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Fermentation characteristics and inhibitory effect of brown rice vinegar
on adipocyte differentiation in 3T3-L1 cells
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Abstract

The brown rice vinegar was prepared by adding 10% of vinegar starter, and incubated using the strain Acetobacter
pasteurianus JBA172705. The alcohol concentration of brown rice liquor was adjusted to 6%, and seed vinegar
was added to 10%. Then, it was cultured by shaking for 16 days (30C, 120 rpm). After fermentation, brown rice
vinegar was extracted with 70% ethanol to evaluate the anti-obesity effect using 3T3-L1 adipocyte cells. The total
acidity of brown rice vinegar increased to 6.43% after 16 days of fermentation, and acetic acid increased 15 times
and succinic acid 2.5 times or more. The total phenolics and free amino acid contents decreased during the acetic
acid fermentation period, and were 48.53 mg GAE/mL and 18.79 mg% (w/v) at the 16th day of fermentation. At
a concentration of 100 pg/mL of brown rice vineagar extract (BRV 16d), the lipid accumulation rate was 72.2%.
The leptin expression level was reduced by more than 50% according to the treatment of brown rice vinegar extract.
It was confirmed that the PPARy and SREBP-1c expression levels decreased at a concentration of 100 pg/mL.
As a result, brown rice vinegar is expected to be effective in anti-obesity by suppressing the expression of transcription
factors that induce obesity.
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b 12 100%E AZE AALFAZ] 297} Zrsta g;t
ZH]O]EHKlmJJr Shin, 2014). AL a & A2H L2412
Hz0] BRole YA EE 2AS SMsio] BHE 9 FuldRE A48 o olgd tlEHSl ‘?z_mmﬁ_i 8

282 UFAA ARok= 714}, B, oH|iAL, ester 9] AEES TReHJoo 5,
g A x7}) 1’4(KFDA 2012) degAzx= 974 3|4 2009). IS 8714 = acetic acid 2Jo|| % citric acid, oxalic

&, oAt 5 7154 ARt ofle), #eAl g & ohu| L ARS: BRSO
Zo] S<oirtal H7EE|TL QJthJeong, 2009). 9] A=
FALAAZI} S Aokl AX|ThJeong, 2009),

HAFO] ik &8RS Q14o] EoRA|HA HATH B

acid 5 TFst 5714 leucine, lysine &

sto] FFACE A B7hE|o] fithLee 5, 2010).
ZAto] QR Ax9| AFe SR SEAEES A

AA)7] 1 (Fushimi 5, 2006), AMP-activated protein kinase
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(AMPK)2] 842 EX5to] Ak} AHES] oHdS A5H
Sk B 1 EQickKawaguchi 5, 2002). 18U X2 A%
o] et oA FY FE AR FrFoltiEte HAY
BAZTE AR e ASAE D AR T
@ A4} o 946kt ar, AAdFol ofsl] F7HE 24 %
9 obe}, AR B £/49H]9) Al JIE vAl=
Ao g FA45Hl UtiSon 5, 2017). APA| 2] Eoprd2
CCAAT enhancer binding protein-o(C/EBPa), peroxisome
proliferator-activated receptor-y(PPARYy), sterol regulatory
element binding proteins(SREBP) 5-9] ZARIZIO] o5 A
S oz o]FojA |, FGAF] T/ leptin®] BT
¥ #Ho] Sle Aoz &d#A UHKimt Park, 2002).

£ APolA= dvlE YRR slo] A5 ARl w2t
AU|FE AR5k (Baek 5, 2013), Acetobacter pasteurianus
JBA172705 w5 0§t} 2AMER S APt A
P 5 Avpalze] SREA 8 9714 St
miAte] SRFHSLE RAlsto] 7S Shlth Ee Al
ZH Andarzo] Nt avE HrlelaAt dvjXxE
e FE510 AU FHR FEE2 TR
2 3 3T3-L1 AT AFAIZE ol8sto] A-SAE, A
Al Eokxd F49] T 9 leptin BTl HA=
F= EASHI o9 22 AATk= ArAR Azl &
At 2ANEFY] =T in vitro /goIA Aoz FHlet
7o Higt 712Ak=7F @ Zlol=t 7]diEh

ME Y
M2 Y A
2 Q70N WAz o] A8E Wl ey
=0 3T

(Sunchang, Korea), 752 A8 Gwangju, Korea) A&
ARGt o, w5 ol ARSE AJ°kZ BDAKBecton,
Dickinson & Co., Franklin Lakes, NJ, USA) £4]-& A|Qk2
Sigma-Aldrich Co.(St. Louis, MO, USA) A& ARSI
AZAS o] AREE 8jX]&= Gibco BRL(Grand Island, NY,
USA) AELS dimethyl sulfoxide(DMSO), epigallocatechin
gallate(EGCG), Oil-Red-O solution, IBMX, insulin from
bovine pancreas, dexamethasone, rosiglitazone, 2-propanol<-
SigmaAK(Sigma-Aldrich Co.) A& ARESINTE MEAZS
=248 3 cell counting kit-8(CCK-8, Dojindo Molecular
Technologies, Inc., Rockville, MD, USA)S AM&-513tt 3
&l A=Foll= Quantikine ELISA mouse/rat leptin immunoassay
kit(R&D systems, Inc., Minneapolis, MN, USA) A&&
RNA &3} ¢cDNA 3HJoll= ZFZF RNeas mini kit(Qiagen,
Hilden, Germany), GoScript™ Reverse Transcription system

(Promega, Medison, WI, USA) A& ARESIITh 1 9]
AOFSS HPLC grade® AMSSISICH 3l £ B0
pH+ pH meter(PP-20, Sartorius, Gottingen, Germany), $>&
A 1FE IS G A|(PAL-1, Atago Co., Tokyo, Japan),
M= ATEA(CR 400, Konica Minolta, Tokyo, Japan)S A
&3to] S5t

snLaF A=

AHEF= Baek 5(2013)9] {RS M| Aok
o}, SARE @0 £52 10:19] Hl&=E E3slo] dnjeghE
& AZsI (A)TarYEARI RS L(Microbial Institute
for Rermentation Industry(MIFI), Sunchang, Korea)oj|A] &
FHES. Saccharomyces cerevisiae(SRCM102596)5 X&)
FH30T, 120 rpm, 3Y)5to] BRHIFA-S A £5}1L, &r]
S0l 5%(viw) FESIATE BotE ol-85to] 25HT
7b 13 L7} Heg 2A% & FAsfste] HAEFG0T, 6
sttt Az dndaso] SdrE J7k6te] 43
o] 6%71 HEE 253, olF AAEE (10,000 xg,
4T, 1050 1PE= AAT dsd= ArAx Az
ARE-SH3ITH

Ll Z+ Lee 51(2018)2] W& HEPsto] A|xst
Ark EFEE F2RE 7)o dndas S F
3 85C 9] 204 3087 A lolo] g BE/IsH
71 & PZsto] dulEE sigitk APATK(Sim, 20201
E5| Mitel ZAMNE A. pasteurianus JIBA172705(Acetobacter
pasteurianus (T) LMD 15912} 98.7% YA)E GYE broth
(1% yeast extract, 5% glucose, 6% ethanol)o]| 1 ¥iZo] H=
3l AEHIRK30C, 120 tpm, 32)5e] Aok Shim, 2020)
Zof| AnfSof HuiFHE 1% FSotar, JFHF3B0T, 120
pm, 3Y)5to] Fx 7 ARESIETE E$2(7.50 log CFU/mL)
£ ArdESol| 10%(viv) 7k} ZIFHIK30T, 120 rpm)
S, HiF7IZE Bt 4Q 7HHo 2 AMEste] FAEE
Skt dxe ARG 371 & 0943 A& of
R, FAETF 6% ool EEstlS wf #idS 2513
o} ZF Almhs YAEE] ol A5 HE F5l Ws(-200)
A HasPHaA A A ARESIGITh

olzrstd £d B4

pHE pH meterS AR85lo] 2451 oH, ZATE A2
1 mLo] 0.1 N NaOHE #7}sto] pH 8.39] T3t w7}
AE %S acetic acid O 2 AESIYLE 84 1FE
e FEAR 25T, M= ARS LT F6 A

= O 1
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TAZE o]83ta] Y=85.6, x=0.3172, y=0.32412] FZ uiA
THstandard white plate) O & HA5}0] L*, a* E b* FS =
ottt A= 23 =A(UV-1601, Shimadzu, Kyoto,
Japan)E ©]-&5t0] 420 nmoA FFE=E S7sto] Blwst
et

Z9=4 SI8HE §=H(total phenolic content, TPC)2 ISO
14502-1(2005)2] ®HS o]-8sto] S5k Al 1 mLo]|
10% Folin-Ciocaltew’s phenol reagent 5 mLE 75} 35
ZF HESAIZ] Zof| 7.5% NayCOs 4 mLE H715Fiet. o] wh
oS ohaoA] BH(3T, 1AZHAIT] Fo A
(Shimadzu)Z ©]83}0] 765 nmoj|A] SFEE Z4519].0H,
FH=/d SRtE A2 gallic acidE EFEEE o] AR
mL mg gallic acid= LERQITE. A4 AMGH A
B AL Y=0.0105X+0.0033(R*=0.99)2 gallic acid S5
8= 9] ZAolA] AEsto] YeEiginh

A
A

ME

2o14 e

B7)AFS- Kim¥} Song(2002)9] B} o]&s}o] 24519
ot Al2E 3]43}9] 0.22 um membrane filter(Futexs Co
Ltd., Daejeon, Korea)Z oJi}s}o] HPLC system(Waters
€2695, Milford, MA, USA)C 2 EA5}3t}. HPLC system
o] BAZXAL Aminex HPX87H Ion Exclusion column
(300x7.8 mm, 9 um, Bio-Rad Labs., Richmond, CA, USA),
O] =ARS 0.008 N H,S04, 4L 0.6 mL/min, column oven
2= 35C 9 AHZ7]E photodiode array detector(Waters)
0|91, A< AL 210 nm Pt EEREZZ = oxalic acid,
citric acid, tartaric acid, malic acid, succinic acid, lactic
acid, acetic acidg ARESFF oW, E2)H 3714 ZF peak
£ YA B BF2EE mixture®] peak T2 Hl&
I} retention timeS Y| ol RS AR=SIITH

Hr

Qa0 At 24

Frefor)ieAl Lee 5(2010)9] ®HS ol8sto] 345t
it} AlFE= 0.12 N sample dilution buffer(pH 2.20)Z 108}
3]4510] 0.22 pm membrane filter(Futexs Co., Ltd.)& oJa}
stk SEot| At BAZ AL amino acid analyzer(S433,
SYKAM, Eresing, Germany)g AR&oto] 4351540} £4
291 buffer®] flow rate 0.45 mL/min, ninhydrin solution
flow rate 0.35 mL/min®]|%}1, HEIL 440 nm(proline)
9 570 nm$@ 2™, injection volume2 100 uLFiTt.

SIsto] 2APIEL
13 Aze] P
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Q= W 16239} txTel W 0
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AFSN S 5A7AZ7|(FD, lishin Lab Co., Ltd., Dongducheon,
Korea)= AXR5IATE AZXE] 70% ofeh2-S 100H}(w/v)
A7¥eto] 4204 4AI7E 53 wHEEESE & AAEE|(4T,
10,000 xg, 10&)sto] A5HS FoIth 45C F2x
(TW-PC-1, Universal Scientific Industrial Co., Ltd., Shanghai,
China)of|A] 3]A7Y5=7](Eyela coolace CCA-110, Tokyo
Rikakikai Co., Ltd., Japan)Z ARg-d}o] offeh&-S A At &
AT FHRTE FEES 950t FEUXRSH. Ta
l6Yat @Az FEHXE(BRV 16d)7} Ha 094t b
T FEAZXE(BRV 0d)2 2+ 10% DMSOo]| L-3lA1AH A}
T AR ARESISIH

Mz 2 AMAIE 25 |

Ago]| AR&SF mouse F2fl 3T3-L1 preadipocyte FHA]
EF O3 (KCLB, Seoul, Korea)ol|A Hofdtol ARE-5I3LY.
3T3-L12 10% bovine calf serum(BCS), 1% antibiotics
(streptomycin/penicillin)®] $f-%¥ Dulbecco’s modified
Eagle’s medium(DMEM)& ©]-85}o] vjFA|F ). 3T3-L19]
B2 9ws] 3l 1x10° cells/well?] T2 24-well
platec] £5-5t] 243t confluent AEf7} & wj7HA] wjkst
ATt o]F 10% fetal bovine serum(FBS), 1% antibiotics”}
k9% DMEM HiAZ wAet1, ESRSEAQl MDI(0.5
mM IBMX, | pM dexamethasone, 1 pg/mL insulin, 2 pM
rosiglitazone)e} 7+ 50| ARE A A=ttt £3k
T 48A7F 3 10% FBS7} &-f-F DMEMC 2 HjZ]|E WA
SKL, 1 gl insuling H2]gt T 48417} wjoaiic. o]
48A17F ZHA 0 2 10% FBS7} $-8-5l DMEMO & HjZ|E I
Asto] vefelolon), BaMpEE $= 82 A3 5o Bl
39T} PAPZFRE EGCG(100 ME AF83I5T

NzMZzE =23

3T3-L1 AATAEZE 5x10° cellswelld] =2 96-
well plateo]] E5}111, 37C, 5% CO,Z2 2% 5 incubatoro]]
A 24312 59 HiFE T AIRE SRR ALl 48
A7t & wj R & A|AskaL PBS 100 pLe} CCK-8 solution 10
uLE F7ksto] 49 incubatoroflA] 2417 Bt ¥RESIS
t}. WS & microplate reader(US/Eon, BioTek Instruments,
Inc., Winooski, VT, USA)E AR&3}t0] 450 nmoJA] 3=
£ 3ot AEZAYEEL dZ270] S35 Fholl ot Z+ A
FEA7MY 8% 2 WEEE Aklsto] UeRr]lt

Oil-Red-O &M U ZJUZHE
3T3-L19] ARt A=g SRIsh] sl Zebisch &
(2012)9] ¥-E ¥510] Oil-Red-O stainingS AIA5}SIT.

A1
(=]

I
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3T3-L1 A|2ZE Dulbecco’s phosphate buffered saline(DPBS)
2 A|A3}aL, 4% para formaldehyde® 3087F 1145193t}
1175 AlEZ= DPBSE A& F 60% isopropyl alcoholZ 5
271 HeJskn 383 AESE ol% OilRed-0 AR
Hrkelo] 2087} YUSNYT, FH2 43| AHsto] dol
ZJ(TCM400, Labo America. Inc., Fremont, OH, USA)O &
wokgl Aol RS FSlelch, TATOR SRS A
St & 95| ARA]F|AL, isopropyl alcoholZ OQil-Red-O
305 59 8%A]# microplate reader(BioTek)E ©]-&5
500 nmof|A] FFEE S5

7
=
o]
Hel s 23

AE O] L Quantikine ELISA mouse/rat leptin
immunoassay kitZ A8 5le] Z7gokgict. Bkl 3T3-L1 A
39| HjFAFENT} assay diluent RDIWS E55}0] 24]7F
B9t A0 HESITE o]F wash bufferZ 53] A &gt
3 Mouse/Rat leptin conjugateE F7o10] AL0A 2A]7F HE
S5 tt. THA] wash buffer2 53] H|Z5}aL substrate solution
= A7Ioto] 4] AJEiolA 3027t WS- & stop solutionZ:
H7Voto] kS-S SAs1tk kS £ Z microplate reader
(BioTek)E ©]-83}0] 450 nmof|A FF=E S 3
B F = kit Q] leptin standardE AREoto] AFAS 1
Ragisi

AL RUA FEaL RS (reverse transaription
polymerase chain reaction, RT-PCR) &4

3T3-L1 A|Z(1x10° cells/well)Z 6-well plated] £33},
O AT A 0A wlgsETE ARA|E= Qiagen
RNeasy mini kitE ARE5}o] total RNAS E2|5}31,
microplate reader(BioTek)2] Take3 micro-volume platess
ARg5lo] A5t o] % GoStript™ Reverse Transcription
system ARESHO] cDNAE /oIt HJE cDNAL}
PPARy, SREBP-1c primerg Zt2+ &3lslo] PCRE ZI5y5}
et HES-E-L 1% agarose gel(Lonza, Basel, Swiss)ol| A7)

Table 1. The primer sequence used for RT-PCR

G535} UV transilluminator(WUV-L50, Daihan science,
Wonju, Korea)2 =2 S15teick, 944 9 2.490)
internal controlZ+= housekeeping geneQl glyceraldehydes-
3-phosphate dehydrogenase(GAPDH)E ARE8513 0, A3
of] ARESt primer] @7] A|G2 Table 13} T} PCR 24
2 zJ|HA 95C 38 & denaturation(95C, 30%) —
annealing(60TC, 30%) — polymerization(72C, 30%)E 30
cycleZ Z1Psal, 72ColA 583 Asto] A
SA Az

ZF Agof| A A2 ZAyl= SPSS package program(Ver.12.0
SPP Inc., Chicago, IL, USA)S ARESIY] Hd} EEHARE
UERHSITE ZF A&7 Rolid-Z p<0.05 SEol|4] one-way
ANOVAZ EAREASH So] Duncan’s multiple range test@
H] W5k

ZaL o

= = =

So|wEA|zo| WEEM
HAujdraa|20] W EAL du|o 10% £25 H7Ist
% ZJEHIOKE0T, 120 rpm, 162)51H 4Y 7HH 0= MEe
Slo] BAlsion, 11 AvN= Table 29} 2t Fu]39] pH,
TPEE BAEL 747 412, 4.90 °Brix, 0.32%%.0H, ¥
B 0YA} pHE 3.870014 BHE 16YA}0f 2,942 7H45HY,
NPEFE TR x7] 4.90 °Brixol|A DR7|7HO] STt w
2t S7Foto] A 169410] 5.25 °Brixg UERHIIT S4H:
A7bE 29 JFOoZ Ha 0YA 0.51%F YERASL

o r

o, da7|7to] F7Ietel wet fojdos Frlsie] Ua
FAZRN A 16UA= 6.43%E EA=QIC E3], £ A
TolA Aulse] AFE FAFE 6% 274Gt TXE 10%
H7le19S ) AnjabgAlzo] 27 T oF 5.4%
2 TAst9on, #a 16YAF AnEaszxo] A
6.43%2 FANE917] wiol oek&e] Ao =] AlSlrt
100% o} AgE Ao wekert. o] Lee 5(2011)9]

T
2
o

Primer Target gene Direction Primer sequence (5'-3")
Forward TCGCTGATGCACTGCCTATG
PPAR-y Peroxisome proliferator-activated receptor y
Reverse GAGAGGTCCACAGAGCTGATT
Forward AGCAGCCCCATGAACAAACAC
SREBP-1¢c Sterol regulatory element-binding protein-1c
Reverse CAGCAGTAGGTCTGCCTTGAT
Forward CGGAGTCAACGGATTTGGTCGTAT
GAPDH Glyceraldehyde 3-phosphate dehydrogenase
Reverse AGCCTTCTCCATGGTGGTGAAGAC




420 A= AFAGRENEA Al28d A3Z (2021)

Table 2. Fermentation characteristics of brown rice vinegar with different fermentation periods

Fermentation time (day)

Physicochemical properties

0 4 8 12 16
pH 3.87+0.01" 3.36+0.04 3.1240.01° 3.04+0.04° 2.94+0.01°
Soluble solids (°Brix) 4.90+0.00" 5.05+0.07° 5.100.00° 5.20+0.00° 5.25+0.07°
Total acidity (%) 0.510.05" 2.150.12° 3.8620.09° 4.96+0.30° 6.43+0.21°
Total phenolic content (mg GAE/mL) 50.39+0.07° 48.63+0.49° 48.48+0.14" 48.48+0.69" 48.53+0.49"

L* 24.28+0.01° 23.71£0.01° 23.38+0.03° 23.62+0.01° 24.02+0.01°
Color” a* 0.12+0.00° 0.17+0.02° 0.16+0.03 0.160.04° 0.18+0.01°
b* 1.17+0.00° 1.4440.01¢ 1.46+0.02¢ 1.36+0.00° 1.2240.01°
Browning intensity (420 nm) 0.17+0.00* 0.19+0.01° 0.19+0.00® 0.19+0.01% 0.22+0.02°

YValues are mean£SD (n=3).

IDifferent small letters (*°) in the same row indicate a significant difference according to Duncan’s multiple test (p<0.05).
JL* a* and b* mean the degrees of lightness, redness, and yellowness, respectively.

TN FE AFE %2 2T ArLTE FaAo] F
25 10% F75te] Axt dvj4zo] SRS FARE
SO Aze] FhFAS 24 FFIE 4.0-200%
(W)OIP|(KFDA, 2012), & 89 o|F 4% olo =23
& A0R FEY, ARske E520| F2 HasRlal g
T 16YA7HA] AEHR] S4twe] S717F SRIEQ] miE
ol 2T ¥E ARAEZ 16942 39tk

Avldaszo] Jusy SRkE2 ¥E 27 5039 mg
GAE/mLOJA] Ha7} X1sge] wme} Zhasto] Ha 16941]
= 48.53 mg GAE/mLE YER9l=H], of= Alshikeo] <
gt v/ SRhEe] A4 thEo R ke Mes UE 4

Table 3. Organic acid contents of brown rice vinegar with different fermentation periods

U737} THH redness?t yellowness7} 2% S7F6I91L, 24

ANZ Z

EL 1697 SR YT} 00555
T2 Ml 2HuEe] F7le 2ARIEIRY

7¥stgiet. oot
% U729 5}
B8 7} HulZo]| A5k ofu| Ak} SIeke] Maillard BF
3ol ofsf @w|A2o] A3} dofup= Ao FAEH.

re
[=]

lgEAZ 9714 U elotl=At 3

Anfd iF HSk= Table 3
2t @ugaszo] ¥ A [ SR g
lactic acid, acetic acid, succinic acid, tartaric acid, oxalic
acid, malic acid =02 SIQIF|QIct. HIFEO] S7|ARS 2AF

1 P
PN
1o
m]l‘.
1l
N
it
o
N
>

Bl

H

(mg% (W)

Fermentation time (day)

Organic acid

0 4 8 12 16
Oxalic acid 5.43+0.38"%? 4.65+0.55® 4.26%0.00° 4.26+0.00° 4.26+0.00°
Citric acid ND? ND ND ND ND
Tartaric acid 27.1540.35° 26.71£0.21° 26.20+0.43" 30.20+2.15° 30.92+0.21°
Malic acid 1.79+0.50° 10.10+0.49" 11.20£0.46° 13.21£2.09 12.734£2.77°
Succinic acid 60.68+4.07° 64.19+1.74° 65.35+3.21° 82.59+8.35° 154.30+56.80°
Lactic acid 509.22+28.84" 324.79+13.40° 299.24+1.78" ND ND
Acetic acid 416.09+8.89" 2,595.84+15.85° 3,472.96£29.21° 5,055.54+448 33¢ 6,532.95£73.51°
Total 1,017.34+£24.25° 3,026.29+5.44° 3,879.22426.89° 5,257.52+509.38¢ 6,663.46+67.72°

YValues are mean=SD (n=3).

IDifferent small letters (*°) in the same row indicate a significant difference according to Duncan’s multiple test (p<0.05).

is an abbreviation for not detected.
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W} S AA S7EHE ARG B, lactic acids
T3 0Y 506.22 mg%E VERA oW, Har|tte] w4
asfol WA DU ASEA) Akt ol Al =
A5t lactic acid’} ZAPEEINY F FASH Ao = Hekd
o} 53], JFAIZ00A lactic acid2] Fgo] =0 HHAY
YQlo] Eji= Ao = dE{A o], ZAPERO] 23t lactic aicd
9 Th= AR9] FH|E FIAE AL 7|t th(Jeong}
Lee, 2000). Acetic acide= a0 416.09 mg%Ol|A La7]
2He] 7t e fojAor Frlsiglon, WA 1699
6.532.95 mg% BHElo] oF 15.7912] 2718 Lerfck
TCA cyeled] F7EARA AlZe] BTMel 758 24
ol= Aog ATA Q= succinic acid= T 02 60.68
mg%olA R 129 F7Isk7] Aldtete] IR 16Yoll=
154.30 mg%= A= QIc} Tartaric acid= @8 A 27.15
me%olA B 1620] 30.92 me%E 27}tk U] Al

421

gto]| 7]ofsh F|E A7 = F714RR] malic acid= T
702 1.79 mg%olA B 1620] 12.73 mg%= 2751
t}. $HH, oxalic acid= o weEt A% Aadckes BdE
Holoh ¥a 49 o]9ol= F9ZQl AolE HolA| ¢Sk
I, A zoA AESE= AR HAH citric acide U5
9 FodgE A ZolA BEAER] Attt o9t T2 {714k
HIl= FA9F &4 daxyde] uE dariih) audat
A 59 HAE HEY] HePF RS vA= AR B
=31 YItK(Yoon 5, 2010). ARHoE 2 A-toAe] &
g 20 F f7AF RS HE A 1,017.34 mg%oll A
HHE 162310] 6,663.46 me%E A Z7Fstaict
AuPE R A2 YR 7|7 F fEjot|eAre] TF Wk
Table 49} Zch U8 A AuEFAZX9 [Ejoh|iAle] &
SHES 21.84 mg%(w/v) 502 glutamic acid, leucine,

lysine, phenylalanine, alanine, proline, tyrosine, GABA7}

Table 4. Changes in free amino acid contents (mg%, w/v) of brown rice vinegar during fermentation periods

Fermentation time (day)

Free amino acid

0 4 8 12 16
Leu 1.97+0.0192 1.82+0.01° 1.81+0.04° 1.77+0.02% 1.70+0.06"
Ile 0.70+0.00° 0.65+0.00 0.67+0.03%® 0.66+0.04% 0.62+0.02°
Met 0.43+0.01° 0.40+0.01° 0.38+0.01° 0.37+0.00° 0.38+0.02°
Thr 0.57+0.05" 0.65+0.00°" 0.63+0.05° 0.66+0.01° 0.65+0.03°
Phe 1.35+0.00° 1.29+0.00° 1.27+0.00° 1.25+0.01* 1.24+0.04°
Lys 1.52+0.01* 1.50£0.02° 1.50+0.01° 1.48+0.01° 1.48+0.04°
His 0.44+0.00° 0.46+0.01° 0.46+0.01° 0.46+0.01* 0.46+0.01°
Gly 0.660.00° 0.66+0.01 0.66£0.01° 0.65+0.01° 0.63£0.01°
Ser 0.78+0.06° 0.75+0.01% 0.69+0.06™ 0.7+0.01 0.68+0.01°
Glu 2.110.04¢ 1.64+0.01¢ 1.51+0.01° 1.47+0.04%® 1.43+0.04°
Pro 1.30+0.01° 1.1120.02¢ 1.000.04° 0.82+0.06° 0.72+0.05°
Tyr 1.07+0.00° 1.06+0.00 1.060.00%° 1.03+0.00° 1.03+0.01°
Ala 1.31+0.02° 1.58+0.05" 1.57+0.01° 1.55+0.02" 1.5240.05°
Asn 0.53+0.01* NDY ND ND ND
Asp 0.72+0.03° ND ND ND ND
Arg 0.1740.01® 0.18+0.01° 0.17+0.01%® 0.17+0.01* 0.16+0.01°
GABA 1.00£0.01° 0.85+0.02¢ 0.77+0.01° 0.67+0.04° 0.47+0.04*
Total amino acid 21.84+0.34° 20.07+0.19° 19.62+0.182 19.24+0.08% 18.79+0.59*

YValues are mean£SD (n=2).

IDifferent lower-case letters (*°) in the same row indicate a significant difference according to Duncan’s multiple test (p<0.05).

IND is an abbreviation for not detected.
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1.00-2.11 mg%Z H|wA &2 RS YEHIT Joo &
QoS wEE Agele] WA @oldEAzolA
glutamic acid, alanine, proline, tyrosine, leucine©] &2 I
& BT Hustol & A7 SAT FFE 2otk
T B oA AReE daAxE ARG s
A] leucine, isoleucine, phenylalanine 5-2] H<=o}| At}
glutamic acid, proline, aspartic acid, GABA 5-2] H|Z<= o}
ulteAl o] 74sioleh. 53, 1627 Hast Wuad]
29] fEjobu]eAt L 18.79 mg%olom, ol Ald
Aujajze] fejofulieAl F} ulsat 20|t eong
S 1998). E3L, ZAPERO] o5 fjotu| At Stgo] Ha
023} 21.84 mg%(wiv)ollA B 1623} 18.79 me%(wiv)E
asigtn, ol 4] F7hR Qv AolaliAte] o
EFA9} lysine 5 Maillard ¥FS0]] Fhojdh= ofu|iAte] Zha
o efgt Aoz FYHrt

Anlaasz 2580 st oAEI Blo] RA
AE7} 3T3-LI0Y FAE 54 o538 Besh] S8 CCK-8
assayS 0|83}e] ALEAS SRRIe Aks Fig. 13} 2ok
BRV 0d2} BRV 16d A& 2% 400 ug/mL2] SEolA 60%
ofso] AZAEZS HAATL, 50-100 ugimLo] 5=l
A 80% oldo] AESS 1ol AZEAS SIS e
< slelstelt. olefat AnE vheroR AEEAo] S
A] 9= 100 pgimL o]5te] oA Ash oAzt A
#e stk

120

EBRV 0d

BBRV 16d

80

60

Cell viability (%)

20

Control 50 100 200 400

Sample concentration (pg/mL)

Fig. 1. Effect of brown rice vinegar on cell viability in 3T3-L1
preadipocytes.

Error bar indicates the SD of the mean, and means with the same letter
are not significantly different according to Duncan’s multiple range test
(p<0.05). BRV 0d, 16d are the day 0, 16 of fermentation of brown
rice vinegar.

AEst U UMY XA
a2 2280 LS} A aE Bl 9
3| Oil-Red-O stainingS APt AIl= Fig. 29} 2t} A
3} 95491 MDIE A 25}lo] 8Y St AHPHTA|ZE £
3t A3}, A=) PAdo] o|FojRl AL Anl o=
SHCHFig. 2A). 3 dnda Az ZE(BRV 042 BRV
16dy2 Azl weh 28e] 3719k 57t TAsHA,
Ak Q& oz SR GM Hrrt Fhaste] dm

By

0x
jur) M'

0

Aol FAE AY=E: isopropyl alcoholo] -BEAIH EF
=51 W, B Al AEolA sk oEew
JAA A o] TATHS BthFig. 2B). €3] BRV 16d
25 50, 100 pg/mL A solA 34X A FHE0] 2+
7t 82.0%, T22%E ZAE|o] HL 9J&A4L Hrh
A AR oA fH|E= I E2R0E AR 5
Q1 AlJolRo] Zhgsto] 28-S A o T HJTHHalas
S, 1997). titke] YRl 9% Y 527t duielEch
=2 FE0E Y "2 vHYE f3A AR of A
A thZhang 5, 1994). In vitro A2} 3T3-L1 AH ALA XL
A= AEZoe] f=d o Heo] 2u]7} vlFste] S7t
FtH= 2T Havel, 2000)2 Hol F&L vvt A aat
£ wdole AR=E ARE 5 Atk 2 A4 3T3-L1 A
WAL An|A % F+EE(BRV 042t BRV 16d)S A2
Sto] 3 89 At & Hixjof EulE Y dEe
et A(Fig. 20), HIA o] P T FHFES 1.04
ng/mL $Follom, @uix FEES A wet
50% oV Haol= AE HAt: I8y 74 2289 5
Ol&4 A 50 ng/mL oo A EEolA FoRE B
oJA] ktar, ¥ta dAjof wE Ajo|7} glo] FARIE | of5k
FFETH= AR % deeFEE0 HFE AR |
84 Ao anietal sk

A|4r23} transcription factor W3 &0l

AUYRAZ FEE0] o3 JHRE B A4
AA2HE FEEE=AE ERIsH7| fJote] AHAlze] A
A T FAR SRS ERISHSITHFig. 3). AR AEAl
I lipogenesis TS Ed] ISP} SEEo] AHLE
FAJo1A =t o|2fst lipogenesis IHJollA PPARy+= dexa-
methasone®] Z|2]o]| oJsff X[} Z27|of ==t ATA|
32 Foe} A4 tiAtEEo] F8%t 715 HEHKimt
Park, 2002). & 9151of|4] BRV 16d Al&5 100 pg/mL A 2|5k
P o, 8Y B AR e iRl B PPARy
= 81.3%= F¥ o= A4St thFig. 3B). SREBP= 2
2AEIE thatel A4 iAol Bojols AR HEE
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(A)

EGCG BRV 0d BRV 0d BRYV 16d BRYV 16d
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Fig. 2. Inhibitory effect of brown rice vinegar on adipocyte differentiation (A) and the lipid accumulation (B) and leptin secretion (C)
in 3T3-L1 preadipocyte.

Adipocyte differentiation is microscopiic observation of lipid droplets stained with Oil-Red-O. Error bar indicates the SD of the mean, and means
with the same letter are not significantly different according to Duncan’s multiple range test (p<0.05). BRV 0d, 16d are the day 0, 16 of fermentation
of brown rice vinegar. EGCG is positive control and was analyzed at a concentration of 100 pM.
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Fig. 3. Effect of brown rice vinegar on lipogenesis-related gene expression in 3T3-L1 adipocytes.

The mRNA expressions of PPARy (B) and SREBP-1c (C) were determined by RT-PCR analysis (A). Error bar indicates the SD of the mean,
and means with the same letter are not significantly different according to Duncan’s multiple range test (p<0.05). BRV 0d, 16d is day 0, 16
of fermentation of brown rice vinegar.
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Aol AARIAIE &3 A Q1al(Brownd} Goldstein, 1997),
SREBP-lc= AHPAt ThARR} lipid Q] AJtAdol] ofjitt. &,
ADDI/SREBP1cE A|HZLA| oA IpEHAIZ 739 PPAR
y A S EXIsto] Aoz RHF A|iLo] Eoks
X5k ACE ABA QUthKim 5, 1998). & ALofA
FOFEA|(MDI) A 2]of] w2t H|X{2]<E tfjH] SREBP-1c &
Ago] 50% ol S7I5HA(Fig. 30), A= Ask S7100
uet Iadgo] fold 0w Aty 3] BRV 16d A&
A= 50 pug/mLofA] 85.6%, 100 ug/mLoj|A] 74.5%% 7+
A5to] B SEH o7 [o4 auE YEgith olet &
< 23 QudaAZ 225 A w2t AA| oA
B Y-S 2d5H= PPARy?} SREBP-1¢ Hr@dwo| 7143}
AL, I 5k oAM= EaVF 4EEH BRV 16d AR
oA §ojFow Farle] 11 aE Solsigict wekd &
R AlZR FEE0] A A Aol AES WA AA
AR YHFE A FHTE BIE Hol= A&
lael=g

2 o

AuE FUEE sto] +53 GRE o&sto] Au|FE
A| 231, Acetobacter pasteurianus JBA172705 455 &
&olo] FZE AR @AY dIE 5h= %=
Z7gste] F2F 10% 7181, 169 57t XHiF30T,
120 rpm)sto] ¥R 7izto] wE YREAE FA6IeIth E3t
ZAME 1692} AlEE 70% ofekE F&3t0] 3T3-L1 A%
ATA|ZE o] &3k Pt avts Frisielth dndadx
L g 169 3 4G} 6.43%2 Z7F6l9alL, S714F &
acetic acid”} 154}], succinic acid”} 2.58] o|A} 2751t
FHEY T fElohn| Al SFg 2AMIR |7 B2t 7
Aslo] vt 16Q710] 27 48.53 mg GAE/mLSH 18.79
mg%(wv)Feh AnjAz Ba 1693} 2253 3T3-L1 A
LA O] 50, 100 ug/mLe] FE= A2olS W, =
oA o7 AAUFHEC| AAsH] 100 ngmL A2EEo
A AASZHES 122%%0 WY sE= HZ 2] H]s)
50% o HASIAATE & &40 FofXt= U A
HESE AARIARRI PPARyZF SREBP-lc UATE BRV
16d(100 pug/mL) #2] A] H]Z|2|7to] H|s] ZHF 81.35%%}
74.5%2 Frastych Aoz dujizx $EE2 BRV
16d2] FH|RE S3k= AASHS AASkAL AHHESE HAR]
Ao] WS AaAZ]71o] A d Aog 7|thEH.

B EEe SRR PR SAARIEHAE: 2

7 & GERF 1ETF AEAE, MIFI 2019-1)9] A74H] 7]
02 o|fojom, ofof FA=RHYL:.
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