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Antioxidant Activity of Kelp Saccharina japonica Extract Fermented by

Probiotic Lactic Acid Bacteria

Dae-Gyu Ryu!, Seul-Ki Park?, Min-Gyun Kang', Min-Chul Jeong!, Du-Min Jo!, Yu-Mi Jang!,

Hee-Jin Jeong', Do-Ha Lee' and Young-Mog Kim'**

"Department of Food Science and Technology, Pukyong National University, Busan 48513, Korea
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The objective of this study was to investigate the effect of lactic acid bacteria (LAB) fermentation on the antioxidant
activity of kelp Saccharina japonica water extract. Three LAB strains that had exhibited superior antioxidant activity
in a previous study were selected for the kelp fermentation starter. The antioxidant activity of the fermented extracts
was analyzed during fermentation. After 48 h of fermentation, the extract-fermented Lactobacillus plantarum D-11
strains showed the highest antioxidant activity in terms of DPPH (2,2-diphenyl-2-picryl hydrazyl) radical scaveng-
ing, ABTS [2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)] radical scavenging, oxygen radical absorbance
capacity (ORAC) and fluorescence recovery after photobleaching (FRAP) assay. Furthermore, the analysis of total
phenolic and flavonoid contents revealed that the enhanced antioxidant activity was mainly due to the increased
antioxidant content from fermentation. Thus, this study suggests that probiotic LAB fermentation is an attractive ap-
proach for the development of various kelp fermentation products.
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et al., 2015; Lee et al., 2017). 3|27 & wo| &ej7 thA|u}

(Saccharina japonica)ys= OFA|o} S|t A] Wo| BES|= 7=
AlETt 5 ThAutate] &5t 9-2|uhele] ol gt
o] AA5kaL ¢lom ofn|l-AK(glutamic acid, aspartic acid
) 4E, UHER, e L vtidls 5 77140 SRt 4
g AlEow 0*&'17«4 Ith(Lee et al 2017) ESF A O 7]
A, F310le 50| )% v ERap sgeka olol A7

715/l thet 7} 2 {EML Ao g, Futo
A B4 dloF 3hA] Wl BALEL B4 5 thoksk A2 TkA oL
U= A ﬁﬁ\JH_E'EH 74335 \k a1 QltiEom etal., 2010; Kang et
al., 2018; Jung et al., 2019). o]t S| 27| FEAHELS =
sto] o] 88 ufofl = S 2 FE A FEolu e A B
2]2] 5ol Jate] 25 F 7HBoke S| thre
A ot o2t FE A2 grshE B o7 A &
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4 28& W 9 oAz ©Rdo] EARHEH(Kim and Bae,

2002). E3F s FETAHIAM WA= Ak 5o HE

thgRel sl2f Sq2 &, vl % 244 5ol RFE ©l

L5 A= o] EA 0 2 X %31 QJti(Eom et al., 2010).
olefl whek sj= 77t 7HA AL e S-S S5 flstel

A5 ol &3 A7t v == AL 3l

ZEdE Ao Tttt AR 4

a=)

1 aaE olgsto] AR d%e 5

= NA1sk= 59 A= Fdll 7154 9 et
w9 F a3 285

=

prebiotics 2 o] 8- 4= Qltfal H 1 E| 31 Ql o, o] 378 1
Aol ozt A s Tl M= Ao Sl A=A &
& AEo] 71 o= Qlokal RaE 1 Qlck(Song et al., 2011;
Lee et al., 2016b; Bae et al., 2019). &= ¢ 1= thA|upg] 2] o A
HalH fAkt(Lactic acid bacteria, LAB)Z ]85} thAJuk
I8 FEE5 Axsielen Ba 559 Agad =44
FAkeE B/ 0] Ele ot sl At digt 7= o
ARk A 4Bk A Bk,

Iz H A

CIAlIOH & F&E X

2 Atol] ARGE A thAlub= 2018 29 o] 71AF ThA|
kS st ARSI TAITE A AIASH ] H8l =
2 33] AAT & A Azt AxE dAnE 247
(HMF-1000A; Hanil Electronics, Seoul, Korea)E 5-3f] 54
Sk & -70°C 4]2%231(CLN-52U; Nihon Freezer Co., Ltd.,
Saitama, Japan)ol] E5tm] Alglo] ALg ST} ThAnt 2%
& AlZ+= Eom et al. (2010)0] 2115t HHof| wha} ARE ThA
o} 24zl 2081 9] FF(wW/vyE F7FSHaL 121°CollA] 158
a4 =3

ChAup &8 Wha S 918 2017 8¢ thAlupl 2 of| 4] -2
sfo] A efstal Al E okt AEu B AGACIA 1 5k
91 LAB Zol 4] AL} BAj0] 43 3%-9] 1e] 3 Lac-
tobacillus plantarum D-01, L. plantarumD-02 4 L. plantarum
D-11)2 AA3HE.00] chAln} @4 229420, 12,24 2 484]
7hEet g sto] AES X135t th(Ryu et al.,, 2020). LABE
H7FSIA] e thlnt 22008 84 thTE AAste] A%
2 AP om, AAGOR Pol AGHM 7S HOR S5
Ao] 119 probiotic LABQI L. rhamnosus KCTC 5033 (LR,
Korean Collection for Type Cultures, Daegjeon, Korea)E %F
Az 2 ARSI THLee et al., 2016a). 2 7to] AL-E
LAB+ deMan Rogosa Sharpe medium (MRS; Difco, Detroit,
MI, USA)ollA 37°CO2 24417k IRt ] oA 7} s23HE wi
Fol e thalnk 32 9ol 10% HE3Hech A7 2 W= 37C

of| Al A&} vl (120 rppm) e L F M-S 94% et 2 35 5 of
Fkate] 7153] #2427 (Eyela; Tokyo Rikakikai Co. Ltd.,
Tokyo, Japan)2 553 5 54 7xste] 223} 3 30 10
mg/mLe| & FHaol 53l A& & Aol ARg-sHT

3 oz % SAE0|E S 2

1z

oA O 32559 F Hls 52 Folin-Ciocalteu¥ (Wa-
terman and Mole, 1994)S 44 =43t Kim et al. (2006)%]
o] whet gallic acids FEEARE st 3 s = 5
J3}19itt. Hu et al. (2018)9] & 8|9 T SHA| AHE=
i3 Ee 242 AL 7R, AEAl S0l AR EHoh
B ugog B oloAE gallic acids ¥# 542
of fAg=Ael 2 & S4sh= WS AMSto] & Hls
S-S =431} A& 100 plef 400 uL9] 1 N Folin and
Ciocalteu A]¥(Sigma-Aldrich, St. Louis, MO)E % 7}slal 4
2-0f| A 387 HA] gk T 7.5% Na,CO, (Junsei Chemical Co.
Ltd, Tokyo, Japan) 320 uLE 7} & A4 207 vh&-
AR BhS 3 A5l 200 pLE 328 F =7 (GENios®
microplate reader, Tecan Austria GmbH, Grodig, Austria)=
3l 765 nmof A S F =S ST A2 % HlE St
shek2 gallic acid (Sigma-Aldrich)E 35 B4 2 51 gallic
acid equivalents (mg GAE/g)= UEF Sich

ChA| O BEE 2E5E0] & ZeE o] = g5F2 Moreno et al.
(2000)9] B2 -3-8-5ke] FAI8EGITE. 2t Al & 100 plof| 55
=300 pLe} 5% NaNO, 30 pLE d7tsto] 57 2|3t 5
10% AICL, 30 pL< 7Fokal 2 Eet 5 2o SE1F WhA|gh
o} W7} By 2+ E5ole] | M NaOH 200 pLE &7} 5 &
0] 200 L2 510 nmel 4 FHEE Zsleict. Ame] &
SR o) & R gl i xshe] 45140 3, 3,
4, 5, 7T-pentahydroxyflavone (quercetin; Sigma-Aldrich, St.
Louis, MO, USA)& 35 B2 = 3}9] quercetin equivalents

(mg QE/g)& YERH STt
DPPH radical A7 &%

ChAlu} Whg =559 DPPH (2,2-diphenyl-1-picrylhydra-
zyl) radical &7 &4 £4L 7+ A|& 20 uLe} 150 uM DPPH
(Sigma-Aldrich, St. Louis, MO, USA) -84 180 uLE 30%-7+
320 AdoflA WG 5 517 nmol|A 3= S75HTh
Al &2] DPPH radical 274 42 0.2 mM9] L-ascorbic acid
(Sigma-Aldrich, St. Louis, MO, USA)E ¥&E24 2 5fo] 2}
A3t AR At 25to] Aate UEhfiglon ofefj o] Ao s
AAFslo] ascorbic acid equivalents (mg AE/g)= YeER ATt
X(AUC, ample -AUC,, )xk
AUC

L-ascorbic acid

AUC

DPPH (mg AE)=

L-ascorbic acid Blank
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ABTS radical AHs =™

ohAO ¥Fg =552 ABTS [2,2'-azino-bis(3-ethylbenzo-
thiazoline-6-sulphonic acid)] radical &7 &4 £4L2 24
mM potassium persulfateS 2£35l= 7 mM 2] ABTS (Sigma-
Aldrich, St. Louis, MO, USA)E A| %35t & QHAlo)|A] 16A|7F
BLL, o] 24 734 nmoll A FEZES 0.700+0.0057
w =5 3]Asto] ARg-SFGITh ABTS 89 190 puL¥}t Al& 10
ULE Z3tsto] 6171 =22 ShA ol A Bk - 734 nmof|A] &
= =45 Al 72 ABTS radical 424 42 5 mM 2]
6-hydroxy-2, 5, 7, 8-tetramethylchromane-2-carboxylic acid
(Trolox; Sigma-Aldrich, St. Louis, MO, USA)E ¥ w24 =2
shol A4S Al thste] Aat ehjglo obe o
2] 6 2 AlAkelo] trolox equivalents (mg TE/g)= LER Xt

X(AUC,  -AUC, )xk

CT )
_ rolox Sample
ABTS (mg TE) AUCL-ascorbiC acid _AUCBlank

Oxygen radical antioxidant capacity (ORAC) &4

TR} B 225 0] ORAC 24 Zulueta et al. (2009)2]
wrol| whel 245k, Suff 31ARE AR 50 WLt 78 nM 9]
fluorescein £-9Y(Sigma-Aldrich, St. Louis, MO, USA) 50 uL
£ Este] 37°Coll 4] 15871 Bhg-3E 3, 25 ule] 221 mM <)
2,2’-azobis(2-methylpropionamidine) dihychloride (AAPH;
Sigma-Aldrich, St. Louis, MO, USA) ¢} ¥H-&-A|#i T} & 2
F FEAR SR H oA 9] FFEH ] A HEF 37 CollA]
60 (5EZE 13], F 123]) B¢t 485 nmoj|A] MR} o1 7] =4,
535 nmoj| A == A -5k S5 A28 ORAC &
A7k2 trolox (Sigma-Aldrich, St. Louis, MO, USA)E %3 &
2 & 3}o] trolox equivalents (WM TE/g)= LERN T

Ferric reducing antioxidant power (FRAP) &3

thAn} dhg F2=&E0] FRAP =42 Benzie and Strain
(1996)2] Hol wet £A98k5tt FRAP 8912 300 mM
sodium acetate buffer (pH 3.6)7} 10 mM 2,4,6-tripyridyl-S-
triazine (TPTZ; Sigma-Aldrich, St. Louis, MO, USA) solution
% 20 mM FeCl,-6H,0 (Sigma-Aldrich, St. Louis, MO, USA)
£ 10:1:1 (V)2 E3dsto] A A Aol Alzste] A5
T} A|& 100 pLof] FRAP £ 2 mLE Y11 30571 vhS-A|7]
96 well plateo]] A5 200 pLE %711 593 nmof| A &F
EE 243519 01, L-ascorbic acidE F5= 52 & 39 ascor-
bic acid equivalents (mg AE/g)= YER ATt

A=

B Ao A AR =
T Hot+ BRAUAE AL A E
AR Ql5ke] BAREA(ANOVA)S 33t 3, P<0.05 423

l

oA AFEHZFCE Duncan®| th# ¢4 (Duncan's mul-
tiple range test) S A AT BLE FA] 42 SPSS (v.23.0,
SPSS Inc., USA) £4| L2 128 0]-83}0] 2] 2]5}5}.

et CiAlOF &322 & Tz &

e

==

2 Aol A= AP Aol Al 223t LAB w55 $ollA &
A3} BAjo] £4=31H 4] probiotics 2 EF5= 359 LAB
(L. plantarum D-01, L. plantarum D-02 2 L. plantarum D-11)
£ o]&sto] A FEES WAk 11 B4 st &
A5t ckRyu et al., 2020). LAB thA|o} Hhe S=2552] 3 9
5 % SepE o] & 3k A= Table 19 Uefiglel. LAB
& 53 WRAT ZE o B 2380 % 9 Bk

Table 1. Changes of total phenolic and flavonoid contents in kelp
Saccharina japonica water extract by the fermentation of probiotic
lactic acid bacteria

Time Total phenolic Total flavonoid

LAB strains (h) contents (mg GAE/g) contents (mg QE/g)
0 9.57+0.31t 8.39+0.96%°
12 10.10£0.20%° 9.50+0.03K0e
Control
24 15.23+0.76% 12.28+0.96"
48 12.10+0.40K° 10.06+0.966H°
0 18.57+0.23f° 10.61+3.47HUK0
Lactobacillus 12 20.50+0.35E% 13.39+0. QGEFCHab
plantarum
D-01 24 22.17+0.128¢pa 15.06+0.96182
48 21.03+0.50°% 13.39+0.575FCa0
0 18.90+0.406" 9.50+0.10%
L. p/antarum 12 1 890i053GHb 1 2831‘1 .67FGHIa
D-02 24 22.03+0.318cpa 14.50+0.05PErCa
48 21.23+1.27CPka 13.94+0.965¢a
0 19.57+0.31FCHe 10.61+0.46V%
L. plantarum 12 20.50+0.20FF¢ 10.61+0.96HKe
D-11 24 24.50+0.53% 18.39+0.9648Ca
48 22.43+1.338¢00 13.94+0.96PEFeP
0 15.50+0.40% 11.72+2 55MKo
Lactobacillus 12~ 16.77+0.50° 16.17:+0.05C0EF
rhamnosus
KCTC 5033 24 21.83+0.128BCPa 17.28+0.964BCDa
48 19.70+0.53F¢b 16.72+0.9685¢Pka

LAB, lactic acid bacteria. Each value represented mean+SD;

values sharing the same lowercase letters within each strain are
not significantly different at P<0.05; values sharing the same up-
percase letters within a column are not significantly different at
P<0.05.
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8MZTA STV S HIom o] 4847 oA A
Sl AR Ueith FdiE LR WA 24417k
A 21.8340.12 mg GAE/gO 2 UpEhton], Bajgs 350
9 2447 3 Hlis FHES D-11 #5304 24.50+0.53 mg
GAE/g, D-01 oF0| 4] 22.17+0.12 mg GAE/g 4 D-020] 4
22.03+0.31 mg GAE/g 2-0.2 Uehdt}, Ba|3z 350] 7
S HLE oA WA 2447 A 7 = F HlEEE U
Eti2lem 0, 12, 24 B 48A]7ke) . ol A o] F s
oo] BE wEFZRT} A e

Cho} W 3280 Befuiols dekE & s pem
SARE Ao R Ut FERl LRE 2 2441700
A 17.28+0.96 mg QE/gO.2 24 %] g] 0, ¥k 244 7| A
D-11-218.39£0.96 mg QE/g, D-01-215.06 £ 0.96 mg QE/g,
D-022- 14.50+0.12 mg QE/g?] &4 & Za}i 10| = ko]
24|90k D-119) 4% & olisaleknt Zehuico| = gagol
7V & A2 Z7kek 402 veRdh. Lee and Hong
016y Beue] WA Sehuiols FFe ¥R A
0.49+0.09 g/100 g© 2 YEF O a5 0.91+0.22 g/100
g0 Behuico|= Reo] S7harhs 7R HAE
T B sto] HhE % 0o ofs) EHAHEEM Sehhio]
= ol Z7hHolr Buslgct. 1 917-0) Aol whw
ChAlo} 2220] LAB <J3) wav} 29ge] wet %
st Sehiico| 5 Hepo] 371k AL LABO] ojgh %
A Fol| A/d == protease, amylase, lipase 52| &A= Qg
Sl 9 Sebuieol= sfahge] g, wus), nedd, Y
s, 222418 59| thAjo] o3k Ao TekETi(Park et
al., 2012; Huynh et al., 2014). =3}, Kim et al. (2000)2] 211
of w2l gk} 53} 5 o] choret AlelE o] s AOR &
A = s Biekee] S Aol mers dRbH R it
oF &/ Eok Sk Ao 2 A Jlnt. mEkA LABE ©]
SR A FEE2 AR e o2 a1y
of wtet & vz AEFT ERtE ol = A ¥ aket 2ol 5
ZHEo] ARV AlE NS H w2 S 8E e A
= e

o o

LAB =0 2lgt CtAlot &g FE=2| itst 2y

of 7t

LABE ©]g3t thAlu} g 52| DPPH radical 47 €4,
ABTS radical £7] 24, ORAC ¥ FRAPY] tjjgt A& Ay}
= Table 2¢f YEFH 2t DPPH radical &7 &4 =4 21}
24XZNA] F7Vohs A Fe HEom o] 4847 ol A Zha
S AEeE Uehdth 54 2ol A9 E 244170
19.93+4.04 mg AE/g0.& Uehtom opAt) 2o} Ha] 3
350} |3 A 91402 o ekl 9fA BT LR
24X17F W o) A 39.55+4.16 mg AE/g o & A E| Qi He
T 359 79 A7 REA T 5 BHE ehd 7

N N mﬁ‘

E

1 D112 2 24A]7k0) A 53.46 +1.25 mg AE/g= UrEbyt
o, D-02+=43.08+1.15 mg AE/g2 2 D-01+=40.31+1.59
mg AE/g9| oA &= LRSI SEAIRE D-01-2 A[Fe|EA o 2
DPPH radical 227 /2] 94 717} UehA] gigkew,
D-029} LRS] 79 51 24417t o] Fol= frolH o2 4ol
=73l

o132 A3H= Han etal. (2002)2] X1 vhe} Zo] Haj g
AFel 2/de 7HA AL 9l ThAIRE 25 LABE £Esto] @
a7} ZsiE o] ufg} DPPH radical 47 &4Jo] 2715 Ao =
HohE ™ Eom et al. (2010)X Saccharomyces cerevisiae SC-2
£ o] g3to] Chalnt 2500 MEB A ] P4 T2 A}
45 butylated hydroxyanisole®] 50 pg/mL2} 100 pg/mL2]
FLol|l Al 48.7%2t 83.8%F UHEhd WA AAH shekEo] of
d ohAu ol A= -2 ol A 67.4%2F 80%2] =2
G438 e o] nj= ¥aE 5310 DPPH radical &7 &
Ko| F7lelgicka B,

Song et al. (2011)& 729 Lactobacillus brevis #+5% ©]
Bt & NS BAE HaSIS o 2tk S7HE
DPPH radical 2~7 &A1& YEldtha B a1 EQ) 0 Jeon et
al. 2011)%= 4t dnlj === LAB 4t gl 28 =5+
9] DPPH free radical &7 &4 w3t 23} LAB ¢4 &
o g FEEol A Qi Grfj &=t} DPPH radical 427
2ol S7tskelrtarL Harste] 2 ot Axkel fARE dakE
Ureh et

LABE 0] 83t thA|u} whg =&5-2] ABTS radical &7 &
/3 5% 3= DPPH radical 227 €4 43 fARRE 4
O 2 24XZHA] GOl o= FIFsi) 4 Aol 484171
A FAsH= Aoko 2 YElydth 24 tix2] ABTS radical
27 B2 kE 2447k 61.11 +£6.13 mg TE/g O & Vyepyt
on ok4 tjRel LRE 24417k W oA 77.45+5.67 mg
TE/go 2 EA= I Hejota 359 45 2447 Had
A 7V 38 ABTS radical 227 84S Yl 5= D-11
2 uHE 244|710l 4] 84.98 +0.81 mg TE/go]H, D-012] 72
78.74+1.71 mg TE/g& LFeA|uh, D-026] 4= ABTS radi-
cal 27 840] BA L0 2 folgt 277} A epgleh. 2
A+ A= LAB Ha s 53 WAl 5529 ABTS radical 2
7] &4 o] Z7slekal B 13t Yang et al. (2014)2] A4 7}
9} Kimetal. (2016)2] L. plantarum: ©]-8-5}0] thA|n}S Hh &
gk 7oAl ABTS 227 &40l ojA o g Frtshirtal Bl
S Ao} ARt AR 2Rl =] it} ABTS radical 427 2+
27 A3} DPPH radical 27 4 Rt} Z7}Zo] thh =07
o2 ZA LS, Jeng et al. (1994)2 DPPH+= free radical
<= ABTS+= ol radical& 424 t= Fol|A A= 2to]7} th
™ 71 & 3 g A A = 7h Dt radical A1 A 5=
A% 2ol 7k vrepdtal H a1s)gi T

LABS o] §5t0] ki A|7] thilo} 2222] ORAC 24 7



W3t £29)

% Table 20 YEPfGlom] BE AL 2 D-11 o5 244]
Zroll ARt 212 Q1 ZHdo] Urebgt 1 94 /4 2, A
iz, D-01, ¥ D-022] ORAC Z7gH 794 Zfo]7t 1t
ERURR] ookt weft s 3% FollAl 7P 32 ORAC St
S Hol Bl = D-118 9a 244|7F) A 268.8249.34
uM TE/gO & Uepygton hg 48X 7o) A= A% 714s}o]
262.57+10.30 uM TE/go 2 Yep} th2 A3 Lot 5-9] 4 2}

ol7F UebLA] 2R3ttt

LAB thA|u} 2y =&E9] FRAP =% Z¥}= Table 2

of Yetliglel. 34 72 FRAP 744k 0AItolA
102.13+1.15 mg AE/go & Uehgton i 24470 A
164.80+2.00 mg AE/g & & 48417 & 152.13+1.15 mg
AE/go = UERAIT, ol 4] o & F 2po] 7k LrehubA] oRgtTt.
473 tHx LRO| FRAP S47L A7l EA o2 F7tsto]
U E 484 7ol A 7F =& 258.13+1.15 mg AE/ge. 2 =73
Holon, Ba 244 7HEE] FRAP S43kl #-941¢l 577}

o] HAtst &4 365

UeRgth & B3] vha 24A) 7k A oA 2 LRE
EZFRAP SIS oo, 157 2S4S 2

0l D-11 w5= 44 24417 o 4] 409.47 +2.31 mg AE/g2 1}
Elygtom th2-0 & D-019] BF& 2447k 4] 298.8042.00 mg
AE/go 2 D-027} W& 244 71of| A 284.80+0.15 mg AE/g9]
A2 1 QIT}. Park et al. (2017)0l| 4+ L. rhamnosus, L.
reuteri, L. casei 2 L. plantarums ©|-8-5}0] 2 gt o] 2o A
24417 Woll FRAP 27glo] 7] Z7ksgicka mashsle
™, Lee and Hong (2016)= F4ta 3|2 o|A] 191.52 uM
O] FRAP 57 #1002 Uelg o U LABE o|-§35F EFu 2] &
AEolA= 25642 WMz 7k a BR[| et 22 FRAP &
7g gho] Yrepytthar 21 sheitk. o]= & A9 LAB thAmf
W 3580049 FRAP 27 ghol 37He 4 Qjshs
Aos wersn] £ o] 4§ H Y A TE EUTLAB
4(L. plantarum D-01, L. plantarum D-2, L. plantarum D-11
9 L. rhamnosus KCTC 5033)2 w2 A4S &A1 2 71 A= o)

Table 2. Changes of antioxidant activity in in kelp Saccharina japonica water extract by the fermentation of probiotic lactic acid bacteria

Antioxidant activity

LAB strains Time (h i i ; i
() DPPH i scarering ASTS e scnretOd ORAC M TEIG)  FRAP (mgAci)
0 8.98+1.15° 46.703.317 240.40+10.380€2 102.13+1.154
Control 12 13.74+1.51H 48.20+4.21% 236.04+7.93 120.80+0.15%
24 19.93+4.04¢ 61.11+6.13CPEa 246.37+7.255C0E: 164.80+2.00"
48 17.65+2.146Hab 58.53+1.89° 244.42+6 470k 152.13+1.15%
0 38.31+2.448cpa 62.08+1.660% 257.82+7.538a 230.13+2.31¢¢
,L,Z,C,f;b,f,%’”us 12 37.27+3.3800e 64.98+3.45C06 254.86+8.4748C0 230.13£1.15%
D-01 24 40.31+1.598cpa 78.74+1.7148a 260.99+9.7748¢a 298.80+2.008
48 38.89:+0.99¢8c0a 70.57+3.578¢ 261.82+11.568¢2 270.13+1.15%
0 29.17+1.74% 58.63+4.57P¢ 258.32+8.8748C0a 200.80+2.00"
L. plantarum 12 35.84+0.87C0Eeb 65.09+8.00°0E= 261.70+8.208ca 243.47+8.08¢%
D-02 24 43.08+1.158CPa 71.11+16.698¢a 262.44+11.1508¢a 284.80+0.15¢=
48 39.74+7.248c0a 63.47+2.27C0Ea 258.92+14.7748c0a 268.80+3.46™
0 32.89+3 51 63.37+2.61CPE 257.94+9.23A8C0a 232.13+1.156¢
L. plantarum 12 34.98+1.748C0 74.87+0.655C 257.51+10.0648C0a 267.47+1.15%
D-11 24 53.46+1.25m 84.98+0.81% 268.82+9.34% 409.47+2.314a
48 38.89:+0.498C0 76.38+3.31480 262.57+10.301ECa 267.47+1.15%
0 34.98+2.938C0ab 51.86+1.52EF 259.37:+10.39"8Ca 247.47+0.81F
Lactobacillus 12 32.7041.195% 60.46+0.670% 259.11+7.78A8C0a 247 4742.31%
rhamnosus
KCTC 5033 24 39.55+4.168CP 77.4545.67/8 263.37+10.60"82 254.80+1.15
48 35.17+1.03C0Eeb 70.57+4.848¢a 265.53+9.80A8¢a 258.13+1.15

LAB, lactic acid bacteria; DPPH, 2,2-diphenyl-1-picrylhydrazyl; ABTS, 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid; ORAC,
oxygen radical absorbance capacity; FRAP, fluorescence recovery after photobleaching.Each value represented mean+SD; values sharing

the same lowercase letters within each strain are not significantly different at P<0.05; values sharing the same uppercase letters within a

column are not significantly different at P<0.05.
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APAHE: Aol ofal R TS HAT Qo] Tl 23
2w 3golA] Wzt Al nieh FRAP 24%ko] 57}
Sk Ao 2 et A o= HekEt)

Hur et al. (2014)o| W= L. acidophilus, L. casel, L. fer-
mentum, L. lactis, L. plantarum 2 L. rhamnosus 52| Lac-
tobacillus 42 552422 amylase, lactate dehydrogenases,
peptidases ¥ proteinase®] &4~ AJo| Qlttal Hislo] Hhg
g 5 ohFeh AhES ke A o2 i B3t Bae et
al. (2019)=LAB®| 4> @/ 0 & Qls}o] W27 of| whe} A3
Al tjababEe] 2ol Qls) Ak} Bdo] Aol LelL
=30 wiskylt). ueha, B ool AL LABO] <]
ol chAlo} W 22 Bol A wAs B4o] Seobxl ATk o)
Auk 3283 LABS o] 7131 Q)= 3448} 214 oloj] LAB
w7 Qo] whet LABS] f 840l ofo) AAH thAln)
A EE AR @Al 7]ofgt Ao = st

sl ants 3u a 14D gl s g

4 Jﬂlr‘— ‘6’]—%1:’ = a]-iio] = ‘B’I—F/'kjl_]- 6‘1—Al—§]. A o] Hl—j
24’\] A= 57 ok o= Uebg o v Hha 4841 71o] A
= sl 3o 2 et Kim et al. (2016)2 ThAILE:
7|4 & 3 LAB HFol| A 24X 7F 7H A= k=] S7F7F i &
SO} 2417 0] HE] Fa7} 417} EAL 7} E 7

3o 2 Lpestrha B 1ste] B Al7ATe] LABES A7kt o)
Ao} ui o] bkt 24 2ol A rERd ARAIT A1 A
O 2 UERIT o= thAnkE 7| d = 3 A wHy F0] 2
$7 W 7R g 2 ol Y, Sehr o= Rkl k)
spgol §7), 24 W 27k0) 2AIZ Bel & A7 AT Hat
Kt QAT Ao Herelo] ThnkE 714 B oAl
24A|17V0] 2| A o] vba 27 o)gka TtE T E5E Gupta et al.
(2011)%= L. plantarums Z7F3t 2357 Wio A 24A17HEE
L. plantarum®] "§<+5=7} A 7ol Aol wet 2 log CFU/mLA]
AasHe ARroR eiron, ol 27] 950 ofo] 4k
of 4Apo] %8517 uhgol ek 1 15} 9f . o|ol, LABE o] &
St ThAuE R O] 2 Aol dhg oA Q] e ] =4 5

o) 3712 2ot 17 A el P Aol glen H
=t} Kim et al. (2016)2 ThA|npe} -2 g 25 o L 7 %
5 B B fEEo] B8] e Agoln] xR
7hgol| A= st A9 A2y FX1 & X‘?l e s+
F7] of2e BAHo] ek Mishgl o] WIS ol &

715 A9S1S £ AEA 58 - sl vhere gl
o] 7154 AlEol A 4 olek sk Eat, e, o
Alat 123l & 59 sl 2Rl sl LABE o]-§-sto] Hastel
& o Aot 240) S7H51 0| Lehgein wasto) 3
Al

BE ol&3t s LRI AlE el thgt s
AlSlaL Qlth(Song et al., 2011; Kim et al., 2016; Kang et al.,
2018). & 13- A3}H= probiotic LAB ¥ AE 0]83} thA|ul9]
71678 743kt LRI 7] AN 7Fe A& Al AlsAL Q1o

3l 3| 257 A 7Hetol| probiotic LAB ¥ 7} 3-8}
H = Stk A5 AJAITE

o] =52 2019 FOFAHE
F9U] AL ot 5]

Aoz sjopstarelr] 4
AT A A THEALR]).
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