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SUMMARY

As the average Sodium intake by Korean people exceeds 2.4 times than RDA by WHO, which is

supposed to be major reasons for various chronic diseases such as high blood pressure,
cerebral stroke, cardiovascular disorder, stomach cancer and etcs., for the purpose of
preventing chronic diseases and improving health, our object is to develop a reduced sodium
ingredients from a lactic fermentation of the native plants(Angelica Utilis Makino and
Spergularia marina L Griseb) and it's application for the savory foods of low sodium
content.

Purpose& * Analysis of the major components of native plants for salt replacement
Contents « Estblish the extraction process of salt reduced ingredients from the native plants
» Develop possible candidate for reduced salt ingredients
* Research the taste profile and functionality of reduced salt ingredients from the native
plants
» Develop a sodium reduced savory food by using a sodium redued natural ingredient
» Research the salinity and umami of natural ingredient
* Analysis of flavor and taste characteristics of reduced sodium savory food
» Mass production, sales and marketing planning
« Effect on the promotion of native plants consumption and expectation to the local economy
invigoration by expanding it's cultivation opportunity
e Promotion of the public health and reduction for medical expenses through reduced
consumption of sodium which causes a chronic diseases
* Commercialization of functional savory foods of low sodium by using the native plants
Results
developed
« Effect on sales increase and development of related technology through the patent
registration
* Enable to develop a low sodium food of an excellent flavor, texture, consumer friendly
and safety at low cost
(1) Practical use plan
e Introduce a new savory food ingredients by developing a sodium reduced ingredient by
combining fermentation technology to the food industry in Korea
* Apply this technology to other similar natural ingredient development
* Produce a salt replacer and/or reduced sodium ingredient by fermentation technology to
substitute those simple salt replacer such as Potassium Chloride
* |Increase the production yield by reserving optimum process in bewteen the native plant
and fermentation micro organism
» Price competitiveness by developing optimum blending process with organic acid and it's
analysis
(2) Expected Contribution
@ Technical aspects
« List data base of extraction and fermentation method from natural savory components
Expected native plant and mircro organism, depending on different process, and secure the
Contribution effective using method for agriculturally originated plant raw material
» Securing the competitiveness at both domestic and worldwide market with it's safety from
natural raw material and fermentation technology against those existing salt replacers
« Commercializing new business by transferring the related technology, promoting the sales
increase by the patent registration and contributing to advance related technology
@ Economic and industrial aspects
» Securing the competitiveness in emerging seasoning market worldwide by developing new
reduced sodium ingredient production technology
» Developing various reduced ingredients such as reduced fat and sugar by busing this
technology and creating new seasoning and reduced sodium foods market thereafter
* Expect the market expansion at both domestic and export by securing well-being product
development technology of low sodium ingredient originated from nature
« Contributing to maintain the disease attack rate of elderly person lower, it can be
possibly enable the elderly person to secure the labor and promote the quality of life
Keywords Sodium reduction Low Salt Savory Food Sauce Native Plant
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= A 538 =B/ HE
SALT SUBSTITUTE RAW MATERIAL FOR ROAST FOOD A&/ 1997
Seasoning compositions, foods containing such a seasoning composition, o)1
and process for preparing such foods 48 / 2002
Fish hydrolysates as salt replacement ul=r /2005
SALT REPLACING COMPOSITION, PROCESS FOR ITS PREPARATION W=/ 2008
AND FOOD SYSTEMS CONTAINING SUCH COMPOSITION
REDUCED SODIUM SALTY TASTE COMPOSITION, PROCESS FOR ITS
PREPARATION AND FOOD SYSTEMS CONTAINING SUCH b=/ 2009
COMPOSITION
A AFE Az A oS5l o 5690l TEH o BEEFA, T L2 AL
g, BaFEE, s, FFZN HEFE ol&std A9 AEE Axsts A7 13
qol B8z 20| 9.

= A 5358 =R/ E=
LOW SALT FOOD dE / 2005
METHOD FOR PRODUCING LOW-SALT FOOD, AND SYSTEM FOR A/ 2006
PRODUCING THE LOW-SALT FOOD
LOW SALT FOOD WITH IMPROVED TASTE b=/ 2008
SALTY TASTE ENHANCING METHOD dE / 2008
FUNCTIONAL SODIUM CHLORIDE COMPOSITIONS frE /1999
Sl AA B ADYE Aol A Ve AHFHem JpEE o E AFaA
M b Badt A =] Taws olgst] auA 2AE JNEEda A9 £2v4
o] M galo] BE B3 242 YPUT FYUFAT B AYL Fofo] QYR
He| 2Ezn Ao BERAS AT An FYNBLAZ AL L olE A
ZuAEE dvfstar o
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L ARAE 2ADE
7} ABAE

& AN A8 BRI AL Wi6W 28, 5, 58 TAHoA 331 £T

F 2% AAR F PERBC00)FAN AR e
Frt TN AN AL AgsFo AREe A FEAA ANE AL A
ST ol ~FAEL A FIM AWM AS A

A28 AT AFAEF AFS TR Ao musuA Agasin o714 A
$9 AYHE F AGRE A 2204 AWl Axd AFL AgHGon AME
o Sg gEA Avetel AET AEL S

chr204%‘ 1md 51‘517 }‘8}04
shel Zasksit.

Mohr'§ & AH&3te] AR 1gs 50me] TF+E Yal awkgh

0.0IN AgNO; o= HAstal AAoe Hals Afs FTHS

HU o

A %E(%)=(0.5845x 2~ B m{ x 3] A vl = x B A A 57)/ Al 5 &
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A2 Eel AAe 2 FAH FEE9 1Y = (Soluble soild)  Refractometer(Atago
145309 NAR-1T.,Ltd. Japan)=

oo AT 23

(1) 9= 3 1d=%

Atz AATUEe] A= B ¥ =dFs SAAS o 382%=2 Fx7F M =2 A
& 2o AATUYES 1.01%0dh 1 EFS drot AR AE27F 54 °Brix,
AR gL Eo] 34 °Brixo 2 ¥4 m it

Table 1. A4 =2 9= & 1= o

AE(%) | 119 = (°Brix)
Az 3.82
A AT 1.01

i




A55Ee AASE Jtetel AxFzE PusSA @x Az U 2%, 4%, 6%,
8%, 10%°] sE= FH7tste] 70T, 80T, 90T, 100T ZFolAl 2413t &<t 9 FE3HA

FARAFZS MFFA05%)S 7teto] Ax3Ee A
IR 2%, 4%, 6%, 8%, 10%Y FE= FH7lste] 45T, 55T, 656, 75T “dellA 2A1t

mln
rlo
S
iz}
o 1
_0|L
N
52
K
e
N
offt e

QAR AR A ] F=

Wz YAMLES RS AEstel AT ¥ AF0] 20Mesh A= A of ot
Ak
AR

(1) F=x4d W d= 2 1d=F

COREN FE I
AAGFE o] 83t A FE% & 20Meshz AE oAdES FA48 4y}
70C, 80C, 90T, 100CelA °Brixe= w4 A3z TFFd 45 2% = 1.071.4, 4%
35741, 10%° 4= 46552 AA *fo]& Ho|A

M 14725, 6%l = 3735, 8%0lAM =
gom fdro Ffde U dxdx FHFY AF 2%olAM= 04705%, 4%°0A=

0.871.2, 6% A& 1.471.6, 8%l A+ 1.8722, 10% A+ 237308 = AA *fol& HolA &
ek EmF F4S ool AxFE WY WE FEL F WMesh® AL ofg B4
# A% gt Adzdxe Tl 8ol PN AUt 9 Ao Uekur
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Table 2. A F= 2% B AXxFFx HA7tEed & F5E2 129 3 9=

e 70T 80C 90°C 100C
Sz °Brix |Salt(%)| °Brix |Salt(%)| °Brix |Salt(%) | °Brix |Salt(%)
0% 0 0 0 0 0 0 0 0
2% 1.1 0.5 1.2 0.4 14 0.4 1.0 0.4
4% 2.0 1.0 2.5 1.2 2.0 0.8 1.4 1.0
6% 3.0 1.6 3.5 1.8 3.1 14 3.0 1.5
8% 39 2.0 4.1 2.2 35 1.8 39 2.0
10% 5.0 2.5 4.6 2.3 0.5 2.8 54 3.0

(&9 : 9%)
Ex
45T 55T 65T 75T
e
0% 0.00 0.00 0.00 0.00
2% 0.07 0.12 0.13 0.15
4% 0.10 0.22 0.23 0.26
6% 0.17 0.23 0.33 0.35
8% 0.20 0.30 0.32 0.38
10% 0.22 0.34 0.32 0.35

() Ady=s 37t 2 FE2E ue W}

AAFE o] &dto] ARMIUE H7lg W2 FE53 3 20Meshz AE oS B8
7 70°C, 80°C, 90C, 100Coll Al °Brix, @& o= A9l ¢t 183 x4y
A7 ol sold s E AP EFY d o] ket AS B 7 Aoy 8%l
gt AT A= A ¥METE gl Ao® Yyt =3 F4(95%)S ol&ste] dx
UES H7td 8 353 § 20Mesh& A2 A4S £33 23 °Brixes $4o] &7
o dEE 6% olF A9 WL gl AR YERt FEEEEE FEIAS

o= 55Col el M= 7 Watrt gl ot 45T 9F 55Tl A= 2Fe]7F eyt
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Table 4. AAl¢ F5 2= 3 dxAdUE H7bgel e FE229 1429 2 9=
= 70T 80T 90T 100C
P °Brix | Salt(%) | °Brix |Salt(%)| °Brix |Salt(%)| °Brix |Salt(%)
gy
0% 0 0 0 0 0 0 0 0
2% 0.5 0.1 1.0 0.1 0.8 0.2 1.2 0.2
4% 1.2 0.3 1.9 0.4 16 0.4 15 0.3
6% 2.5 0.5 2.0 04 2.5 0.5 2.7 0.5
8% 3.2 0.7 4.0 0.6 4.0 0.6 4.0 0.6
10% 4.0 0.7 4.0 0.6 45 0.7 4.5 0.7
Table 5. ¥4 F& &% R AxATUE HA7Hdd e FE229 9=
(k910 %)
== . . . ;
A o 45C 35T 60°C BT
0% 0 0 0 0
2% 0.07 0.12 013 015
4% 010 022 023 026
6% 017 023 033 035
8% 0.20 030 0.32 038
10% 0.22 034 032 035
(th A= F5 Algko] & W3}
O g =] M3t
FEAE GEstd FE Ay Adxddxes FEAL] 60we] Auw AL M=%
Brixg® YWEtl= A2 & 5 A2 AxATYEe Aol 3020 43 Fell= “Brixd
Hs7E Ao il FAE AAger v AAAES e
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A E drgo) AL83 BAA-S Leuconostoc mesenteroide KCCM 35471, Lactobacillus
plantarum KCCM 11322, Lactobacillus brevis KCCM 11904% F x| A ¥ Al#Ag&
FZ2 Hofwlol Al8-3F9 T}

(2) Starter A%

225 MRS brothE AF£3Fe] 25Tl A 2441 7F v k3t
9] 0.01%(1.2><104 cell/ml) HF3}e] A =3}

i
X
0%
1>
o
5.0
/N
2
WE,
s
e
2

g Fxot AEUES 8% H7bsta 8T dwelA 90&
=53 Az AALUES FFsto] ZFAE AREste] 121TCol A 15#1E
dhatelgeh. At wEv)Aes 40C ARER Wys o dAud Azl Akt 3%
starter(Lactobacillus plantarum, Leuconostoc mesenteroides, Lactobacillus brevis)E
1%(v/V)E A FEte] 25ToA Eastnt.

(4) AR
OIEEEX

Mohrifi & Abste] A% 1g& 50me] SRS ¥ W ¥ KCrOZ It A7kste]
00IN AgNO, 22 AA4et3 A4z Watt Qe FLHoR dho] s,

ol

Q@ 13EFFA
AR Ee] AAST 2L FAH FEFEY 1Y EH(Soluble soild)  Refractometer(Atago

145309 NAR-1T.Ltd. Japan)® =#3}o] °Brix® 3 A&t}

o)

s
® A+ 54

ANE InlEs 0.85% 2d5-s @A 31X 3te] spreading culture method® 7 E3tSith. 2 Al
o+ MRSHIA S AR&3sto] TGAEE gAlsto] Al8E HES o 25TCoA] 375Y v
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shgick 24
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[e]
3] 4 3}e] spreading culture method® %%
AlgE JAES v 25C°ﬂ/\

;G/\ih
1mE 0.85% A A= A
Az 34 s

MRSHHX]E Abg3te] ©HA
colony & A3+ th.

LN Az

o2 Ad 33 62.5ppm/6.4ppm/3.2ppme| I

=3
N

@

Ak
@ A= A
NEERS A&, %, ofol~
dsdant 2Ed H A4S
=

A4
@ 71715z
A3 T

HPLC 1100 ( Agilent A} )
- Column

SIGMA - ALDRICH®| A Lactic acid, Citric acid, Maleic acidE T s} t}.

Lactic acid 250ppm, Citric acid 25ppm, Maleic acid 12.5ppmel A 125ppm/12.7ppm/6.3ppm
=

ZHE=R

~ 2]
/4 =
plantarum, Leuconostoc mesenteroides, Lactobacillus brevisitoll W EaA A AL FEHES
KeR

/4 =],
Water(HPLC grade) 2mlZ 3] A8t th (53] 4)) =3k Al2 2 Syringe Filter MCE, 0.45um,
=35l

w2 5} o]
30.0mm sterileE o] &3] oJF}3 & vialol] Hol FAHsATH

Water(HPLC grade)oll o A|x3}

57VA19l FFZE  Lactobacillus
0.5m el

&
S
Al ®

Water(HPLC grade)®ll
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1) COSMOSIL Cys, 4.6ID x 250mm
2) Brownlee choice Cig bum, 250 x 406mm(Perkin Elmer A})
- Detector : 210nm
- Mobile phase : 0.1% phosphlic acid in D.W
- Flow rate : 1.0 ml/min
- Injection volume : 30ul
— Column temperature : 30C

- Run time : 45min

Aol XE ARG o] &te] u2AS ALtz do] EAEE AHAAME M5
o] 7hegk HavAES §MS Ax XA fFH: S Leuconostoc mesenteroides KCCM
35471, Lactobacillus plantarum KCCM 11322, Lactobacillus brevis KCCM 119045 A}-&
1A A o5 3%9) fatirel 54& Qoluma 49 Fok pHel wel WaE wie
|=]
.

Atk BFAI} 3T FAkt B 2443ko] Ay pHZF 4.20]8t2 "ojAal 1 o] F

© pH W37F 719 fle Zew yetwt e Wst g 244 3ke] Ay A Wit
e As = 5 A8l

Figure 7. XA fFa#igh Akt 3E
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1.E4H05 1

5= CFU/mE)

1E+04 == | actobacillus brevis
1.E+03

1.E+02
1 E+01
1.E+00

=== actobacillus plantarm

e | puconostor mesenteroides

Axgdzeh AxATU=S 7|-AR2 sho] ZaktS wFe Avp 27] pHell Hls) vl 244
DM A = pHS.6ON A pHA7T7HA] WstE Ko 1 o] Fo = pHA7A A pH4.8% 7o W3}

= AeE yeyt, o MWste wrEe] ARERE B4t 3F<Ql Leuconostoc
mesenteroides KCCM 35471, Lactobacillus plantarum KCCM 11322, Lactobacillus brevis
KCCM 11904¢1 4 7 ¢] Bz o] At
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Figure 9. Leuconostoc mesenteroides KCCM 35471% wj %3k
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Figure 11. Lactobacillus brevis KCCM 119045 w3t Axstx9l AZxA Y YUE2 pH
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Figure 12. Leuconostoc mesenteroide KCCM 354715 w93t Ad = A A=< pH
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Figure 15
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Figure 17. Lactobacillus brevis KCCM 11904
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Table 6. A2 & L7 E 2] fF7|Akskak

(k9] mg/L)

Leuconostoc Lactobacillus | Lactobacillus
714k mesenteroides plantarum brevis
KCCM 35471 | KCCM 11322 | KCCM 11904
Lactic acid 678.1 632.7 729.3
Azxdx Citric acid 33.1 45.15 31.15
Maleic acid 2.5 2.75 24
Lactic acid EAE EAE 4=
AZAE Y= | Citric acid 1136.15 3641.8 1624.85
Maleic acid 4.4 5.65 3.85
Lactic acid 1334.4 6007.05 1345.6
sz Citric acid 142.45 450.4 614.7
Maleic acid 0.75 1.85 3.3
Lactic acid EAE 4= 4=
AAE | Citric acid 1180.7 951.35 778.65
Maleic acid 2.85 6.75 6.35

4. AP = FEE] A

=4 2 7edd 4

i

7} obwlieat 9 ClT B A

1) 2=

AR

AgilentAtoll 1 Amino acid(Lot. No: BCBQ5979V)ES +¢ 33t

(2) &

Agilent Technologiesoll 4] #wjslil = Amino acid Standard Mix

g8

ol
ol

A Z(Stock solution ¥ Working Solution)

AEL A 3ke] A}
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STD Working Solution(mg/100ml)

AcEdd STOCK
Asp 13.3110
Glu 14.7130
Ser 10.5090
His 20.9630
Gly 75070
Thr 11.9120
Arg 17.4200
Ala 8.9100
Tyr 18.1190
Cys 24.0300
Val 11.7150
Met 14.9210
Phe 16.5190

Ile 13.1180
Leu 13.1180
Lys 18.2650
Pro 11.5130

TRP 97.6500

(3) Working Solution #| %

Stock Solution # &&= A dAFS FHaNA g4 ste] A3}

SN A 2 A

FA AA ARAFL FA3 o} oF 1OHHEkg =2 7hel Hls & AelA TtdEte &
DA G Aqaste] 23S FAd IAbe 2733 &% == AAska, A2 oA
=3 etk Aol gl AfelE dEHE2R FE5e AARY. B5E 4 el 55 A
Z3te 4L ZALE 02N FAMUEF SFA(pH 2.2) & 0.02N gitoz £33t 44
Fog 3lo] A|F Aoz s} BL&EAol dE Ao membrane filterE AF§3}o]
of 7} g}

49 oF 1ge FHaHs Fo) AAE Astel BAW A F8 YU 3% A2F F 3
B AA o' wolm T B slele] 500mE # F ofdelm AAERe] dhwko] of
of elo] 10meol AFALF Al 23%L sheka 00IN AL
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HPLC 16 (Agilent A} )& AF-&-3HT},
— Colum : Capcellpak UG 120 C18 (250mm x 4.6mm, 5um)
- Detector : PDA(338nm, 262nm)
- Mobile phase
A 1 40mM NaH2PO4 (pH 7.8)
B : ACN : MeOH : DW (45:45:10)

Time(min) A(%) B(%)
Inital 95 5
31 44 56
33 44 56
34 0 100
38 0 100

- Flow rate : 1.5ml/min
- Injection volume : Programe
- Column temperature : 40C

- Run time :@ 38min

A3 =4 Injector program table

Vial 1 OPA reagent DRAW 5.0ul from vial 2

Vial 2 | Borate buffer DRAW 1.0ul from sample

Vial 3 | FMOC regent MIX 6.0ull in air, mix, speed, 2 times

Vial 4 | DW(A % &) WAIT 0.50min

Vial 5 DW DRAW 0.0ull from wvial 4

DRAW 1.0ull from wvial 1

MIX 7.0ul in air, mix, speed, 6 times

DRAW 0.0ullL from vial 4

OO0 || Ol WD+

DRAW 1.0ull from wvial 3

MIX 8.0ul in air, mix, speed, 6 times

— =
—=1o

DRAW 16.0ull from vial 5

MIX 24.0ul in air, mix, speed, 6

times

—
[\

—
W

INJECT

Chlorophyll a& Aceton/MeOH=1/1(HPLC grad)& "] & 85ppm, 42.5ppm, 21.3ppm©] I

b=
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N
ﬁc}L
20
iy

(3) AlE AAY

Chlorophyll av & gz A AYU=ES 293 314 R dxE U= 2%, 4%,
6%, 8%, 10%°] s =& H7}s = A 45T, 55C, 65T, 75T oA 2A17F s %
FE AR F AONE AHESEYT w2 g A45kA] 23l Syringe Filter MCE, 0.45um,
30.0mm, SterileZ ©] &3} filter & vialol ®o} 4T o]3te] WHAare] H A3},

o

(4) 7171+ =2

HPLC 1100(Agilent AH& AF&3t] AJ2E 10 FH3A L UV/Vis AE719 345
436nmell L AZAAIA A4 Y. 2 A-N o 2= Cig Column(Agilent Technologies, Cis—A250
x 46mm)S AFEstal ols o E2= Hy, O @ MeOH : Acetone =3 : 20 : 772 39S

B oo]E Y 55 R Inl/minelow ¥ 2% BHBTE FA 3HATH

Lo

7I'e 24 24

o AN E FEE s

(1) Ak 2 AF

ANm EA el AHS =
¥ FEES xS 2
1,1-diphenyl-2-
picrylhydrazyl(DPPH) 9} FRAP assayoll AF&% Al 23} HyOo= Slgma(USA)ALS] Al#S A
4319tk Oxidative Stress& 4 37] 913814 millipore(USA)AFS] A& A3} T

M
ro

N
i

w48 2% Y2 Ethanole AR&3te] F&3 o
2 wEsEo] AREEYT. DPPH  assayel AMg¥

NI

(2) 4E w2 4%

@)
=2
S~
%
s
ol
8
lo
g
=
=+
e
-3
fr
k1
i
it
ﬂ
i
ol
8
!
1%
P
o
=
M
i
s
ftlo
offt

(3) DPPH assay

DPPH(1,1-diphenyl-2-picrylhydrazyl) Radical &4 &4 232 Blois MS.o] WHES HE
ko] Al &E A th(Blois MS. Antioxidant determinations by the use of a stable free
radical. Nature, 181: 1199-1200, 1958.) Al& 10xfol] wlgr2 100x0¢2} 0.25nM DPPH (in
MeOH) 90puls &3tste] Ao A 30min F ¥+8-3 o5 EFFEAE AFE38e] 517nmel

N =5
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A3 €(%)= (A-B)/AX100
A ARE FEA A e FRE

B AEE #H7eds W 3=
(4) FRAP assay

FRAP assay¥ Benzie9} Strain® S wdste] Al43t9th.(Iis F.F. Benzie and J.J
Strain.,, The Ferric Reducing ability of Plasma (FRAP) as a measure of “Antioxidant
power” : The FRAP Assay, Analytical Biochemistry 239, 70-76 , Article NO. 0292 ,
1996.) FRAP reagent= 25ml acetate buffre(300 mM, pH 3.6)5 37CeolA 7} % 40mM
HClo &31gt 10mM TPTZ 5ml¥ 20nm FeSO, 2.5mlS 7}3ste] FRAP reagentE A %3
t}. FRAP reagent 0.9méol z} w%2o] AZS 0.03m e 7 0.09mS ¥ the 37ColA
10min %0} HE-8-A1 A 593nmol A 33 =4 (Benchmark PLUS bio-Rad)& o]-&3te] &3

(5) Oxidative sterss =%

H;0,, Rotenone, Paraquatell 23] &%= 4Hs 4 ~E# 2o ofdt HaCaT M2 H3E
#}= AZa7] Yste] HaCaT MEE well & 1x10° cell/m 2 5 ﬂi’ 24X 7HS Hl 0%}01

F2k g kg stE Ale sk th 24479 Ho]: o] B & FEES 24X At njgd
S Aol ¥ 500 uMe] HyO.7F 3 & HiAE 44X S ?‘5& —ﬂ Muse analysisZ
3 SA AT

(6) NO production =4

@E—J\JA 2~

o v

o\

<l NO

|

F2 A EANA L-arginine® Z%E inducible nitric oxide
synthase

(iNOS)ell oJaff Fd= = 22 FAZFY AFadzdaEr v T8 HixAed Akl
t}h o] 3k <lxle] AL AT =R 3ldtr] ¥l RAW 264.74) 39 lipopolysaccharide

(LPS)E 1pg/mb A2 thx 4A 7 Hol FE2E5E 7 s ¥ 2 AgstAdth 1847 &< Hj
& 5 gd e NOYS SA

o

ol A543}
(1) =229
szl My Eo] #5d FAEANI #A-o] 712 F22HL FE22Y g3HS AT
A3} gtz A= 4%0] HUrsle] 4 55%0] oA FE AlE A= 20mg/L ©]
oz A9 Hlzgk FAE YEHLh AR AliuEe] A fode S22 a9 §HE S
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A Ay ALUES 4%0]4 A1 49 65Tol ol FE3 Aol E 5 600mg
/L o]49] x5 Bt} Khachik et al.1986= X 19} vHlws] & o AuvpEeol H-$- FHuj
778.3mg/Lol o AlFx]¢] 114.16mg/Loll Blal oF 7v] 4=50]3it}.

Table 7. F4FE 2% 2 Axdx Tl we S 22da T

(9] © meg/L)

45T 55T 65C 7T
2% 10.3 14.4 17.3 174
4% 12.5 21.1 28.1 24.4
6% 17.8 23.4 23.4 21.1
8% 20.0 24.5 24.3 18.7
109 23.5 23.6 23.4 21.4
Table 8. FAFE 2% 4 AZAYUE st w2 FE5E0 F22dy g
(+$] : mg/L)
45C 55T 65T 75T
2% 219.6 308.0 317.2 404.8
49% 392.2 455.0 645.0 654.8
6% 512.1 567.0 732.4 773.1
8% 526.3 668.1 615.7 693.3
10% 541.0 725.7 600.1 778.3
(2) frelobn] =2k
AP A &S 8% H7Fslo]l 80T olA 3087 F&3F AAAE 5529 AuAdES AHAEH)
f1te] ofm by HA TS ST 0}?41 Table 99} o] Fxo|A ofn=ilo] 3

_

183.58mg/100g AE==H A om Mo A= Tx2] 16 o]l 3232.4mg/100g == AT

?__ o=
ol FxHte= AluEo] AnAAEA T2 AAVF E F des ¢ F AU
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Table 9. &%7} /1A= G o} =ate] 257 9 ek

ot

(9] : mg/100g)

e ge a9
€9 9 (Thr) 7.08
A 2~E1(Cys) 0.33
€] & 21 (Tyr) 8.25
ol=27]d(Arg) 25.28
ol (Ala) 22.4
= 22 (Pro) 6.81
Z}o] 4l (Lys) 5.48
3] 2~ E] o (His) 3.08
o . o] &= o] 4l (Ile) 9.57
el obrl st = o] A (Lew) 13.08
v €] S 1 (Met) 0.9
7 d &b (Phe) 361
EJEH(Trp) 1.84
91 (Val) 14.36
ZFZeHGIw 30.57
o} 23217142 (Asn) 11.83
A9 (Ser) 9.31
=2 21(Gly) 4.8
B 18358
Table 10. A¥upEo] 7[A = FEofuAate] T/ 9 st
(mg/100g)
AP F% EIE]
= I (Thr) 284.08
A 2~E (Cys) e
E] 2 A1 (Tyr) 84.09
ol=2 7] (Arg) 465.41
ot} (Ala) 201.48
3 29 (Pro) 357.09
Z}o] 41 (Lys) 140.05
3] 2~E] o (His) 165.3
o . o] &= o] 4l (Ile) 140.16
el ok st = o] A (Lew) 167.67
€] S 1 (Met) 10.78
7 d &b (Phe) 218.58
EJEH(Trp) 39.31
9] (Val) 318.85
ZZ2HGlu) 281.06
o}~ 3} 24714k (Asn) 113.63
A9 (Ser) 191.03
=22 (Gly) 53.83
B 3,232.4
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(3) CI”

A2 E 2 Auke el = Cl e g3 =43 23 gt
o AEE2 4718mg/100g S
7 AduEe] 388 AR =o 5

epe,

% 12,390meg/100g 2 =
& d=e Al
v(_,b‘

e 26M A= =2

N
X ﬂ?i', ol
T T

X
o2 d
k1
A\
o,
i,
:‘_1‘
1o,
=

o El d

(4) AR Ee] e B

(7F) DPPH assay

/\216

o

AAg o5 AA HolA &4 g
2 7 FEEY v H2 A 49 ATUE FEELS Sng/ml2 17.0%<
AH, x FEE Smg/mle 33.1%9 AALS AT AEUEd) shxo 1] HE&R A
mixture 10mg/ml-> 40.6%E5 7HA™ APUEH} T2 FEEY 449 27&9 FrRu=
AA YeEbsth =3 MUy E g x wgd o] &3t I Leuconostoc mesenteroides,
Lactobacillus plantarum, Lactobacillus breviss AH&35 S 5 1,5 10 mg/ml el 5%
e AP 10mg/mee]  FxAM AAES A A Leuconostoc
mesenteroidessm=  32.75£2.47%%] A~AEES  7VH3,  Lactobacillus  plantarum-
33.81+0.61%2] AAE&S YVELWSITE 28lal Lactobacillus brevisi= 30.68+1.81%2] A~A&
< YEWAT. Lactobacillus plantarume ©1-8&% Advs HaFEEo] 7Hd dakst a3
7} =4 UEbgth 2 FEE9 AAES Leuconostoc mesenteroidessm= 50.74+0.38% 2]
SAES 7V 3, Lactobacillus plantarums- 57.48+1.34%9 A~A&S el gl
Lactobacillus brevis= 54.16+ 2.15%9] A~A&S YeLWUTr. Lactobacillus plantarums ©)
&% 3= HFEFEE 7MY kst 2ot =4 vEE

d

i
2
lo
e
tr
b
1
2
B
ofo
lo
)
N
i
>
ofo
B
rle

N
hamd

o O
==

)

2T
oS I~
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Figure 18. DPPH Free radical scavenging activity

[ (A) : Spergularia marina Griseb, (B) : Salicornia herbacea,

(C) : mixture of Spergularia marina Griseb and Salicornia herbacea.]
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Figure 19. DPPH free radical scavenging activity

[ (A) : Spergularia marina Griseb, (B) : Salicornia herbacea ]

(A) B)
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z 2 &
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o 10 4 104
~ LARRNRRN A e )
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05 1 5 10 05 1 5 10 05 1 5 10 05 1 5 10 05 1 5 10 05 1 5 10
Mesenteroides Plantarum Brevis Mesenteroides Plantarum Brevis
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(\}) FRAP assay

FRAP assaye Aol 9&] ferric tripyridyltriazine (Fe* TPTZ)E3 A7} ferrous
tripyridyltriazine (Fe*’ TPTZ)o. 2 3dH = AL o] &etes Wyor FasAde 949
o] &3 WhHolth AU E FEHEL Smg/ml 265uM AP oY, % FEE Smg/ml
29.0uM Adstsich AduER 3xe] 111 HE&E2 412 mixture 10mg/ml-> 42.5uM A7 8F
Ao MauE Itz FEEY 4749 AAEY FERoueE AA YErdd =g Ay E
FEE9 10mg/mle] FEoA T Leuconostoc mesenteroides= 123+ 0.0lmM<e] U= &
7VAa1,  Lactobacillus  plantarume  1.3120.01mM¢] 9= Yo, g
Lactobacillus brevisi= 1.26+0.02%<¢] <=8 YelN A Y. Lactobacillus plantarums ©]-&
g AU E BEFEEe] M gddgol =A deut 2 FEEY AAES
Leuconostoc mesenteroides= 182+ 0.02mMe| 3+d28S 7FH 1L, Lactobacillus plantarum
2 218+ 0.02mM9] #4=S Vel ATt 28l Lactobacillus brevist 2.01+ 0.01lmM<]
s+A8S Yt ATy Lactobacillus plantarum= ©] &3 dtx L gFEEo| 714 49 o]

= e

N
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FRAP Value (mM)

Figure 20. Ferric-reducing antioxidant potential value of extracts

[ (A) : Spergularia marina Griseb, (B) : Salicornia herbacea,

(C) : mixture of Spergularia marina Griseb and Salicornia herbacea.]
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Figure 21. Ferric-reducing antioxdant potential value of extracts

[ (A) : Spergularia marina Griseb, (B) : Salicornia herbacea ]

(A) (B)
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(th) Oxidative stress

HoO00l ol Fary = 4std ~Eg 2o gtk HaCaT A¥EE muse analysisE AF8£3}1o]
ZALSE A ol Ak &2 772 ROS(H)AMEMIL)7F 83.92%°] a1, ROS(+)A 3 (M2)
7F 16.08% =2 A=Atk O2H2E AF-&3F9] Oxidative stressE 7}38}1¢] ROS(—)/H]J‘(MIV]-
7359% A%, ROS(HAMAEM2)7F 1641%= S7HE S Vit C& AH3s Ay}
ROS(-)AEMID)rk 76.20%°] 3L, ROS(+H)AXE(M2)7} 23.80% = 4= Ak AldyE Sug/ml
A g ROS(—)/H]—-—(MIV]' 71.17%°] 31, ROS(+)AM X (M2)7F 28.83% = =4 = 3L 50
pg/mb Ak 32L& H ROS(-)AMEMIL) 7} 74.83%] 2L, ROS(+H)A|XE(M2)7} 2517% % 4
HAt % FEE bSug/ml A 32 ROS(HAIEZMI) 7 73.71%°] 31, ROS(+)A|E
(M2)7} 26.29% = S5 50pg/me A2ls 322 Hol ROS(- )/‘ﬂ_r_(Ml)ﬂ 74.29%0°] 31
ROS(+)/‘1]E(M2)7]' 25.711% % Z=AHAJY. FE5S o] g 2 10pugy/ml = 2] st :|17P
ROS( YA AZ(M1)7}F 70.29% ] 31, ROS(+)A| 3 (M2)7F 29.71% = ZX—]Q%}\J— 100ug/ml A 2
& Ho ROS(-)AEZ(M1)7}F 76 76%°] 31, ROS(+)ME(M2)7} 23.24%= A=A Al
JJr Tx FEES GRoR AYF 3 1o 3 A g 100pg/mie] 7HE ZA A
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Figure 22. FACS analysis

[ (A) : Blank (B) : Negative control (C) : Vit. C (D) : Spergularia marina
Grisub 5pg/m¢  (E) : Spergularia marina Grisev 25ug/m¢  (F) : Spergularia
marina Griseb 50xg/m¢ (G) : Salicornia herbacea 5ug/m¢ (H) : Salicornia
herbacea 25ug/m¢ (1) : Salicornia herbacea 50ug/ml (J) : Mixture 10xg/mé

(K) : Mixture 50ug/m¢ (L) : Mixture 100xg/ml ]
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Table 11. Effect of Extract on the intracelluar ROS formation

Ak Mixture
Blank [Negative| Vit C| 5 25 50 5 25 50 10 50 100
ROS(-)|86.92|73.59|76.20 | 71.17 |72.94 | 74.83 | 73.71 | 74.7 174.29|70.29 |74.99 | 76.76

ROS(+)/16.08|25.41 | 23.8 |28.83|27.05|25.17|26.29| 25.3 |25.71|29.71 | 25.01 | 23.24

i
et
B

(2}) NO production

LPSel #=8 NOS| Aae 7 Auatd greda wmsgch AUuE qs 3
smo] FEHOR PadAh §E FERS AU FL AYA @e 23} wasy
W AEe 2o srd dEdon pAHALe B 5 A

Figure 23. Ingibitory effect of extract on LPS-induced production of NO from RAW
264.7 Cell

[ (A) : Spergularia marina Griseb (B) : Salicornia herbacea |
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5.0& A-F v
Fx 2 ARUES ded] AFaAR o7y S wig/ T Este] A=
izt Ve FXetal JEAlEe] F4H S f dAH=s FE/AFste] gA

Lactobacillus plantarum, Leuconostoc mesenteroides, Lactobacillus brevis 3% 5 7 &3}
sttt
X A3} Table 129 2t}

-

=

Table 12. =9} AHUE &g -5 Fitsts 2 pH
=z A=
DPPH FRAP DPPH FRAP
pH pH
assay assay assay assay
Standard 33.1% 29.0uM 9.5 17% 25.5uM 7.3
STl
oF 41% 1.13mM 3.9 23% 0.85mM 7
[e]
A= AAEYE, ASE dxARUE, dxdx 5o FEE5 o] &ske] Akt 3
To AFToto] widst A3 3F9 Akt BEF 24A1%ke] A A W) gle o=
vehdom AgAge] thakd W@ o, g guEe] EgHel A% £ge F
WRE olYe} Aibyto] A&t Fxu AlduEe] AYa Qe 9 AR dEFSs A
o Skt
Tk A Eo Bt EE o= DPPH assay®t FRAP assay®l A#7} 34tkst 7)s
& FAAAW pHE BEE ENE mAth a5 79 Hgel aaFagos
pHE W3t 592 ne Agadel RERNE Fola Akl Frhekel Bute] A%
E Folv A%E Bt dAAESY] LaVES HERE AMESHH & AvdAE F8t
o nERe wdoza APadel FE ol RER WAgoE AR AT F 9
erz 2 A 4 4 318 Ag AR
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Table 19. -8C AXA] A4}
S5/ A 4 2713k | 304 60 90 | 120¥ | 150¥ | 180¥
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/\ﬂ_lr‘:i]__/': (CFU/g) ’ ) ) ) ’ E) E)
NAHGE) | 24 =43 =43 =43 =43 =43 =43
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@ -18TC A%
-18C A Al A A= Table 2034 2}
Table 20. -18C AH&A] A& A}
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NG | A =4 =4 =4 =4 =4 =4
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@ 5713 od=(pH)
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Table 22. AFA S Zw| 2 9A4F 74

A 5 T4 Tl AA 5 T7]
1 A ojm] o] A7} $l& A ETA 3714 /18] (v 3])
2 T n=5,c=1,m=0,M=10 A ETA 3704 /13 (vl 3])
3 ol & 24= A EFA A AEA] ) 3]
4 A 9E 12 A Z= 2] A A AYAEA] ) &

3 AT AG 2vAFE A

7F ZEAA AL

(1) A&l ehH] &

TEAA L2 A W= Table 239 #2th

HE A& vl gHH] (%)
1 7 o 34.58
2 nl g 3.00
3 S R=s 1.95
4 AA AT 1.30
5 H ZA| 2 B2 1.00
6 H] 3Z ol 7] 22~ JW 0.50
7 SFFIT 0.30
8 Zhek7] 0.25
9 S5-g R 7 EULEEoUEFR 0.02
10 =3 50.00
11 nl = 7.00
12 BMB-FS 0.05
13 ARy A ) o 0.05

A 100
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Figure 32. $EHA A2 AxFAHE
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Table 26. Hlv]Ze}~s2x0] A ghy]
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10 2854 1.50
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12 OF x| A48 W o] 2~ 1.00
13 STl 1.00
14 e B 0.40
15 L2734 ER 0.10
16 A4 0.8
1 DLz} 0.05
18 Wole] n e 0.05
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Table 30. A9YHST] 4AF 24
AN A e A 771
1 A oln] o] H 7} §l& A ETA 3704 /18] (vl 3])
n=5,c=2

2 AWM 7 el 37h4/13] (v 38])

I# m=100,000,M=500,000 e A0S
3 o) ot n=5,c=1,m=0,M=10 A ETH 3ML/13 () 3])
4 E} 2 A4 AEHAM = ol HAu il 3704 /13 (vl 3])
5| ®EZ(g/kg) g} 2}2 A ek gEAE (0.20] 8} il 37/NE/13] (v 3])
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7 | AT &4 NEFA | 3NLAH )
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Table 33. APt~ A% 74

HA S T4 Tl AA 5 7]
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2 T 8% 0°] 3} Rl 3714 /13] (v 3])
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Figure 36. A Z3 A}
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Fzo BelEz Fo vl Fue HAs A3 Naol @l E710E 12181me/100g9)
Hhd B o = 1333.8mg/100ge] E°] Qi Caeol 2 =7]o & 158.8mg/100g, el =
22.1mg/g, K¢ st ZE7]o+ 740.1mg/100g, o+ 741.1mg/100go.2 H] =3} T
F ohvlmite] e Wenoh F70o Botow wEFD AFS A AL F71%
wo) EHRCE E7W AASSE o] $o1dn ofulwale] e AFS ANY & At
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Table 35. g9 9 JFdE

(mg/100g)
HE
2l =7 g
U EE(Na) 1003.4 1218.1 1333.8
Z4(Ca) 2375 158.8 22.1
Z&(K) 650.1 740.1 741.1
vl 74| 5 (Mg) 46.5 54.0 52.5
o}<1(Zn) 134 29.6 2.4
A (Fe) 315 66.2 84.8
T2 (Cu) 3.1 1.1 2.1
1 7 (Ni) 1.1 0.7 0.4
7+ Mn) 7.2 39 3.0
Fopr] =4k 1,270 1,625 1,569
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XA+ 70C. bmin &2 %, 250C Injectorel 4 5 min 23ttt AF8-7]7]+= GCZE Agilent
7890BE AF-&3% a1 MSD+ AgilentAlF 5977A ¢+ Autosampler= Gerstel MPS(Germany)AF
g Abgekdth gy GC 272 2% DM-Waxter(Agilent), 30m, 0.25mm<] Column< A}
£33, Ovens 70C, Smin ¢t Imin @ 3CTH A53dte] 150Co A 1min B 6 CH%S A
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