M) Food Sci. Preserv., 31(2), 287-297 (2024)

Check fc

s | pISSN: 3022-5477, elSSN: 3022-5485

Food Science and Preservation
https://doi.org/10.11002/fsp.2024.31.2.287

Research Article

Changes in physiologically active ingredients and
anti-inflammatory properties of underutilized wild vegetables
by complex fermentation using beneficial microorganisms
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Abstract It was confirmed that complex fermentation (CF) was more efficient than single-strain
fermentations in inducing changes in the contents of phenolic compounds of Maclura tricuspidate
and Pyrus Montana Nakai. A mixture of Maclura tricuspidata, Pyrus montana Nakai, Platycodon
grandiflorum and Codonopsis lanceolata were fermented in CF using Aspergillus shirousamii (koji),
yeast, and lactic acid bacteria (LAB) for 24 days, and the pH, °Brix, total acidity, anti-oxidant
activity, polyphenol content, nitric oxide (NO), and Western blotting of inducible nitric oxide synthase
(iNOS), cyclo-oxygenase-2 (COX-2), and tumor necrosis factor-¢ (TNF-¢) of the sample were
determined. There was no significant change in pH and total acidity. °Brix significantly decreased from
day 6 onwards. HPLC confirmed that the concentrations of chlorogenic acid, 4-hydrobenzoic acid,
vanillic acid, and caffeic acid significantly increased from day 18 during the fermentation.
Additionally, DPPH, ABTS radical scavenging activity, total phenol, and total flavonoid were
confirmed to be increased until 18 days. NO was significantly inhibited from day 6, along with
significant inhibition of iINOS, COX-2, and TNF-a. In conclusion, this study confirmed that CF of
low-use (or underutilized) wild vegetables enhances phenolic compounds. It effectively suppresses
NO, iNOS, COX-2, and TNF-@, markers of inflammation-related pathogenesis. Altogether, our
results suggest that CF of the above plants has a potential anti-inflammatory effect.

Keywords Maclura tricuspidata, Pyrus pyrifolia, Aspergillus shirousamii, anti-inflammatory, complex
fermentation

1. M2

RS 439 APBEOI Lo & £3 o] oA U me
SolAe] A Furet 7] 79k B4 MSatul Alojgby] dhmol 1 g
X BAL Foohs A0 BIET UrkKim, 2016). SR AR & U Exrol o
glon], Lol Aolg AL T AR} 271 B tkByun, 2019). Eat, 4

TR

w7} 53
ARE 52 5 vz PHAG G 7k A2 13} /HgEo] dhieln, oejd Wej 27t

719} SHs7] of#e AgRelth(Kimt Seok, 2019). IR A= ©]871A|7F 3L phenolic
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SjeHE 5 oot V)54 B4e ek ok 2aH
THBaek, 2020). W2hA A RE Terast AJ&o] obd ok,
% 183 75 4o] Z7hE u Ag9) FREL
ol 7154 A Adol Fagt AAolth

ohgR TAYLE U 545 SHE Y 9 A UEEY
of Ik HE AIPH AR A2l W YiHE A5HY A
A o g ol §ES woloF & a7t Y= F5oIth(Kofpi,
2023). TR B (Maclura tricuspidata)S =S H|ZE5E S,
Uro| 72 AL 4ER, PARURS Solt YD
¥ AnEolth(Ju, 2022). Y] 7|Fo] TEH AT
AP, 554, EHS 5 O 2ol Al A
Qlo ™, thoFst phenolic compound, flavonoids, xanthone#| 2]
EAES ROt N I+, AR, WY 51, @9 ¢
AAH 1A ol B3t oAl HarE o] Qltk(Cho &, 2018;
Choi 5, 2009; Choi 5, 2015; Park, 2018). 18|31 =Hj
(Pyrus pyrifoliay= S-9Uet @i GFEA| o] Hgdoz &
Eshe TR IAEFRECR oY, ok, Tk 5
A7} BaElo] Qtk(Lee, 2016). SHAFE A E3} Sdje B
Rt = 71570 Bl tha BojAl= Bt 3, e A2
AL R A FollA= A0l iAo R ERE
nR7PH Q77 9% Aow Bek:

L2t (Platycodon grandiflorum)= =, Q& F=o] £
Eohe oy B2 ok, ZjBAY o A8 da Aol
Sroithal A4 QUal(Park 5, 2022), T19F H[SHA] tHAAY
] k%9l T Y (Codonopsis lanceolata) AFEY AJEQl
platycoding} inulin 4J50] T} F9El0] Qo] makxje} vhah
7R 718AA7%, 9 23, 39 B 5 OIS Vs
TS5t QckIm 5, 2021; Kim 5, 2009; Lee 5, 2017;
Ryu, 2008; Yun 5, 2014). E3}, =A]9} gy war]&S
£3jo] RHlsh, o5 5 )50 FAHL o] AMEE AT
7F B3 E 3 QQtk(Lee, 2021; Lee &, 2015; Seong -5, 2018).

BPEL TR 739 BHL BEY 4 ok ARE
amylasel cellulase 53} 22 G4 EA4jo| Hojuykal vlgql
B3} e ARlREAS Bl Ao LA ot
(Kratichvilova, 1990; Um %, 2017). E3F, 32 A}&3}o]
ethanol¥} T}oFgt 3F7| A28 AJAJSEo] ojulL} o]FHE AAS}H
L o olsltiLee 5. 1996). FARE B4IHES B3]
AUE AR F5E BRI, 590 402 Bgslo] 3t
I 7|34 wole AR ookeh URAE HEH 1 ot
(Mun, 2022). E3H 719 52 &-83to] EZGAZ ARAIE
para-bioticsZ}al SFH, 0|23t ARFA| JA] Thefdt 7= B
F3taL QIth(Choi, 2020). AR} FAREOE HHagt ofg
YoKKim, 2021), 173 fAto g 2shiast sy
(Son, 2023), I Z2F} GANFO R EIPAFTF SAk(Park 5,
2019)0 E3t EREEE B3 AT A7t HarEof Qlrt

it

v
N
el
N
HJ-P
fijo

288

b B Ao Seluet At & Aolgow 1
18 TAE SRS FARE o8k JBA 2 ) 75
A A} ol Hdt Rt g BAReA B 8
FUaS APeAT. FARE SH GLLEY} Bhrae)

2. Mz 2 giH

2.1. HE ¥ A%

= Aol ARGSE AE, =4, oY, ZefAle deEE A
okt Aol Q= YEERFHQ AP (Jinan, Korea)oll A
Yt BE AGTE AH T 244510] sudge B2 ALS
holct. e 1 whao] S0 SEet IAE (HeledAe
(Jeonju, Korea) A& AFE5I3T, X ($ALE, Cheongyang,
Korea)yx= A&F 9 wHde] AxE AHQ Saccharomyces
cerevisiae's TUNF M, FARES Lactobacillus sp.2} cellulase
A §49] Sumyzyme ACE @H|ZH}0] @ Z(Seoul, Korea)o|
A FYsto] A8t T3, phenolic compound £40f A
25 FFEL Sigma-Aldrich Co. Ltd. (St. Louis, MO, USA)
AZL AFRSY T, Acetonitrile 5 81 A|2FS J. T. Baker
(Avantor Performance Materials, LLC, Radnor, PA, USA)2]
high performance liquid chromatography (HPLC)g-& AR&-9]
ek

2.2 0[Y=¢ ga=s H=

MRS 28 FUTRES AX] st o2t 2
o] XSt WA FAEI E¥E 20 g F3E F, & 100 mL
€ 7kttt =2 Vet A8 S 44 B (7 B
7} HEE), C (BFA 1%), D (A2 1%), E (f4kt 1%), F
(LIA+AEARANE 2 1%) AR F55 FFT 7 30T
ol A 48417 Bt 150 rpmO.2 Aeujostgict. 2] A
Z 9852 045 pm Syringe filterZ ©J7}3t & HPLCE phenolic

compoundE AR, EAZAL Table 13 Zth

A FE S8 ELRES AXSH] skl vt &
o] sttt WA FAE 1.3 kg, EH 1.3 kg, TY 200 g,
TEHA] 200 g2 HigHet ¥ = 2 LE 371’ F Sumyzyme AC
0.1%%5 H7Fsto] 50TolA A 57t AAaRESAIZT 119
SAlo HIEAE B/4A1717] Hs YA 240 g, FHT 800
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Table 1. HPLC condition for analyzing phenolic compounds

ltems Conditions

Arc HPLC system
(Waters, Milford, MA, USA)

Instrument

Column Zorbax eclipse XDB-C18
4.6x250 mm, 5 um
(Agilent technologies, SantaClara, CA, USA)
Detector PDA Detector
(Ex: 210 nm, Em: 280 nm)
(2998, Waters, Milford, MA, USA)
Mobile phase A: 0.1% formic acid in 10% Acetonitrile
B: 0.1% formic acid in 90% Acetonitrile
Gradient 0-2 min A:B=100:0
2-8 min A:B=100:0
8-35 min A:B=90:10
35-40 min A:B=45:055
40-45 min A:B=50:50
45 min A:B=100:0
Flow rate 1.0 mL/min
Column temp 35T
Injection volume 10 wL

g A& 40 gofl = 3 LE it 7 A20A sAIRE 5t
AT O & aaRkeEd 24 9IRS wiget F

AR 8 g ZAXRAE 8 g 7+ FYYLE T 80
2412 16 mLE 715k 2 Aol F 20Tl wag
algick. o] HehEE e 6duict Hsto] 24 AFsioict

2.4. pH, Brix & e 5

ARE 283 Bl aE] dudEEAS Aol oy
2ol A& stAtt. WA pHS} °Brix= 2+ pH meter (S-20K,
Mettler Toledo, Greifensee, Switzerland)?} TIXET LA
(PAL-3, Atago, Tokyo, Japan)g &-&s5}o] 7ot A
T 342 A® 1 mLo] 75 10 mLE 71’ & 0.1%
phenolphthalein €4S 3-49+2 7}5}al 0.1 N sodium
hydroxide 8910 & A5} t}. Ao] Et & 0.1 N sodium
hydroxide AR &S gQlsto] FAE(%)E A4tetAL, 1 A4
AHALE Tt 2t

ZAFE(%) = 0.1 N NaOH AFSHmL) x 0.009 x 3]4uj
x 100(%) / A=

2.5. Phenolic compounds %' flavonoidsS/ HPLC
HAf
—_ =7

AHNEE Z8st EHAEY phenolic compound %
flavonoid®] 2/ 9 kS £AI517] flof that o] Z3st

=

https://www.ekosfop.or.kr

At WA AlZE 0.45 pm Syringe filterS 2-g-5}0] o st
% HPLCE 53f 242 AL F4 242 Table 13+ &
ot 83 Z phenolic compoundE Ao’ Yol 4zbe
phenolic compound®] EZEZS BAsto] FZAFALS 1
o 7 Hee Adssh

2.6. Total phenol % total flavonoid 2'5f 24/

ARIRE E-85F B3 E9] total phenol ¥ total flavonoid
SRS BAISE] 8l thaat 2ol 23Sl WA total phenol
3 248 Y9f Folin-Ciocalteut-2 -85 th(Singletond}
Rossi, 1985). & A& 10 pLo] 2% sodium carbonate 215 pL
£ B35 & 287 vkS AT 11 3 50% Folin-Ciocalteu
phenol A|2F 25 uLE 233t & AL0]A 3027 FH-SA| AT
71 3 UV spectrophotometer (Synergy HI, Biotek, Winooski,
VT, USA)E &-8&5t0] 725 nmo|A F=E 4okt &
T2 tannic acidE ©]-835to] ZHAJSH AFLAHOCZHE total
phenol TFFS 16l mgTAE/100 gO 2 HA|SIAH.

ESE, total flavonoid $FE-2 Zhishen?] HIHof wa} 2435}
AH(Zhishen 5, 1999). &, A& 25 pLof| $54 160 uLet
5% sodium nitrate 7.5 pLE 7}t § 5E7F ¥-3A|F ). o]o]
4] 10% aluminium chloride 7.5 uLE 7}t & 187 A%t
% 1 M sodium hydroxide &% 50 pLE 713t & UV
spectrophotometerS ARE-5}0] 510nmojA SPTE =731
o} EEE querceting o]-&sto] /ISt AFFAHCERH total
flavonoid 3+ 1511 mgQE/100 gO. & A5}

2.7. DPPH radical 2745 2 ABTS radical £AH5

5y

AFE B85 B IR EY] DPPH radical 2452
23} Zro] BA3513IT} 0.2 mM 2,2-diphenyl-1-picrylhydrazyl
= A&t 3= 0.5-0.70] HEE AT 11§ Alg
100 uLo] DPPH AJoF 50 uLE £33 & daoA 10&3F
HRSA|Z ). 71 & UV spectrophotometers &-8-510] 517 nm
oA FBEE St 1 F o AAAE 8-St
DPPH radical £A%5(%)E =45}

DPPH radical A75(%)
=[1 - AT SB= &/ S49dEF 8= 2] x 100

T3, ABTS radical 274558 theat o] BAsch
#], 7.4 mM 2,2-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid)°]] 2.45 mM potassium persulfateS S35} 1247} 0]
A} AFQo] wpz]slo] LEMO] ABTS radicals HAJAIZIT} 1
& A& 50 pLof ABTS AJ2F 100 uLE &3 & LaofA
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1057F -3 AIZATE 11 3 UV spectrophotometerS 28510
734 oA FBEE SASHAL, of AitAE E8sto]
ABTS radical £275(%)= &4t

ABTS radical £A%5(%)
=[1 - AT SH= &/ SAYRT SF= )] x 100

2.8 NO Y44 9x 24 Z western blot 24
WARE BET BPLARY NO A4 AL 3T
o] EAI5IItE MA Aol AMGE RAW 264.7 HAI A2
= A EF23)(Korean Cell Line Bank, Seoul, Korea)o]
Al FO5HTE. RAW 264.7 A|ZejFS H5f| fetal bovine
serum} 100 U/mL penicillin, 100 pg/mL streptomycing
-3t DMEM B X & o]&5}o] 5% CO, incubator (Galaxy 170
S, Eppendorf CO, Hamburg, Germany)ol|4 37C, & 95%
o/ fo 2 Hist. HIYT RAW 264.7 AAZFZE 96
well plateo] 1x10° cells/mLE 7F-E35}o] Z+ wellof] 100 uL
R Bz35la] 37T, 5% CO, incubatoro]| 4] 24A]7F 8loFsH L,
1 % iAE AAT o LPS (100 ngmL)2t A RS 5=
2 ﬂﬂ %, 37T, 5% CO, incubatoro]| 4] 24A|7t vjF5FSIct.
T A ZuF A5H-S 100 pLA 96 well plateo]] £33}
NO assay kit (iNtRON Biotechnology, Boston, MA, USA)o{|A]
NI bufferE 50 uL @il AL204 105 245t &, N2 bufferS
50 pL 23 A2oA 10& ®X|5}3 3L, ELISA microplate
reader2 540 nmo|A ELE=E =319
E3h western blot AFL th33 o] AdYsiict. WA
RAW 264.7 JJEZZ 6 well plated] 3x10° cells/mLE seeding
3 F 37T, 5% CO; BAGIA 24417 E2b Rk 1 7
B3 E(0, 6, 12, 18, 242 ZH)T} LPS 100 ng/mLE S-A]]|
Helafo] 24412 B2t HjeFic o % ThlAg 22310 iNOS,
COX2, TNF-q B33 Y Syshion, #3¢ vage
DC protein] 0. &2 7513} 71952 SDS-polyacrylamide gel
£ 0] 85192, polyvinylidene difluoride (PVDF) membrane

ﬂﬁ
0
i

-

o] transfer St} 3% skim milk® 1A]7} blockingdt &, Z}
Zro] ThiRlof st 12} antlbodyﬂ- 3% skim milko]] do] 4T
of| A overnight 3} tt. 71 & PBS-T(PBS +0.1% Tween20)=
M|Z3gt & 3% skim milk®} 22} antibodyE d0] 147t 305
9 HkSA]7]l & PBS-TE A3} 0™, Ez westlumi one
(ATTO, Tokyo, Japan) 0.2 Si5to] Tl g Blste
t}. 12} &A= iNOS (Enzo Biochem Inc, Farmingdale, NY,
USA), COX-2 (BD biosciences, Franklin Lakes, NJ, USA),
TNF-¢ (Abcam, Cambridge, UK), p-actin (Santa cruz
biotechnology, Dallas, TX, USA), 2X} TA|+= goat anti-rabbit
IgG (Cell signaling technology, Danvers, MA USA), goat
anti-mouse IgG (Thermo fisher scientific, Waltham, MA,

USAyE AHE3HAT

2.9. &Hxe/

7F 9L 3% wHEsto] 42 AFE meantSDE UERY]
ot F3l, BSA TR 13 Statistical Package for the Social
Sciences (SPSS, IBM 20, NYC, USA)E Ar&5}o] Duncan Tf
SHY AHHeR p<0.052 FoHS A5

W W
1M
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l
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H, ‘Brix & Zte H3f
283 BeaEo] pH, °Brix ¥ FAEY 69
St A7= Table 29F Zt} 0¥ X0 °Brix
10, 14.60%0]14ch7F Ha 6 2o
sl AL solstgin}. E3t, pHe}
49 A7HA] 2 Wske HolA| gt
47 OF7t E7Volal, SAME = 1.12%
3kQl5l9itt. °Brixe} 1 HEITFE %
o= AFe HYoH, 279
of ot aautgow G B4
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Table 2. Changes in physicochemical characteristics of complex fermentation products according to fermentation periods

Fermentation periods (day) °Brix pH Total acidity (%) Solid contents (%)

0 16.10£0.03%" 3.05+0.06° 1.2310.02° 14.60£0.56°

6 6.7140.04° 3.0740.01° 1.29+0.01° 4.67+0.08°

12 7.7240.04° 3.03£0.07° 1.27+0.01° 4.22+0.08™

18 7.5020.01° 3.34+0.07° 1.12£0.01° 3.910.08°

24 7.410.01¢ 3.36£0.117 1.13£0.01° 4.12+0.08°

YAl values are mean=SD (n=3). Different superscript letters () within the same column show significant differences (p¢0.05) by Duncan’s multiple
range test.
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32 O/M=Y 2529 phenolic compounds 2 Z3k= Fig 13 23, S Fast & 4% 43%& Fig
flavonoids £41 29} 2t} WA ?Xl%g HEeh A, Ha AR fiAFes
phenolic compound®] £&¢} 3leFo] Z7oh= AL &5

Koji, yeast, LAB, koji + yeast + LABZ 717} &-85fof It t}. &3] &R Ao £2A5H4 gallic acid®} chlorogenic acid:=

A 8-S 9 g3t & phenolic compound & flavonoidS H-415} w57} AYHo] what 7rasks AL skolsiii, Hhdo]
(A) .}y f“ 7 ha
EL‘:‘JK 2 U % )V 910 1 ° [ \
N A
B) i1

o 3
sz L _A_,-A___J\Vb\—u 2

©) ., k

U SR J MM v Fan
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Fig. 1. HPLC chromatogram of phenolic compounds of Maclura tricuspidata fermented by various microorganisms. (A) phenolic
compounds of 14 standards, (B) control, (C) ko (D) yeast, (E) LAB, (F) koji + yeast + LAB. 1, gallic acid; 2, protocatechuic acid;
3, chlorogenic acid; 4, 4-hydroxybenzoic acid; 5, vanillic acid; 6, caffeic acid; 7, rutin; 8, p—coumaric acid; 9, ferulic acid; 10, taxifolin;
11, rosmarinic acid; 12, salicylic acid; 13, quercetin; 14, cinnamic acid.
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Fig. 2. HPLC chromatogram of phenolic compounds of Arus pyrifolia fermented by various microorganisms. (A) phenolic compounds
of 14 standards, (B) control, (C) koji, (D) yeast, (E) LAB, (F) kgji + yeast + LAB. 1, gallic acid; 2, protocatechuic acid; 3, chlorogenic
acid; 4, 4-hydroxybenzoic acid; 5, vanillic acid; 6, caffeic acid: 7, rutin; 8, p—coumaric acid; 9, ferulic acid: 10, taxifolin; 11, rosmarinic
acid; 12, salicylic acid; 13, quercetin; 14, cinnamic acid.
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protocatechuic acid, 4-hydroxybenzoic acid, caffeic acid, p-
coumaric acid, rutine T8 AR Z7Fee AE SRS
o]= ILA# Aujjo]| protocatechuic acid, 4-hydroxybenzoic
acid, chlorogenic acid, rutin, taxifolin, quercetin 5-2] phenolic
acid BFES P U BT} G AR Bod
TH(Kim, 2017; Lee, 2021). FE3t, F12]E0] A& AEQ] po-
hydroxybenzylalcohol¥} dihydrokaepferol®] $}Fo| Z7}% =
A& Rttt s HaE E9F vedt TS EolEd,
gallic acid= 7143}l protocatechuic acid, chlorogenic acid,
4-hydroxybenzoic acid, rutin 5°] Z$7}5h= 2AS %t =
Z9 4o chlorogenic acid, caffeic acid, gallic acid, 4-
hydroxybenzoic acid, rutin, p-coumaric acid 5-& 7511
Atk A A+t dAsk= S HAFHTHChoi, 2009).
Gallic acido|A] 4-hydroxybenzoic acid, protocatechuic acidZ
HEE AL, chlorogenic acidol|A] caffeic acid, p-coumaric
acid2 A AOo=® WHETKTartik 5, 2023). FA[EfA
9] p-hydroxybenzylalcohol®] Z7}= gastrodin} parishin©]]
A] dihydrokaepferold} p-coumaric acid®] S7}= quercetin}
kaempferolo] A AZIE|QS Ao Z WHETHKIm 5, 2022).
9 Ago 2 o sES BT A8 Aur Hgow
AFE194E o) Halo] B 9otk Ao2 Bkt nje}
A MER AZE 022 GAR Y AT BPOE P
w02 M.

3.3 ZEEE =9/ phenolic compounds % flavonoids
Hizf

AQHE 85t BEEREY phenolic compound %
flavonoid ¥4 Z3}= Table 33} Zth 9§ %7]9] Wkd
phenolic compoundSo] 7}k Aol e] ufel 43} Z7hohe
A& &5 et. 1 % chlorogenic acid, 4-hydroxybenzoic
acid, vanillic acid, caffeic acide= ¥8%7] Z+ 543 pg/mL,
12.30 pg/mL, 6.79 pg/mL, 28.14 pg/mLoj|A] 242 77| 7+
33.83 ug/mL, 46.21 pg/mL, 39.73 pg/mL, 51.46 pg/mL 27}
ot= AS 0I5t T3 ferulic acid, taxifolin, cinnamic
acid, quercetin 98 %7|of| Z} 12.30 pg/mL, 4.77 pg/mL,
0.03 pg/mL, 1.78 pg/mLoA 129 744 7+ 23.22 pg/mL,
11.55 pg/mL, 0.84 pg/mL, 1.63 pg/mLa 27t AL 8ol
SHAT}. SHAIYE 11 & 43} Fassto] WA 249 Aof| 7} 17.74
ug/mL, 6.80 ug/mL, 0.72 pg/mL, 1.81 pg/mL=E 1= i}
18|31 gallic acid, protocatechuic acid, rutin, p-coumaric
acid, salicylic acid 482 & 27|5H 249 2 L@7A] 4
o] A&HA At Kim (2021) A A A=z ¥
8% A caffeic acid, taxifolin, quercetin, 4-hydroxybenzoic
acid 5] Ha 109 A7HA] &3] S71RIAL 5HloH, of=
2 ALof|A 12 2} WA 7HA] phenolic acid o] &3] &
Jhe As S A0S B

Table 3. Changes in phenolic compounds of complex fermentation product according to fermentation periods

Phenolic acid composition Day (ug/mL)

0 6 12 18 24

Gallic acid -V - - - -
Protocatechuic acid - - - - -
Chlorogenic acid 5.430.16°2 25.45+0.21° 28.62:0.62° 29.81:0.30° 33.83+0.52°
4-Hydroxybenzoic acid 12.30£0.17° 17.79+0.45° 31.160.93° 34.2240.13° 46.21+0.19°
Vanillic acid 6.79+0.19° 19.28t0.75° 28.09+0.68° 28.86:0.50° 39.730.38"
Caffeic acid 28.1410.87° 42.90£0.20° 46.49:0.34° 45.650.26° 51.46+0.48°
Rutin - - - - -
p~Coumaric acid - - - - -

Ferulic acid 12.30£0.30° 25.1610.18 23.22+0.67° 17.20£0.16° 17.74£0.19°
Taxifolin 4.77:0.21° 10.430.26° 11.55+0.26° 6.47+0.18° 6.80£0.09°
Salicylic acid - - - - -

Cinnamic acid 0.03:0.01° 0.6740.48° 0.8440.01° 0.68+0.02° 0.7240.01°
Quercetin 1.78£0.04° 1.89:0.04° 1.630.02° 1.07£0.04° 1.81:0.02°

"Not detected.

2l values are mean=SD (n=3). Different superscript letters ™) within the same row indicate significant differences (p¢0.05) by Duncan’s multiple

range test.
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3.4. 2a2&8=9 total phenol ¥ total flavonoid
gz Hiz

AQRE &85t EFUAaES total phenol L total
flavonoid ¥ #4] Ay Fig. 33 2t Ia z7]of =5
g 7| 7to] ZAojF o] whet total phenol X total flavonoid $HF
o] A} Z7lel= AL FIsHgon, ¥ %7] total phenol
9 total flavonoid TS 212} 43.11 mgTAE/100 g, 10.97
mgQE/100 gO 2 SRIF|QIt}. MA} HHF7|7to] F7IsAA 12
Q x}o] 7+ 52.76 mgTAE/100 g, 1633 mgQE/100 g7H4] 27}
IR, 18Y 22 total phenol TFS 61.90 mgTAE/100 gO
2 1%}, total flavonoid T2 14.77 mgQE/100 gO. &
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SjeIE|gon], T olFRE PG SIS %L B
XA AoA FAEES FANE TOE URSHA total phenol}
total flavonoid gto] Z71gttte AL A7) 91910 H(Kang
= 2013; Kim £, 2012; Seo £, 2013), 2&7} Qe =H 93]
9 745t AT R Hish AASH ATE BT}
(Jo, 2020).

3.5, 2518559/ DPPH radical 275 2 ABTS
radical A5 Hsf
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Fig. 3. Total phenol contents (A) and total flavonoid contents (B) of complex fermentation products according to fermentation periods.

TAE, tannic acid equivalent; QE, quercetin equivalent.
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to fermentation periods.
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2l ABTSE 22} 33.80%, 31.27%E ERIEQly Wi r|zto]
Zojyo] wet A3; Z7kste] 129 &oll ZH2} 50.50%, 53.72%

& 943] 37tk Ae skt 1 & S/ AR &
435t0] 2F2 07 249 2o 2+t 53.82%, 53.69%% EO1E]
Qlt}. Fig. 39 L& total phenol ¥ total flavonoid $FFa} H]
<8BS Hole AL FUsHAL, o] 23 9 phenolic
acid 4 Z¥ete Aol U= AS Felslth. of= A
AFo A dta 7t AsYEo] whet total phenol, total flavonoid
3H5F, 12]1L phenolic acid 33HE &&Fo] ARSI U
% Qigto] 913, vk AWER HA Shsle} Aol
AojAw oal2 adhs Aol AT AL AT
(Jo, 2020; Kim, 2021).

44 x| 2 western blot
RS 85 B aEo] NO A4 A5 Axt=
IEEC NO A JAIE FRlst] Sk
64 AP Al % 7} 104, SHH 3|51t HE AR A
Al 108 E T} sH) 5]A45191S ©f NO A4 Al5o] Hold A

= SRIT 4 QU1 5uf B A A=) Aol LPS A2
gH] 09 X} 44.9+0.5%, 6L 2} 11.5£0.4%, 129 =} 10.6+
0.5%, 18Q A} 13.0+2.0%, 24 2} 12.3+0.5%2] NO7} Y4
HE &Rlokt 02 A AlEE 55.1%2] NO A4 JAls-2
Helor, 12-24YU 2} AlZoA= 85% o4 NO /4 <A
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Fig. 5. Inhibitory activity NO production of complex fermentation
products according to fermentation periods. MeanzSD (n=3),

"0(0.001 compared with the control group.

2 B 9] 2%E B2 Aol dojde] ek NO
B4 20! 062 7 Aolol] FH3) ZAL, 1 F ]2
& 52 fANE 2L BASNGT.

QHY3kE RAW 264.7 A|l3o] LPS A A] F7}st= iNOS,
COX-2, TNF-¢2] thilzl d QFAFS western blotS E3f &
A5 th(Fig. 6). B3I EE X o u& iNOS, COX-2, TNF-
¢ SRATAPIS BT A3} LPS A2l o] vlo)
BYUAE 62 A olrE HRY] 2ol8s i
2 S RS FATYT, ol AT BYFRES
INOS, COX-2, TNF-¢©] Shdra e ojAgtoas gz ut
99 oSt AE BTk 2% AMIT A Aol

—_—
—
-
P~ - - =R X
o o o o o

INO S/g-actin (% of LPS)
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=
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Fig. 6. The impact on the protein expression of iNOS (A), COX-2 (B), and TNF-a (C) by complex fermentation products according
to fermentation periods. The RAW 264.7 cells were stimulated with LPS (100 ng/mL) and treated with complex fermentation

products for 24 h on day of 0, 6, 12, 18, and 24.
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A RS Jﬂ-% g-goto] WAkl W, NO 44 A
S7RItHE Ao Higt B3 Qllx
(Youn, 2022), 121121 4 zalxjor I A ZE NO A A
53 §9F mhol YA LES FokA 6 FAEGE B
117} AATH(Lee, 2023; Nam, 2015).

4. 29

=
koji, yeast, LABE‘ %ﬁi o qx‘ %ﬂ Fas AP, &
T EE o] Qi

2 SreIstek ofol 4 @ 7Mx1oﬂ fi50] QIeka el o
o 9 wepjet E3ste] S 9 S804 %% g3t Bapy

= =
B89 71 $HE AHSL, pHot BALEE BaEAR
El 249 2p7HA] 2 HSh= HolA] gk, ‘?IEE °Brix®} 1w
S 62 Aol B3] 225 ATE SHISHSILh. Phenolic
compoundE £45+ A= chlorogenic acid, 4-hydroxybenzoic
acid, vanillic acid, caffeic acide= & 27](Z} 5.43+£0.16 pug/mL,
12.30+0.17 pg/mL, 6.79+0.19 png/mL, 28.14+0.87 ug/mL)%-
g 182 A7 29.81£030 pg/mL, 34.22+0.13 pg/mL,
28.86+0.50 ug/mL, 45.65:0.26 ug/ml) 23] 27t ut
W, ferulic acid, taxifolin, cinnamic acid, quercetin 12 &}
A Z7V7HZE 23.2240.67 pg/mL, 11.5540.26 pg/mL,
0.84+0.01 pg/mL, 1.63£0.02 pg/mL) 18Yo] AUHA 23]
Aaste AFS RHYTHZ 17.74£0.19 pg/ml, 6.80+£0.09
pg/mL, 0.72+£0.01 pg/mL, 1.81£0.02 pg/mL). Total phenol,
total flavonoid §=F ¥ 415124 (DPPH, ABTS)2 dHg %
7P 189 APH RS hieh U MRE 4
FAEAY 23] Fadsts A B o= T4t
ﬂ%‘éol =2 AEQl chlorogenic acid, 4-hydroxybenzoic
acid, vanillic acid ¥ caffeic acid®] $FF WH3}e} H|&=gt A3
O phenolic compound®] 9J5}= Aoz WoETh ESEH
NO A4 OA5-S Belg A} wazs|ne 62 2 1 NO
of Aol 23| S AL FASLT(S51% t0 87.7%)
2 Foll vl 48 SASE 2S Sl FF B
2 Y e 4 AYIAE 9 62 2 olF2 NOS,
COX-2, TNF-¢ & A5t 2 SASHA. mebA 2 A+
A3, 7, B, U R e TYe G808E
(koji, yeast, LAB)Z ©]&3] B3 E S A, 12-18Y A}
olo] Rzt U FUE Fkol 1 TS AS WAL o
2 B4 Aole B HELAZAS TE S
SoIstsc
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