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Messerschmidia sibirica 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 potency, and physiological activities of M. sibirica.
Mineral analyses revealed that potassium, calcium, sodium, and magnesium were the most prevalent minerals in M.
sibirica leaves and stems. We used 70% ethanol, 80% methanol, and distilled water as solvents to prepare extracts
from M. sibirica tissues, with extraction yields of between approximately 19% and 27% being obtained. Among the
six types of extract, the leaf ethanol extract (LEE) was characterized by the highest total polyphenol and flavonoid
contents, and the antioxidant activities of the LEE were also the highest among the different solvent extracts. In addi-
tion, the leaf water extract was shown to have the highest tyrosinase and a-glucosidase inhibitory activities, whereas
the leaf methanol extract was found to have the highest elastase inhibitory activity. Notably, all leaf extracts were
established to have more than 75% B-secretase (BACE1) inhibitory activity at a final concentration of 0.5 mg/mL.
These results indicate that leaf extracts of M. sibirica may have beneficial antioxidant properties, and could thus have
potential application as functional supplements in food and pharmaceutical products.
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S-ejuteh= Aol HithE SRkl A3 0= AfsfQtat Haf
Qbell ARE7E Ero] R o] Itk At B/ o] whet i
FAREeL BRPARE R o] El=d] f-2|uetell= B QbARETE
o] ZA3hcH(Ko, 2008). BHAN= Bl F2F ARl ofsf &
HhEl s o] ref 7t vhgol] ofsf KO ThA] HE o] sfiet
A ek FePstA Al Hel Y-S gttt S sl QA= vt
ol oJgh wef of ukt A A7RO] AR ARG-0 87 A e At
Eolz} & 4= 9l 21 (Choi, 2004), 3] H SE1} A 59| A4
A=A 2L 7127} Holuth(Ko, 2008). HAYAE-S si=et 1l
0] FESh= BT S 22 A5 AlollA AR FE

7t AL A Holele S5 S0l A sk Almelth &

4 5 pe
3}tH(Shim et al. 2002) AFEAIEL S QkA
o Yol AHAYstL Q7] el AAEEHN 1 &8t & &
24 QA stk AAE o) Ael)54 2ol et A
of tyEe SAMIERNE Wol oj2olA] Szt 1 A7
Aol Ao 8 0.9 5o lstel Hitol Be) vkt
Al EE3L P 34 07 9lato] thorst el SE AL v}
A7 gl slpA o] S AP S| chAlA 0.2 5T o)}

(Byun and Kim, 2005; Lee, 2011). =&} 2] X|(Messerschmidia

*Corresponding author: Tel: +82. 63.469. 1824 Fax: +82. 63.469. 7448

E-mail address: kimyt@kunsan.ac.kr
the Creative Commons Attribution Non-Commercial Licens

S (http://creativecommons.org/licenses/by-nc/3.0/) which permits

unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

This is an Open Access article distributed under the terms of

938

Copyright © 2021 The Korean Society of Fisheries and Aquatic Science

https://doi.org/10.5657/KFAS.2021.0938
Korean J Fish Aquat Sci 54(6), 938-947, December 2021
Received 9 November 2021; Revised 3 December 2021; Accepted 15 December 2021

AR AS: 0| A (U, AAL(HSUA), BUH @A), A @)

pISSN:0374-8111, elSSN:2287-8815


mailto:kimyt@kunsan.ac.kr

sibirica)= "8 A= EES AR 2] sfQbAR A Ak
17 H“OIEOH &3, &SV dor Hon AR
30 cm H e =o| 2 ARt} 7)== 2| A 71A 7L H| A5
2] 3 9 FESI] Flo] o] Qo] Hujuo 2 wolrt,
TR L= A H2 ofAlot Bl {17 ol A el 21 ¢ 2] 3
QPARFO]l AFgek(Kim, 2013). 3H, Ab} Sl M Afeke A4
+ e 9u] oo AAAE oGkl Qs ool E2
QjAEE AR IR AIRE I QY= AER FAHORE
e S50 AN o] §5ar Qlrt fﬁ itk Soll A Akt
L X A]= 34 gA] T2 ES A5k &F /\}-p;]_’ l—:r(- o]—Oﬂz
FEF B s AR YA Jlom bRt 1 o
E SR Aoz A ATh(Kim, 2016). 121 S Aol
A Abehe GAAE Y] Al meiR| R of tieh HAtet 9l A
715/l Bt At of wnlRt AR o' MR of B
3 Bl AR 2 of] Wt AR Q] A7 i olEP(Klm
2013; Kim and Cha, 2017). t}2}A] & —]101]/\1L PHo| H=
StaL Hito] thef e st Rl St Aol A A4 4
she G4 EY RRA| 9] e EAshaL, dAted B A
27158e 5] flste] SR, ollehE: 2 vgk2S 8
2 ARgato] mefAI A 2EES A 210 olsfat B4, P4t
1A gl AP FAHL 2AFE] 7| SAJA1E gl OJokE AR
o] 28 7Rs A S vl A Esk gt

Iz H A

B T2 % A
E AS o] ARg-E W x| 2| (Messerschmidia sibiricay= 5
—E"L/\] AR AQtoA] A ste] HEAHUR 2RG & s2=

2 st} GRT AUES AAT ke A4d A2 F
%QJ—} Z7]2 Blsto] 22k 24)7](FM700SS; Hanil, Seoul,
Korea)= 57| Z4|5t0] 3= Azl AR-SHL. ditatet
Al dl Ael2AS 24517] $45}k9] Folin-Ciocalteu’s reagent,
gallic acid, quercetin, 2,2-diphenyl-1-picrylhydrazyl (DPPH),
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diam-
monium salt (ABTS), 2,2-diphenyl-1-picrylhydrazyl, vitamin
C, 3,4-dihydroxy-L-phenylalamine (L-DOPA), kojic acid,
5,5 -dithio-bis-2-nitrobenzoic acid (DTNB), acetylcholines-
terase, acetylthiocholine iodide (ATC), mushroom tyrosinase,
porcine pancreatic elastase 2 B-secretase (BACEI) assay
kit 5+ Sigma-Aldrich Co. (St. Louis, MO, USA)oj|A]
‘,’JO}OJ] AHE-I9IE. Yeast o-glucosidase, p-nitrophenol-o-
glucopyranoside+= Wako Chemical Co. (Kanagawa, Japan)©f|
A edetol ATk 2] B Aok A ST A%

2 FYfo] ARgBHALE.

H -d
U BN

A al e gkA 939

maEf 2] 2] 0] YRR AOAC (1990)H o] uwhet 4=55tek
£ 105°C Ag?;zjim, 23| EL 550°C A4 3|shy, 2A-2
2 BAsgich 2ok e KieldahlH- 7

ok el 2 POﬂ ofgt ghiujo} A el whet Aakstaict.
Ssle B nRRe] ol d S8, Bk, vl 8l %)
] G W gho 2 U9l RE $41.2 38 o]4} v
=4alo] Wggho Lrepol.

27|13 24

ARe] BAA geke FAketn WA AT
olgjete] QEAT ZetzupdtEE|(ICP-OES, iCAP-
7400DUO; Thermo Scientific Inc., Waltham, MA, USA)2 &
Hshsiet. %, B|mE Halg71o] AR 03 g& Hstol 10 mL
of gatat WA BRI I3t Tk At Sds] e
= ofj7}x] Microwave digestion systemof| 4] 7} g3} 4ict. 714
2ot Al E SRR S 50 mLE 483 22 045 um
membrane filter2 I3t &, 0|5 FrEASt=E &
F712 EA5H3E F714 9] 5= (mg/100 g sample)= 100 g
O] Alzof thet mgo 2 ghiksto] LEf Qict

FEE29 Mz

Hf AR 9] Q3 7] #HS 42 37 S(SRA 70%
EtOH, 80% MeOH)E AME-5l0] | X 2] &5 A Z514
o 2RSS SR ALGT F5 S B AH 50 gl R4S
Al tfjH] 2081 9] 9F2 #7181o] autoclave (121°C)of| A 3A|7F
52t 71 229t £7] 918 AFET 25S 70% EOH
7} 80% MeOHE % &Vl = AR&sto] A& 50 gofl 2F 58
= A& thB] 204 9] Fo2 715t} 25°CollA] 24417 54t
shaking incubator (120 rpm)ol| 4| S=&3}%ich 2 Sujd = =
Z3 B 2] 2EES YAEE]7](SUPRA 30K; Hanil)ol| 4]

24122](1,800 g, 30@0}04 AF591.2 of 7hX] (Whatman no. )
2 o]t 3 o]0l 8155t Yol A 242k 22 HS et
eZ2dlal, EAA XS S0 20°C Y=11of RshEA] 2k A
ol AMEBISATE BE 2552 HWe S ALl Pot TF
Zeof L3)5to] FHAKSIA W e a2

st AL
DA A BB SRS 7 22RO AUS AR Ao

Uprof s ek gict.

Mz =73

7y FEE9 M= AMIAJC801; Color Techno System
Co., Ltd., Tokyo, Japan)E A5} L (Fx2), a (AMNZ) L b
(AL S, A% 5 23] glol S49 5] 2
S R &4 Al AFRSE 2 @A Th(calibration
plate)t LZ}o] 96.5, agk2-0.13, b7k -0.050] At}

£ 2ot Y Salwbols HY £

BAA] 5

FEe9 T Z9vlE F 542 Folin-Denis H
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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 74 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
7k g sto] ol e} o] ST 2 Al= -§-94(0.5 mL)9]|
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

S o o T o

o

r

EEE 2ok Quercetin® EEBAE Ag5to] Fo
SO A4E BE THORNE & Zehiio|= e
e}

2 ZHAFS1S AL, quercetin equivalents (mg QE/g extract)2
Ui et
ABTS alciz A7i&4 55

ABTS radical A7]5-& ABTS" radical decolorization as-
say (Re et al., 1999) W& o]-&3s}o] ZA314tt 7.4 mM]
ABTS®} 2.6 mM potassium persulfate s 5 Sg5o] A2
"ol Al 24417 FQF WA|SLo] radicalS @A thE A
3 A Aol ABTS €92 734 nmof|4] E34=7} 1.000+0.030
(meantSD)7} E=% 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_,,]¥1000]| J5}o] 2/
4kE5813 e IC, value (half maximal inhibitory concentration
value)= 50%2] ABTS' radical 244 e &= A= 9
&= (mgmL)= 74 9]F3itt. IC, value= nonlinear regression
analysis software (Prism 9; GraphPad, CA, USA)E ©]-&3}o
Fteieh
DPPH 2fCizt A7{EH4 &

Aol AR BHS 2o Sistel Abgehal
DPPHE A[&:3 2ht] 2 47184 9] 272 Lee et al. (2017)
o] wWhiof weh SA4skelth 2 Al= (1.5 mL)ofl <] 0.4
mM DPPH radical ethanolic solution (1.5 mL)¥} &3%}5}1,
37CoNA 3082k ¥hSAIZ) T, 4 516 nmel 4 FHEE &
#J3}9ich. DPPH ehel2h 2434 ofele] A4+, DPPH
radical scavenging ability (%)=[(Control,.-Sample,,.)/Con-
trol, ,]x1000] 2Jate] S A&t oH, IC, value (mg/
mL)= 50%9] DPPH 2:A2/d& U= Al &9 5= (mg/

oz

o,
ol

A o248 Tfote] 23 FYEE LiEhgieh

FEIME AS &8

bl

(=]

2} AlR9] oFAAFd AATAIS | mM NaNO, £ 1 mL
| 27 FE9] Al 1 mLE 37k o]7]9] 0.1 N HCI (pH
2) oIS ALgalol uES-golo] pHE 712t 122 2% o}
WFS-gole] 12 10 mLE SHAC). o] & the 37C
A 1AIZERES A A DL kS gl S 217 | mL F3}iL of
o 2% ZAHE-H 5 mLE H7FeE th Griess A 2F(30% A
o2 Z47F ZAIFE 1% sulfanilic acid2} 1% naphthylamine=
1112 23 0.5 mLE 7hsto] & A1 o A20A] 15
TEFAA - EFF=AE ARESH] 520 nmoj| A S-3
S5t 1hEshe oS FEokeit). ti2= Griess
of Al S7T5 0.5 mLE 7Isto] 4719k F L5k 3ystal
oAt 22 A RE H7IRE A 9-eF HTbsHA] o8
7872 WlEE= Y e {oFaARE AR (%) 1-(A-
C)/B]*100, (A, 1 mM nitrite §-Ho] |22 H7Fsl S,
B, ImM nitrite -§-9] F3=; C, A2 9] S8%)}. IC, value
(mg/mL):= 50%2] opEAe AAZE Uehl= AR &
= (mg/mL)2 A ola %,

- 2

N 2 e

=]
i
=

=

oo

&tel&(reducing power) X

=2 Oyaizu et al. (1988)2] WS AH 443} Lee et
al. (2020a)¢] W o2 ZAs1gch 7+ A/ 28H(1 mL)d] 1
mL2] 0.2 M sodium phosphate $+%<(pH 6.6)1} 1 mL2] 1%
(w/v) potassium ferricyanide2 2} 2 7}5}o] £33kt & 50°C
O] gr2g=2of| A 204 52t WRSAIFATE o] ¥Eg-Hof 1 mLo|
10% (w/v) trichloroacetic acidE 7}8lo] ¥ A A|A1Z] &
AAE](1,890 g, 1053} ch A2 1.5 mLo] 1.5 mL2] &
F91 0.3 mL9] 0.1% (w/v) ferric chloride 842 £3}5}0],
104 59t A2 A A3 £, 34 700 nmoj A FHEE 5
Hetol pglelon Uehglon, FU57} 5ees piele
o] & A& 9|3ttt EC,, value (half maximal effective con-
centration value)x= 4= 71o] 0.55 UEHUl&= A9 5%
(mg/mL)= 7 2|3}t

FRAP value &%

FRAP (ferric reducing antioxidant power)o]| 2]t 3+
%2 Benzie and Strain (1996)2] ®W#S ARE-5}

N

N

ol

ol
— -
o R

I~

mM 2,4,6-tripyridyl-s-triazine % 20 mM FeCl,-6H O& 27}
10:1:1 (viviv)®] B &2 E3ate] FRAP AoFS A zagit).
olojA] o2] 71%] &0l A2 0.15 mLe} 3.0 mL2] FRAP
AlofS E9tsto] 3T°Cofl Al 527 BRS-AIZ1 2 593 nmolA] &
=2 245} %05k FeS0, TH,0 EEB U2 A4510] 52
SRR Ao 3 AP 02 R2E FRAP value (mM)E



AiksEaiet.
Tyrosinase XMsHEd &3

Z} A 78919 tyrosinase A 3}E/d-2 Tida et al. (1995)2] v
W& thar A ko] okt o] S451%Ie 300 uLo) Al =8
o2 900 pL 2] mushroom tyrosinase (50 Unit/mL)2} 1.5 mL
2] 50 mM phosphate buffer (pH6.8)-2 &35}10] A-2-0] 4 30
= & A @A v AAIZE -, 300 uLe| 10 mM L-DOPA
SO42 713lod, 1 475 nmel 4] 208 0k 12 7102 4
/d=l+= dopachrome®] S35 HUE FotHA S5t
Tyrosinase A3 &/d(%)2 th2 41, Tyrosinase inhibitory ac-
tivity (%)=[(Control, .-Sample,_,)/Control,.]x100< “&5}]
ARSI 01714 2T Control ) AR A FRAE
7¥eteo] SA3 FHEE ofnlskoict.
Elastase XMsiEd &3

Z} A =29] elastase A3 24]2 Kraunsoe et al. (1996)2] =
WS Tk A3 Lee et al. (2021)9] ¥ ol whet 24649
t}. Porcine pancreatic elastaseS HH-8-94(50 mM Tris-HCl
buffer, pH 8.2)0]] &¢] 1 UmLZE A|235}0] A48 oz AL
Lo} al, 7]13-89-2 N-succinyl-Ala-Ala-Ala-p-nitroniline
(0.5 mM)S F U WS-8 Ho olA] A|Z53ich 10 uLo
Al7-gHe 50 uLo| elastase (1 UmL)2} 90 pLo] BH-g-8-oH
2 Bgoto] A2oAl 108 ¢ A ©A vhs-E AR F, 50
uLe] 0.5 mM 7]8-89-5 715ke] 405 nmof| A4 0 minof|A] 9]
FAEE 2T T ohA] 25Col A 1087 ST F9] B

& 24sieich Bl2HC)H AR thAl buffer §94E A
3} ). Elastase #3l &=+ AAHA-2 Elastase inhibitory
activity(%)=[1-{S (OD 10 min-OD 0 min)/C (OD 10 min-OD
0 min)}]x100°] 2J5}e] AF=s}3ict.

a—Glucosidase AMsiEN &3

Z}y Al 29 a-glucosidase #]3l&> Watanabe et al. (1997)
9] chromogenic assay¥oll w2l p-nitrophenol glucosideE

CRER LT 941

oA FE=(time zeroys SISt A-2olA 5&1t incu-
bationZt th, 7128 100 pLE 7kske] A-2oflA 51t
incubationdt & FHE=E S5t F7HE 8= WS A
Akskeict. ojuf AE o] ti2 O 2= a-glucosidase A 34| =
&2l acarobose S AHE-SHRITE. AT/ O] Aol es U
2], a-Glucosidase inhibitory activity (%)=[1-(Sample, /Con-
trol, )]*1009]| wHe} AH&519 2 1, control Al & -3 7<)
8= ek S UER AT
BACE! XNaigd =X

Z+ A2 2] BACEL1 (B-secretase) L 4~2A-2 fluorescence res-
onance energy transfer (FRET)-based B-secretase (BACE1)
assay kit (Sigma-Aldrich)& AR8-5to] S45k3iet. ARE#|<l
Al A2 black 96-microwell plate®] fluorescent assay buf-
fer (78-X pL, 50 mM sodium acetate, pH 4.5), BACE1 sub-
strate (20 pL, 50 uM MOCAc-SEVNLDAEFRK(Dnp)RR),
A7LNX pL) @ BACE1 &4 pL, 0.3 unit/pL)E 44
&2 H7Fste] A& 5 37°CollAl 2A13F ¥EG-A1Z] ThS- micro-
plate reader (Infinte F200; Tecan, Ménnedorf, Switzerland)
£ ARE-ste] Ex 320/Em 405 nmof| A §374 =5 5745kt
BACE1&4 9] A8 =+ th2 2], BACEI inhibitory activ-
ity (%)=[100-(SF/CF)]>1002} Zo] A=} TH(SF, A& 4
5te| FEA = CF, A2 #3172 337 5).
SAzE

Ald A= SPSS 22.0 package program (SPSS Inc., Chi-
cago, IL, USA)© 2 5722 olf 33 243t gto] it
AR UEURIT 7 AR 1] S0l AR B
(ANOVA)Z 3t & P<0.05 =%l 4] Duncan’s multiple range
testoll w2} E-495}0] A|= 7§21 3ol 2 AZAT.

SRIF|O YerE U 271 Y
4

o] g3lo] =439tk Yeast o-glucosidaseS HHS-8-94(100 ) x] 2] o] QubyE B Anl Table 17} Z2th A2 A
mM phosphate buffer, pH 7.0, 0.2% bovine serum albumin B ) QT Aotol| 4] JZ|she] 2AEt TR 24e] 7 x5}
% 0.02% NaN,)o) %501 0.7 UmL 2 A £3pe] SLEANEE o) af 2712 Rejelol 217 24j712 A Lafelo] by
AF83relaL, 714842 p-nitrophenyl-a-glucopyranoside (5 x1 n ol Apgsigic). mAA 2| S Yt E719] INARS &
mM)S 5 AT -G alof] oA Al stdrh W2 48 e Al o)ut 2] 9] SEERES 12.18% T 11.01%, FTh
o 100 uLe}F Al 28N 20 uLE wello]] ¥il =3s}o] 405 nm

Table 1. Proximate compositions of Messerschmidia sibirica (%)
Sample Moisture Crude protein Crude lipid Crude ash Carbohydrate?
Leaf 12.18+0.03' 14.43+0.28 2.77+0.37 17.60£0.26 53.02+0.25
Stem 11.01+0.06 10.430.24 1.00£0.11 12.58+0.13 64.98+0.28

"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.
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22 14.43% 9 10.43%, A2 2.77% 2 1.00%, 3|5
17.60% 2 12.58%, EFr3ha-2 53.02% U 64.98%% 212} Lt
ERsteh B 2] 2] 9] Sl £719] AR RS BlasiE ¢l
BN LR L —71\5]39] TFE =719 5 =Y T
Hot =2 ZS BAAN ke o] o £7]0f st
F12% F2 Aoz L}—EFXI\}-E]—- A= B dukdle s &
TS Aokl 23 FHo] wAIRE 2R ke e
Ao 2lA QUi AT o] meRIX|o] Qat £7]) oluby
HE FAREAFS Hol=Z1 0 2 915 th(Yang, 2011). I
AR At E719 71 Zﬂ%% 413k A 1h= Table 201 U
B it el A] 2] 9 9t £7] 9] UEF(Na), vH1H|le(Mg),
Z+4(Ca), $ZHMn), E(Fe), 7-2](Cu), oFd(Zn) % ZEEK)2
S 77 B Ay ol 2HE0] 2,634 mg/100 g© & 7}
=2 geolal It ﬁgi—‘i 7, 787 mg; nH1Y|%,
278 mg; HE&, 213 mg; &, 15 mg; W7k 4 mg; oF4, 3 mg;
Fel, 1 mg/100 g -0 b}wu} aH, meAA) 2] 2
20] 3204 mg/100 g2 714 =9roL) 1 1:}0 oz UER,
328 mg; Zr<, 297 mg; ukIY|4, 193 mg; &, 7 mg; o}, 3
mg; "F 1445, 1 mg; 2], 1 mg/100 g&. =2 ﬂ"dﬂ"”@ a2
A Q3 2719 9714 ke vlms] wwl QolAE 2E>Y
Sl TR AR o] BoLoLt 27104 28>
HER G irk T £02 21 S0l e A0 3
QUEjo] wallx]7] 398 7] gHepol tha: Ajol7} vpepi
Aoz SRlEglch, AAA B Aol A L 8] g
A o] Go] FHE B A Atk W AlER 25 vivl
o] th o] A= A o' defA Qlrh Yang (2011)= &
A& Froll whet A= W m[™ o] Afo|7F A9, &
ArAEo| vlal| AA|H o2 YES defo] =11 ZHg, Zh4 U u}
Iulf] mdlE gHgol =A Uehes Ao s stk 2
71 0] 7] FHEE Yang (2011)0] 230k $Ae1A 2,
245, vhHl B U o] oh2 nu g gkt 25
wol FHiEo] Qi Ao R BelElelr.
DAHXIR FESQ 2 L M

waj x| 2] o] BHE]o] 9l el e e w %%/%]_E
01—7] Qs A} =712 HE 70% EtOH 80% MeOH %
TE J’“LUHE ARg-slo] Q] ofeh- &5 (leaf ethanol extract
LEE), & gk =% (leaf methanol extract, LME), & 57
- —Zr?;%'(leaf water extract, LWE), &7| ogh-2 &5 (stem

ethanol extract, SEE), 7] Weh-E =55

c

I

WE, mlo
lN Lo
du

E(stem methanol ex-

=3 F==(stem water extract, SWE)
= Ziho}@ 50 Jﬁ‘r*é 2 AP ZYE Bl Akl A
X FHBE $5 58 W AE 24 A4 Table 3o Ut
Uolch ez 2] o &% LEEQ] &2 19.02%, LME=
25.10%, LWEX 18.41%% UEal, BA]2] £7] F&2&
SEE®] =82 25.31%, SME+ 27.63%, SWE+ 21.29%% 1t
Ehteh mol R %) QT B7] 22 747te] 2% 488 vl
M MeOH>EIOH>%-F 335 £02 $80] L2 7oz
shol gt we x| %) AT} B7) & 20| ML vl A
71‘1,}, =2 e = L (lightness)3Ee] 749 2 A 2] o] 3=
ZE(LEE, LME, LWE)o| & 2|%| %7| 2%%(SEE, SME,
SWE! olofo] AFA0 2 e A%HS LiehLo], 55) =
f07) 913t 719] S5 2 EUWE, SWE) Lol 2412
3643 9 46.97= Z+Zr9] EtOH 2 MeOH &5 Hof &
S BYo) AN EE YERY = a (redness)i- EEHZ];(] 0‘ =
50| 27| 55 oAt A R =2 S Ve, 3
7] 2281 F SR FE2EA 7P =2 agks Btk
ESH A EE e &= b (vellowness)#r-2 HEf A 2] o &
Eol A= MeOH 2Z2(LME, 81.18)0] 714 =7 vrelidar,
=7 FEwolAe FHT FEE(SWE, 61.84)0] 7Hd =2 b
Zhe G ol2fa ATk A%, £ 9@ b} 32
& Az Al =0 9 S5 Bl whek A&l fhrE ] 9l
O HA ML G S EE 5 & T L 8=
o] atojof wpet 7t 2550 5 45 W Mol P w|Fih
= R} AA]el= Ao & 2T} (Lee et al., 2017, 2020b;
Kim et al., 2021).
DX FE22 & E2lHzE ¥ S2HEL0E S
R A == Zﬂi Al ==
=59 % Evls ¢ Elc lEi%k—‘%ié@é#
= Table 49} 7t} 2 X] ZE EtOH=Z F%3t LEE?} SEE
9] & Edvl= I 2H2 150.28 2 90.18 mg GAE/go]1L
MeOH= $=3%F LME®} SME+ 112.50 4 81.13 mg GAE/g
ol9lon, SRR &% LWE U SWE+ 105.14 ¥ 89.63
mg GAE/g BRIE|9Ic}. 2, wel2] %] o7} 57] 2280
29| kS LEE>LME>LWE>SEE>SWE>SME <=0 &
ZelHlE o] E=A et whebA mefA)z] defl= ok
Fo| ZPHlEo] erEoe] o EejHs FE8vEAe
70% EtOHo| 7} A2akst Ao &2 3kelx|¢it) Kim and Cha
(2017)8] Asfict x| oA Ak 452 FAEA =S 80%
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Table 2. Mineral contents of Messerschmidia sibirica (mg/100 g)
Sample Na Mg Ca Mn Fe Cu Zn K

Leaf 213.17+3.36" 278.72+2.05 787.161142.95 4.55+0.08 15.02+0.65 1.3910.06 3.58+0.10 2634.33+39.45
Stem 328.58+3.83 193.64+1.48 297.62+83.79  1.77+0.25 7.40+0.32 1.27+0.10 3.05+0.07 3204.02+28.00

Values are mean+SD (n=3).



MeOH %% ol 7t 7] Jstal AAjAl ] Fo} 59
of wet & Ze]dls FheFo] 11.22-110.20 mg/gel Aoz 4
A 9lek. 21 Fo A et 9t E7]00 22} 110,20 9 65.71
mg/g, B A Z] A3} E7]ol= 63.52 9 22.63 mg/g O & BT
o} w w29 Qo] 7]t o e EefulES s
I Q= AoR WS tHKim and Cha, 2017). o] 23t Hil
= Aol A ST R AR 9] it £7]9] EeulE T
It Apol= QLo 919 MeOH F&&0] €719 5=

o} 2 Bellizo] FAEolol AL SARE A0 AL
H} o]of o] A Ee] ARt KA HlEd SRt
o] o] & A eFe Uetll= A g Ee] 1Y 2
A PR 2] 2 85 AALE BB e BH 0.2 Wi
SR 28 715 40] 948 23 thAMHES The Shpaka
A7) Wil Aoz A3 QJk(Yang, 2011). 3HH, Zahe
0] == 22 anthocyanidins, flavonols, flavones, cathechins
4! flavanones 522 A Eo] Qla1 11 -0 wpet £ St
HiolE g4k} Ul teke elehg e 2ta g Aom o
&4 ltk(Middleton and Kandaswami, 1994). 2+ -8-fjof] u}
FET AR Yt 7] FEEY F SR o|= T
=25t A3}, BtOH 552 212 50.14 2 14.24 mg QE/g
MeOH F&52 217+ 33.21 9 9.57 mg QE/g, 57+ &
2 717} 37.64 W 21.83 mg QE/g o 2 BHl | Qich. whebA
W] 2] 9= 70% EtOH F+&&A &7« 57 752l
A THE goife] Hsto] AThH 0.2 e Behuio]s Perg
Hof x| 2] FEE Al x A FEEuo] T F SohE o]
E oFe 2 8ok Fejof] mhet f-ol 2l Zpel 7t Al AL
2 SHlEigleh. AR F AWE, LA, 2u7]u 9
sfFste] Yt £719] F Seh ool & ok 14.7-38.1 mg/g
42,566 mg/go.® QAR o L F e ol
£ okl e Ao 2 a4 Jok(Kim and Cha, 2017). uk
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Table 3. Comparison of the extraction yields and color values of
various solvent extracts from Messerschmidia sibirica

Yield Color value
Sample' -

(%) Lightness (L) Redness (a) Yellowness (b)
LEE 19.02 50.50+0.05%%® 22.05+0.02° 77.63+0.13°
LME 25.10 62.43+0.02¢ 15.46+0.03¢  81.18+0.042
LWE 18.41 36.43+0.12"  26.92+0.037 58.22+0.30¢
SEE 25.31 76.170.01° 4.41+0.01¢  56.34+0.03¢
SME 27.63 88.48+0.002 -0.45+0.01"  41.68+0.03f
SWE 21.29 46.97+0.09°  20.8910.04° 61.84+0.06°

'LEE, leaf ethanol extract; LME, leaf methanol extract; LWE, leaf
water extract; SEE, steam ethanol extract; SME, steam methanol
extract; SWE, steam water extract. 2Value 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.

CRER LT 943

eh a2 0| 0) F Beprico| = RS 9 450 A4 ETH
Hl 8] Bl mefA| X 0] & Sehuieo] = glao] thi 8

o Vet
DYXIX| FE20| BHAtat B

AR o W £7] 2259 55 Sufjof & Akt 24
< H|s}7] 915ke] EtOH, MeOH % 75 81 = AME-3H
R 2| %] 2559 ABTS 2 DPPH 2}t]Zh A A 24, nitrite &
AEHd, 2HlE 9 FRAPE 573 A1} Table 5o UEF S
c}h. maf x| 2] 3&22] ABTS 2h)Z 27424(IC, )& &4
A}, BtOH 3252 9loj| A 0.20 mg/mL, Z7]0]| A 0.36 mg/
mL, MeOH 3252 77 0.27 9 0.33 mg/mL, 574 3%
B2 7471 044 2 0.33 mg/mLE Ve, ABTS gho)zh 24
YL Qo] ¢ EOH>MeOH>5 74> 358 402 &2
2 IRIE o, E7]9 A= 7= Sullo iE aAZ
0.33-0.38 mg/mLO2 BE 22 5| A SARE Ao 1}
el E3] 99 EtOH 552 94 t %2l ascorbic acid
(IC,,, 0.30 mg/mL)9} vl wste] IC, Fho] 2F 30% w2 ABTS
]z aAZYS Wazstal Qle A o= ERIE ST

7k 280 1 R x]x] ¢lat &7] +&=2 DPPH 2ttjzt
2AGAIC, & 543 23 EtOH &5&52 72171 039 %
0.57 mg/mLo] 1, MeOH =252 77} 0.39 2 0.58 mg/mL,
ZHp 2250 7171046 2 0.7]1 mg/mL & UERY, DPPH
2]z A AL 919 AL EtOH>MeOH> 5574 555 &
o8 2708 IR, £719] 9= ik 22 7ol
LIRS o] 2 Aak= kA ) &1l ascorbic acid2] DPPH
Zhejzt AAZA(IC,, 0.13 mg/mL)of H]ate] mafjz]2] 919
EtOH &5 oF 1/39] 24L& Y #3h= 2 0 & el =9,
S, B Qtoll A A F gk e x| 2] 9] 9lat %719 MeOH &=
9] DPPH }tjZ AAZA(IC, ) 742+ 91.9 E 86.0 pg/mL=

oL

=
7
A
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Table 4. Total polyphenolic and flavonoid contents of various sol-
vent extracts from Messerschmidia sibirica

Sample! Total polyphenolic content  Total flavonoid content

(mg GAE/g)? (mg QE/g)®
LEE 150.28+3.19245 50.14+2.66%
LME 112.50+2.14° 33.21%0.07°
LWE 105.14+1.80° 37.64+0.86°
SEE 90.18+3.93¢ 14.2442.49¢
SME 81.13+3.19° 9.57+1.28
SWE 89.63+5.23¢ 21.83+1.01¢

'LEE, leaf ethanol extract; LME, leaf methanol extract; LWE, leaf
water extract; SEE, steam ethanol extract; SME, steam methanol
extract; SWE, steam water extract. GAE, gallic acid equivalent
mg/g. 3QE, quercetin equivalent mg/g. *Values are meantSD
(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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2 Ao A A x23E e x| x| 2] MeOH 552 AR
o} oF quff =2 7 0 2 UERGTHKim and Cha, 2017). Thokst
HAAE FolA sduE, Sortt, AHHlE, AHE, sigst,
AdH 2] & = 0.1 mgmLolA 60% o142 DPPH
gz A4S Uetle 2les deA glo] A&
T, ARA7] A S vlEste] 8 B FE o wh
o} AR g4 9] Aol7t v A o' AZHEITH(Yang, 2011;
Jiratchayamaethasakul et al., 2020).

WA R] 3 £7] FEE9 nitrite 2AZA(C, )= ST
23} EtOH F&5-2 YollA 0.92 mg/mL, E7]°]4] 2.04 mg/
mL, MeOH $&52 7}7F 1.18 ¥ 2.53 mg/mL, 557 35
= 2171093 9 1.89 mg/mLo = LR T whehA] B A] 4]
A& 710l vlste] of 2uf o]/9] -2 nitrite 227 22 LHEL
e Aoz ZRlwiek 3k, 7} 581 (EtOH, MeOH, 5
F)oll mE A2 it £7] 55 SHE(EC, e &
A5k At 919 EtOH 2 MeOH F&520] g+dg2 7171 0.04
2 0.05 mg/mLo|¢ o} 1 0]9] =ZE(LWE, SEE, SME,
SWE)?] 82 0.08 mg/mLE =5 53t 4 0 & pepyt
o}, wheba] e A] 2] o] K9] 9 25-guljof whE 2kl o] Afo]
= 34 ¢ A or AzbEnh Tear wef|A] o £7] 5
=59 FRAP 2404 = 1} £7]19] EtOH =22 242t
3.99 9 2.59 mM, MeOH F&5-2 7+7F3.26 4 247 mM, &
T FEES 272 3.54 2 222 mME Q1 of, B x| 9]
FRAP values= LEE>LWE>LME>SEE>SME>SWE <=2 &
FRAP value”} sttt ol -ut e 2] %] olit &£719] 255
2 Atz FeSO, (FRAP value, 1.00 mM) Hr} -
3-4uf], £7]5= oF 2.54) =& Ao = FRIE QI o]/4o] K
A2 it £7] FEEY A A0 SR
EtOH F&&0A 71 =& Aol eyt ou, =58
o]l w2 h4tsl B O] Afol= 24| b A o= RIE Gl

2eEfX|X| FE29| tyrosinase L elastase X3 &M

H R A Qi &7] FEE9 tyrosinase W elastase A3
Ao ot v]al-BA Avlk= Table 61 2t 2F £ 4 &=
=8 ¥ AR FEEY tyrosinase A B thF
gF FoflA 5743 A, EtOH 559 tyrosinase A|sf2
HIC, )L Ao]A 0.85 mg/mLola, Z7]o14 0.51 mg/mL,
MeOH F=&&2 717} 0.76 4 049 mg/mL, 555 35
2 Z¥7F 037 2 1.46 mg/mLE Q1% o], tyrosinase #]3&
A8 LWE>SME>SEE>LME>LEE>SWE 0% =2 7o
2 gelEjoir}, wehy maAIAe] 2e] % 2Egojol e
tyrosinase A s[j2Hd-& 2uff oA}k ZJol7} L= A o7 Fholg]g]
t}. Tyrosinaset= 1] 5-2] 33| 7] A F-of]| EA5H= WAl E
of| A tyrosine& AFSIA|A Hepd O] S ZXAN7 = AR
A o] 52 &/ A= 1] 7 n] eI} =5} B of| v - F 27t A
o2 oA 9th(Choi et al., 2011). whebA] ]3o] Waly A4
4> 22k Alo] 9 oA ef AR #elo] QL= tyrosinase A5 A]
£ 95}t 4 SPE EokollA] WAl o] STk Aot HE ok
&gt A A Eo]| et Aol whE W WA A], ALE, s
=, A, 740l W A7 5HHol 5= 1 mg/mLoj
A] 9F 50-60% tyrosinase A3 &/do] Q1= Ao E x| o] Q)
II(Jiratchayamaethasakul et al., 2020), 744871 ¢] EtOH ==
ZEE0) A& 0.4 mg/mLol| A 50% A1 &4]-S vepHeta B
E|o] QIoh(Kim et al.,, 2021). & A+ Auke} 99| A&
tyrosinase A|Sj2H/dS v s H R 7] ¢l TR =
EH(LWE)2 3% % 0.37 mg/mLof| A 50%2] tyrosinase ZH4
S AfletE g2 GRYAE Foll A tyrosinase A3l &4 o] w2
ol &oh= A o= ZRIE T

LR 2] &5 elastase A4S ZAgH A3}, EtOH
2229] 10 oA 045 mg/mL, Z7]|914 0.86 mg/
mLo|3, MeOH F&&2 2+ 0.08 ¥ 0.98 mg/mL, <

Table 5. Antioxidant activities of various solvent extracts from Messerschmidia sibirica

Sample’ ABTS (IC_, mg/mL)* DPPH (IC,,, mg/mL) NO (IC,, mg/mL) Reducing power (EC,,, mg/mL)®* FRAP value (mM)
LEE 0.20£0.00%45 0.39+0.01¢ 0.92+0.05¢ 0.04+0.00¢ 3.99+0.032
LME 0.27+0.00¢ 0.3940.02¢ 1.1840.10° 0.05+0.00° 3.26+0.03°
LWE 0.44+0.022 0.46+0.01° 0.93+0.03¢ 0.08+0.002 3.54+0.01°
SEE 0.36+0.01° 0.57+0.01° 2.04+0.21° 0.08+0.00° 2.59+0.03¢
SME 0.38+0.00° 0.58+0.01° 2.53+0.132 0.08+0.00° 2.47+0.10¢
SWE 0.33+0.01° 0.71+0.042 1.89+0.15° 0.08+0.002 2.22+0.19°
Ascorbic acid 0.30+0.01 0.13+0.01 0.69+0.01 0.02+0.00 1.00+0.01¢

'LEE, leaf ethanol extract; LME, leaf methanol extract; LWE, leaf water extract; SEE, steam ethanol extract; SME, steam methanol extract;
SWE, steam water extract. *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 meantSD (n=3). Means
with different letters in a column are significantly different at P<0.05 by Duncan's multiple range test. “The positive control for FRAP was
used FeSO,. 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.



T FEES 47 049 %050 mg/mlE 2RI o
LME>LEE>LWE>SWE>SEE>SME =0 & elastase A3
do] =& A= Yyt weba 2|2 9le] MeOH +
ZE(ME)| ThE 222wt} 6108 o)4e] Aajgo]
o R0z Solsgth. Blastase 539 4] 1] 5% giel
= RISk 713 A elastin®] -8 of] THof sk, A €]
clastin H-asl= W8T 3 54 9| sk o] 4 2o
A= Bo] SobA 24 513)e] 449l Uglo] Elni, ajel
T5 9 A 24 5o FEAYE T Ve aaol
THLee, 2015). webA elastase Al &/ 22 970 =5
= /WAdshs &7t Qlol 71578 b flE e L ok
HAYAE 22F0 kel B Aol Bet At A S5t
o, A, HAA|A], AEE, fGSE 9 ol 659 FEE
1 mg/mL 5=l 4] 53-78%92] elastase Aol &S H 15l al
(Jiratchayamaethasakul et al., 2020), Kim et al. (2021)-2 &
vk $=E5 0.16 mg/mLoj|A] elastase Z4JS 50% A sljgtct
7w wsgc ujeba] 2 oA e wej A 2EEe)
elastase A&7} thgRt AP 4159 elastase A5 2HdS 1l
e B wex] 2] 9 o] MeOH $=Z&5(LME)2] elastase #] 3|
FH(C,, 0.08 mgmL) QAAE Z o9 & 150] &}
= Ao Ak

PfX|X| £2E29| a—glucosidase X3l &4

WA 9} 2719 ol st A BAS Bl
915}0] EtOH, McOH 4 2347 253 waj7 3] 32520

Table 6. Physiological activities of various solvent extracts from
Messerschmidia sibirica

Sample' Tyrosinase , Elastase  a-Glucosidase
(IC,,, mg/mLy* (IC., mg/mL) (IC., mg/mL)
LEE 0.85+0.01>%4 0.45+0.05°  1.22+0.06%
LME 0.76+0.05°  0.08+0.00°  1.27+0.07°
LWE 0.37+0.07¢  0.49+0.10°  1.05+0.05°
SEE 0.51+0.01¢  0.86£0.10°  1.13+0.03
SME 0.49+0.07¢  0.98+0.20°  1.11+0.08°
SWE 1.46+0.04¢  0.50+0.04°  1.10£0.05°
Positive Control®  0.02+0.00 0.01£0.00 0.73+0.04

'LEE, leaf ethanol extract; LME, leaf methanol extract; LWE, leaf
water extract; SEE, steam ethanol extract; SME, steam methanol
extract; SWE, steam water extract. *The 50% inhibitory concentra-
tion (IC, ) values (mg/mL) were calculated from a log dose inhi-
bition curve. *Values are mean+SD (n=3). “Means with different
letters in a column are significantly different at P<0.05 by Dun-
can's multiple range test. *Positive controls for tyrosinase, elastase
and o-glucosidase were used kojic acid, quercetin and acarbose,
respectively.
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Fig 1. BACE] inhibitory activities of various solvent extracts from
Messerschmidia sibirica. LEE, leaf ethanol extract; LME, leaf
methanol extract; LWE, leaf water extract; SEE, steam ethanol
extract; SME, steam methanol extract; SWE, steam water extract.
STA-200(H-Lys-Thr-Glu-Glu-Ile-Ser-Glu-Val-Asn-Sta-Val-Ala-
Glu-Phe-OH; final concentration at 100 uM) was used as a positive
control. The results were determined at a final concentration of 0.5
mg/ml of these extracts. 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.

oa-glucosidase A3l &S 74 5}o] v - 2EA43F ZT}= Table
6ol Yreb glet. el 2] 2] $lat &7] 2552 o-glucosidase
AA(IC, )2 1.05-1.27 mg/mLE WHaA|2] 29 2 2=
Sajjo] w2 A|EA o] Zfol= oF 10% AT 2 X 2] =5
EE9] g-glucosidase AT FALSH A o= Fholw|gict.
T2 U A7) A&GE = Ao R ojghgo] w1l
I e o] A& w2 ThRt SO R Qg AFYEC] =
b4 B3] oAl Agko 2 (Al et al., 2017), a-glucosidase
S Aotz A2 22 Bl E Atk Ao T
q b % shbo]th(Kim et al., 2014).
, A% 9 7570l MeOH &=
mg) 80-100%2] =& a-glucosidase A &AL zka1 9l
Ao dHA Lot v, MIALE, AFES%: 9 H| 7L
Rl w2 2259 a-glucosidase A3 EHA T} GARSH A
© 2 Yelgtth(Yang, 2011).
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S 3Pl o] T 22142 B-amyloid (AB)E}= HERO| =
7F H=sHA| wHEolA WA FAE o] WA sk A E
A HA3ko 2 AR+ amyloid precursor protein”} B-secretase
9} y-secretaseet= F Aol o] ArhE|o] YAELE Ao R o
] Jth(Kim et al., 2002; Lee, 2017). & AFLof| A= a4
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2 222 AP A oA SR15H] Slstol gt 75

=

£ HEsIth mR|A] At £7] 2EE(HF 5, 0.5 mg/
mL) 69 BACEl As24S 43 23}, EtOHE §vi=
AR 9 2504 74.04%, =7 FEEolA 56.52%0°] 1,
MeOHE &1l = AR8-3t =552 212 76.43% 2 52.35%, &
B Z2E0 7902% U 49.67%2 E¢lE]o], BACEL A 3|
242 LWE>LME>LEE>SEE>SME>SWE =0 & =2 3
A& Bk BejA]A] o #=E(LEE, LME, LWE) £7]
$%%=(SEE, SME, SWE)o|| H|5}o] AJth 2o =2 Aajg
g Helon, 53] mejx|z] o] SR FEE(LWE)R>
BACEl Aafg/do] 7H w2 Wk ofya} 1A 7]57H4l ol
a7t okl &%l acetyleolinestase #SH &4 (35%, 25
% 0.9 mg/mL)E WEsh= 02 SRIEITHAT A=),
Auf o 9 2] 24| 7§ 913 BACE1S] AslEd-2 b
3 A 9 7|29 sghE 58 Tgct B2 gl vE
St Ayl lsha] A7) cheFabAl MY AL Qlck. 71 o2 A g4t
(Kim et al., 2008) ¥ A& A (Jo et al., 2012)> H] S5 o}oF
gk 715/ A0l A = BACEL9] /85 AJsfightal Halx|of
AL, e, HE e 2 E 5 2T FEEET 55,025
mg/mL)o A= oF 80%2] &2 BACEL Aol AEH A
o2 oA Qltk(Son et al., 2016; Wagle et al., 2018; Lee et
al., 2020b). o4 B Y AR A] H-2]3F meroterpenoids+=
BACEl 48] A& 53l AR A4S ARt 2
5}ATH(Choi et al., 2017). & ALol| A BHolE mefjx] ] 9 3
259 BACEI A3 842 74-79% (2% %% 0.5 mg/mL)=
BACE1 A& 0] -5l o] 9= A= El=|o] X]ufj ot
< et A7 7154 AR A 9 ooFE AR O] &8 THe A

o] £ A0 & AR HC]
2 Aol A] lfebARol| A AlEls GAYAIER] HEf R R] <] o]
A BEAS AL et 252 ARt sk

ol
Of
2

5t EAS &
9 A S ARt mej xR 9 ¢lat E7]9 £
S BN 43 2w, 2w, UEF 9 v ls Fkol &1L, 72H 5=
£50 & Zo|9=2 §H2 81-150 mg GAE/g, & et
o|= g2 10-50 mg QE/g O 2 gHAlsHa o] thaf g5 o
e Ao R FRI=GIT). W] 2] 529 o] 7FA] gAkst
e A At e A| 912 EtOH F+&&o0A 7MY &
2 AL S/ o] HEE Q). gh, R x| x| 2 theFst e g
A& S 4 Q1o SR 5504 tyrosinase AJsf &
Jo] 7MY =0, elastase Aa2/d-2 1o MeOH &+
oA 71 w2 A 0.2 FIE %t a-Glucosidase A3l &4
WA 2] o] Fefuf =& Gufjo]] whE A4 Afol= gl A

o UERtoL}, 9o R4 2EE(HE 55 0.5 mgmL)
£ BACE19] 84842 oF 75% A3list= Ao Belx|g]
t}. o) /de] A+t Autel A R A x| = -3t A IS W
Eslal Q1S ¥t ol 2 tyrosinase, elastase a-glucosidase 2

HUA - 18

Al AL

O] =t YA S A A EAJBHAF(20170353) 2} S
ATAH2021R111A3043692)2] A4S whol =35 LA}
Ayt

References

Ali MY, Kim DH, Seong SH, Kim HR, Jung HA and Choi JS.
2017. o-Glucosidase and protein tyrosine phosphatase 1B
inhibitory activity of plastoquinones from marine brown
alga Sargassum serratifolium. Mar Drugs 15, 368. https://
doi.org/10.3390/md15120368.

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/abio.1996.0292.

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

Choi CH. 2004. Flora and vegetation structure of the coastal
dune area in Sinduri, Korea. M.S. Thesis, Chonbuk National
University, Jeonju, Korea.

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

Choi MW, Jung CG, Kim HR and Kim JI. 2017. Effect of Sar-
gassum serratifolium extracts on f-amyloid production. Ko-
rean J Fish Aquat Sci 50, 085-091. https://doi.org/10.5657/
KFAS.2017.0085.

lida 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-
428. https://doi.org/10.1055/s-2006-958129.

Jo HS, Choi DJ, Chung MJ, Park JK and Park YI. 2012. Char-
acteriztion and f-secretase inhibitory activity of water-solu-
ble polysaccharides isolated from phellinus linteus fruiting
body. Kor J Mycol 40, 229-234. https://doi.org/10.4489/
KIM.2012.40.4.229.

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.


https://doi.org/10.3390/md15120368
https://doi.org/10.3390/md15120368
https://doi.org/10.1006/abio.1996.0292
https://doi.org/10.1006/abio.1996.0292
https://doi.org/10.5657/KFAS.2017.0085
https://doi.org/10.5657/KFAS.2017.0085
https://doi.org/10.4489/KJM.2012.40.4.229
https://doi.org/10.4489/KJM.2012.40.4.229
https://doi.org/10.1186/s41240-020-00149-8.

Kim DW, Kim YJ, Lee YJ, Min JW, Kim SY and Yang DC.
2008. Conversion of ginsenosides by 9 repetitive steamings
and dryings process of Korean ginseng root and its inhibi-
tion of BACE-1 activity. Kor J Ori Physiol Pathol 22, 1557-
1561.

Kim HJ. 2016. Quality characteristics and antioxidant activity of
tofu with gromwell concentrate. M.S. Thesis, Sejong Uni-
versity, Seoul, Korea.

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 PH, Kim MJ, Kim JH, Lee JS, Kim KH, Kim HJ, Jeon YJ,
Heu MS and Kim JS. 2014. Nutritional and physiologically
active characterizations of the sea squirt Halocynthia roretzi
sikhae and the seasoned sea squirt. Korean J Fish Aquat Sci
47, 1-11. https://doi.org/10.5657/KFAS.2014.0001.

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.2016.30.1.0080.

Kim RG. 2013. Halophytes of Korea. Nature and Ecology Press,
Seoul, Korea, 204-205.

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. Dis-
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. Biochem 35,
9090-9096. https://doi.org/10.1021/bi953013b.

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, Kim WS, Jeon YJ and Kim YT. 2021. Comparision of
antioxidant and physiological activities of processed wa-
ters generated during red bean paste preparation. J Korean
Soc Food Sci Nutr 50, 1168-1176. https://doi.org/10.3746/
jkfn.2021.50.11.1168.

Lee YJ, Jeon YJ and Kim YT. 2020b. Comparison of antioxi-
dant and physiological activities of various solvent extracts

EE R ELY 047

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. 2017. Expression, purification and characterization of
BACE] (a-secretase) in E. coli. M.S. Thesis, Kunsan Na-
tional University, Gunsan, Korea.

Middleton E and Kandaswami C. 1994. Potential health-pro-
moting properties of citrus flavonoids. Food Technol 48,
115-119.

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.

Opyaizu N, Yasumizu R, Miyama-Inaba M, Nomura S, Yoshida
H, Miyawaki S, Shibata Y, Mitsuoka S, Yasunaga K and
Morii S. 1988. (NZW x BXSB) F1 mouse. A new animal
model of idiopathic thrombocytopenic purpura. J Exp Med
167,2017-2022. https://doi.org/10.1084/jem.167.6.2017.

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.

Wagle A, Seong SH, Zhao BT, Woo MH, Jung HA and Choi JS.
2018. Comparative study of selective in vitro and in silico
BACE]! inhibitory potential of glycyrrhizin together with its
metabolites, 18a- and 18f-glycyrrhetinic acid, isolated from
Hizikia fusiformis. Arch Pharm Res 41, 409-418. https://doi.
org/10.1007/s12272-018-1018-2.

Watanabe J, Kawabata J, Kurihara H and Niki R. 1997. Isolation
and identification of a-glucosidase inhibitors from Tochu-
cha Eucommia ulmoides. Biosci Biotechnol Biochem 61,
177-178. https://doi.org/10.1271/bbb.61.177.

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


https://doi.org/10.5657/KFAS.2021.0742
https://doi.org/10.5657/KFAS.2021.0742
https://doi.org/10.5657/KFAS.2014.0001
https://doi.org/10.7732/kjpr.2016.30.1.0080
https://doi.org/10.1046/j.1432-1033.2002.03277.x
https://doi.org/10.1046/j.1432-1033.2002.03277.x
https://doi.org/10.1021/bi953013b
https://doi.org/10.3746/jkfn.2021.50.11.1168
https://doi.org/10.3746/jkfn.2021.50.11.1168
https://doi.org/10.5657/KFAS.2020.0886
https://doi.org/10.5657/KFAS.2017.0707
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2FS0378-8741(99)00189-0
https://doi.org/10.1084/jem.167.6.2017
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1016/S0176-1617(11)82181-4
https://doi.org/10.1016/S0176-1617(11)82181-4

