)o] 31, W7l SAA Aehs B4 (4rtemisia selengensis Turcz), AL}
Ol7} 2ol A Ret= MES(Artemisia annua Linne), A3[Qt o] B-E o)A A}k &5|2(Artemisia
argyi Lev.), FA5Qt 9 AFEA| o]l MAlok= FH|& (Artemisia fukudo Makino) 5°] UTHKo
= 2014).
20 BARUEA, oluAE, FHAS, AT, ARAPA, 49, A7, UG 9| doR
B e 202 BE v YtHYoon 5, 2006). HOHE 2ol 1 B o 4312
Sirhn Qe o, Wgel 42 B, S, Aok B, 9, Z1EAY, A4, A5

== Hs =71 O
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A[gA| 5ol AH&sHAtHKo 5, 2014).

FH&2 AL o2 Izl GAYAEY IF2E 30-90
cm FE7HA] A2, AA7F SWAS w1 5.9 )7 T
Th(Lee, 2018). A= (halophyte)o|d 457]7F B B
A Agte AlEE E5] HIRTE AR Be A7) AlETolEaL
T E79, $44E(glycophyte)tt ] EFY] 15k w2
2 gt d AEFH A f-got= WA (salt tolerance)yE 7HX

= 0] 57oIth(Lee, 2018). o]t =7 TG A5t
= AEL ey RES e 2% tAE T B2 &
o|Ael A EEES o ok itk EE|QlY, o]
£ ol&et 4 750l tigt AT A= UK (Park 5,
2016). S UEhe o] HItE SRRl JAE AAA7}
2 g o] 9lom, oF 1000] F9] dAYAEC] AAlsk= AoE
AA ATHKim 5, 2021). 53] Syt Afsioke AAAE
9] £2 FFAo|thKim 5, 2021). IZFJAE AQHE 2Lt
Suet Ho 1] T FHo] i, AAHoRE RAEE
A AEE wet dA84EC] AMYskal QIek(Kim, 2017).

&0 B3t A= 19739 RE Fv[&40] FRgE &
e A, &g Aol WeE A, FHEY 9 PAE =GAA
of et A7t LS| o]FojAH L ZHA7} E=A B7HE I
(Ko 5, 2014). E3F, f-2uytol A Agste HAABEAY 30
T2 W o 4E BAYE o 240] 7P =1
THES s A= ot A7 APESIH
(Hong, 2009). X|to] FH|&% &5 tigt 7]s/dx HHE
A7 SESHA XY Fo= n|wo] tfgt Al ZAFEES AAlsH
of depd B4 A atE Y5sHthKim 5, 2017). o|<}
o] FHl&of| gt thket A7t o] Foi A glon, A% 2
of M2 7548 55 Hlud A= A9 fle Aol

upaba] 2 Aol AR S (AHY L Al 9 AJ7]RE(o]
A D AHWDE AFT 459 FHES I FAet &
4 2 7154 AR, P/l ditt ek 71 2A RS SEstaL
o|F HIFOE BEAYCEAQ 7IAE TASHIA SHTh

A

2. Tjg 5! dit

7

£ Ao A% SHEE 9 A D A Al7](e1™
A, A&EWME TEot] FH& 452 AAotutt A FHl&%
2 A0 SEH FShE] BB A A LA A A AL
o, oA 9 59U 7H 20229 74, 1199] 23] HFH I
o}, Al FBj&42 9 w7olA AFstelen, oldd 9 s
Z¥7F 2022 79, 11€0] 23] AFHoIAT A= &, WA
=9 AASH] 8 $AlskL, ZA] -70T 2] Y51 (DuoFreez
U300, DATHAN, Wonju, Korea)o]] 3+ &, 527 %7](LP50,
IIshinBioBase Co., Ltd., Dongducheon, Korea)o|A] S2AX

1 Ho
o o

|
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5la1, #A3Fste] WE & g A]A 0§ (auto-dry desiccator)]
Bashed A

22 G+F=F HZE

A& 2 go S/ 40 mLE 7S] 2,000 rpm, 1027t
WERE &, 95Co|lA 1587 &3t 29 A&
(5,000 rpm, 10 min) ¥ Whatman No. 4 9J¥}A](Whatman Co.,
Maidstone, UK)& oj}3t th3 527X, ol 57
2 Agsleto] AT

2.3, gusl 2y B

N
w
of

I
)
=
ur

Ol
oft
A
o

SH& deFEE9] SEYHE TF2 Dewanto 5(2002)
o] A& Wygsto] 4513 21 Folin-Ciocalteu reagent”}
F2=9 EveA aEd o EEH SSEd M
o7 #E= g AL 2 &5 100 ulol 2%
sodium carbonate €9 2 mLE 75ty 3E87F WA oL
50% Folin-Ciocalteu reagent (Sigma-Aldrich Co., Saint Louis,
MO, USA) 100 pLE H7sto] ALo4 308 whgat 2,
spectrometer (Infinite 200M pro, TECAN, Grodig, Salzburg,
Austria)Z AFE5t0] 750 nmolA] Hkg oo EHE kS 2ot
At EFEZZ tannic acid (Sigma-Aldrich Co.)E AR&5}0]
AFAL A5 on, ARAE ZPY mg tannic acid
equivalent (mg TAE) 2.2 UERHATE

2.3.2. ABTS 0% AHs =4

FH|& JPFEE09] 22’-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS) radical-2 0183t AL Re 5(1999)
9] HS WHYgslo] =4519th. 7 mM ABTS diammonium salt
(Sigma-Aldrich Co.) £9%3} 2.45 mM potassium persulfate
(Junsei Chemical Co., Ltd., Tokyo, Japan)& 1:12 &§s}o]
SHF ¢t ol WA|sto] 2]z ol (ABTS ) BAA]
21 %, o] §HZ 735 nmo A FF& gho] 1.4-1.57 H=E
SR A6t 34HE 894 1 mLo| &9 50 pLE 7}
oto] Ao A 3027t WA|gH &, 735 nmol| A FFE HAA|
£ 3455t ABTS Stz 2752 BEEZEE L-ascorbic
acid (Sigma-Aldrich Co.)E ARESlo] 2&5 ¢ T mg ascorbic
acid equivalent antioxidant capacity (AEAC)Z HH5I3iT}.

2.3.3. DPPH 2iC|Z &7 s &3
1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical (Alfa

Aesa, Ward Hill, MA, USA)o|| 9J3t 2Ht)zh 44% 242 Blois

(1958)9] S HPsto] ST SH|&% 355 0.2

mLo] 2x10% M DPPH 29 0.8 mLE A7}3t o}e, & 5356
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of 204 3027t WAIBIAL 520 nmol| A FFE ARAE S
st DPPH gtz 2452 HFEZQ] L-ascorbic acid
(Sigma-Aldrich Co.)& AR50 &= g § mg AEACE 1
e ot

24. 275 24

E£AA%T A7 o 02 g AW Hslo] A4 5 mLE
718t &, mloja2nt BJAA|(UltraWAVE, Milestone Srl,
Sorisole, Bergamo, Italy)S ©o]-83lo] &43] E3l|5-%ct. o]
BIES 324 &7 50 mLE A€ F, inductively coupled
plasma optical emission spectroscopy (ICP-OES, Avio 550
Max, PerkinElmer Inc., Shelton, CT, USA)E o]-85fo] AZF
SFATHMFDS, 2023). #5%2 ICP-E multi-element standard9]
IV-ICPMS-71A (Inorganic Ventures, Christiansburg, VA, USA)
£, Q2L 3% ZAKHNOs, Junsei Chemical Co., Ltd.)& A}
2319l ICP-0ES9] 7]7] ZAL Table 13} Zth.

2.5, 2HHY BUf

251. 535 24

a5 =9

FT4(Pb, Cd, As) BHE 9o 5AAZT Az o 02 ¢
< s Hoto] FAk 5 mLE 71 &, nfo| 3 &3} FofgA]
(UltraWAVE, Milestone Srl)& o]-8-5to] £-45] EaflotHct. &
E AZE 32} SH5 50 mLE F8 5 inductively coupled
plasma mass spectrometer (ICP-MS, 7900 ICP-MS, Agilent
Inc., Tokyo, Japan)Z ZFS}IATHMEDS, 2023). #5322 ICP

£ multi-element standardQ] Instrument calibration standard 2

(Perkin Elmer Inc., Shelton, CT, USA)E, &2 3% &4t
2 A5 TE ICP-MS9] 7]7] ZAL Table 13} Zth
F(Hg)> S2AXT A& 9F 0.05 g2 AE3] st 4]
F349 dAFFFE=H o AFAEorEEH)ol w=t
A5 52524 7](DMA-80 evo, Milestone Srl)E o|-&sto] =4
SFHTHMEDS, 2023). 522 Q15552 (certified reference
material, CRM)2] BCR-277R (Institute for reference materials
and measurements, Geel, Antwerp, Belgium)Z AM2-5190H,
drying temperature 200C, drying time 60 sec, decomposition
temperature 650C, decomposition time 150 sec, purse time

60 sec, amalgam time2 12 sec® RXACE EA3I3t.

ot Ao WA eler BAL AETA o
(MFDS, 2023)] we} HdA2|3te] Gas
chromatograph tandem mass spectrometry (GC-MS/MS, TQ

¥

o]

19

-

oL

=h

Hr 1x
1%

L

8050, Shimadzu, Kyoto, Japan) @ High performance liquid
chromatograph tandem mass spectrometry (HPLC-MS/MS,
QTRAP 4500, AB Sciex, Singapore)= H-A15}9 0, B4
712 7}7} Table 20] UERRQIT). 5OHS AF5A] Acephate
170%, AZA| Alachlor 5 107%, AA] Ametoctradin
1165, WAZAA| 6-benzyl aminopurine 5 % 4025 &

Steict.

ol oft BN

4

2.6. S/

2E A9 d¥e 24 33) o) WHE SA5te] Fdgt &

Table 1. ICP-OES conditions for the determination of minerals and ICP-MS conditions for the determination of heavy metal

Instrument Instrument parameters Analytical conditions

ICP-OES RF power 1,500 W
Wavelength 238-766 nm
Plasma flow 12 L/min
Auxiliary gas flow 0.2 L/min
Nebulizer gas flow 0.7 L/min
Sample flow rate 1.5 mL/min
Plasma view Axial
Gas Argon

ICP-MS RF power 1,550 W
Plasma flow 15 L/min
Auxiliary gas flow 0.9 L/min
Nebulizer gas flow 1.1 L/min
Gas Argon
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Table 2. GC-MS/MS and LC-MS/MS conditions for the analysis of pesticide residues in 4 kinds of Artemisia fukudo Makino

Instrument Instrument parameters Analytical conditions
GC-MS/MS Column 5MS (30 m, 0.25 mmx0.25 um)
Column oven 60C — 20TC/min — 180T — 5C/min — 300C — 20°C/min — 310C (2 min)
Injection temperature 280C
Injection volume 1L
Carrier gas He, 1.2 mL/min
Collision gas Argon
lon source temperature  250C
Interface temperature 300
LC-MS/MS Column CAPCELL CORE Cig (2.7 pm, 2.1 mmx150 mm)
Column oven 40C
Mobile phase A: 0.1% formic acid, 5 mM ammonium formate in water
B: 0.1% formic acid, 5 mM ammonium formate in methanol
Injection volume 2 L
Flow rate 0.2 mL/min
Gradient program Time (min) Mobile phase
A (%) B (%)
Initial 9% 5
1.0 95 5
3.0 40 60
13.0 0 100
18.0 0 100
18.1 9% 5

FHAE YER A O™, SPSS statistics (SPSS Institute Inc.,
Chicago, IL, USA) T2 I18< o]&3lo] EA A5ttt &
o) AR w2 A £42 Y] EAHEH(One-way
ANOVA) 5l AR5 (Tukey-B test)yS AAISIFL, 11 A3t
o] p<0.05Y o] SAXHCE [t AR 7hEskTh
3. Zm ¥ 1y

3.1. FE2/0= &%

B go] o2 &% G-FEEY SEYdE 39 2
= Fig. 13} Zth Tannic acidZ SHARSE H|&S 42 S0 A
AR AJ4900] 1637 mg TAE/gO2 714 =2 Tk BT,
el o]A Ao A 12.27 mg TAE/g, Al A&AoA] 12.25 mg
TAE/g, A4 o}@Uo]A] 11.61 mg TAE/gO& UYEh} Al 7t
F22Q1 Zpo]7F G tH(p<0.05).

A sy RIEL A& g Exd 24 A
ARE F PR Oet fRe BARE 7AW, o2
phenolic hydroxyl (OH)7|& 7}4]7] wfjiZe] Tald & 7]e} #
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Fig. 1. Total polyphenol content of 4 kinds of Artemisia fukudo
Makino. TAE, tannic acid equivalent; NYL, native young leaves;
NML, native mature leaves; CYL, cultivated young leaves; CML,
cultivated mature leaves; All values are meantSD (n=3). Different
superscript letters () on the bars indicate significant differences
(p{0.05) by Tukey-B test.
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o BT A 2ot FAE) 3o 59 ot AR
4L 7= ALE LA Urh(Lee2t Lee, 2016). FAYA=
% A9 A4S, derrt S SEYHE] ol F
7Vl A3 Holtky R 1E v Qlti(Jeong 5, 2017).

webA 219 S4Bl w2 9=l EE ANl A
HigET & el == A2E Aistgloy, A4
o] e AuiA ] g AL Afol7} iUt ol B2
F579] Holgte 2 $E 5 SR net FEYE
o] Zpol7t ' & Qlvk= ARt THol Qs AoE W
Hth(Choi 5, 2006). SEZHE TS 22 AFoA 7€
QFRE A offiQlo] 11 AfFet A At Z2 4
HE Hth ol & 7 5 AHEEY A8 s d92 &
719] Blsf i} AN =2 TS BT, £ A7)0 ot
gt o5 Aut 2 127]0 Aaste F¥E Hol(Choi 5,
2008), & A AR A& 7€l Ao Frt 5 F &4
of 7IQ1e Aoz AtrEw, fF A]7] & BAE Deste] F
74AQl 77t e Ao wkHch

3.2 2ihjzl 2=

QA e free radical:> X, Tld 53} ¥-gok= A2
L3t &7 4=, A9 free radical 24 F4of gt A7t
5] MPE L YH(Chot Choi, 2011). & Aol A A7

(A)

40

=n

w
o

ABTS radical scavenging activity (mg AEAC/ g extract)
= N
o o

NYL NML CcyYL CML

W7ol OB s U5REEC] AUZ AZSABTS,
DPPH)Z 3743t A= Fig. 29 Zth

ABTS HZ AA52 ABTS 281} potassium persulfate
89l0] wgslo] A ASA| ABTS 7} AIBEo] Sl
E43t Zgdoto] Ao EAR == HPolth(Lee 5,
2011). ABTS &z 2ASS 4T 27, Al o=l
32.12 mg AEAC/g extract, ZfHl] 4J<912 31.45 mg AEAC/g
extract= A Al71E F2JA Q1 Zo]7k QIQLAL, Ajuf o] Y
A 7V BS BE BATp<0.05). A olgIT A4 44
AL 27} 24.80 mg AEAC/g extract, 24.71 mg AEAC/g
extract® A Al71E FJAQl *fol= gigloH, B 279
wh AR AL £ TS BATH<005)

DPPH 2ol 279 g5} Bo] A Fojslo] A3}
£ JAste AT s 4ok WHoR, AR} ofgEol &5
H A2 B U= fE2H 2l DPPHE ¥HeAIA 22
Hatdo] eEE HEE =43 (Yoon 5, 2022). DPPH
2z 2752 S747 A3, ABTS S o7t #fel&
Bt Auf LA 29.32 mg AEAC/g extract® 7} =9k
om, Auf oAU} AP &AL 22 29.29 mg AEAC/g
extract, 28.88 mg AEAC/g extract® A& 7] 59291 A}o]
= GPATHp<0.05). A o]HL-E 24.66 mg AEAC/g extract
2 714 e BAS Bt ok ABTSE Yol iz &

it

ox g

lo

(B)

40 r

30 r

20

DPPH radical scavenging activity (mg AEAC/ g extract)

NYL NML CyL CML

Fig. 2. ABTS (A) and DPPH (B) radical scavenging activity of 4 kinds of Artemisia fukudo Makino. AEAC, ascorbic acid equivalent
antioxidant capacity; NYL, native young leaves; NML, native mature leaves; CYL, cultivated young leaves; CML, cultivated mature
leaves; All values are meantSD (n=3). Different superscript letters (°°) on the bars indicate significant differences (p¢0.05) by

Tukey-B test.
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As= DPPH: 30|12 &z 2A5S SFE=E
HolA A= ZJol7} Ue, & 7183} v 549 2
gt SAA 2tolE Utk Eil(Lee 5, 2012)9 &
o] Q= Ao AHZHr) ghH, ABTSS DPPH 2HtjZ 4A
T BT AL ET Aol =& BE HlH 0|9 Zo]
Y Foldk Zod AAGY A7t BEAHT= A=
Choi 5(2008)9] Aoz gl 4= AUt

ARPE =22 AR E9v= Y A3 o] A3
o] Q= of2] /N 44717} free radicalto] $H WO I
ofsl7] gl FEYE TFFel JEH o8 g ~AT
o] Z7Islttal AZHTH(Choi 5, 2015; Kangd} Lee, 2013;
Kim¥} Park, 2011). sHA9t SE&2 vl g 2hdd &4 gt
< FARE TS HolA] 93l o] Kim 5(2012)9] B
o YA ol= EdHlE PR 124 Zfolof o3t 2
bz &ATY Folo] 7lE ACE A5t U(Lee T,
2013; Shon 5, 2008), E2|H= 3RRHE o|<d] FAkst &4
T =492 vitamin C&} E 22 PRS0 HZ 7%
of EtHor Zgote] Uit AAE 4 7hsolth(Kang
5, 2017).

3.3 FIE &

FH|2o] 2714 B4 Al Table 31} 2t} ohef 7714
ol HEE(Na), ZE(K), Ze(Ca), Tt LHlEMg)} v 77
A<l H(Fe), ¥7HMn), °FA(Zn), T2](Cu)2 TS 2AHA

L EH2 45%0] F 71" dEES 33,026.06-72,507.37 mg/kg
o2 24 o]AA 9] FFol 7Hg =0kth. Na Tg2 A4 ol
Qo] 38,453.64 mg/kgC 2 71} &2 3FFS Y on, ZH4Y
A34:91(14,785.41 mg/kg), AHf o1 A(5,953.30 mg/kg), AJHY
34:91(2,393.42 mg/kg) <22 F9FQl 2ol YERH AT
(p<0.05). A4 FH[&-S AE ST =2 G FH FA A
Aoks ABAERA HAHURAY YEFO| tF TaEo

ASITHPark , 2016). FYAES] B4 Eol FaEol e
UEF e At & F71d S vlus] & 2 A
i oj1Ql > Al A& > A ofdd > A & £o '
ol =3, Aol AP w2 e UE I

K 3HF2 11,580.12-31,640.98 mg/kg, Ca TFL 3,216.56-
13,131.14 mg/kg, Mg g2 3,000.38-4,274.35 mg/kgo|3]
o} K 2 A oj7ila} Ad<9lo] 2 31,640.98 mg/ke,
30,542.70 mg/kgl 2 7P wWolal, Itk 02 Ca gHko] Ajuf
o] Y7} AJ<9lo] Z+7} 13,131.14 mg/kg, 12,133.55 mg/kgl.
= WoIth E35] A o7l A A=A v S o K
I} Ca SFo] oF 2.789t 48 o] =A TEo] AUSIHh Ha
(2012 AofigolA ez 7718 S v LS 1
A, E71, BEollA K3} Cao] &2 T UEHL, Sim 5
(1992)9] Aol A &) B9 A3 Al710 whet & 2&5ollA
K3} Ca ?hgo] %3, Roh 5(1994)y 53 +4F &9
7714 g F K3t Ca go] &4 S5 o] & AFolA A
v ZHj&at fARE 23R UER I

2 2714 =F & Fe2 19.24-501.31 mg/kg, Mn2 &7
Z£9l AR A£9L |95t 5.83-101.75 mg/kg, Zne 1.89-
14.12 mg/kg, Cu= 5.99-16.76 mg/kgO 2 AAY Zu|&2 Fe
> Zn > Cu > Mn 0% §fo] =9kl Aful FH|&%Z Mn
>Fe > Cu>7Zn 08 71 90| o} A% AFEE |ARE
780l EAth Mng A4 dsdoll= AEEA AR A
v ojg1glof|A] 101.75 mg/kg, AHl A& ANA 81.34 mg/kgO
=AY 28} v el o =2 SRS UERIH: ol
= &9 #7144 g2 AEY TR 55, EAY pHY /7]
9 nFda gl wt ol YEhdlith(Lee 5, 2002).

3.4. 2HIY Zf

Z342 G(Pb), FIEBCA), AA), FHgyS BHT
AT Table 49 2tk B AlRE AAE Aol SAA%

Table 3. Mineral content of 4 kinds of Artemisia fukudo Makino (unit: mg/kg, dry basis)

Growth Na K Ca Mg Fe Mn Zn Cu Total

environment”

NYL 38453.64  24,259.47  4,992.66 4,274.35 501.31 5.83 14,12 5.99 72,507.37
641,237 +346.56° +38.92° +60.73° +1.25° +0.22° +0.25° +0.75¢ +1,021.21°

NML 14,78541  11,580.12  3,216.56 3,344.78 75.60 ND? 12.41 11.18 33,026.06
+83.24° +139.95° +55.36¢ +58.91° +1.40° +1.11° +0.12° +248.11¢

CYL 5,953.30 31,640.98  13,131.14  3,000.38 19.24 101.75 3.72 16.76 53,867.27
+113.61° +60.35° +111.66° +21.99° +0.56 +0.26° +0.24° +0.10° +273.22°

CML 2,393.42 30,542.70  12,13355  3,080.22 2761 81.34 1.89 16.45 48,277.18
+64.96° +348.71° +187.21° +49.54° +0.14° +4.38° +0.36" +0.20° +50.13°

UNYL, native young leaves; NML, native mature leaves; CYL, cultivated young leaves; CML, cultivated mature leaves.
2All values are meantSD (n=3). Different superscript letters (™) in the same column indicate significant differences (p¢0.05) by Tukey-B test.

IND, not detected.
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Table 4. Heavy metal content of 4 kinds of Artemisia fukudo Makino (unit: dry basis)

Growth environment” Pb (mg/kg) Cd (mg/kg) As (mg/kg) Hg (ug/kg)
NYL 0.49+0.02*? 0.52+0.03" 0.14+0.00° 5.27+0.81°
(0.0740.00%) (0.0740.007) (0.02+0.00°) (0.71%0.11%)
NML 0.23+0.05" 0.2240.03° 0.190.03° 2.03+0.80°
(0.03+0.01°) (0.03£0.00°) (0.03£0.00%) (0.274¢0.11%)
CYL 0.05:0.01° 0.36+0.02° 0.13+0.01™ 1.33+0.15°
(0.010.00°) (0.05:0.00° (0.02+0.00%) (0.18£0.02%
CML 0.09+0.00° 0.2240.01° 0.09£0.00° 0.97+0.06"
(0.01£0.00°) (0.03£0.00°) (0.01£0.00°) (0.13£0.01%)

1

INYL, native young leaves; NML, native mature leaves; CYL, cultivated young leaves; CML, cultivated mature leaves.

2All values are meantSD (n=3). Different superscript letters (™% in the same column indicate significant differences (p¢0.05) by Tukey-B test.

(), wet basis.

T, T 2% olste] £ AlFoE Ade Akt 1
A3} Pb2 0.05-0.49 mg/kg, Cd2 0.22-0.52 mg/kg, Ase=
0.09-0.19 mg/kg, HgS 0.97-5.27 pg/kg® kS LERfIQIT).
244 oYL Pb 0.49 mgkg, Cd 0.52 mg/kg, Hg 5.27 pg/kg
oF FH[& 450N M) B2 TFE B Ase A A
£90] 0.19 mgkgO2 7FY 22 FFS Holh Az
A Fa% o8 7152 AR A Fou, sEdFe 1F
o 245 AEFAGIA S GARY F1E0] P 03
mg/kg, Cd 0.2 mg/kg 0|5t Bl 3¢ 7|20 23t
S EYTHMFDS, 2023).

59k A5Al Acephate 5 170F, AZA| Alachlor &
1073, A4A Ametoctradin 5 1165, RAZZEA 6-benzyl
aminopurine 5 % 40258 4 A% BE A2 9o

(data not shown).
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o Ut YA Urh. wEbA & Ao FH&E
U= AEEH 0|84 Eoli AR SHE T2
F, g3 A, FNE T, 585 L AR
Aot FEYEEL 7P =2 e B A
skl F2AQl Zpol7t gl 2 1K(p<0.05), ABTS
S AAS A AR AufQloA 2 4S BT
ol= oY= IFEY 727 Qloly EejHE IFE o]
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o K 9 Ca TF2 AP ET Aufglo] =0kt FH|&: 459
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QPHAS Polus] Flo] F4S BAT Ak, Pb, Cd, As, He
o] AZHOL, AAF AoFA 4] 7122l Pb 0.3 mgke, Cd
0.2 mgkgHth W $70 ety HuH o2 Aol
YRR WA ZHHGIT. AR5 Zuj% 4304 A%
5]7] oo} QHSiTh PEELE AR B 178 5] A)
o) Znj%e At setAe] A4 2Lt vlLstel 2 %
o7t glof AUIAE §Ete] hkARIThE o] THsAol
O BFOR B8 M5ty webEth
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