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Ice plant (Mesembryanthemum crystallinum L.) was fermented in brine in the form of mulkimchi (IPMB),
and its contents of organic acid and cyclitols and biological activities were compared with those before
fermentation. The pH of the IPMB continuously decreased until the sixth day of fermentation. The
lactic acid yield was greatest on the fourth day. D-pinitol in ice plant mulkimchi solids (IPMS) de-
creased during fermentation. However, myo-inositol and D-chiro-inositol increased. The radical scav-
enging activities of ABTS and DPPH, in addition to the activity of FRAP, of the IPMS extract were
generally higher after fermentation, with the activities highest on the fifth (79.09£0.69%), fourth
(87.55+1.21%), and sixth (78.72£0.99%) days of fermentation, respectively, when treated with 1 mg/ml
of the extract. As shown by a lipid/MA assay, antioxidant activity was generally higher after fermen-
tation. The viability of BNL CL2 cells damaged by #-BHP, H)O, and ethanol was 14.19+0.98,
13.80£2.25, and 25.89+2.90%, respectively. When treated with 200 ug/ml of IPMS extract, the cell via-
bility was 57.06+4.52% on the first day, and 66.06+1.36% on the fourth day, and 50.07+04.85% on the
sixth day of fermentation. Hepatocyte protective effects did not increase significantly after fermenta-
tion. a-glucosidase inhibitory activity was quite high, with a range of 83.5212.69 to 92.79+2.16%, and
the activity increased gradually in all the groups over the fermentation period. There was no clear
correlation between a-amylase inhibitory activity and fermentation.
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%A 23 10%9 sucrose &< 7hste] 15£1CollA &
oA XS AxsAT TE NALTH 6L A A
e 2 Ao FA Y FLoleFE(pH)E SIS
B, 1 EA ARE AHsAT & 44 A I (mulkimchi
brine; liquid produced from fermentation)& ™= | # 3} %1
1, =44 797](mulkimchi solids; solid ingredients pro-
duced from fermentation)= W& ¢ o] 2FREE FF
T2 7HEA A3 3 AFA%7)(LD918TH, LEQUIP, Seoul,
Korea)2 A xdto] A RE AT AR L= A
SHA B2 ofo] 2ZHEE It A2 As P, 1L LE
Aol wel 22 PR, 1, 2, 3, 4, 5, 601 2kal 31921, o] 59
methanol F&&< A4 a7 A A&etdln.

4

Organic acid 24

F714F B S 98 NEe 2RV EE 47 E4X
AAH-& 0.2 um membrane filter (SmartPor-1I Syringe filter,
Woongki science, Seoul, Korea) 2 4] o #}3}o] AL-&-3 T}
7]4k & HPLC (Agilent 1260 series, Agilent Co., Santa
Clara, CA, USA)&E #4341t} Analytical column Supel-
cogel C-610H column (7.8x300 mm, Supelco, Bellefonte, PA,
USA)E AH83t%21, column &5& 30T, mobile phasew
0.1% phosphoric acid®] 11, flow rate 0.5 ml/min, injection
volume 10 plo] At &2 f714H UV 210 nmol| A =3}
Atk A F713 REEL L FEEE B4, v
o W peakd] HAHLZ XEFME AAste 2H2he] {74t
< AFsted 4439t

Cyclitols 24

Cyclitol 83=< F=3817] fl8to] ol 2ZRE £
A97] 282 1 goll 40 ml®] £} ethanol®] THFEHY
7}aka 100°C 9] water batholl A 1A 7F =Z310Th o] & 40
pm O Z 2087 A FE 3 cydlitol 3HFE0] &8 45
HE& H3tL, o]F vacuum concentrator (MAXI dry lyo,
Heto-Holten, Gydevang, Denmark) 2 F%&%-& $713] |
Adtglth. olo1A] AJg | trimethyl silylimidazole (TMSI) :
pyridine mixture (1:1, v/v) 200 ulE 7}8}1 heating block
(70C, 30 min)oll A FEA 3 ¥H&E & ¥, gas chromato-
graph&4 438 HTH2]. £ HP-5 capillary column (0.32
mm i.d.x30 m, 0.25 pm film thickness, J&W Scientific,
Folsom, CA, USA)# &£%0| 314 % 7] (FID)7} 424€ gas
chromatograph (Model 6890, Agilent Technologies, Palo
Alto, CA, USA)E AH8-3}% 1, injector ¥ detector?] £5&
Z+Zy 2803 300C =2 AAsH ™, column oven? €&+
150ClA 75 C/minSZ 3dtel 300C7HA 45A AT
Carrier gas—= He, flow ratex= 1 ml/min, split ratiox= 1:50,
AR FHFL 1 pZ A

R0

S o

DPPH free radical 2H&N

DPPH (2,2-diphenyl-1-picrylhydrazyl) 2+ 2tz &7
/42 Heo 5[99 W< HEsto] A3} ofo] ~EAH
E 244 Ay] AzET FEE(0)8 FEE)S FEE
(0.03125, 0.0625, 0.125, 0.25, 0.5, 1 mg/ml)= 343 o,
o) 2EWE FEF 02 mi AHE AA THE 02 mM DPPH
494 01 mE 96-well plated] B3 TGS F, A2 A 30&
F S A AT, §3 5 £ microplate reader (EL800, BioTek,
Winooski, PA, USA)E AH-&3t] 520 nmol| A S48t H T &
AU zT 02+ BHAS AHEstth AAgosE ofg 9 4
S8 Atetdon, 7 AgE 33 whEste P gt o ® U
Riea=

DPPH free radical &84 (%) =[1- (A &R+ &%
/52T F35E)] <100

ABTS cation radical 27&4

ABTS [2,2-azino-bis-(3-ethylbenzthiazoline-6-sulphonic acid
diammonium salt)] cation radical 24242 Re 59 ¥4
271 W¥sto] SA39 T ABTS (7 mM)$} potassium per-
sulfate (245 mM)E 112 EFF thg o] F2 A-oA 244
7k Yol %o} ABTS radical (ABTS™)& THEIT ©] 8 732 nm
oA FAste] hzT9 FHE Ftol 0740.027 H =S PBS
(phosphate buffer saline, pH 7.4) bufferg 7}3%] ABTS &%
o2 AgsdT.

ABTS &9 0.2 mi¢t & ='¥(0.03125, 0.0625, 0.125, 0.25, 0.5,
1 mg/m)E 343 ofo] 2FHE FZE 0.1 mlE 96-well

plated] ¥ 187 BAAAZ F 732 nmo A FZFEE SA 3t

Aot FAHUETOZ BHAS A&t o, ofo] ~ZHE
Z & )3 ABTS radical 2AZA L o}gl Y Ao 2 Aist

A
Rom, 24 492 33 HEste FAgoE YErhld.

ABTS cation radical A4 (%)=[1-NEHAFTY &
FE/e4dET F35)] x100

FRAP (ferric reducing antioxidant power)

ofo] 2ZHE FZE FUHL Benzied} Straing HH
[3]° @t ZA 35t th FRAP € 9-& 300 mM acetate buffer
(pH 3.6), 40 mM HCI®| 2] 10 mM TPTZ [24,6-tris (2-pyr-
idyl)-s-triazine] ¥ 20 mM iron (I) chloride® #7 37C&
Zheg &A™ £F(10:1:1, v/v)dd A&
FRAP €9 02 ml9} % £ (0.03125, 0.0625, 0.125, 0.25, 0.5,
1 mg/m)E SAHH ofo] 2FWE FEFE 50 pls 96-well
plated] £ thE 37°Cel A 1583t ¥H-EAI7] 3 590 nmeol| A]

2R E Z2A5 Yt HERFOE troloxd &Y8 3 v w3}
Hqon, 7+ AgL 33 wESE PYAFgoZ Yehg



Lipid/MA assayOfl 2|5t &itst g £3

E 23 Aake] A4 E 9l malonaldehyde (MA)
SAol W% Ax EdAstY I A EE A 57
Hoh wekA 4 E MAE N-methylhydrazine (NMH)}
S A A 1-methyl pyrazole (1-MP)Z M A 7|2 o] & NPD7}
AHE GC2A A WHolth o W& dded &
et a3E SAss ol AgH & Wt 3, 13,
18, 22]. < 05 M trizma buffer (pH 74), 1 M potassium chlor-
ide, 1% SDS, 0.01 M ferrous chloride, 0.3% hydrogen per-
oxide, 30 pl cod liver oil®} &= (10, 50, 100 % 500 ug/ ml)
2 35 ofo] 2EZWE FZEES screw cap tubed B F
F4E 7tste] 23S 5 ml2 4390 21283l shaking in-
cubator (37°C, 17 hr)ell & %o 50 ul9 4% BHTE 713t
108 ¢ BAFo=A 43S AAANAY. 1 & 7o
screw cap tubeoll NMH 30 ulg 7}atal 2ol A 147 5
HHEAA 1-MPE FEA SRS, o] 1-MP+ SPE (solid
phase extraction)§ &2 £ - A3 %t} & SPE cartridge
(MEGA BE-Cys, Varian, Harbor, CA, USA)Oﬂ ethyl acetate,

=

jggrlr
=3

methanol, TFF <22 247 10 ml¥ & A A3 347
I FEAS A ANEE /M T, FFF 5 ml9 ethyl acetate
10 mlE 5FAA FAAHEQL 1-MPE £&3519 . 7]

WHE EZEAE 20 pl9 2-methyl pyrazine (2-MP)< 7}3} 1
23 E ethyl acetateZA4 10 mlZ A &-3t4 Tk 1-MPe] £42
DB-wax capillary column (0.32 mm 1.d.x30 m, 0.25 ym film
thickness)Z NPD7} 2% GC (Model 6890, Agilent Tech-
nologies) & AHE-3t% 1, B4 2O injector ¥ detector?]
2T & BF 250°C, column oven &% 60°Cel 4 4°C/min
02 5t 160°C7HA A F 283t H fAES 33
o Carrier gast He, flow rate™ 1.5 ml/min, split ratiox
120, Asef FUFL 1 u2 S5

BNL CL.2 M|ZHi2k

B A3 A-ed 85 A4 74 Z(mouse liver normal
cell, BNL CL2)= F=AZF P2 5H TUstAoH, 10
% FBS (fetal bovine serum)®} 1% P/S (penicillin-streptomy-
cin)7} 37+ DMEM (Dulbecco’s modified eagle medium)¥]
Aol wjFatglTh Wl E BNL CL2 Al E7} 80% J & =
gt 3 vt FREHUS W PBSE AT F 05% tryp-
sin-EDTAE A 238t CO, incubator (37°C, 5% COy)ll A &
A 3te] AZE Hojglo] 1,000 rpmol A 382 &t YA 228}
o B AEES 8x10" cell/wello] HE2 343t T-75 flask
of 53t 29 AR Aoel & HoH21].

NZ =M SH(MTT assay)
A Z 9] AEEL Mosmanng] MTT [3-(4,5-dimethylthiazole-
2-yl)-2,5-diphenyl-tetrazolium bromide] 3+ ¥ & 2zt W
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&sto] 2439 TH21]. BNL CL2 A ZE 7x10* cells/ml7}

55 24-well plated] &5 3 F 24417t CO; incubator (37
T, 5% CO)NA oflH] W F3}a ofo] ~ZHE F2ES JF
F5(0.01, 0.05, 0.1, 02, 0.5 mg/ml)7} 5 =Z Aol 223}
of 2417t ok wjokat Tt o] F 200 ple) MTT (5 mg/ml)
£9& 718} CO; incubatore] A 4417 O W Fslel MTTE
SAdAA YA E formazano] WA o] "olH Ut FrF
A2 24284 AASL PBSE 23 AFsAn. 1 %
DMSOE 1 ml¥ 7}t 208 &< ioﬂ‘/ﬂ & 96-well plate
o] 200 p1¥ %A 540 nmol M FHEE A AT

t+-BHPO| 2/5t01 £&AME ZHMZQ BS 51}

t-BHP (fert-butyl hydroperoxide)oll <& 4+s} 2 £A4bo] of
& DANZTERSERE #E37] Y5k, BNL CL2 AxE
7x10* cells/ml7} 5 =% 24-well platec] HF3+ 5 2443t
5k CO, incubator (37C, 5% COy) A Hj 3L ofo] ~EH
E FEES HTFE(0.0L 005 01, 02 mg/ml)7} HES
Aﬂﬂﬂ {P A7t Aol Aed ¥ +BHP (HFE= 80 uM)E
47w oFet it 01—?‘ MTT assay 24 A 29|
*g—f-%% % SATH12L ME BEEL 540 nmoll A ¥4
£ ZAS 2T Hlaste] MES(%)E FASFAT

H20:01 2|5t01 Al ZEM|ZQ]

HOA 2] whE 432
#a7] flskd, BNL CL.
24-well platedl] &
5% COy)oll A | Hokfi 3 =
phate buffered saline)& 23] A3
05 ol 2EHE FEES Z

mg/ml)7} H =5 713t

N _I_I_4
b
ox
o,

o =

Ragy e HL
=N
=
e
i
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fol
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i
f

x10* cells/ml7} ¥ &
¢k CO; incubator (37 C
% A A3 PBS (phos-
& MAE st
% (0.01, 0.05, 0.1, 0.2
H°h°}951‘4 04 mM

_‘

Ethanol0f| 2|5t0] &AE
Ethanol A 2] 9
£ ##3817] 98k}, BNL CL2 Al £ E 510" cells/ml7} 5=
& 24-well plated] &3k 20A12F &<t vl %3t 3% FBSE
593 DMEM A 2 133le] ofo] ~AZHE
=(0.01, 0.05, 0.1, 02 mg/ml)7} H == Helsta 143 %,
300 mM alcohol 100 pl A & 3te] 244 7F w3}, 5L 7t
Ze oz A 2ol A& alcohold A d thg o
MTT assay® Al Z£9] AE &< SHAT AZHES
nmo A FHEE S 273 Hlaste] WE&(%

EAN ST
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a-Glucosidase M3 &4

a-Glucosidase A3l €42 Tibbot#} Skadsen®] W< H
g3t P54 TH28]. 1 mg/mlE FEE FE ofo] AW
E FZ5 50 1, a-glucosidase (1 unit/ml) 50 pl, 50 mM po-
tassium phosphate buffer (pH 6.8) 50 ule} &§ste] 37°Co
4] 387} pre-incubation & ¥, potassium phosphate buffero]l
=91 12 mM p-nitrophenyl-a-D-glucopyranoside 200 ulE 7}
3t 37°Coﬂ A 1023t ¥-&A1 7T 1 N NaOH 50 plE 7}t
JAA 712 415 nmoA A FFEE SAEAT A4
43 3}03 S U% °o“‘§ 2702 acar-
S obefof Aol ¢
'5‘}04 W gz e

u&‘mﬂm
0_1.,
lo
x ¥
=°.‘=
_l-

=[1-(A& AT+ 3=/
%*éﬂli? EF4 )] x100

a-Amylase Xall &4

a-Amylase A3 42 Xu F[30]¢ BHE S83)
G4E 2459 1 mg/mlE F58 TF ofo|2xF
%% 500 pl, a-amylase (5 unit/ml) 500 I, 50 mM potassium
phosphate buffer (pH 6.8) 500 ulg £33t 37°Col A 3%t
pre-incubationd+ ¥ 1% starch 500 ulE 7Fsked 37°Col A 10&
7t WA 7T WhE-Eoll 48 mM 3,5-dinitrosalicylic acid 4
A%k 30% Na-K-tartrate?t 238 05 M NaOH 1.5 mlE
Y31 100°Cel| A 587t #Fo SAA 7 & FE8] Ws .
o]ojA 25 mLY & 78t 2 412 & 200 pl¥ 96 well
platec]l &7 550 nmell A FFE=E SAsAH. SN2 T
Y SHRTE Adsgen FANETLE acarboses
AHEEGTH B4 B4 A B ot o Ao st 4
Z3tglom, 7 AgE 33 frEsto FAg o e

a-Amylase A3 &4 (%)=[1- (A& AT FFE/%

SHAz

A3 A%+ SPSS (Statistical Package for Social Sciences,
SPSS inc, Chicago IL, USA) program Ver. 21.0= ©] &3}
d Ll A FAHEA (one-way ANOVA)S A A3k 94 ¢]
A= 7% Duncan®] o574 (Duncan’s multiple range
tes) &2 A8 3o FoAE A Ao A TH(p<0.05).

X

1|. gl Tt

2 organic acid &2

B AFE Y38t A3 ofo] 2EHE ERA Y HELF
o 2+ A AW (mulkimchi brine)® AT

< &H 5}“14 HEY Y AR

sto] AA A F40|LFE(pH)E SA A el
AN71E AABH] %”13}"4 AA N YE 74k
43T Table 10 Uebd AA Y Fo] FholE F&
A A A (IPF0)FH HFEaDQ 6 A (IPE-6)7HA Al
S7bete] LAV AP Qles AT F st =
2717 F A" 57142 oxalic acid, malic acid & ascorbic
acid= 3L A ol 714 A4 Fol B ou, lactic acide 4L A
of], citric acide= 29 Ao 713 o] AAHJT FH acetic
acide WE 6GA7IA ALH O F7lete] pHE FFE F
aglo] HAle AR AZAHAY. 28y HAH SR {74
o AL BF 4R 7HE BT

17 (mulk1mch1 sol-
Z Foldly] ¢

10
j&
2
L
)

= e oo por do

Cyclitols &tk
Table 20l = ¢}o] 2~
FEE9 WHIE F2

ositol, D-chiro-inositol<

EWE A A7 Z2HE cydlitol 3}
2489t D-pinitol & B £ myo-in-
ool ~EHES] PR aHAE Ve

Table 1. Changes of pH and organic acid composition of mulkimchi brine produced from Mesembryanthemum crystallinum during

fermentation periods

Organic acid contents (mg/g) during fermentation periods

Organic acids

P IPF-0 IPF-1 IPF-2 IPF-3 IPF-4 IPE-5 IPF-6
pH Nt 5.80 536 5.8 461 412 410 3.90
Oxalic acid ~ 8.04+034”7 824:045 37619+18.08™" 468.59+4675™ 506.89+1849%  42487+9.66"  35114+1280"  24945:12.20°
Citric acid 809435  832:207 387.11:2007™ 39348+4550™ 4920211 6068636  58.48+938™ ND
Malic acid ND” ND  31584:3343"  38239:3224"  401.91:48517 365341550  333.34£72.66°  21359+18.39"
Ascorbic acid  1018£0.02° 1018£0.03 10.44+0.03™  29.86:235"°  4742¢1037° 45334320 3456:1.097  2976:3.07™
Lactic acid ND ND  9673:2449"  51250+141.91" 243029:93.18™ 4,870.01£242.80™ 3,85340+174.04™ 2,882.69+220.59™
Acetic acid ND ND ND 1740142816 30781£30.18™  41657+39.88%  483.9243455"  670.53442.14"

UNot test.
’The values represent the mean = SD (n=3).

IDifferent small letters within a same component are significantly different by Duncan’s multiple range test at p<0.05.
“Different capital letters within a same sample are significantly different by Duncan’s multiple range test at p<0.05.

No detected.
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Table 2. Changes of cyclitol compounds of mulkimchi solids produced from Mesembryanthemum crystallinum during fermentation

periods

Cuelitol Contents of cyclitol compounds (mg/g)

clitols

Y P IPE-0 IPE-1 [PF-2 IPE-3 IPF-4 IPE-5 IPF-6
D-Pinitol ~ 4916£0.096""  4.806+0.133™ 47390137 4412¢0358"" 4172£0123™ 4105:0151™" 4.085£0.078™" 3843:0.116™
myoTnositol ~ 0453:0.022° 04710020 0502:0.007" 0507£0.009° 05410009 05620.011°"  0582:0.017"  0.6300.029°
D-chiro-nositol ~ 2.815£0.008%  2.946:0.041° 2.978£0.030™" 3.161:0.148% 3419:0178% 3582:0215° 3835:0138"  4.117+0.096"
Total amounts ~ 8183:0108 822240157 82200125  8.079+0361  8132:0194 824940232 84520177  8.590:0.084

UThe values represent the mean + SD (n=3).

Different capital letters within a same sample are significantly different by Duncan’s multiple range test at p<0.05.
IDifferent small letters within a same component are significantly different by Duncan’s multiple range test at p<0.05.

e Fo4802 A Yuh1l, 15 16) BE/7 % Dpi-
nitol-< & A 4196+0.09% mg/gl A 6L o] = 3.8430.116
mg/gl & 7HAstH T I8y myo-inositol# D-chiro-inositol
< 2447 ' E A 045340.0229F 2.81520.008 mg/goll A 62 A

zAstelol & 102 HZHUh

ol 0.630+0.0299} 4.117+0.096 mg/go- 2 F7}atH Tt o=
D-pinitol®] 25| 91+ methyl”] 7} HLE7} ey g o upet
7t R 5 o] F& D-chiro-inositol 2,

AR Aoz oY o

ofol2BUE EPA ] BEE M@
AZE YT 18y HE
| AU wEel 715 rr}aw 2 4 3]

Ao

&
131_

o} 22 4

L

£ myo-inositol =

o Fo & o,

gHitsta
obo] ~ZFWEY EA ALY FEEY AL S ¢
ol®7] $3te] DPPH, ABTS ¥ FRAP &4< ZA3 40t

(Table 3). ¢4

o) A wk

o] &3t WAy
&3} aromatic amine 3}3HE 0 Wol] ALLHTH20]. oFo] 2

ZHE FE2EY F

ABAA 5=} F74Ed wet A%

FatatA
aL

o458

DPPH=
=43

%o @E DPPH radical &A%
StHTH I8

221 Yo ¢+A 3 radicalS 7HA
b33 radicale]l AAFE HE
=243t WO 2 F2 phenolic 3

=
LJ—\__

1 mg/ml

Table 3. Antioxidant activities of extracts of mulkimchi solids produced from Mesembryanthemum crystallinum during fermentation

periods

Treated conc.

Antioxidant activities (%) during fermentation periods

(mg/ml) P IPF-0 IPF-1 IPF-2 IPF-3 IPF-4 IPF-5 IPF-6 BHA Trolox
003125 3304187 570185 4941517 803:082° 129241257 12851297 167143017 13884088 4812:55" -
0065 6994257 6961397 9840207 17426238% 2196:214™ 2611467 239502107 2636:225" 5359389 -
oppry 15 11.1812.223: 14.9(&2.29[’;e 19.1%2.332i 31.99%.682 37.26t1.74[: 36.71i3.00§: 42.0611.91;: 35.84t1.80c[:c 64.88i3.86[c): -
025 234363 2591487 38450060 3658:148° 4530:3.97° 4696:144%" 54500294% 50874159 76422066 -
05 76818 4085:360%  4708:220% 49.67:120™ 5959358 78200260 74084491 76471367 83.244203" -
1 5803157 57.97:046" 5979:079™ 6059+119" 6523+186™ 77215191 79.09:069" 7151:030% 9154:024™ -
003125 782:316%  728+168%  885:078%  11.08:350%  6.10:248  735+1307 18644266 2489:463™  40.08+0.58™ -
0065 1346:200%  24.02:459™ 27032545 24.83+183™ 2413+240%  30.80+0.40% 32.21+1.82% 43.68:7.00% 50.64+0.77% -
g V5 27.0110.332: 36.4410.472 38.13i1.112‘e 44.21i1.68Z: 43.2511.502:1 41.70i0.85D:d 52.7812.59? 50.8515.5251 62.31i1.6lzj -
025 34948236%  4167:598" 4536:048 4783+157° 50385835 65232210 78.86:193% 76.03:312%° 71394119 -
05 5313#253%  5619:078%¢ 6091207 63.92297% 5657+2.72%¢ 75.33+4.48% 82.38+4.05% 8634012 83.06+297" -
1 o485+487M  5504004M 735340.90%  7633+151 7403:346™  8755:121% 87.18+180% 85.88:0.12% 93.43+1.98™ -
00315 698:170™°  645:200%  518:061%  632:241°  584:135°  1004£206° 1599:185° 1961¢138" - 30934097
0065 1421:076°  1715:092°° 1351:147% 2060:126° 18712050 2152:269% 25426276 2892295 - 43,00:3.46"
V1B 27.5512.6722 24.3712.202‘ 22.5%2.38: 26.8%1.802; 34.64i1.16DC‘: 33.22i2.78§j 37.9%1.13[2( 40.98t1.66[c):: - 59.08t1.70[c):
025 36443034 3783:208"  4089+126° 47006089 5873+1.09° 53454245 53.03:243° 6054458 - 74152443
05 5468:064%°  3969:1.08" 51584568 58170212% 6835130 70130256 6738£240% 734561407 - 86.43:3.72"
1 6058:098" 53584568 55.73+186™° 67.651051% 75374209 747e462" 78.04:588" 7872:099" - 91.88+1.08™
UThe values represent the mean * SD (n=3).

“Different capital letters within a same sample are significantly different by Duncan’s multiple range test at p<0.05.
Different small letters within a same concentration are significantly different by Duncan’s multiple range test at p<0.05.
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Z A Jdewt 1y 449 F2EE 500 pg/ml A28t
Qe o, FE 4R 71 EE& EH(64.6571.63%)= YHEM
slom, BE 5 68 247 59.792.059 60.60+3.92% &
A 27 wolA e A4S YER AT Park 5[24]2 HEHY
o] DPPH a4 &40 YRt 4AE o E94thy B
3t9Ath. 12U Shon [26]2 &% 3 FH| WAIT A HLEE
o] gatstgdol o wopthal B ust¢lil, Doh F[7]2

nhs HaFEE FAEFA o] WLE F2 -‘Jr Hlﬁo}oi

o

O

_’]_E.'_l_
9371 WH-r°ﬂ 1y 5
al

4
wol
of mel g2A e Aole

BNL CL2 Al %
, 24A 3t W kR o MTT assayi Al &
@ﬂr Fig. 13 Z9th & FEES AYsiA 42 U=
AEES 100% 2 39 5
A & RE
At whehA] O}OIé%%E FZE 200 ug/ml o] glo A& Al
< A8k 200 ng/mlolstE A s s
S APt q Table 55 BNL CL.2 A X o}
FEEL FEHE A3t 147 To] -BHP
17J To AXZAEES FR03 Aol
th. +BHPE A3 AZ9 HEEL 1419:098% 24 23}
F 9] 99.87+047%l vlel @A 8] SEokor, of
o) AZHE %% :2: AP e AP LA Tl Hlalo}
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E
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Table 4. Antioxidant activities of extracts from mulkimchi solids produced from Mesembryanthemum crystallinum during fermentation

periods by Lipid/MA assay

Treated conc.

Antioxidant activities (%)

(ug/ml) IP IPF-0 IPF-1 IPF-2 IPF-3 IPF-4 IPF-5 IPF-6 BHA
10 815:034" 1295:245™ 207041.73™¢ 19.05:215™ 221143.10™ 2337:4.05 2629+472™ 2463317 623420.91™
50 26354141 37112213 40475216 322485.00° 31.97£291° 44793407 4096215 3719554 81334205
100 36.012255% 48574296 4733:214™" 42.09+350™° 48.4244.91™ 56.054565" 5055:444" 44208542 86.16:034™
500 4798+323™ 53854281 5497:098™ 5631287 5816+572™" 64.65+1.63" 59.79+2.05™ 60.60:3.92™ 94.29+199"™

UThe values represent the mean * SD (n=3).

“Different capital letters within a same sample are significantly different by Duncan’s multiple range test at p<0.05.
Different small letters within a same concentration are significantly different by Duncan’s multiple range test at p<0.05.
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120 - Cell viabilitiesby MTT assay
Ay Aap AaA S Aan, A AaB AA
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Fig. 1. Cell viabilities against hepatocytes (BNL CL.2) of extracts from mulkimchi solids produced from Mesembryanthemum crystallinum
during fermentation periods by MTT assay. All values represent the mean + SD (n=3). "Different capital letters within a
same sample are significantly different by Duncan’s multiple range test at p<0.05. “Different small letters within a same
concentration are significantly different by Duncan’s multiple range test at p<0.05.

Table 5. Protection effect against hepatocytes (BNL CL.2) damaged by #-BHP of extracts from mulkimchi solids produced from
Mesembryanthemum crystallinum during fermentation periods

Treated Viabilities (%) of hepatocytes (BNL CL.2) damaged by #-BHP
concentrations ; B
(ug/ml) P [PE-) IPF-1 IPF-2 IPE-3 IPF-4 IPE5 IPF-6 -BHP 1-BHP
10 2010:487" 19352430 1684183 19.92:326 2236:186° 17014274 17054151 201225

c C

50 50053487 AT 26400004 457HATYTC 26334368 23324505 308146017 2659201
100 36450070 26384469  3494:471™  2435:096% 2878:860°" 28740201 33842 7™ 37116449

200 14532298™ 40375104 37665566™ 365429.09™ 393141.72™ w97s671™ 4576:326™ 50.07:485™

1419:098° 9987047

UThe values represent the mean + SD (n=3).
“Different capital letters within a same sample are significantly different by Duncan’s multiple range test at p<0.05.
“Different small letters within a same concentration are significantly different by Duncan’s multiple range test at p<0.05.

Table 6. Protection effect against hepatocytes (BNL CL.2) damaged by hydrogen peroxides of extracts from mulkimchi solids produced
from Mesembryanthemum crystallinum during fermentation periods

Treated Viabilities (%) of hepatocytes (BNL CL2) damaged by H:0z

concentrations " -
(ug/ml) P [P0 IPF-1 IPF-2 IPE3 IPF4 IPE5 IPF-6 O HO
10 1699:3.00" 7 16274374 14506210 18322065™ 15672061 17554117 19472273 1883418
50 BO7H078" 30204167 2433:410%  2804£731%  3034:535" 267664677 2547:469° 31754565 -
100 5189:765"  4783£925™ 5003665™ 33.09:5.63%°  3049:071° 4209:182%" 37504340 297:390" A

Abe

200 5435016™  540002.00™ 57066452 56084177 5510:254™ 5693£239™ 5561:414™ 50014802

UThe values represent the mean + SD (n=3).
“Different capital letters within a same sample are significantly different by Duncan’s multiple range test at p<0.05.
“Different small letters within a same concentration are significantly different by Duncan’s multiple range test at p<0.05.

A 2o 300 mM ethanol& A2t 4+8ld ~EH2E F & Zt}. Ethanol& A e A X9 AZE&L 2589+290% 24 A
3 3 ofo] ~ZHE EA AGI]Y FEEY UAERT YotA| & AT v A3 Yokon), ofo] ~2ZHE
F3E MIT assay 2 A Z AEES SH S A3+ Table 79} 22ES A3 RE QYA B5o Hgstq AzAE
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Table 7. Protection effect against damaged hepatocytes (BNL CL.2) by alcohol of extracts from mulkimchi solids produced from
Mesembryanthemum crystallinum during fermentation periods

Treated Viabilities (%) of hepatocytes (BNL CL.2) damaged by alcohol
concentrations ; -
(ug/ml) P [PF-) IPE-1 IPF-2 IPE-3 [PF4 IPE5 IPF-6 Alcohol Alcohol
10 334823517 31282605 37301”3770 3043:487 358882547 374333 33442330

50 37930200 3320:314° 41474147 40955424 39642245 0018025 4918+444” 48644859 : .
Abe Bd Bd Bbe Bed Bb Bb A 25891290 100.66+0.86

100 51314382™ 4186378 41506401 50414176 46754448%  5676:190% 5465536 54514371

200 5763683™"  56.620295™  57084111™" 59584751 60740202 66.064136"  6438:284™  e4516421™

UThe values represent the mean + SD (n=3).
leferent capital letters within a same sample are significantly different by Duncan’s multiple range test at p<0.05.
“Different small letters within a same concentration are significantly different by Duncan’s multiple range test at p<0.05.

Table 8. Inhibition effect against a-glucosidase and a-amylase of extracts from mulkimchi solids produced from Mesembryanthemum
crystallinum during fermentation periods

Inhibition activities (%)

E Acarb ml
1Zymes P IPF-0 IPF-1 PF22 IPE-3 PF-4 IPE:5 IPF-6 Oclar ose (mg/ 1)
o-Glucosidase  8352:2.69"  83942165"  8736:411™ 8751:136™ 88.784330™ 88.02:1.08" 89634185 9279:216™ 62342091 8511569
cAmylse  5410:120% 54245575 5380:434%  5557:182°  5530:34%  5756:121%  5429:363% 526413267 7562:486"  86.64:315

UThe values represent the mean + SD (n=3).
“Different capital letters within a same sample are significantly different by Duncan’s multiple range test at p<0.05.
“Different small letters within a same concentration are significantly different by Duncan’s multiple range test at p<0.05.

&o] & F713Ad F 200 pg/mle) FEE A Y S atal &%+ol A glucagonlike peptide-19] #HIE F7lsto] 2
A5, 2E 19AMA = FE HEE HolA ggtoy, BE FIhE BuE JAAG5]. a-Amylaser ©53E9 o-D-(1,
29AFEH 254 FoAY] AFstel @E 4dA 4)-glucan A< #3)3td g-amylase A Al = 27l /‘1 A
66.06+136% 24 HUAE YERHITH Park [25]2 °f 4 o 2345 Adstel 2EQY F4E AL LEN 54
(Artemisiae Argi F.)°] A& FE50] ethanol, acet- g e 4es 2HTH23]. a-Glucosidasedt a-amylase
aminophen, gallic acid, nocotine, lipopolysaccharide 5 <] 7t Al G4 & o] 2ZWE FEFES 1 mg/mle TEE A
5““@ Oﬂ s 49 3 2AAEY E4S gt 3t 42 AF}E Table 89 YEF AT a-Glucosidase # 3

50l &S FUSAL, Yu S92 w3 d FE HE U2 2E 450 BE APTAA 83524269 ~ 92794216
=0l T 71s Ea9 B4 oA, A tA A, 3 24 %% gl = debgt. 53 2ar|to] F7iekel wat
W sOD 2457t 9 A AdS A A D-galactos- 254 F7hske AFoldt 34 a-Amylase A3 &4 2 A
amine© 2 g b E4E FBpA7)E dl ERAY Aolgt AHOE 5264+326~5756+1.21% 2 UEHSTh 1 HE
a3tk Buk ofY g}, Choi (6] fritet & ks FEE0| A 2o T FadAE ‘JrE}LHZ] EO}“E} Cho [4]&

A AR o] fEd vhg-2of i AFAFA ALT,
AST UJ ALP«] :g-kl o] wo}ﬁ [¢] n:] 7} 5‘_)\]-_0__ L}E].LH‘:_ =
AEEol AT WolHTL AT Lee T[17]% Lo 2E
$87} 7 239 ALDH 243 348 Yol g A7
24 QTLE AW 0 SHL HEY 5 I AojYdT BT
& B} 9k o)9} o] B AT WE Fol 3 HIE
37k FHE0D Bas o, £ Y
ALY BB AT 2A FAHAE S RO Ut

Qw7 W E YN (100%)2 100% ] =2 a-amylase A 3 &7}
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A 158%, 60%0 A 49% ] A3 B4 & JERRTT 319 ch.
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