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'ZYTEINSD +YBYS, CBEWSD YEFYSY TEYHYL 4EYFFEIY

Abstract In this study, a plant extract-based functional synthetic medium was developed to support
the growth of kimchi-derived lactic acid bacteria (LAB) for membrane vesicle (MV)-based postbiotics.
Four LAB strains [Leuconostoc mesenteroides, Lactiplantibacillus plantarum, Latilactobacillus
curvatus (Lc), and Latilactobacillus sakei] were fermented for 3 days in artificial media containing
various plant-derived extracts, including barley sprout extract, baechu (kimchi cabbage) extract, and
a plant mixed extract (Platycodon grandiflorum: Codonopsis lanceolata: sweet potato peel=1:1:3).
Growth was more vigorous in media with barley sprout extract. Notably, Lc showed significantly
enhanced growth when the plant mixed extract was added, indicating a positive effect of this mixture
on Lc proliferation. Fermented samples exhibited increased LAB counts and elevated digestive
enzyme activities (trypsin and o-amylase) compared to non-fermented controls. These enhancements
correlated closely with increased total polyphenol and flavonoid contents, which significantly rose
after fermentation, especially in Lc-inoculated groups. Moreover, DPPH radical scavenging activity
was markedly higher in Lc-fermented samples than in those fermented by other strains, highlighting
Lc’s efficacy in producing antioxidant compounds. This study demonstrates that barley sprout extract
is a viable medium for developing MV-based postbiotics, with strain selection and fermentation
optimization being critical for functional enhancement.

Keywords functional medium, lactic acid bacteria, digestive enzyme, antioxidant, fermented materials

1. ME

[ .

EAEHIo| Q8 A(postbioticsy= T2 H}0] Q ]l A(probiotics) w5 Hiots I oA BHEoA]
L oofst §9 JRES 9ugith. I £ A|ET AXH (membrane vesicle, MV = extracellular
vesicles)= Yl YA} 37|19 122, T 4 474 9 7|54 249 Ag SHA 5T ot
(Kim 5, 2022). o]2] o] 2, MVE ZEHPO|QEAL] By B4 AE e MRS,
g 50 EetH ot 59 754 S WASste] F JHARE T ofF 220 & A 24t

She %S YT 4+ UL FrHKim 5, 2023; Lin 5., 2018)
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T, Behio|=o} 2L A8 754 SRS AF Y2
43 Al 23 B4 DP9l Ao} 8]t Wok(Han 5.
2013). 40| Eehico|=] A%, A FHES AL o
1% mlqto] E3siths Ay BiEo] QJOoHZ(Han 5,
2013), |59 Ag 5&S =Y M= FHY 7ido] g8
@ A5oIth. MV} oldl Behuiol=ol 442 Mgt
Aol &S aH o E FHAA 7HsAol A
FIHHQ] ZAEHO|QEA At 754 WEAE T
oM MV 7154 EtEkolE go] 2 WAk
Az7} AEIoloF Tek. o} 912} Behurol=s} Fra
= FEEZ ANESHL, ZEHbo] g #59] 47
mojilol 9 e A7) FekE WA A 2o BRS
& FEE0|Y #5371 71548 7HE AS, dREA L 7]
Hg Z7leRe AWA E3} 7l
M E o= HEFE- T (bata-glucans) 5 Ao1d{7F 5
A e ol om(Lami} Cheung, 2013), 70} ZHZ0]
ol=d(inulin), AAEA(kestose), HHH] L A (levanbiose)
oz} ge)ng0] ZAstel o|50] AR Wol2 A8
Slof $AKEe] Aol FHH BAE AFACHCarlson
2017). TEpA], g9, augd St 2E2E2 WY 54
a3 B H} 9l (Jeong 5, 2019; Jeong 5, 2020), AA]

3 SAHE(Leuconostoc mesenteroides, Lactiplantibacillus

£y

or 1> ot >~ 10 o

ol
-

ot 4> ol rIr

plantarum, Latilactobacillus curvatus, Latilactobacillus saker)
3} 059 MV B 23 5 Tk 4% 715 &It ke
Aplo] FeiA] SItkKim 5, 2022; Liu 5., 2018). S5, A
g, EebA], B, aebgd 9 Al E3HE] Leuconostoc
mesenteroides® W ASH A|RO|A 3t HIZA a7}
ZH v} QItH(Kim 5, 2023).

H A= AX|o)A S8t -SANH Leuconostoc mesenteroides,
Lactiplantibacillus  plantarum, Latilactobacillus —curvatus,
Latilactobacillus sakei)°] & SA4T 4 QL E TroFst me|Ht
oloEA B A2 22T JTANE AL, o) AT
wago) ghalsh mule} Askie B4] A oS Lobn
TR gt o2t Fete Eo MV 7|ube] Sehriol= Az

& 71 A7E fF 712 dee AASHL 715 2AE
Hlo] Bl A Je] Az WS AAE o ke Aol

2. g ! di

2.1. F=8 HZ

Apee] B AR woA AuEls oF 20 cm
@ HelE ol o), A% U Baste] HR(121°C, 15
min)3 A& ALgSIATH(Kim 5, 2023). Hl%, 2], TE 1
23 Tynks BwEel] gEuteo]s Feste] il A
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2kA|(Platycodon grandiflorum, PG) £, Y (Codonopsis
lanceolata, CL) % 18|31 170} (sweet potato peel,
SPP) RIS 113 U122 418 AL ABERolet ek
2 A= Al&9] 20819] FHSE TR F, 50°CO A 244]
7 E5UA 225190 222 o2 o TR ¥ 0ES
glo|B g Hsloitt. EHdt AR wo] IEAE IRl = F
W AR g

22 RiA Zas HE

Leuconostoc mesenteroides KCTC3530(Lm), Lactiplantibacillus
plantarum  KCTC3104(Lp),
KCTC3767(Lc), L8]l Latilactobacillus sakei KCTC3603(Ls)
FHE FIAYIRATY AU o)A Bol 48
SFATHKim 5, 2023). 50 mL FUYZ FE(conical tube)of
Table 13} Zo] Al&E 91, A3 AFH(Kim 5, 2023) 27
A8 SAHE 4271 10* colony-forming units(CFU)/go] =]
=2 359 Table 1914 TIHE T7HE A8 342
24o] 47 B 7% A¥(Test, T) A2 Jujaie. £3
T1-Con, T1-Lm, T1-Lp, Tl-Lc ¥ T1-Ls= ZZ} T1 A=
gt Al 24 YERH, Tl-Con H4RF FATL,
T1-Lm, T1-Lp, T1-Lc 181 T1-Ls= Z}Z} Lm, Lp, Lc, Ls
RS FES A&l

Latilactobacillus  curvatus

23 EEE9Y RiA + 5T X J/54 BUf Alg FH/

FAbtol AEHE AlEs 3U7t vidE o m, 2Uxte} 394}
of Fikt 5 Skt 7154 Bk Bl 39A 0l A
e BEEZ ARSI HigE UEaEE 100 uLE MRS agar
plates(Difco BD, Sparks, MD, USA)°|| =U5}al, 37°CoA] 2
7t wjorsISt. BAE 22U (colony) Lk HHE ZHslo]
RIS AN, S FE CFUgOR ehhsict

st @ 4siEa T4 ARl A8E ARE LRES
158 B9 4,000 xg2 PARTelol Bele 42 52 2
oo AEAF. BA A2 AR Table 19] A2 oha
o FD(frecze drying/® 7}alo] FEegion, o 5
T1-Lm9] 52 AZX3% A|8E FD-TI-LmOE FA|5to] 31
stick.

~N

24, EBIN 25 Y a-01Z20plamylase) 25 55

EYN BH ZHL AEIOREIA A EojoEetiE
oA WHE A7 5AE 71548 B7F 7hel=®] 4% &
&)(Ministry of Food and Drug Safety, 2020) ¥ Lee 5
(023)°] e AHgetel ZFslsick

—_
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Table 1. Composition of plant mixtures

Samples Ingredient

BSE" BS KCE” KC Plant mixture Water Lm" Lp Lec Ls
(mL) ® (mL) ) extract” (mL) (mL)
T1-Con® 20 - - - - 25 - - B }
Tl-Lm 20 - - - - 25 10* CFU/g - - -
Tl-Lp 20 - - - - 25 - 10* CFU/g - -
Tl-Le 20 - - - - 25 - - 10* CFU/g -
Tl-Ls 20 - - - - 25 - - - 10* CFU/g
T2-Con - 1.0 - - - 45 - - - -
T2-Lm - 1.0 - - - 45 10* CFU/g - - -
T2-Lp - 1.0 - - - 45 - 10* CFU/g - -
T2-Le - 1.0 - - - 45 - - 10* CFU/g -
T2-Ls - 1.0 - - - 45 - - - 10* CFU/g
T3-Con - - 20 - - 25 - - - -
T3-Lm - - 20 - - 25 10* CFU/g - - -
T3-Lp - - 20 - - 25 - 10* CFU/g - -
T3-Le - - 20 - - 25 - - 10* CFU/g -
T3-Ls - - 20 - - 25 - - - 10* CFU/g
T4-Con - - - 1.0 - 45 - - - -
T4-Lm - - - 1.0 - 45 10* CFU/g - - -
T4-Lp - - - 1.0 - 45 - 10* CFU/g - -
T4-Lc - - - 1.0 - 45 - - 10* CFU/g -
T4-Ls - - - 1.0 - 45 - - - 10* CFU/g
T5-Con 20 - 5 - - 20 - - - -
T5-Lm 20 - 5 - - 20 10* CFU/g - - -
T5-Lp 20 - 5 - - 20 - 10* CFU/g - -
T5-Le 20 - 5 - - 20 - - 10* CFU/g -
T5-Ls 20 - 5 - - 20 - - - 10* CFU/g
T6-Con 20 - 5 - 5 15 - - B }
T6-Lm 20 - 5 - 5 15 10* CFU/g - - -
T6-Lp 20 - 5 - 5 15 - 10* CFU/g - -
T6-Le 20 - 5 - 5 15 - - 10* CFU/g -
T6-Ls 20 - 5 - 5 15 - - - 10* CFU/g
T7-Con 20 - - - 5 20 - - B }
T7-Lm 20 - - - 5 20 10* CFU/g - - -
T7-Lp 20 - - - 5 20 - 10* CFU/g - -
T7-Le 20 - - - 5 20 - - 10* CFU/g -
T7-Ls 20 - - - 5 20 - - - 10* CFU/g

DBarley sprout (BS) extract.

IKimchi cabbage (KC) extract.

JPlant mixture, Platycodon grandiflorum:Codonopsis lanceolata:sweet potato peel=1:1:3 (w:w:w).

YLm, Leuconostoc mesenteroides; Lp, Lactiplantibacillus plantarum; Lc, Latilactobacillus curvatus; Ls, Latilactobacillus sakei.
9Con, control.
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EYAl(trypsin) 4 &3S 9519 10 mM sodium acetate

buffer(pH 7.5; Sigma-Aldrich Co., St. Louis, Mo, USA)°|| E
Y Al(trypsin from porcine pancreas; Sigma-Aldrich Co.)& &
o FF 5E71 0.01%7F HEE $F &, 10 mg/mL L2 FH)
St ZF A]= 0.185 mLe} 0.01% ERA] 0.015 mLE &3}5}9],
37°Col|A] 1087 HESAJAT). 7|8 2= azocasein(Sigma-Aldrich
Co. )2 AFE3199+=1], o] pH 7.59 phosphate buffero] 0]
3% 840 g THElon, o] F 0.8 mLE EFE0] 76kl
37°Col A 3027 A2 st vHg= W71 fisto] 110 mM
59| trichloroacetic acid(TCA; Sigma-Aldrich Co.) 1.0 mL
£ 79, AolN 1587 HAslol Tl AW st
1, 10,000 xgoflA 208E7+20°C) %NH%}%‘;E} o]%, 12
mL9] A&7t 1.4 mLe] 1 N NaOHE &35t &, 440 nmo]|
A FFEE ST &, AE7F EFA 84 S0 v]A]
= 9F= LorEdH

Wu 5(2022)9] HH-S o7k M35} Lee?}t Chung(2024)
O] RO = g-ofhetobA] B/ Z745I3Itt. Starch azure(7]
Z; Sigma-Aldrich Co.) 02% 242 pH 699 05 M
Tris-HCl $+2H-S ARL5ka] Z2u)et &, 587 719 A 2jek 5

WZAAT 0]% 1.5 mL £Eof 10 mg/mL X9 A& 0.2
mL, 5 unit a-oFE2}o}A|(a-amylase from porcine pancreas;
Sigma-Aldrich Co.) €9 0.2 mL, 183l £H|3t 0.2% starch
azure 0.3 mLE Y11 S35F & 37°Cof|A] 102 59 HESA|H
t}. "h30] E4 Holl= 50% B9 acetic acid(Sigma-Aldrich
Co.) 0.1 mLE 7@7]—’3]-0?] S2sE H, 4°Coll A 1027F 1,000 xg
= dAEesto], 1 & AFAS F¢ 595 nmoA SBES
Z745I5ith &, AlR7t a-otdEtorA] B/ EA1o] mA= %k
Yot it
ERA B4} aobdeiold RS RR(EAS} 718
Aelg ol tit AR WhaEa, 14, A2 25 Aol
Do) FAEG lmste sttt 5 Az WSl By

£ 279 FFEE Yol dixd tiv] i 2406
o7 YefSch(Lee2}t Chung, 2024).

o

//E x oF_' [‘E_IEO/E o/'EF "x‘/

%-%ﬂrﬂ]%—;— }F2S  Folin-Ciocalteau ' (Singleton 5,
1999)S &St Lee?} Chung(2024)9] WH-S ARESIA AL,
EtEo|E S Lee 5(2012)9] WolA AR HASH
Lee?t Chung(2024) W& A&

FEYHE FF 82 vt 2ol Sl WA,
TES Y4 Eyst *o*%@.@ T2 AE2ES AT AR
mg/mL) 0.6 mLE FXHo] Y1 0.6 mL, Folin-Ciocalteau A
9K(Sigma-Aldrich Co.) 0.3 mL, 10% BHAF}EH(NaCO;,
Sigma-Aldrich Co.) 0.3 mLE A& F7I63lch. &3

=
°©
o

https://www.ekosfop.or.kr

AloF2 Ao AL AEZ 1AZE WREAIZ] F, 760 nmof A
FFEE Sl Rt A]iﬁ A7V g TH7}
TFoloitt. EFEAZE gallic acid(Sigma-Aldrich Co.)E At
L3197, 0-1 mgmL S%9] gallic acid EF8HL TUSH
HHog iﬁﬂo}ﬂ AFAES 25 5, o|E vigoE &2

¥ e Adtellth ¥ Aote 358 sEUXE 1 g

g m g gallic acid equlvalent(GAE)E e AT

FEehuo|T Y 2L o2a ol WA 94
s /\]E(IO mg/mL) = EFE49 querceting 0-2 mg/mL
SEE AZXS &, A7 AR 1 mLE FEO FsI3ith o719
5% NaNO, %‘1‘ 30 uLE H7bstal & et F, A_0)A
5871 98171 3, 1 M NaOH 0.2 mLE ¥h3 E3HE0| 7)ot
of thA] &35t o]F UV/Visible #3333 A (Ultrospec
3000, Pharmacia Biotech, Cambridge, UK)S ARM5}o] 510
nmof|A SFEE ST BEEEY SHEE HEeE
APAL Yoo, FFARO|S TFS AU AR
1 g mg quercetin equivalent(QE)Z LERYATE.

2.6. DPPH 2iCjgt 272y &

A=o] st EA4E H7lelr] 9fs 2.2-diphenyl-p-
picrylhydrazyl(DPPH; Sigma-Aldrich Co.) 2ttt &7 &4
= ZA5F%tH(Lee?} Chung, 2024). Ao AMGH Alge ZF
7+ 0.5, 1,5 181 10 mgmLY S =2 RAGG0H, A&
180 pL} 1.5x10* M DPPH |9 120 uLE 33t § 37°C9|
A 3087t HESAIFTE BHS & Ao S E+= 517 nmo|
A 245tk 1, 2.5, 5, 10, 25, 50, 100 pg/mL %9
ascorbic acidE YA JZLOCE FH|5lo] st Hiior B
Aston, 34 ﬂ%zﬁ‘& A il SFRFE ARSIt
DPPH #HZ AA&L U3 A5 o]&sto] Albsialon, 4
F= %2 FASKLee®}t Chung, 2024) THe 50%9] A7 &4
S Uetlie AR 5= ICsgh o2 Yetfideh [1 - (A&
3= / HE22Y F85)] x 100

2.7. EHA/

LE AYo Alge 72 AIRE 37 oS AMESIa, A
H=9 54 A2+ SPSS(Statistical Package for the Social
Science) version 27 & 13(SPSS Inc., Chicago, IL, USA)
2 0| 85}o] i (mean)=HFHA}(standard deviation, SD)Z
FAISHT. A7) Btk AR EAREA] (one-way
ANOVAYS 3191, 994 Ay} 4 #sl A5y
(Duncan’s multiple range test)= AA|5}F oM, = Ay Ay}
9] 8942 p<0.05 $Z0 & AATIHTHLeeQ} Chung, 2024).
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3. 2L ¥ I

3.1. 2| 2eff R 2 AEE 28t EleEY 7
Table 18] RAEE 37°CoA 397 HFA|7|H, ‘ﬂa*
AL, 293, 3YAtol| 247 FARFS] A= ERlIstlH. 7+
Aol A AIEE ZF5to] MRS agar plateso] =gkl H°
oto] fANE 8 FEolelom, Ua 29a 9 3YAe] §
4= Table 2°ﬂ A A5t
7y 2= fAHF &5 Lm, Lp, Le, Ls& ZH2F 10
CFU/g =& FFsiqich. 1 A, v 233 o5 55
ok ShE RAJEQl T3(T3-Lm, T3-Lp, T3-Le, T3-Ls) &
T4(T4-Lm, T4-Lp, T4-Lc, T4-Ls)o A= a 1Q3} o] GAMF
9] AMAo] 2RIEA] Yfth(data not shown). HHH, AJRHZ]
T B AR FEE0] ZkE A= IR 197
HE| QAkFo] BAS= Ao| BAE Y cKdata not shown).
T3 4 T4 RN E T 2R EH= fARFY] Aol
ARREQlom, 9g 330 E5] Lm B LeE ST wolA
BAF £27} 2x10° CFU/g OV\J_E =715kqith 2L RAE
oA Lp ¥ LsXt} Lm¥} Lco] A& o] o & & QIt(Table 2).
AREE 223 g8 £29S 23S TI(TI-Lm,
T1-Lp, Tl-Lc, T1-Ls) & T2(T2-Lm, T2-Lp, T2-Lc, T2-Ls)°]|
A Wi 1Y9ARE 4kt Sdgt 4ol waE<gleH
(data not shown), && 2¢x}ol= Lm ¥ Lps FS53t Tl-Lm,
T1-Lp, T2-Lm, T2-LpollA] §-4kE 57} 1x10° CFU/g oA}
Tgotgnt. Wi 399 T1-Lm, T1-Lp, T2-Lm, T2-Lp2]
BAF £7F 27 10.65%10°, 9.04x108, 6.97x10%, 4.77x10°
CFU/go 2 A=A AR F2E0] Z3HE 24504
+ Lmi} Lpo] AAo] Le ¥ LsEth =7 Yebgtth E3h Lm
I} Lp= A&HE Bgo] T3ty RAERT AAHE 228
o] 3tE RAGENM FYH R ©f o] FA5H. ol=gh
AE Sl wis FEEC] vl MFEY FE=E°] Lm, Lp,
Lc, Ls B5oA 5 Azt o3 A= E8E 5= 3= gl
EgEaiPele )

rﬂd o lfOI' ©

VA THAIT SR S BT 5 Sl B
HIAE LS 9190, AR $2E0] i 322 EE 4
BT 222 Wte] ol5o] 4k ARl nlX: o
e 24319

o

SH. ApEE 23R W% $EBL W 248
(T5-Lm, T5-Lp, T5-Lc, T5-Ls) A H 2] 225 o= 24
E(T1-Lm, T1-Lp, Tl-Lc, T1-Ls)S H|w 3t A1}, v &5
9] H7H= Lm, Lp, Le 281 Lso] A0 F33 JFS T2
A= Z0F YEPGTHTable 2).

g0z Aunz FaE0 U FEE AEEYE &
E55 T FHUKsE 244E(T6-Lm, T6-Lp, T6-Le, T6-Ls).1~]—

O:
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Table 2. Number of lactic acid bacteria in fermented barley
sprout by lactic acid bacteria

Samples” Day 2 (x10° CFU/g)  Day 3 (x10° CFU/g)
T1-Con? 0.00+0.00¥ 0.00+0.00'
T1-Lm 2.72+0.39% 10.65+1.47%
Tl-Lp 1.140.61%" 9.04+0.50*¢
Ti-Lc 0.62+0.50 2.57+0.50%"
T1-Ls 0.39+0.09¢" 2.17+0.07¢"
T2-Con 0.00+0.00' 0.00+0.00'
T2-Lm 2.48+1.16% 6.97+1.00°
T2-Lp 1.07+£0.50%% 4.77+1.07°
T2-Lc 0.38+0.04" 4.91+0.87"
T2-Ls 0.23+0.10" 2.37+0.74g"
T3-Con 0.00£0.00" 0.00+0.00°
T3-Lm 0.12+0.06' 2.82+0.57¢"
T3-Lp 0.08+0.04' 1.28+0.06"
T3-Lc 0.15+0.03" 2.25+0.83¢"
T3-Ls 0.060.03' 0.88+0.06"
T4-Con 0.000.00' 0.00+0.00'
T4-Lm 0.11£0.04' 2.46+0.57¢"
T4-Lp 0.07+0.04' 1.68+0.37¢"
T4-Lc 0.1120.03' 2.24+0.855"
T4-Ls 0.04+0.02' 0.88+0.10"
T5-Con 0.00+0.00' 0.000.00'
T5-Lm 1.46+0.34% 10.39+1.22%¢
T5-Lp 1.06£0.21%% 8.39+2.39%
T5-Le 1.12+0.17%f 2.50+1.01¢"
T5-Ls 0.51+0.09"" 2.11+0.69%"
T6-Con 0.00:0.00" 0.00+0.00'
T6-Lm 3.124+0.94° 11.62+£2.62°
T6-Lp 2.74+0.60 8.14+1.06%
T6-Lc 2.41+0.52° 8.41+1.75%
T6-Ls 0.87+0.07°%" 3.70+0.79"
T7-Con 0.00:0.00" 0.00+0.00'
T7-Lm 2.64+0.70™ 9.50+2.10°
T7-Lp 1.72+0.46% 8.61+1.83°
T7-Lc 2.21+0.54% 5.08+1.33"
T7-Ls 0.58+0.09" 2.89+0.79¢"

USample was inoculated to reach an initial lactic acid bacteria concentration
of 10* CFU/g.

ICon, control; Lm, Leuconostoc mesenteroides; Lp, Lactiplantibacillus
plantarum;, Lc, Latilactobacillus curvatus; Ls, Latilactobacillus sakei.

dAll values are mean+SD (n=3).

“Means with different letters (*) are significantly different from each
other (p<0.05) within the same culture day, as determined by Duncan’s
multiple range test.
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T1 RAE(T1-Lm, Tl-Lp, Tl-Lc, T1-Ls)& H|WatgS o,
Lm, Lp 7181 Ls9] 4t $olli= Ao)7} gIlo, Lee
olxo g =75t AoR Folx]ct.

oo we}, AELE FEEY U= SAE Bl6l] Sk
AEEdE FEEYS ARED FEE0 7R 24
(T7-Lm, T7-Lp, T7-Lc, T7-Ls)3} AR E2] 228 d& 24
E(T1-Lm, T1-Lp, Tl1-Lc, T1-Ls)S B watgch. 1 23}, Lm,
Lp, Lsol A= 208t 2to|7} gialou, LeolAle ikt 7t
FolHog F7tsto], AEEdE FE80] L B0 34
2l FFE v I & Uitk

59 AEEd 589 J7t a%E H|YSHY, Kim 5
(2023)9] Ao A= AR Eof T, |y, 150y
A(1:1:3) T 35S 3718 4% Lm, Lo, Ls 54 &
oJFQl 4 F7PF HuEI Ty & Ao ARE
2] B F2E 5YT AESY FE2ES WUlt9S W, Le
ATt F4o] FoJH o g F7I6IAL, Lm¥} Lsoll A= 5419
HSE7F UEhUA] Rkt o]9F 22 Afoli= AFolA ARSH 4
L FEE9] A7 Aolu, AfEE 9] AAE] R
I F2E9 FH Abel), 1 HA viA] 4 & 314 24
59 FFY AR B & AoMs AREY FE2E
= AR BT 208 FHRFE FE3 F 20 mLE AES
71 Hizoll, 20 mL fAF HE AEE T=7] 9 AEE e
Y] AE- 1 goll ARESElHE ol 24 Aol 4kt A
T A Algo] HE FEARY sEet fAE FA0 HA=
FFol ol AolE T 4= U Aoltt. Ty + AT &
FolA ARE(ED e F55)7 Lm Hjg] Agsith=
AL IA51c}. ESE, Lp, Le, Ls 9A] 397F wjoF Al 1x10°
CFU/g o[d9] 5410 7Fssto, AAE ] 252 TRt 44
el AARES] ik IFHiAE S8 o 2= RISl

0|9} Z& A= Kim 5(2023)9] A AFete LAskT:
2T A5 ZEHPO|QE AT} HH|Ste EAEHO|QE
7F A7 Y A € A5 24 @4 A s
13} AtH(Zhang -5, 2025). 53|, ZZHO|QEA [ A

o AZAE ZEEP|QEA FARE 75E THHA R
iﬂ o] wot B4 &8 sl %39 off 4719
IJre wjE £ Q= AoZ A QIth(Zhang 5, 2025).
Dell’Atti 5(2025)2 o3t ZZHo]QEIA f MVE 2§
St ZAEHP|QEATL AFA ARIEZIRI BAE JAlsH
W ¥ 26t 952 E3foh, RutEA BEYG AR

of &8 7153 AASHATE 18U MV Aol B&3)H E
of A& A3t 9 4 A g 5 sfasfior & A7
Jo} Jrh(Dell’Atti 5, 2025). Meena 5-(2025)%. ZAEH]O]
QE AL AFA, E, YoFE, I € S5t EofolA
ZUA 28 oy, AdA 285 flsiAe A 2 4

8} 7129] WHlo] WaHole sioick.

H:Il-lIl>

Al

==

O
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AL AL o]2et AREE 2EE 7|4 QlZuiR| oA
A3} oEo] MV £ 3 53o0] 7Hsehe Rlsklnt
oA, F& MV 78 ZTtE Lot AE £F 7|H A+
716K EAEH|QEA ALl §-83 712 ARE AT
AZ Zlojth

-lN r[-m

gl e

mok
%)

3.2. ZA| 7o Ri7 ¥ A=E 28 Ee20/ £3fa4

Ey0) O0jxl= F&f

Al EA(trypsin) @t obdetobA]|(amylase)= 241
B2 Bola 94U 48 9P St U $0T 4TS
FehHur 5, 2021). o1 HAE A, 99, Fg, Fo Sof
A R, 22 57 Adwo] 4318 9 t(Hur 5, 2021;
Lee?} Chung, 2024; Ministry of Food and Drug Safety,
2020). Wk olefeh 7} A 28 e, o) &
2 SHoIH WA YPAE 325 U Rk 43} Yoyt
%ﬁ{i@% 75 & Uth(Lee?}t Chung, 2024). ThehA & A
q

_l_,

Ae A4 f8 fANF 2 4SS E83 daEo] ol a4
So) By FUNZY 4 9eA) Lopsict
Table 19] ZAEof |AHH(Lm, Lp, Lc = Ls)S =3}

of Y/AIZ] AR 2 f4ANFS HEoHA] g2 AR B5F, 54
oF 71duhe 23t ti 2 [Con(E+S)Jol| H]o] EFAl E4o]
o A UeRthFig. 1). B3, AR Hade HAbe H5
SHA] g 2y} v e UH EZAl &go] Hl&stAY H
E2 A%S Btk AR FEES BaA TIY A9,
At HESHA] & RTHFD-T1-Con)t B3-S o, 4
# BEFD-T1-Lm, FD-T1-Lp, FD-T1-Lc, FD-T1-Ls)}& &
F fodog =2 EYA 248 Yelth 12y T19 &
At FaT 7ol §OJRt Apole TEEA] Rtk THE, Al
Aeg BS gyl 129 Aoz, thRZFEFD-T2-Con)
of B8] 8AkF WEF(FD-T2-Lm, FD-T2-Lp, FD-T2-Lc,
FD-T2-Ls)o|A EFAl &4o] fojdog F7lellon, o]
% Ls& Aot YaAZl FD-T2-Ls7} 7MY =2 ERAl &
d< UEHT

10 mg/mL 5Eo)A, AR & FEE(FD-T1 Con)— =]
ZF[Con(E+S)]0l H]s] a-olhfob] &/do] A
NREE & 2289 [p & LsS HE5lo uul/q;] /\] §_
E(FD-TI-Lp, FD-T1-Ls)o| A= o2} H|wsto] S-9)& 0
2 a-oPdEtord] E4do] S7stgit) HH, At ] e R
3t A& & FD-T2-LpS A9l6}a H5%(FD-T2-Lm, FD-T2-Lc,
FD-T2-Ls) t2E T} a-ofdetobA] &/do] tash= 2IE
UERHH(Fig. 2).

B3 B 2552 9IasHA| 9 A|R(FD-T3-Con):= a-0Fd
gloA] 42 A0 B4 o, ofF FEES
HF A7 A BE(FD-T3-Lm, FD-T3-Lp, FD-T3-Lc, FD-T3-Ls)

m

J
F
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Fig. 1. The effect of fermented materials developed with kimchi-derived lactic acid bacteria and plant extracts on the trypsin activity.
All values are meantSD (n=3). Different superscript letters (“F) on the bars indicate significant differences (p<0.05) according to
Duncan’s multiple range test. Con (E+S): Control group treated only with trysine enzyme (E) and substrate (S). Lm, Leuconostoc
mesenteroides; Lp, Lactiplantibacillus plantarum; Lc, Latilactobacillus curvatus; Ls, Latilactobacillus sakei. The compositions of T1
to T7 are shown in Table 1, and the freeze-dried samples of the supernatants from these fermented products are denoted as FD. The
compositions from T1-Con to T7-Con are provided in Table 1.
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Fig. 2. The effect of fermented materials developed with kimchi-derived lactic acid bacteria and plant extracts on the amylase activity.
All values are mean+SD (n=3). Different superscript letters (**) on the bars indicate significant differences (p<0.05) according to
Duncan’s multiple range test. Con (E+S): Control group treated only with amylase enzyme (E) and substrate (S). Lm, Leuconostoc
mesenteroides; Lp, Lactiplantibacillus plantarum; Le, Latilactobacillus curvatus; Ls, Latilactobacillus sakei. The compositions of T1
to T7 are shown in Table 1, and the freeze-dried samples of the supernatants from these fermented products are denoted as FD. The
compositions from T1-Con to T7-Con are provided in Table 1.

& o] ol aoldelold Bo] WA S BER cohleob @494 o ARHoR S 4
Hl 22 RS A GAR AL BT o2 B iE 2 TAT 5 Yk
2 222 U PO nngol AMEY B 2EE EE EU Y L0k 4R 2 2380 W3 B 2528 Wrlsel B
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A ARE(T5)S, AEY & FE5272 TR T1 AlgR
ot a-obdztobA] &go] ol o F7sith 1Eu o]
SR AEEEE FEES A AR 24E(T6)
Me JAE= B%E Bt &, FD-T5-LmEt} FD-T6-Lm,
FD-T5-LpEt} FD-T6-Lp, FD-T5-LcEt} FD-T6-Le, FD-T5-Ls
H} FD-T6-Ls7} a-oFgefobA] 4ol FoJ2 0= Heton, T6
I} T70|4 FD-T6-LpE A|LJet B Als 2 YRS tR=d
Ht} a-opgdEorA] 4o] AA|E= AHE HolFqUthFig. 2).

FARE aTE gixgto] Hs| ARtdos EYAl &40
Z7bstel, waE W vl Balso] BAE AL ¢ 4 U
Oh AREE B 222 QAL eofdeol] BHS oA
O, Lactiplantibacillus plantarum D Latilactobacillus sakei
R Al a-otgEtobA] /o] Fo5tA STk B
Hoth did, vj3 2582 HaE2 LE JFof4 e-ofdetot
Al o] oA o s F7lekH AEETE A7t Aol o-
opgztorA] &/do] AA|E= F/dol HEHIU

a-odEtoMAl= AE 7HEsf 8403 EYALE TEHo}
Al(protease)?] ot TF 2 Thald B3| gA0|th(Lee?} Chung,
2024). Lee® Chung(2024)9] ALE o] OJ5Hd Hj, Hof,
T, AQEz 9 5 81 ojAES £ EHEY & FE
=2 EFA 24S 7R, aotdeold] 4L =7t
275 QoM di5¢} QER & 522 1,000 pg/mL A
glolAe maet 718k A3t 2T E T a-ofdeorA] &
go] FolFor Wokth 2 AFolA L a-ofdEtorA] Z4o]
AR TEEY T ¥ He As AT 5 UYL,
a-otgEtobA] &4do] JAE AlRE ofH FEoA= a-ofdet
obA] /o] F7lot= AL FRIstGith(data not shown).

o, ¥ 24 S fI a-oFBEtorAl 4 oAl &
TS IRt AF-Eo] HuEN Qi Ji 5(2020)2 HiZ%F
(Agastache rugosa) FZE0°] o-otdatobA] &44& o 70%
7HA] AA5te] G X E A (acarbose)2] 70% $22] A &
= Yyehglon, e-otdztord] 9 a-2FIAITorA] As) &
e B 24 9 I S5 Al S83 A4S AL B
J5FAT}. ESE, Lee 5(2014)2 Au| B =Z(Smilax china L.)
2280] wolzlolg} o-ZT Ao BHE BE o7
FoEH Pk o H /A anh AT ShGiH: ARTe
W F2E 94 o-ofdeord] 9 a-ZFIAITO 9 B4
aNH o R AAsto, Gty Tejof] F-83F tiet A2 EE
2 £ S HI5FHHChoi 5, 2008).

wEhA & Ao A a-ofdEtord] B/ F45k= a4

T MAdE 215t &4 7], a-ordEtorA] 842

Aot aAle Bty 7S A% Al9jeF a4 Aide] &8
T U ZAoE HetEr)

Park 5(2012)2 +4hato] A/dsk= ZEE oA (protease),
ot ztolA] (amylase), =HolH|o] A(lipase) T B4 B/d0] AE

https://www.ekosfop.or.kr

7 SEe Bofete] Bejls 9 BefriolS g ket
A 71 SR S 2AT S U8 Hus 0|2
HioR B Aot $ENE % S0l P
2 B4stel, R BYNH 754 HE WaE FHs IR
sttt & Q7 Anse a4 B4 WE} BREo) 7154
POl 23 4TS T 4 U2 FolTe AL AL, F
F 754 BaS o] o] fd BY 23 AAUZ 73

3.3, ZA 23 2A7 U A 2L HESo SEo|NE
2 EEEEL0/E B3

AEEE & F58°] Lm, Lp, Le, Ls AFHIA = S&
7Fs e ERIstY, 7]548E Astelr] Sl AEEe & &+
e HiF & FEE L 4E £FE E FEES RS
o] FALSE &/ ofd JFE nA=A] ERIsHT. gHH, T2,
T3, T4= A 2/ AFolA A sttt 1 ol {5 Yot
9, 2= AREe] £90] 39 48828 MVE 55 2 &
= £85k= d of=o] 971 "izelth T3 HiF & &
2 =0l Yok, AR & FEE0] o|AEY o f4F
9] AFHAE o BIHO|7] T ALt T4= v
30| gpE TREER, AN ATHAE 2850 A
AW & FFEET AP 2o, MVE 55 2 &F
#eote Holx of#fzo] Slof A5tk

Table 19] RAE & T1, T5, T6, T7°| 8A4HHLm, Lp, Lc,
Ls)= F&oto] TaAIY A5} FFoHA] B2 A= FET
iz 4 FEGHEL|E T2 B4 2= Fig. 33 Zth

ZEYHE FH(Fig. 3A)2 JFE] Ao da d - &
£ Hg 23} FD-T5-Ls& A3t B 8 AlRoA da
At foHoz F7eiylth. §3], Leg AT ¥RE
(FD-T1-L¢, FD-T5-Le, FD-T6-Lc, FD-T7-Lc)}& FD-T1-Lm
= A5kl Lm, Lp, Ls ZH7tS JE3% YR EES] H|sH 4
Aoz w2 FEYHs FFS UEHl

Z2ZgH L o|t ge(Fig. 3B)2 FD-T5-Ls2} FD-T6-Ls&
AQlgt AlmoflA Ia HE UE o §ojFo= FTIsHS
o FEHELCIE I FA] Le HF TRE(FD-TI-Le,
FD-T5-Lc, FD-T6-Lc, FD-T7-Lc)o] th2 SARH(Lm, Lp, Ls)
AETES =2 %S Uedglen, o= 3Eds T
I FARRE Aol

2 AFoA fREY & FE2E2 7IVCE g QiAo
FARH(Lm, Lp, Le, Lsy FEoto] RAX A}, RAZ &
g & IEHE 4 FETE Lot Fo] foHor F7t
Fe gRlsith §35] Leg A3t daEo] b8 f4 4
of H|g Z+ Fakst &9 = ST 7Y Holwrt o]
Lzt AiREE & 55 9 A8 29dE W Edds 2
EotE o|E A = S0 aaFo R 28T 4= 9l

1

F o o ol
el ?_LN Ello fo
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Fig. 3. The effects of fermented materials developed using kimchi-derived lactic acid bacteria and plant extracts on total phenolics
(A) and flavonoid (B) contents. All values are meantSD (n=3). Different superscript letters (**) on the bars indicate significant
differences (p<0.05) according to Duncan’s multiple range test. The compositions of T1, TS5, T6, and T7 are presented in Table 1,
and the freeze-dried supernatants of these fermented products are referred to as FD. Con, control. The compositions of T1-Con, T5-Con,
T6-Con, and T7-Con are provided in Table 1. Total phenolic and flavonoid contents are expressed as mg GAE/g FD sample and mg

QE/g FD sample, respectively.

22 AARITE WY, Q% ZH(FD-T5-Ls L FD-T6-Ls 5)°f
A 918 3717 LA Stok, 24 W fARE 75 2 A
SA80] W Fol7h ZARS & 4 Itk B, A
e 7] BB WSt B4 Fhske] FeE Leot

e B4 Ak Hdo] FAsiTE A & & gk
FEese A8 27 AL TF0R FeA 9o

o, $EHELC|EE SE Y] 2o oHY dFelH
(Kim 5, 2022). Kim 5(2022)2] Aol mr=H, HAis &
$FE5E Leuconostoc mesenteroidesS} Lactiplantibacillus
plantarum 2= "FGA7] A3}, vpda 220 g SE
3} 3Bk o= Pepo] RlsiA SHSIAEE. R, Lec
5(2018)¥} Zhao 5(2022)9] AFolME He| Aoty Hs
Fibto® Has uf Aol 4291 FEYHE % SETHE
ol =0 gi0] Z7Hele Aol TR, ol2T ATS
© 2 A7 ANEI FARIL S BE7 e 5
AE F2EY 75 AR 992 FHAE 5 At AS A

c
7oAl FAlO] A WEE PAst HEE2 L%tas 24
OhA] 2dste] Tage] 7lsAdle 9FS vAe Az &
A Arh(Park 5, 2018). o= Astas 24, FEL s 1
23 SESE0|E o] A2 L wdE Sk
AZ AL k.
34. ZA| Roff 27 & A= 28 Be=0/ DPPH 2fff

g 2A%E

Table 19] 24E0] GARHLm, Lp, Le, Ls)g HE3to] o

960

HR ARS RS TR0 4304 5 A2 42
DPPH ehlz 2AZHE 24sec Y s0% 2oz &

Aol dagt AlE FE(ICs gHE YEFH oW, Zi}= Table
39] AAEIAL. LeE HE3H $aE(FD-Tl-Le, FD-T5-Le,
FD-T6-Lc, FD-T7-Lc)& Lm, Lp, Ls& 27 J&3 HaES
3} H|26l9S o, DPPH 2tz AAE0] o &=A Uege
o, o]2fet B2 FET v E FETE ol Ao E &
AVsHA| =] QtKTable 3). FD-T1-Lc, FD-T5-Le, FD-T6-Lc
123 FD-T7-Lc9] ICs3k ZHZE 5.45+0.49 mg/mL, 6.88+0.51
mg/mL, 5.64+0.40 mg/mL “18]1 6.67+0.36 mg/mLo]3]T}.
DPPH ]z AAZE £4-2 A|R9] gAIst &2 53
DPPH #tjZo] A7 E= 4 YA AlF5te] DPPHE &
AA7)E BEE-E 7]8Ee2 it} o] 37gofl4] DPPHE] Ajo] Zf
Mo A FFA = B0 R HalolH, olE ol AlRS] At
358 AFAo R WrE 4 9lth(Lee?t Chung, 2024).
YRS Yubdo g B g ERHT DPPH gtz A7 50]
Z7Fohe Aol 9loH, ol #a IHHofA] ujAEe] Z2y
£} EgtEo|E 5 I EH9] T GRS =07
olet Az Kim 5(2022)2 HME 94 FE5E2
FARFC 2 WHAZ] A|Ro|A DPPH 2ttjZ £AZEo] ¢
EUTH 5191, 2 AoAE FaEo| T aE ] w2
A E4S HaoH, HE 5o 24 wE &4 Aol7t
ZAFS FQIsY). E3], Le 328 JEs gL 2
ARt daEo] Bls} DPPH £2745 4 SEHE - E0EL
olt dFo] T Eof, Levh A JES o AHoE A
SHAY EA5HA7] Aat2 s
Le9t 22 AA 3 fARES AS 9 IF FgollA] At

327 A ol Folued, oSl A e Sol

o)
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Table 3. The effects of fermented materials developed using
kimchi-derived lactic acid bacteria and plant extracts on DPPH
radical scavenger activity

Samples DPPH radical scavenging activity ICs"
(samples, mg/mL; ascorbic acid, pg/mL)
FD-T1-Con® 12.30+1.85%*
FD-TI-Lm 9.98+0.71%
FD-T1-Lp 12.35+0.77°
FD-T1-Lc 5.45+0.49"
FD-T1-Ls 9.56+0.76%
FD-T5-Con 12.28+0.69*
FD-T5-Lm 11.44+0.67"
FD-T5-Lp 12.59+1.65
FD-T5-Lc 6.88+0.51°
FD-T5-Ls 11.41£0.18®
FD-T6-Con 10.62+0.77"
FD-T6-Lm 8.88+0.43¢
FD-T6-Lp 10.34+0.28"
FD-T6-Lc 5.64+0.40°
FD-T6-Ls 12.67+0.45
FD-T7-Con 9.98+0.58%
FD-T7-Lm 9.74+0.36%
FD-T7-Lp 9.62+0.43%
FD-T7-Lc 6.67+0.36
FD-T7-Ls 9.30:£0.06%
Ascorbic acid 1.43+£0.41#

YInhibitory activity was expressed as the mean 50% inhibitory concentration
(ICsp) from triplicate determinations, obtained by interpolation from the
concentration-inhibition curve.

ICon, control; Lm, Leuconostoc mesenteroides; Lp, Lactiplantibacillus
plantarum;, Le, Latilactobacillus curvatus; Ls, Latilactobacillus sakei.
The compositions of T1, T5, T6, and T7 are presented in Table 1,
and the freeze-dried supernatants of these fermented products are
referred to as FD. The compositions of T1-Con, T5-Con, T6-Con, and
T7-Con are provided in Table 1.

PAll values are mean+SD (n=3).

“Means with different letters (*2) are significantly different from each other
(p<0.05), as determined by Duncan’s multiple range test (a>b>c>
d>e>f>g).

BYALBROS) S Aot AEAAS ERHOE AAT
(Lu &, 2023). Le= SOD(superoxide dismutase), catalase,
glutathione peroxidase 5 Tttt FASE a4 S S| A
S SElo] OE fAuT Sastis a7 Fut Ao
(Jiang 5, 2022; Lu 5, 2023). 3t ZFEFE]-2(glutathione),

https://www.ekosfop.or.kr

g

M

GABA (y-aminobutyric acid) 5 FAS}
Bo] Agalel kst 9 WelF wA
2021; Lee &, 2021).

Le= 68Fg(hexose)S 2410 2, 58 (pentose)S phosphoketolase
BEE B At} 240 2 tialsh=s 54 olFER #E,
TRl YAt AEE Fof ot S04 S 9 754
HARHE 8-S SXIRITH(Wang 5, 2023). E]F 2| Ao
A= Le HiAMHE©C] AhR(aryl hydrocarbon receptor)S 245}t
o A Hutol A4 7|5 JAskL A R R e
] 7]oj5}= o] HEQthWang 5, 2023).

StH, Leo] E8]d& AR A (polyphenol oxidase) 84 A}
Aol W3t A At REsioh gt o2 TR agolA A
A= et G452 AERE QA FIUS Baste] HE
SeEe) 228 27, s8Ee) Aol Wass
FYe U Beldls BaE40) HEOR B7HY Yk
95l WEAPE FFS FAAY 5 AcKOhman
2009). ol <19 Wz 484 Azl P} 7|5 27} 3
aoll S 012 % ok kA B QT Lo 9F LA
ANz o2 47 ATl v A4S B U Askas B
Ho| B8 ol Tjorgt 7|4o] BYH o Y AR %
A}, ok ol2igt 71 0] Aug EE A 8 A
A7 TP 54 Q77 a7,

2 37 35l ool 5 Aol 4% 4E 24 33
37} 71540] AL MV 78t EAER0| Q84 Aol %
ciere T At

Fd g =S

AT (Kim 5,

fo
&

ok

=N

(@]
I

12

& Aol A [ ikt Al AA|(MV) 719 32
AEHP|QEA FE QJ5) AE FEE 7|9 7|5 dSHAE
NIy, Leuconostoc mesenteroides(Lm), Lactiplantibacillus
plantarum(Lp), Latilactobacillus curvatus(Lc), Latilactobacillus
sakei(Ls) & 4%°] TAS et A& F3EMEE =
=, W5 558, A £ FEEEEAEY T E
=1:1:3)]7]9F AZHIA| A 37 FaA|7] A, fRE] S
S&o| ZHE HiAo|A fARE Aol 7MY &Sttt 59
Le #5 A8 £ 358 37 Al FosHA S24lo] S7tst

S84 FFE e Aok Uehgt Hase vdaE o
H] fANE $9F 23R A(EFA, a-obdetorA]) E/do] S7tst
om, ol FEYTE E ETtEo|E O Folgt 7t
oF A #Eo] Utk 53] Le M2 7H &2 4kt
43} DPPH 2 27158 ek, 415 B8 440 Lo
F59) B52 BASGT. & ATE e 2320 MV
7l AU QEA e Yot fat WAL dEst
ow, 5 e UE HH /54 Wl UYL

il
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