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Abstract

This study was performed to investigate the antioxidant and antidiabetic activities of soybean fermented with Monascus. Also,
the changes in the content of isoflavones and Monacolin K were analyzed. It was observed that the glycoside forms of daidzin and
genistin were converted to aglycones of daidzein and genistein within 6 days of fermentation. The product can be used as a health
functional material that can increase bioavailability. Monacolin K production was found to increase significantly with the progression
of fermentation with an increase to 0.04 mg/g and 0.44 mg/g on 6 and 12 days of fermentation, respectively. The DPPH radical
scavenging activity of soybean fermented with Monascus was significantly increased compared to that of soybean. The protein
expression of inflammation-related genes (TNF-a, IL-6, and COX-2) in the MIN cell was significantly increased in the presence
of alloxan compared to the normal group, but a decrease was observed in the presence of soybean fermented with Monascus. In
conclusion, soybean fermented with Monascus showed the highest antidiabetic and antioxidant effects. These results suggest that
soybean fermented with Monascus has the potential to be used as a beneficial ingredient with antidiabetic and antioxidant effects.
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YH(2008)= &=rvF< o|-&5t] 2 YRAXl §=d8 F
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2itg A 2259 )W a3 Kim S 2018), TH0
& Zrast giF(Pyo YH 2006), @H|(Lee 5 2015) 5= A&l
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(Imm & Kim 2010), ]9+ & THPark = 2015; Kim S 2020)
So] QAT TR WE UE FPE A7 At v]
H| gt J‘tol‘:}- R | %01 4= monacolin K+= O}Aﬂaiﬂ
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A gF FE2E AXE 96 gt R T &
TRES -20CoA Y5AX 7, 527%7|(FD5512, Iishin
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5o 33 WHEZ|(MS-53MH, JEIO TECH. Co., Daejeon,
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ol SRURTEe| Wa|o] whet ol 4BaR 1
22 919 Pyo & Lee(2006)7+ Sun 5(2011)9] B2 w1}
Ak AR 0.5 gofl 70% oeHE 5 mLE SRt F, A=0lA4
305 59l ultra sonicator(Bransonic Z245151, Danbury, CT,
USA)Z &390t &3 842 12,000 gofl A 1587 94
Ha]slo] AEM-S syringe filter(0.22 um, Waters Co., Milford,
MA, USA)Z o151 th. HPLC analysis2 JASCO system
(JASCO-HPLC-LC-4000, JASCO. Co., Tokyo, Japan)©C.= YMC-
Pack ODS-AM-303 column(250 mmx4.6 mm i.d., S-5 um, 1204,
YMC Co., Kyoto, Japan)& AME-5}% 3. mobile phasex= 0.1%
phosphoric acid in acetonitrile(solvent A)¥} 0.1% phosphoric
acid in water(solvent ByE A3l A& BYF 20 ul

2 31909 solvent AZ 505 =2t 15%07A] 35%F AFSA
ZIHA AP35 35%0) A 1058 59t 8-%]5}93 Tk Column 2
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= 35T, 81 flow rate 1 mL/minC.Z 260 nmo| A &%
shdct. olaZeE Hte EE G o83 FFTHL
o]-&sto] AAFoFATE. Waters HPLC system=> Model 2695
separation module system¥} Model 2487 UV detector(Waters
Corporation, Milford, MA. USAYE A5}t

4. Monacolin K gk 24

=R 717t wEt A/d == monacolin K 415 913
B AR 1 g& 10 mLO] 581 70% ofgt-&o] 2413t &
SRt F 3,500 rpmof| A 1587F AAEY stk A5
syringe filter(PVDF nonsterile syringe filter 0.45 pum, 17 mm,
National Scientific Supply Co., Claremont, CA, USA)& o]1}5}o]
HPLCE EA3}9thOh 5 2018). 242 93t colunn CI18
column(5 um pore size, 4.6x150 mm, Thermo Fisher Scientific
Co., Waltham, MA, USA)S Al8-5}%1 11 mobile phaset= acetoni-
trilex} 0.1% phosphoric acidE 65:35(v/v) H] &2 &35t pH
£ 252 A3 5 0|85} th Detector= 2487 UV(Waters
Co., Milford, MA, USAYZ ©]|-83}o] 237 nmoj| 4] B4 ch.
Monacolin K9] AZS Y8 FFE2<Q mevinolin (Sigma-
Aldrich Co., St. Louis, MO, USA)C.2 HZA A A =5}t
of o] gsict.

5. gttt @A |

DPPH(2,2-diphenyl-1-picrylhydrazyl) 2}tz AASASS
=75t7] Y18 0.1 mM DPPH &9 3.75 mLe} &5 0.25
mLE 1027 E8}o] QaolA] 302 Fot vk AT 308
-3 Fof] UV-VIS spectrophotometer(Multidkan GO, Thermo
Fisher Scientific Co., Waltham, MA, USA)Z 517 nmoj|A &%
3}9JrHShamma & Bhat 2009). RS 2% A& o} EaFo]
Hehs §HS EFcto] HPA =St TUT o= A9
<= 3PSt DPPH 2tz &7 B/d5-2 HiEwto] 50%
A4S &A= A1- 9 A F9] Y(ECS0, effective concen-
tration)& 5|3 T

6. %z 4 HI}

MIN cell2 10% fetal bovine serum, penicillin(100 U/mL),
streptomycin(100 U/mL) 9 nystatin(25 g/mL) 5= 3§35t
RPMI 1640 v X|o]| 4] CO, HJ¥F7](WS-180 CA, World Science
Co., Bucheon, Korea)= 37C, 5% CO, 70| A vjs}3 1,
3ottt v oFolS WESHAA HiFSEQITh. MIN Ajazoj A Q1
<Y F¥5gS WG A=A =7 60 mgmLel AE
Z =% 9] HjX|(KRBB, 0.2% BSA)°l|A] 1A]7F &<t Bu|5t <l
<% BT & ELISA kit(LINCO Research, Inc., Billerica, MA,

FIUR YR P Y P B 189

USA)E A8-5Fo] ELISA-reader(VERSA max, micro-reader,
MDS Co., MO, USAYE o] &3] ZA3slgic}.

AG BARATE EojFozm UsaAds 7L AUe
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o] YELL 17| SI5k0] MIN A EZEZ 18417F wpsh
96 well plate(Thermo Fisher Scientific, Inc., Waltham, MA,
USAYO] 1x10%well -2 HJoFs 2, 70~80% JE 2 A %7}
At A AlmQl i SEEES TEEE 25, 50, 100
ngmLE 1A)7F 59F A A 2|3t &, alloxan 10 mME 1~2A]7F
B9t HE Aottt $=dE g9 s Aol o5t
Alzzo] Eotngs WESHIT

Alloxano] 3t 545 SHE fIsto] BiR|o] 3-4,5-
dimethy thiozol)-2,5-diphenyl-tetrazolium bromide(MTT, Sigma-
Aldrich Co., St. Louis, MO, USA) 100 ug< d75to] 4417t &
oF o HiFstlaL, side] | Fol= HiAlE W1, dimethy
Isulfoxide(DMSO, Sigma-Aldrich Co., St. Louis, MO, USA) 100
ULE 7Fsto] MTTO] o] ofsf AB/d % formazan I ES
234|171 & ELISA readers A}8-5}0] 540 nmollA] S4=E
=75} thH(Carmichael 5 1987).

Western blotZ ©]-83F 95 @l I S4S
2]t B A2 Bradford assay 'S o]-85to] Tid o] 5

£ AFs93 thBradford MM 1976). 225 Tl d-S SDS-
polyacrylamide gel A7]9FOC = EIS}AL polyvinylidene
fluoride membrane(PVDF, Bio-Rad, National Scientific Supply
Co., Claremont, CA, USA)C & o]5A|7]l &, PBS-TS 53t
5% GARE H|E0]H QI TGS blockingS}3iTh. Blocking
I} Zofl= PVDF membrane PBS-T 33, PBS 132 A&
3t oS 13} FAZE 4ToIA overnightsHA ¥H-SAIZ T 1
o] %]l PBS-T 32], PBS 13]& A &3t th3 22t JAIE A2
A 2A17F B9t A& 519t} IL-6, TNF-a, COX-2 ¥ a-TUBLIN
(Santa Cruz, Dallas, TX, USA) 1X} FAE AR5l a1, 22
ur= 22} A|E ARESH & LAS-4000(Fujifilm Life Science,
Tokyo, Japan)2 ©]|-&35}0] &Q15}% th(Feghali & Wright 1997;
Pan E 2018).

7. 84 Ae|

D E AY9] HolEl= BHo+HEFHA (standard deviation, SD)

2 Yerth 5AEALS 5] SPSS ver. 18 statistical software

package(SPSS Inc., Chicago, IL, USA)E ©]-&5}2] One-way

analysis of variance(ANOVA)S A A|St & Duncan’s multiple

range testE ©]-&5to] ZF AP 7He] F-o48E ASOHAL,
= 439 FYFES p0.055 A5
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Fig. 1. The HPLC chromatogram of the bioconversion of
soy isoflavones during fermentation of ultrafine pulverized
soybean by Monascus sp. RY1. (a) UPS: ultrafine pulverized
soybean, (b) 6 d: ultrafine pulverized soybean fermented with
Monascus for 6 days, (c) 12 d: ultrafine pulverized soybean
fermented with Monascus for 12 days.

Table 1. Bioconversion of soy isoflavones during fermentation of ultrafine pulverized soybean by Monascus sp. RY1

Isoflavones content (ug/g)

Samples” Isoflavones Total
Daidzin Genistin Daidzein Genistein Glycoside Aglycone
UPS 403.33+19.42° 1,131.74+24.32° 48.50+9.33° 2.04+1.34¢ 1,534.27+26.32° 50.517.50°
UPSM-0d 458.58+21.59° 931.33£1848®  315.59+20.67° 289.35£16.55°  1,389.76+11.42° 604.59:17.44°
UPSM-6d 98.35+13.47° 142.10£19.61° 7393741426  1,125.56+27.34° 239.56£15.68°  1,864.27+21.59°
UPSM-12d 61.48+10.53¢ 93.56424.21° 782.28+32.34° 219.814£19.29° 254.35+16.55°  1,001.33£26.07°

Each value represents the meantS.D. (n=3).

*IMeans with the different letters are significantly different from the period of fermentation (p<0.05) by Duncan’s multiple range tests.
D UPS: ultrafine pulverized soybean, UPSM-0, 6, 12d: ultrafine pulverized soybean fermented with Monascus for 0, 6, 12 days.
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%Eﬂi ‘|§—_' X{ o]. 7(]-.9_0] A= ;q o= oal-;.,q A g;]uﬂ—_@ ‘:H
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B lactone POZ BAIE B Z Zhztof| tsf A% AT, 2
o)A 24 FE T asH F$ AAE = monacolin K= acid
gol trzel A0z tehton, hotonede] AL e
A At Acid F3} lactone F2] TA| Q1 & monacolin K 8+
o uHE 620 0.04£0.01 mg/gC. 2 A A 5] WAFE o] Ha
12¥0]] & monacolin K& 0.44+0.02 mg/gC 2 8-9]51A =7}
S AL (p<0.05), W& 20¥0]l= 1.14+0.02 mg/gol] =EoFHA]
90514 27131 THp<0.05). Kang S(2003)7 Lee S(2015)
9] —8—%‘:’3 g droldn] Ao E E2F 2 E 7} monacolin
K ghgol S71stol 3 Ao AR Fope Bt B
Lee ?(2019)t o] AASE Hof monacolin K7 A E|0] 4
A7 oyt AP E,E =22 monacolin K 3HEFo] 5.34]
=716ttty B 115194 Lee 5(2015)9] 1510]| A= monacolin
K $eko] #1](215.85 mgke), W1](40.41 mg/ke)ETh 32°C0]
A 1902 oAl 7] Wolanl(1.263.04 meke) N4 7 &
YL B 0|9} T AT Hol TALE EL 4
A W 248! monacolin K gH-f-&°] o 77| 5242
&IV 52 ACoE woH

olv

3. 23S Ch=0| SHAkS EHA

T E 5 (UPSM)Q] DPPH 2HtjZt 4745 @ ato] of

Table 2. Production of Monacolin K during fermentation
of ultrafine pulverized soybean by Monascus sp. RY1

Monacolin K content (mg/g)

Sample”

Acid form Lactone form Total
UPS 0.00+0.00° 0.00+0.00° 0.00+0.00°
UPSM-0d 0.01+0.01% 0.000.00° 0.0120.01¢
UPSM-6d 0.03+0.01° 0.01+0.01° 0.04+0.01°
UPSM-12d 0.4120.02° 0.03£0.01° 0.44+0.02°

Each value represents the meantS.D. (n=3).

*Means with the different letters are significantly different from the
period of fermentation (p<0.05) by Duncan’s multiple range tests.

D UPS: ultrafine pulverized soybean, UPSM-0, 6, 12d: ultrafine
pulverized soybean fermented with Monascus for 0, 6, 12 days.
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Fig. 2. DPPH radical scavenging activity of UPS and
UPSM. UPS: ultrafine pulverlized soybean, UPSM: ultrafine
pulverlized soybean fermented with Monascus. Each value
represents the meantS.D. (n=3). *“Means with the different
letters are significantly different (p<0.05) by Duncan’s multiple
range tests.
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Fig. 3. Relative NO concentration of ultrafine pulverlized
soybean fermented (UPSM) with Monascus on MIN cell.
Con: control, Alloxan: alloxan control, UPSM 25, 50, 100:
alloxan control pretreated with UPSM 25, 50, 100 ug/mL.
Each value represents the meantS.D. (n=3). “*Means with
the different letters are significantly different (p<0.05) by
Duncan’s multiple range tests.
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