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Cnidium japonicum a biennial plant belonging to the family Umbelliferae, is a halophyte that grows in high-salinity
areas of coastal sand dunes and sandy shores. This study was conducted to investigate the constituents, antioxidant
activities, and physiological activities of C. japonicum. Mineral analyses revealed that potassium, sodium, calcium,
and magnesium were the most prevalent minerals in C. japonicum. We used 80% ethanol, 80% methanol, and dis-
tilled water as solvents to prepare extracts from C. japonicum tissues, and the obtained extraction yields ranged
between approximately 26% and 32%. Among the three extracts, the ethanol and methanol extracts had higher total
polyphenol and flavonoid levels than the water extracts did. The antioxidant activities of methanol extracts were the
highest among the various solvent extracts of C. japonicum as was the elastase/collagenase inhibitory activity. In
contrast, the ethanol extract exhibited the highest tyrosinase inhibitory activity. Furthermore, the methanol extract
possessed over 80% BACEI (B-secretase) inhibitory activity at a final concentration of 20 pg/mL. Therefore, these
results indicate that methanol and ethanol extracts of C. japonicum may be useful as antioxidant and functional sub-

stances in food and pharmaceutical material.
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al., 2002; Ko, 2008), $-2|u}g} dfietoll= 163} 46%2] G4
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S BE A B0 Qlste] tharet ey R
S 7L Sl s Ee] S =S AR e R 5
k3 @1tk (Byun and Kim, 2005; Lee, 2011; Lee et al., 2021).
AXVIAH Cnidium japonicum)i= At 3Hs A 2to] sljQbat
TollA] Apehs Rl ol &l &at, Be= 1717} ZA 0
7h Fal AFgRkel Hlsf elo] T E71= = ARHA &
AL o] Zof AP o = W oA A A& Ao =
S 9717} AlckKim, 2013). AARAYe] gl S0 2]
= Bojorel SR} A 2] wraetat Asire] sfor
Ao ALhetehKim, 2013). AAMERFE] SRS AR
Pelubet olo] glofo] AAYak AR E ARyt Lo 2
B ofz A Wo| LEaka ofzl 42 LR w1 v
= OFg0R o] 85 2L 0% el ik AL oFe it
2 A, UG, (L BEAG W YA Aok
0] Thoret A A S e A0 ATse] glrkNam
et al. 2019). ek 3ok Aol A] Ahehs AlAlEe] Al
AAVSA] thgt @Hiteld B AR 7] Aol et A= of
oln] gk A7 otk whehA] 2 Aol A= 2ol AL gio] o
e SR SRt S 0lA A4S AAAE
QA AAPEALE] e A sk, Aty 2 e 7 s e
85t7] flote] S, ollehE B wehES B = AR5t A
A FEES Azl olakehd B4, HAteled 9 el
45 St 71544F H AofE A=A Y B8] 7
[e]

2 vl G Esr,

1 A3 AR AARRHC, japonicumy= AT B2k}
2Aotell 4 20219 480 A 3te] YU Luket 5 52
28 sAslo] Jrat GRS AT o Al Axe = A
A& EH7](FM700SS; Hanil, Seoul, Korea)2 7] £4f|5}0
A9 EEA o 258 4|20 AT,

ket 5l A1 84S 5795171 1519 Folin-Ciocalteu’s
reagent, gallic acid, quercetin, 2,2-diphenyl-1-picrylhydrazyl
(DPPH), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt (ABTS), 2,2-diphenyl-1-picrylhydrazyl, vita-
min C, mushroom tyrosinase, 3,4-dihydroxy-L-phenylalamine
(L-DOPA), kojic acid, angiotensin [-converting enzyme (ACE),
hippuryl-his-leu (HHL) acetate salt, captopril, acetylthiocho-
line iodide (ATC), 5,5 -dithio-bis-2-nitrobenzoic acid (DTNB),
porcine pancreatic elastase, acetylcholinesterase 2 p-secretase
(BACE1)assay kit5= Sigma-Aldrich Co. (St. Louis, MO, USA)
ol A -5l ARSI T Yeast o-glucosidase, p-nitrophenol-o-
glucopyranoside+= Wako Chemical Co. (Kanagawa, Japan)©]| 4|
Felato] AHgagct. T 4o BE Alofe HAG B Aok

CRER LT 311

ZAARIALS] QlubdEo. AOAC (1990)H o) wfe} JEster

L 105°C ARPAZRY, 23|72 550°C AAl3|sh, AW

Astoict 2eh AL KjeldahlH-2 7H

ok B Q1 FAtol o]t ehmujof X of| what AeFsSiTh.

S5 3 o] Fo| A 8, FE, T 9 7]
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Aze] 771 ek FARsha Mg HREAATLAlE of
olglsto] GEAT ZelzupulEEa|(ICP-OES, iCAP-
7400DUO; Thermo Scientific Inc., Waltham, MA, USA)2 &
Astoieh &, HZE 28710l A= 0.3 g2 F{ske] 10 mL
of gk A4 E(1:1)E 71 v AlR7F &) 23
2 wj7HA] microwave digestion systemof|A] 7}d3s}% T} 7}
g Zofet AlRE SRTE AF 50 mLE F83 22 045
pm syringe filter (PVDF, Futecs)2 o35t &, o] 5 G- =Zg
Zexopls B2 Basig 2711 SRS ofe 4,
Sample mineral contents (mg/100 g)=[(Sample ppm—Blank
ppm)xdilution rate]/100] &Jsto] Ftsfo] z+ F7]A 9] s
(mg/100 g sample)= LER 1Tt
FE29 Mz
MAPIAL] Baks: 371%] Gufl(F7, 80% ethanol, 80%
methanol) S AMg510] AR} 2588 7t7t A| 25190} %
2 Gl AT FES WA 50 g0l FRAE AR
ojH] 208]2] oFS AH7}ske] autoclave (121°C)ollA 3A7F &
ot 7hd FE3H. 71 S E ARSRE 52 80% EtOH}
80% MeOHE & G| 2 A&35}o] A|& 50 gol| 2} &2
£ A& ] 20819] o= H7fste] S0°ColA 24A1E 52t
shaking incubator (120 rpm)of|A] &3¢t 2 o2 =
ST MR FEES YAHEE]7I(SUPRA 30K; Hanil)of A
AR (1,800 g, 304)3to] 4H5-AS o2 (No. 1; What-
man, Maidstone, UK)Z o] 7}5t & o] oS 3|5} o]
A 7o) 225E IR 55712 471808 A5l 52
AL 5o 20°C Y0 BHshEA 25 Ao A5
£ 2222 AU P A0 Do} FRAEHS F
92 DMSO (EtOH 9 MeOH F&5)2 &3}5}o] a+4k3}
ol Al 2 A RE S ST A a4
2} 5220 A AR AT Lol WELE et

AN 552 T Eelvls e 5742 Folin-Denis ¥
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oF7F &3t Shetty et al. (1995)2] Wl ol Za}o] 42335}
- ZF A& (1 mL)ol 95% oflghE 89 1 mLet /4= SmLE
o] 2313+ 5 50% Folin-Ciocalteu reagent 0.5 mLE ¥ 17 A

oA 5EZFREEAI T ©17]0] 5% Na,CO, 89 1 mLE 7}
A2k A TAIZE 59 HRGAI T - 23333 = A (Opti-
zen Pop; KLAB, Seoul, Korea)E ©]-8-5}0] Th3 725 nmoj| A
B s S ojnf FEAFTAL gallic acidE =

AR AR A 7o F &9 HE S ARSI gallic
acid equivalents (mg GAE/g extract)= UEF 1T}

Z ZtH o)== Moreno et al. (2000)2] WS oF
7- sgstol ofefe} ol ZAHAch 2 AR 494(0.5 mL)el
1.5 mL, 95% ethanol& =3¢}3t t}2 0.1 mL, 10% aluminum
nitrate®} 0.1 mL, I M potassium acetateS x| 2 7}s}o] &
Aot T Ao A 38 HRSAIY] thE R4 2.8 mLE 718t
o] B9k & Al2of| A 3027 RHS-AIX] F TH4 415 nmof| A

o rlo o L o

ot

r

FHEE 24319 Quercetin® EEEUR AHE5te] 5
Fyon A4E BE THoRRY & Serico|= et
o]

2 ZHAFS1S AL, quercetin equivalents (mg QE/g extract)2
Ueh e,

hutet 2y £

ABTS radical A~7-52 ABTS" radical decolorization as-
say (Re et al., 1999) W& o]-&3s}o] ZA314tt 7.4 mM]
ABTS®} 2.6 mM potassium persulfateS £ S3}5}0] A&
QAo A 24A17F FF W8] radicalS FAJAIR the A
3 Z)Hof ABTS 882 734 nmof| A E3%=7} 1.000+0.030
(mean+SD)7} HX=% phosphate-buffered saline (pH 7.4)
o= 3|Asto] ARESERITE &= 50 pLofl ABTS 821 950
uLE H7tste] ghaollAl 1027 BESAIZ] 5 734 nmollA] &
FE Z4sto] AKHA, ABTS' radical scavenging ability
(%)=[(Control,,~Sample..,)/Control . ,]x100¢] ©]s}to] 2+
= AFE35E3iT IC,  value (half maximal inhibitory concentra-
tion valuey= 50%2] ABTS" radical 272442 YElU= Al &
9] & (mg/mL) = 74 ©]5}3itt. IC,  valuei= nonlinear regres-
sion analysis software (Prism 9; GraphPad, CA, USA)E ©|
Bsto] FLokelnh A= o] ARRA] Bd& S7d517] flsto] A
0] 20l DPPHE AH§3F eheldk 274349 242 Leeet
al. (2017)9] Wof whet S4sk¢iek 2 A& A(1.5 mL)| &
22| 0.4 mM DPPH radical ethanolic solution (1.5 mL)¥} &
ataL, 37°CollA 307k REZAIZT &, w3 516 nmof|A] &
FeE S50tk DPPH 2oz 272742 o o] Alit4,
DPPH radical scavenging ability (%)=[(Control,,_-Sample, )/
Control,,.]x100°] oJsto] E/d& 4HEsE3lom, IC,, value
(mg/mL):= 50%2°] DPPH £A2d5 U= Al&2] 5
(mg/mL)= Fol3t3let. ojf, tj=~1=(Control, )= A=&
o Al & o] 242 Thstol 24 G S vhekhelch

7k A7 9] oA A2 1 mM NaNO, €9 1 mL
of 24 5= A= 1 mLE 78kl 47]9] 0.1 N HCI (pH
1.2) & ARg-Sko] W8] pHE 212} 1.2=2 =743t o
S Hhg-goo] HulE 10 mLE 3kt o2 §F ok 37°C
Ol Al TAIZFHEGAIA B2 W3-8 72 1 mLA F|s}al of
7190 2% ZAREH 5 mLE 3718t ok Griess A 2H(30% A
o2 Z¥7k ZA|$t 1% sulfanilic acid2} 1% naphthylamine2-
12 &3 0.5 mLE 7Fste] 2 SAIR] o3 A2oA 15
S BAA ] & EFEAE ARESE] 520 nmofl A S
S to] 2hEsh= oS FLokelth. ti &+t Griess
oF Al TFFE 0.5 mLE 7hsto] 47| et FdstA Ystgl
OFHATH AAREG2 A BE 7R -9} HTkelR] gk
7459 MEERE U ltHoPEArE A (%) 1-(A-
C)/B]x100; A, 1 mM nitrite &of] A|RE H7|8F T4,
B, ImM nitrite -§-29] S3%=; C, A|29] &4}, IC,, value
(mg/mL)= 50%9] ob&4td 2ASS Uetll= 89 &
% (mg/mL) 4 J5} et

2= (reducing power) Lee et al. (2020a)2] o=z =
Astct 2 AlZ-EH(1 mL)oj| 1 mLe] 0.2 M sodium phos-
phate £+ (pH 6.6)T} 1 mL2] 1% (w/v) potassium ferricya-
nide-& 2| 2 7}sko] 293t -, 50°CY| 2200 A 204 &
oF BES-AJF T} o] WhS-lof 1 mL2] 10% (w/v) trichloroacetic
acidE 7Fsto] Whg-& AR AR & LAE21(1,890 g, 10&)3}
Ak Aol 1.5 mLof 1.5 mLe 5 9} 0.3 mL9] 0.1%
(w/v) ferric chloride 82 EH5to], 1042 52t 2ol A 7
A3 %, 17 700 nmoj| A S8 =F SAske] E Y o e
Wolon, 537t 255 ghdEo] & AL ov|Rith EC,,
value (half maximal effective concentration value)= S31%=
o] 0.55 Uehe= Al &9 5= (mg/mL) 2 74 2Jst3itt.

FRAP (ferric reducing antioxidant power)of| &J3t 2+ =
A2 Benzie and Strain (1996)2] WH-S AR8-5k0] =431

7d

RuR s

ok

t}. 300 mM acetate buffer (pH 3.6), 40 mM HCIlo]| -&-3f|st 10
mM 2.4,6-tripyridyl-s-triazine %! 20 mM FeCl,-6H,0& 27t
10:1:1 (viviv)9] Bl&= E3sto] FRAP AJoFS A 2513
olojA] olg] 72| Fr=o] A|EH 0.15 mLe} 3.0 mLo] FRAP
AlofE E3tsto] 37°Cofl Al SR RRSAIXT 2 593 nmojlA] &
FE=E S4SHE FeSO, TH,05 #x=4 2 ARt 5
SO oo g2 71ekA o 2 HE] FRAP value (mM)S
AliFsEA et

Tyrosinase MaiEN &3

Z} Al729] tyrosinase #3142 Tida et al. (1995)9] HIH-S
thas Sgeto] he 3t o] 24ekick. 300 uLo} AR
900 pL 2] mushroom tyrosinase (50 Unit/mL)2} 1.5 mL2] 50
mM phosphate buffer (pH6.8)S &}ato] A-20fA 30& &
oF 7 oA W& AATEH S, 300 uLe] 10 mM L-DOPA §-4




= 7Fsto], o 475 nmojl A 20+ Ft 12 (M 0= A E
+ dopachrome®] =S HUEYabEA 2okt Ty-
rosinase A3 &43(%)2 th2 4, Tyrosinase inhibitory activ-
ity (%)=[(Control,,—Sample,..)/Control, ]x100-% 55} #
Absklth. 9714 Hiz+1(Control, )= A& HAl S75 7F
sto] 245 SUES olulsielh
Elastase Mgy 53

ZF A 729 elastase A8]EA]-S Kraunsoe et al. (1996)2] v
HE tha 43 Lee et al. (2021)9] HHof| w2} 24519
t}. Porcine pancreatic elastaseE HH5-8(50 mM Tris-HCI
buffer, pH 8.2)0l o] 1 UmLE A|Zsto] EAhgHog A}
So5}%al, 7]3-89-2 N-succinyl-Ala-Ala-Ala-p-nitroniline
(0.5 mM)= 5L BEg-8-Hof| ZoiA] A 2513tk 100 pLo
A ZENL 125 ul9] elastase (1 U/mL)2} 650 puLo] HH-3-8-
NS Zatsto] A2ofA 102 5t A T vhe-& AAIRE 5,
125 L8] 0.5 mM 7] 8§95 7}5to] 405 nmej|A] 0420]| 4] 2]
ZHEE 24T T thA] 25°Coll A 10827 w33k Fo] &3

£ Akt 2O A= Al buffer 45 AR
319t Elastase A3f] &4 == #AAH4]2 Elastase inhibitory
activity(%)=[1-{S(OD 10 min-OD 0 min)/C(OD 10 min-OD
0 min)}]x100°] Ja}o] 4H=5}3Ic}.

Collagenase Mgty &3

Zy A&29] collagenase A3&/d-2 Barrantes and Guinea
(2003)9] ®RS thas p7gsto] ohgat ol 573513t Col-
lagenaseE 50 mM Tris-HCI buffer (pH 7.5), 10 mM CaCl,
and 0.4 M NaCl)el| =01 0.2 U/mLE | z8}o] fagojos
ARESER AL, 71Agoe 2 mM N-[3(2-furyl)acryloyl]-Leu-
Gly-Pro-Alag 5 U3 &h5-8-Hofl ol A A 2513{e 30 pl
O] AJ 7891230 L9 collagenase (0.2 U/mL)2} 90 plo] Ht
589100 mM Tris-HCl buffer, pH 7.5, 10mM CaCl )& &
oto] Aol A 104 5t F A5 F-, 60 uLe| 2 mM 71281
& 37k10] 25°COIA 2085 23 77102 340 nmolA]
FE=E Z43F3TE Collagenase A3l 24d(%)S th 4], Col-
lagenase inhibitory activity(%)=(1-Sample, ,/Control,, )x100
< slo] Al4tsort. o714 tjZF(Control,, )&= A= T4l
ZR4E Thlo] 243 SRS oolagl.

AChE M3l &4 =¥
Z} A &72] AChE A3f] 242 Ellman et al. (1961)2] 22

Table 1. Proximate composition of Cnidium japonicum
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Thas Asto] ofefje o] Z45H3ITt 96 well platee] 100
mM phosphate buffer (pH 8.0) 50 pL, A|& 8- 25 ul., AChE
(0.25 U/mL) 25 uLE 37Fste] & &3tk 57 A2oA 10&
7+ A A8t tf2, 10 mM DTNB 125 plLe} 75 mM acetythio-
choline iodide 25 L& A7}sto] T4 412 nmoj| A 1057+
FBEE 545t S7HE = HeE Ak A
Ao A EE th2 2], Acetylcholinesterase inhibitory
activity(%)=[100-(ST/CT)]x 1001} 7+o] AFZ3}TKST, A&
2 slollAl o] Uhg4E; CT, AR $37hre] 2719hg4m).
BACE1 XNaigd =8

Z} A2 2] BACEI1 (B-secretase) 4242 fluorescence res-
onance energy transfer (FRET)-based B-secretase (BACE1)
assay kit (Sigma-Aldrich)2 ARg-slo] SAsI% T LRHA 91
A 12442 black 96-microwell plateo]] fluorescent assay buf-
fer (78-X pL, 50 mM sodium acetate, pH 4.5), BACE1 sub-
strate (20 pL, 50 tM MOCAc-SEVNLDAEFRK(Dnp)RR),
A 2EH(X uL) 2 BACEl F4(2 pL, 0.3 unit/pl)S oA
&2 F7ksto] 4 5 37°Cofl Al 2417t BHE-A171 T2 micro-
plate reader (Infinte F200; Tecan, Ménnedorf, Switzerland)
£ ARE-5to] Ex 320/Em 405 nmof| A @37 =5 S45k3ich
BACEI1Z4 9] A=+ tf2 4], BACEI inhibitory activ-
ity (%)=[100-(SF/CF)]x 1003} 7ro] AF&5}ITH(SF, A& 27
5+9] FF7d = CF, A& 7479 F334 ).

SAXE

A% A3}= SPSS 22.0 package program (SPSS Inc., Chi-
cago, IL, USA) S & sA|A 2] sto] 33] 743 7ho] Ht £
HEEUAZ YEP I ZF A& 7] 594 AAS BARE A
(ANOVA)Z 3t & P<0.05 5520l 4] Duncan’s multiple range
testo]] whet A 5k A& 7F 724 2folE HEsHoTt.

P
>

Y
Pl
10
ne
re
0x
E[is
g
4o
i
Il
oo
o

AAAe] Qubg R 4 ATHs Table 13 2tk ZAME

Ao] QNS ST Ak, SIS 9.77%, Apud

2 14.13%, 23522 12.95%, A2 3.95%, ©sha

59.20% LhERdeh AAMIALS] QA ES ] ma R A

W} 28] 50] 79 10% ol4pe] S LhebgARt 24
A 76] o

=
o A9 ke TS bl AR 9L autao

O

(%, dry weight basis)

Sample Moisture

Crude protein

Crude lipid Crude ash Carbohydrate?

Cnidium japonicum 9.7740.16'

14.1320.12

3.95£0.05 12.95+0.02 59.20+0.08

"Values are mean+SD (n=3). >Carbohydrate contents are calculated as the differences between total weight and the sum of crude protein,

crude lipid, moisture and ash.



2 ehpdhEs Al 9jekar 23 gho] AR AW ke OF 7% HEO] 5 & Aol7t e AL ' KAl Fojglo] ¢
S Ao dHA Qe AT o] AR dEHEE & A= Fol et 5 pEol YIS A= Ao w A7
ARSE AR Hol= A1 02 3ol x| ¢l th(Yang, 2011; Lee et al., FHoh(Kim et al., 2021; Lee et al., 2021).
2021). WA 35BS & EevlE 4 Sepuieol= I &
PAVLS) 710 G0 BAlg AT1 = Table 20 b9l 43 34 Table 3] Lrehjoich. BIOHS: Sl ALt 2
o AR WEF(Na), nEHls(Mg), Z5(K), 24(Ca),  &29 & Z99ls T2 21.79 mg/go|il, MeOH F+&&2
#7HMn), F(Fe), 7-2](Cu) X oFA(Zn) 2] FHg-a 22 ARt 22.14 mg/gel 3o, SHF FEES 15.66 mg/g= ER1= 9]
23}, 7480] 2436 mg/100 g0 2 71 & BFL YT T Z, AR 232 0] Zejslis 3RS MeOHZEOH>%
Itk 025 YEEF 978 mg, 24 519 mg, 14|45 285 T el g T EouE del =7 UEksth Alsleh A oo
mg, d 70 mg, o} 5 mg, W7+ 2 mg, 72| 1 mg o= LERTh A A= 2850 AAY A=l T Aol o5k A=
HAYAES A, AR B S0 A58 dito] S-7et Wl o] Foll whet F &2l ol 11.7-145.6 mg/gsdl 2o

A Apehs W Al 4 mdlEe] o s o] = A 2 YA o I F eFuE 143 mg/g, H 2 19.8mg/g,
S 2 A ek Yang (2011)2 AA4E2] Sl wheh d= AZH 62.4 mg/g, F51H 67.5 mg/g, i3} 145.6 my
9 oluE ke 2ol 7k AN, kA= s = A L gz ZRlE o] YA &0 FFol uet F HeulE o At
2 UEF Il w1 4F, 4w 9 ntvls 5o vvlE & o7} @o] = Aoz HuEo|gltkYang, 2011; Kim et al,
ol =7 Y= A o= Buskeich AAMARe] 7714 o 2021). thofRt G A= AR & EejHlE oS H
&2 Yang (2011) I} Lee et al. (2021)2] 2119} G-ASHA 25, el B HAAER] ] k(15.7-22.1 mg/g)S G4

UESR, 2 B vf1ls ol & vulE g €53] A& FollA vl A EeH)is ghgo] W ol &5k= Ao
wo] ghpElo] Qi Aoz selsglt 2 shelE|gir}.

- - . - t:i_]—f‘z_:]_’ 7= Qo ii@_}- AR} 2B o] = =
ZI\{Al.)(\DI-xl. %SEEQJ _é,s %Elll:”bé: I;LJ gal_EiolE Stk =6 © Hoﬂ E]":L]' T= N ]’o T€€4 S ea]'

]_
Hlcol= gleks 243t A7}, BtOH 552 7.19 mg/go| 1L

ARl TElo] Q= AT B D §245 MeOH %222 595 mg/g, S35 3222 424 mg/g0 2

tlo
v oo O
ax- o 0

B E317] 9)3te] 80% EtOH, 80% MeOH ¥ 742 1ol E] 9t mebA] AAMIARS EtOH>MeOH>Z 74 255
Bl &= ARg-sho] ZE2ES] AAPIAL FEES Al skt AA 407 =0 Zaluo|EE 31931 Q= Ao FHolg|g]
AR} 2250 & A= Table 33 Lok AR 2 & ok QAAE F A, LA A, vl 7|V 9 sgEke] 9
] 2559 &2 EtOHE AME-3 552 26.48%, MeOH I £719] & ZetH o] & FHEES 14.7-38.1 mg/g L 2.5-6.6
S AR Aol = 27.35%, R4S ARSI 22X AN A= mg/g O 8 QYA E| Olof A Eo & Zalrlo| =2 3193}
31.96%2 UEtHTE ZF -Guljol]l i AR =520 &2 I 9l= Ao oredA] 9)(Kim and Cha, 2017), 21117
H 5 F744>MeOH>EtOH 325 02 80| =2 4 EtOH 3£59] & ZalH L-o|& k2 1139 mg/gl & Bl

o= SRIEIT, AR 2E8uo] T2 2EH80] UF  5o] 9JrkKim etal, 2021),
489 Wi Q1 0] oJshE Z4H}7] EOH, MeOH
U E242 25 folw A8T A 228 12 58 Ao

£ A0 LrehbA] ghgtort, B A0 49 2Euhel wet NS 3% Soel w2 ahakst S sy Sis)

AAYRE 2229 itet 2y

Table 2. Mineral contents of Cnidium japonicum (mg/100 g)

Sample Na Mg K Ca Mn Fe Cu Zn

Cnidium japonicum 978.07+5.23' 285.54+7.72 2436.57+126.32 519.90+70.08 2.14+0.08 70.65+2.40 1.00+0.02 5.96+0.11
Values are mean+SD (n=3).

Table 3. Comparison of the extraction yields, total polyphenolic and flavonoid contents of various solvent extracts from Cnidium japonicum

Sample Yield (%) Total polyphenolic content (mg GAE/g)' Total flavonoid content (mg QE/g)?
80% EtOH extract 26.48 21.79+0.55%34 7.19£0.222
80% MeOH extract 27.35 22.14+0.53° 5.95+0.08°
Water extract 31.96 15.66+0.58° 4.24+0.09°

IGAE, gallic acid equivalent mg/g. 2QE, quercetin equivalent mg/g. *Value are mean+SD (n=3). *Means with different letters in a column
are significantly different at P<0.05 by Duncan's multiple range test.
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©] ABTS ¥ DPPH &}t}zh 2784, nitrite 27|84, 3919
2 FRAPE =73t A7HS Table 40f e et AAMIA} 3=
=9 ABTS 2|z 2AZA(IC, )= 5747 A, BtOH &
52 0.74 mg/mL, MeOH %52 0.76 mg/mL, 254> 3
252 1.30 mg/mLE Ueht ABTS ght)d AASAL At
S0 4§ EIOH>MeOH>3-7#4> 52 ¢2% &2 A2
2 2RI SIch AAVSAR] EtOH %! MeOH F+%+5-9] ABTS
2z 2AZY(IC, ) Akt eH SR 589 IC,,
2 EtOH ¥ MeOH F&=29] 272/l Hlste] IC, Fto]
oF 28l =& A& veh, ABTS 2ozt A ghAlo] W A
© 2 gelE] ). webA] EtOH Y MeOH-S AHE-SE ZA%H}H]
FEEOA A EHo] B Yol FE = A o' AekE

Zf =8 ' AR 2559 DPPH gtz 272
(C, )& &7et A7} EtOH & 52 6.59 mg/mLo| i, MeOH
FEE26.18 mg/mL, THF FEE2 1079 mg/mLO & 1t
ERs{th DPPH 2t)Z 27 2Hd-& MeOH>EtOH>5-7-4> =&
E0oR 52 o SRIFSITh o] gt Aub= o ti2t
%l ascorbic acid] DPPH 2t]Zt 2~AZA(IC, , 0.14 mg/mL)
of vlato] HAPIA} 2EE-2 oF 1/509] W2 &S YEh
ek oheket AAAE SollA duE, S8ri, AHElE, A
w1 %, sfidsh, A4 H e 52 FF-5% 0.1 mg/mLo|A DPPH
ete]z 2AE60% o]0 =& S Yelle 2es &
24 Qlo] AAMIAH A4S Foll4l DPPH 2z A<
g& W2 HRol &k 2o gelEYlrh(Yang, 2011; Ji-
ratchayamaethasakul et al., 2020).

MR 2E29| nitite A7 ZA(C, ))& 43 A3}
EtOH %52 1527 mg/mL, MeOH %52 11.78 mg/
mL, 75 3252 4583 mgmLO 2 UebgTh wheba] A
APEARE] 7§ MeOH F&0] thE gulfof] B|sto] °F 1.3-3.9
ulf o]4ke] =2 nitrite 2AES UEH = A 22 SRIE 9]
o} gHd, 24 $E-8I(EtOH, MeOH, 5-7<)°ll w2 ZAAM
2} 59 U (EC, ) 43 A7 EtOH % MeOH
250 g2 2174 0.65 2 0.57 mg/mLo| Yoyt S74 5

Z59] 3922 0.81 mg/mLE VERdth weba AAERE
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Z2gujo] T Beo] Hole e How AzkE.
AVSAL 559 FRAP 4] A3}, EtOH 552 0.26 mM,
MeOH #£&2 033 mM, SH4 552 0.16 mM=Z &
ol=|eitt ZMAFAFALS] FRAP values'= MeOH>EtOH>Z54~
40 2 FRAP value7} =4tt. 3|0 AR O] 22 EELS
FA ) 2+42l ascorbic acid (11.67 mM) Rt} oF 1/50 A=
S Ao g SRIET o] MR =55 st
J ATE Sl H MeOH % EtOH S A3 255004
B AR o] Ut ey, SR4E FE8 = AR
FEEAAE 7182 S5 F550 vlste] At
O 2 Ao w7 SRIEQIrh. FAEAES ALGH] B KR A]
EtOH F=+9| g4kt 243 ZAAMIA BtOH 552 245
FARSE S vlas B "R A>AGHI>BAVSAF &=
© 7 A3} 8H4o) =8 Ao g 3ol E|9lth(Lee et al., 2021;
Kim et al., 2021).

S

AR =229 tyrosinase, elastase ¥ collagenase
Xoff &4

AAIAL 270 w5 u]w gl w3lof o] 9l Z o8
24l tyrosinase, elastase ¥ collagenase ] 3l &/d || T3t H]
A A¥h= Table 59F 2}, 7F =58 H AAMIAL 3=
=59 tyrosinase AJi2/dS thet w=olA S4T A,
EtOH #%&+=9] tyrosinase A/S2J(IC, )= 75.9 pg/mLo]
3, MeOH F&E-2 97.2 pg/mL, 75 2552 205.6 ug/
mLE &1 %o, tyrosinase A & &4 EtOH>MeOH>%HF4=
wO 8 22 207 SRlE ). upebs] A= F2-80)
o] we} tyrosinase A8l oF 1.3-2.74 Z}o]7} tp= A&
2 ZRIE|Ie}. Tyrosinase= 3|79 3£1] 7| 4|50l EA5H=
Al Ato] EoA] tyrosine S AHEFA| A Habd o] A4S 531
A7l BARA o5 &4 A= 7 njuint =35} 37
o mj- Q38 A o= oA 9Itk(Choi et al., 2011). WA
T o] Wabd A F2F Ao} 9 oA UxFh wol Sl
tyrosinase A al| A= SHYE Foell Al TAlo] F7tsk= FA0]
ok 2| ohekst A Al S Tet Ao wE W x|, A
1E, dishE, YEA, 7teds Aol € A7IeHRY &

RS

Table 4. Antioxidant activities of various solvent extracts from Cnidium japonicum

Sample ABTS 1 DPPH NO Reducing powezr FRAP value
(IC,,, mg/mL) (IC, mg/mL) (IC,, mg/mL) (EC,,, mg/mL) (mM)
80% EtOH extract 0.7410.04 >34 6.59+0.08° 15.27+0.27° 0.65+0.00° 0.26£0.01°¢
80% MeOH extract 0.760.01° 6.18+0.18° 11.780.51° 0.57£0.01°¢ 0.33+0.02°
Water extract 1.30£0.01° 10.79+0.73° 45.83+3.49° 0.81£0.012 0.16+0.01¢
Ascorbic acid 0.06+0.00¢ 0.14+0.01¢ 0.69+0.01¢ 0.01£0.00¢ 11.67+0.012

'The 50% inhibitory concentration (IC, ) values (mg/mL) were calculated from a log dose inhibition curve. °EC_ value for reducing power

is expressed as the effective concentration at which the absorbance is 0.5. *Values are mean+SD (n=3). “Means with different letters in a

column are significantly different at P<0.05 by Duncan's multiple range test. ABTS, 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)

diammonium salt; DPPH, 2,2-diphenyl-1-picrylhydrazyl; NO, Nitric oxide; FRAP, Ferric reducing antioxidant power.
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= 1 mg/mLof| 4] ¢F 50-60% tyrosinase A3j&do] 3= AL
2 R Eo] Q)i (Jiratchayamaethasakul et al., 2020), Z1H}
9] EtOH #5094 %= 0.4 mg/mLol| A 50% A sj&dS
ERTh B o] QrHKim et al., 2021). 2 At Ao} 9]
9] HAYAE9] tyrosinase A B[ E/d-S Bl HTH HAMIA =
ZE5x 75.9 pg/mLo A 50%2] tyrosinase &3 A 3fj5}
= GAAE FollA tyrosinase A8l &g o] v~ Fof it Fof|
&oh= 2 0= SRIEQTh HAVSAL F559] elastase A 31Z
d& 573 44} EtOH 559 AsiZ4(IC, )<= 1.06 mg/
mL, MeOH 3252 0.77 mg/mL, 75 3252 1.93 mg/
mLZE 31T o] MeOH>EIOH>ZF4~ 55 <O & elastase
Asfiddol w2 A= Uit Elastase= 7] 211]
5 S-S A5 71 Tl el elastin®] wafjof ¥Hoi s}
of, Bo] =5 9 &y o4 5 A= T E ke
ol aam AHA qlo] elastase A B =H L v F2] =5
= A= &7t Qo] 7168 S dRE FEEaL 9
THLee, 2015). thegt A A= Ael@ ol Tt Aol Al
S, A, R A, ALE, sjFet 9 HEol 5=
T2 1 mg/mL FEo A 53-78%9] elastase A3f&Ado] Q=
Zo 2 W 1E o] ¢l 1(Jiratchayamaethasakul et al., 2020), 74
247 9] EtOH 252 0.16 mg/mL ‘5 =0 A] elastase ZH4
2 50% Aafattke 2|0 QlthKim et al., 2021). TFebA
2 Aol A 3T AAMIAL 559 elastase A sf2Hd 2t of
et AMYAEY] elastase AHBAS W WEALS w, HAML
A McOH 228 BAAE 5 & RRol 43t 4oz
wetenh ghE, AR FEE0] 1R es)t W =544 o
Alg& 2e18t7] 915191 collagenase A3 2/d= S47F A,
EtOH %2 29| A3}2H4(IC, )< 2.80 mg/mL, McOH 32 &
2 1.98 mg/mL, 74 FEES 3.56 mg/mLE lEo] A
AR MeOH>EtOH>S- 74 58 492 collagenase A
deio] = Ao Bl ) Collagen 737 M w53
J-A8H= extracellular matrix (ECM) THH A 0] Z20 JLAA R
©2 ECM Tl A4 9] 90%E AHx|ah =) io] Fejek 73
L5 fFAISh= o2 gtk E3E collagens thFet ECM ©
ul 29| elastin, fibronectin, fibrillin, integrin 53} 7}l 23S

worlr

2H57] w2 collagen 371 LojupA 7k dgte] 717
so] AjZe] 23k ZolE 1 20| WASHA HrkGo et
al., 2020). Collagenase+= collagen= H-3f|ol= T2l 7145
slas® 959 collagens SolA o2 Fafsto] -5 A=

AR =222 AChE X BACE! Xialf &4

AAVSA 220l et 9] acetyleoline &= 4] ¥
TS Eelskr] flsto] HAMSAF 2529 AChE A 32d
S5k 21 23S Table 5of| UFERHQITE 2 AAVSAL 55
9] AChE A|si&/d& thefet sollA 5743k A1}, EtOH 5
252.9] AChE A8)2H4(IC, )2 1.80 mg/mLo] L, MeOH
& 1.72 mg/mL, S/ FE552 12292 mg/mLz S4 5
, AAMIAF AChE A3l 842 MeOH>EtOH>>3- 74 &
2 & A0 ZRlEQinh g=stoln 219 ko=
24l acetylcoline gHgo] “g-4Felel Hlsf 50% o]st
AEFol A= A o= defA Sli=dl, AChES] &4
M acetylcoline2 H-3ll3l] 1 525 TAA|7] 2 A9
Bl ABAIZ7E &3 E o] 719 4ol FrdEth
Q) tH(Talesa, 2001). watA] = o A acetylcoline 5=

A= QA7) 570 A Bkt AI 7 s A o2 HalE o]
ATH(Kim et al., 2021). F4EA=2] AChE A/ sf2Hdofl Tzt ¢
o]l whEw, 26]4: BtOH 22E(0.01 mg/mL)< 30.2%, 74
£:8H9] BtOH &%(1 mg/mL)& 63.7%2] AChE A 8|2+
UebHT B 31 E o] Qlck(Jeon et al., 2012; Kim et al., 2021).
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Table 5. Physiological activities of various solvent extracts from Cnidium japonicum

Sample Tyrosinase 1 Elastase Collagenase AChE BACE1
(IC,,, pg/mL) (ICy, mg/mL) (IC4, mg/mL) (IC,, mg/mL) (IC,, pg/mL)
80% EtOH extract 75.87412.91bc23 1.060.11° 2.8040.58% 1.80+0.03° 3.09+0.53¢
80% MeOH extract 97.201£15.47° 0.77+0.13¢° 1.980.13° 1.72+0.22° 0.78+0.04¢
Water extract 205.60+93.962 1.93+0.08° 3.56+1.212 12.92+0.982 105.03+2.502
Positive control* 2.1240.08¢ 0.001+0.00¢ 0.007+0.00° 0.022+0.00° 7.85+0.64°

'The 50% inhibitory concentration (IC, ) values (ug/mL or mg/mL) were calculated from a log dose inhibition curve. *Values are mean=SD

(n=3). *Means with different letters in a column are significantly different at P<0.05 by Duncan's multiple range test. “Positive controls for

tyrosinase, elastase, collagenase, AChE and BACE1 were used kojic acid, quercetin, epigallocatechin gallate (EGCQG), tacrine and STA-200
(H-Lys-Thr-Glu-Glu-Ile-Ser-Glu-Val-Asn-Sta-Val-Ala-Glu-Phe-OH), respectively.
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Fig 1. BACE] inhibitory activities of EtOH and MeOH extracts
from Cnidium japonicum. STA-200 (H-Lys-Thr-Glu-Glu-Ile-Ser-
Glu-Val-Asn-Sta-Val-Ala-Glu-Phe-OH; final concentration at 200
uM) was used as a positive control. The results were determined
at the final concentration of the above, respectively. Values are
mean+SD (n=3). Means with different letters in a column are sig-
nificantly different at P<0.05 by Duncan's multiple range test.

& oA &% A1}, EtOH 559 BACEL Ao
A (Icso)2 3.09 pg/mLo| i1, MeOH $&5-2 0.78 ng/mL, &
T FEE2 105.03 pg/mLE E01E o], BACELS] Aai1&
AL MeOH>BtOH>>%54: 20 & =0 849 tehfjgick
(Table 5). Fig. 19]] Uepdl 2} ZHo] ZHAMIAF MeOH % EtOH
529 BACEl A&/ 7 3559 = o2 4
S B9l £3], MeOH ¥ EtOH #&£52 E%% 20 ug/

mLof| 4 BACEL A OHP} do ST A KH+%°J STA-
200 (200 uM) Hrf =2 ’\é% Bk, 2Jul] o 5l 2| =4 A

-5 913t BACE1 9] As&4-e thofst ol ils e A
2 2 7]E0] 3lhE 5= 28-S = TS v AP 9
A o7} chokshA Al 31 Qlrh(Lee et al ,2021). Lo &
A e, As el 2 & 5o sl FEE0NA] 2F 80% o4
9] &=° BACE!1 Ad|&Alo] <1% 3 (Son et al., 2016; Lee
etal, 2020b) wgm 520] W e 2] %) 0] 22205 mg/mL)o) 4
% 80%9] =2 BACE] AS|8AS Yxala o) Aoz 1
5l tHLee et al., 2021).
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9 ol7ys deFo)| a1, 7F 2250 & g]_lﬂ_h.—_o alepo
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A7k MeOH 22804 71 & Fast 2ol 72

ﬂ.lLJ

A u A 317

o} HH, MAPSARY] TRkt ejg S 543 41, EtOH
FE=°l|A tyrosinase A3l 24d0] 714 =9k O, elastase %
collagenase A4S MeOH FE&Eo|A 71 &2 Zlo=2
slolx| it AR 2250 dkxjnf W 7ipia]asel
AChE % BACE1 9] #8128/ 5743t 23}, WAV A MeOH
FZ=°lli= AChE % BACEI 9] thgh =2 A|si &< st

AL = Aoz Uyl o) 4o] A Aol A HAFIAR= ty-
rosinase @ BACE1 #3242 E35F thofot A gj&kAlo] g
Qe o] 715345 B ok A=A B8 7Hsstel et
wetE]o] 27HAQ1 At7E F ashekar A2t

Al AL

o] =2 YA EA A EAIBHAE(20170353) 3 =t
A HNRF-2021R 111A3043692;NRF-2017R 1D1A3B030
29803)] A €& Wot 434 AR ek

References

AOAC (Association of Official Analytical Chemists). 1990. Of-
ficial methods of analysis. In: Association of Official Ana-
lytical Chemists. 15th ed. Arlington, VA, U.S.A., 777-788.

Benzie IFF and Strain JJ. 1996. The ferric reducing ability
of plasma (FRAP) as a measure of “antioxidant power’:
the FRAP assay. Anal Biochem 239, 70-76. https://doi.
org/10.1006/abi0.1996.0292.

Barrantes E and Guinea M. 2003. Inhibition of collagenase and
metalloproteinases by aloins and aloe gel. Life Sci 72, 843-
850. https://doi.org/10.1016/S0024-3205(02)02308-1.

Byun HG and Kim SK. 2005. Development of physiological
activity and health functional materials of seaweed. Susan-
yeon-gu 22, 1-10.

Cho EK and Choi YJ. 2010. Physiological activities of hot water
extracts from Ecklonia cava kjellman. J Life Sci 20, 1675-
1682. https://doi.org/10.5352/JL.S.2010.20.11.1675.

Choi JH, Kim JS, Jo BS, Kin J, Park HJ, An BJ, Kim M and Cho
Y1J. 2011. Biological activity in functional cosmetic purple
sweet potato extracts. Korean J Food Preserv 18, 414-422.
https://doi.org/10.11002/kjfp.2011.18.3.414.

Ellman GL, Courtney KD, Andres V Jr and Feather-stone RM.
1961. A new and rapid colorimetric determination of ace-
tylcholinesterase activity. Biochem Pharmacol 7, 88-90.
https://doi.org/10.1016/0006-2952(61)90145-9.

Go YJ, Kim YE, Kim HN, Lee EH, Cho EB, Sultanov A, Kwon
ST and Cho Y1J. 2020. Inhibition effect against elastase, col-
lagenase, hyaluronidase and anti-oxidant activity of thinning
Green ball apple. J Appl Bioll Chem 63, 43-50. https://doi.
org/10.3839/jabc.2020.006.

Iida K, Hase K, Shimomura K, Sudo S, Kadota S and Namba
T. 1995. Potent inhibitors of tyrosinase activity and melanin
biosynthesis from Rheum officinale. Planta Med 61, 425-



318 Fap I

428. https://doi.org/10.1055/5-2006-958129.

Jeon MJ, Kim M, Jang HJ, Lee SW, Kim JH, Kim HS and Lee
SH. 2012. Whitening effect of Hizikia fusiformis ethanol
ex- tract and its fractions. J Life Sci 22, 889-896. https://doi.
org/10.5352/JL.S.2012.22.7.889.

Jiratchayamaethasakul C, Ding Y, Hwang O, Im ST, Jang Y,
Myung SW, Lee JM, Kim HS, Ko SC and Lee SH. 2020. In
vitro screening of elastase, collagenase, hyaluronidase, and
tyrosinase inhibitory and antioxidant activities of 22 halo-
phyte plant extracts for novel cosmeceuticals. Fish Aquat
Sci 23, 6. https://doi.org/10.1186/s41240-020-00149-8.

Kim EG. 2013. Halophytes of Korea. Nature and Ecology Press,
Seoul, Korea, 190-191.

Kim JS, Lee YJ, Kim JY, Choi JW, You SJ and Kim YT.
2021. Comparison of antioxidant and physiological ac-
tivities of various solvent extracts from Ixeris repens. Ko-
rean J Fish Aqua Sci 54, 742-750. https://doi.org/10.5657/
KFAS.2021.0742.

Kim SS and Cha HC. 2017. Comparison of the total phenolic and
flavonoid contents and antioxidant activities of four kinds of
sand dune plants living in Taean, Korea. Korean J Plant Res
30, 8-16. https://doi.org/10.7732/kjpr.2016.30.1.008.

Kim YT, Downs D, Wu S, Dashti A, Pan Y, Zhai P, Wang X,
Zhang XC and Lin X. 2002. Enzymic properties of recom-
binant BACE2. Eur J Biochem 269, 5668-5677. https://doi.
org/10.1046/j.1432-1033.2002.03277 x.

Ko JM. 2008. Identification of flavonoids and plant regeneration
of coastal sand dune plants via in vitro culture. Ph.D. Des-
sertation, Dankook University, Yongin, Korea.

Kraunsoe JA, Claridge TD and Lowe G. 1996. Inhibition of
human leukocyte and porcine pancreatic elastase by homo-
logues of bovine pancreatic trypsin inhibitor. Biochemistry
35, 9090-9096. https://doi.org/10.1021/b1953013b.

Lee SH. 2011. Current status and prospect of nutraceuticals
from marine algae. Bull Food Technol 24, 165-175.

Lee SY. 2015. Analysis of skin mechanism and an application
for functional cosmetic from red bean (Phaseolus angularis)
shell extract. Ph.D. Dissertation, Hoseo University, Asan,
Korea.

Lee YJ, Kim WS, Jeon YJ and Kim YT. 2020a. Physicochemi-
cal properties and antioxidant activities of the yanggaeng
containing Hizikia fusiformis powder. Korean J Fish Aquat
Sci 53, 588-596. https://doi.org/10.5657/KFAS.2020.0588.

Lee YJ, Jeon YJ and Kim YT. 2020b. Comparison of antioxi-
dant and physiological activities of various solvent extracts
from Hizikia fusiformis. Korean J Fish Aquat Sci 53, 886-
893. https://doi.org/10.5657/KFAS.2020.0886.

Lee YJ, Kim WS, Lee BJ, Jeon YJ and Kim YT. 2017. Quality
characteristics and antioxidant activities of gruel Containing
Saccharina japonica powder. Korean J Fish Aquat Sci 50,
707-713. https://doi.org/10.5657/KFAS.2017.0707.

Lee YJ, Kim JY, Kim WS and Kim YT. 2021. Antioxidant and

physiological activities of different solvent extracts from
Messerschmidia sibirica. Korean J Fish Aquat Sci 54, 938-
947. https://doi.org/10.5657/KFAS.2021.0938.

Lee YJ, Lim SY, Kim WS and Kim YT. 2016. Processing and
quality characteristics of glutinous barley gruel containing
Hizikia fusiformis. Korean J Fish Aquat Sci 49, 310-316.
https://doi.org/10.5657/KFAS.2016.0310.

Moon YG, Song CY, Yeo IK, Kim GY and Heo MS. 2008. Anti-
bacterial activities of Suaeda maritima extract. J Life Sci 18,
776-781. https://doi.org/10.5352/JLS.2008.18.6.776.

Moreno MI, Isla MI, Sampietro AR and Vattuone MA. 2000.
Comparison of the free radical-scavenging activity of propo-
lis from several regions of Argentina. J Ethnopharmacol 71,
109-114. https://doi.org/10.1016/S0378-8741(99)00189-0.

Nam GH, Wee JH, Kim SY, Baek JY and Kim YM. 2019. Inhib-
itory effect of the ethanol extract of Torilis Japonica decan-
dolle on adipocyte differentiation in 3T3-L1 cells. J Life Sci
29,1016-1022. https://doi.org/10.5352/JL.S.2019.29.9.1016.

Park JW. 2006. Antioxidative activities and active compounds
in the roots of turkestan rose (Rosa rugosa Thunberg var.
rugosa). Ph.D. Dissertation, Mokpo National University,
Mokpo, Korea.

ReR, Pellegrini N, Proteggente A, Pannala A, Yang M and Rice-
Evans C. 1999. Antioxidant activity applying an improved
ABTS radical cation decolorization assay. Free Radic
Bio Med 26, 1231-1237. https://doi.org/10.1016/S0891-
5849(98)00315-3.

Shetty K, Curtis OF, Levin RE, Witkowsky R and Ang V. 1995.
Prevention of vitrification a8ociated with in vitro shoot cul-
ture of oregano. (Origanum vulgare) by Pseudomonas spp. J
Plant Physiol 147, 447-451. https://doi.org/10.1016/S0176-
1617(11)82181-4.

Shim HB, Seo SM and Choi BH. 2002. Floristic survey of salt
marshes and dunes on Gyeonggi bay in Korea. Korean J En-
viron Biol 20, 25-34.

Son HJ, Um MY, Kim I, Cho S, Han D and Lee C. 2016. In
vitro screening for anti-dementia activities of seaweed ex-
tracts. J Korean Soc Food Sci Nutr 45, 966-972. https://doi.
org/10.3746/jkfn.2016.45.7.966.

Talesa VN. 2001. Acetylcholinesterase in Alzheimer’s disease.
Mech Ageing Dev 122, 1961-1969. https://doi.org/10.1016/
S0047-6374(01)00309-8.

Yang X. 2011. Biological activities of various halophytes and
structure elucidation of antioxidative compounds in Suaeda
Jjaponica. M.S. Thesis, Mokpo University, Mokpo, Korea.



