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Abstract This study investigated the anti-obesity effects of lactic acid bacteria
ferments cultured in industrial medium with ethanol extract of ramie leaf
(Boehmeria nivea L.). On the 4th day of fermentation, the maximum live cell
counts were 8.75-8.85 log CFU/mL, pH was 3.74-3.79, and total acidity was
2.07-2.19%. The fermentation of lactic acid bacteria on the fourth day resulted in
the amount of lactic acid reaching 1,676.03-1,910.12 mg%. The lipase inhibitory
activities of Lactiplantibacillus plantarum (L. plantarum) JBLAB0101 (FRLPLA) and
Lactobacillus rhamnosus GG (LGG, (FRLLGG)) ferments were 30.10%, and 25.63%,
respectively, at a concentration of 0.5 mg/mL. The lipid accumulation, leptin
production, PPAR-y and SREBP-l1c mRNA levels were decreased to 37.54%,
54.64%, 24.18%, and 31.32%, respectively, at 200 xg/mL concentration of FRLPLA.
These results suggest that anti-obesity effect could be increased by lactic acid
bacteria in industrial medium with extract of ramie leaf.
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1. ME

B2 AA(Boehmeria nivea 1.)& #7]1&3Uriticaceae)o] &dt= o gsfjido]| AER SH,
S, A&UlAof, FEH 59 FobAlotollA AuiE il }lom, ’“01’“ H Rl
59 IS EYHE ALY ¢ ea}ilto]c AE 59 Y =
SHaL ItH(Cho &, 2017). BAYE AFHREA F2 BAY A% #2342 o
g, #7], 49 59 1:}01:9_]- 7HAE ARES s ol8et 2L 5
T4 FEE, I 24 59 7154 Aol &8EH 3

Lactobacillus < -.Cq’—/;_ probiotics?] 7]s/d8qt o2t iAo o5 AAE 771
A5 Aeledsl o8 71sAel SAEY, L plantarumE R “%‘é %EOH
AN HEE AR 59 d77F HaET It Choi &, 2020). LGG ¥+

&, F714

Akstol
2550}
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2 probioticsZ A3 Al A& WS TVMA7]L, IAH
Aloje} W3 A3 Al AFEHE AAleks it JIthKim
5, 2013). T3F LGG HiYF Al A== exopolysaccharide
(EP9)Y] 3T3-L1 APAtA| o] thet A d54 A 2t
7} B EdtH(Zhang 5, 2016). 134, ZAY J’;‘—ﬁ%
i} YR & Sk Lactobacilli®] B9 G50 st A

= "E[eH, LGGY Jse 7|ELE A= ‘Q%ﬂ%
Lactobacillus & SAH+9] 3t 85 H|n7} € Q3sh Al
goltt. et FARES TaARE W 2t T B3k= A
Al Eotket "ﬂi lﬂ A

Skl -IT*} 5
57t 041‘41014 Ay o 1 JJr A% 54 7150l HaEy
AH(Song 5, 2013).

HlRhe SR FAo| ofsto] AAE &E3t
(adipogenesis) L2 AEA A== ATAHZ H
9 Tl ot SA 249] £3} wfZo] FEE= A
o2 4#A QhKim 5, 2020). ¥ ouy} 22 7|

AZ Eafiohr] sl ohst i Wk it et S48
S Ballotal ARPHATA R R 2ol XA xe] FA4
< AAlste] Fuvt A5 7HITh B Sle A4
AA=Zo] gt TAlo ll—= A1 JHChung 5, 2016).
mEba], & AgtoAs fAE Bl o] &= AgE
HjZ] 2o BAIY oehE FEES AUIoto], A8 &

At L. plantarum JBLABO101(JBLABO101) w52} 1.
rhamnosus GALGG) 452 Ad<r, pH, SAHE W3l 5
o AREAE Hlustyl, F Fo 4kt Ya=E] sl in
vitro $EONA lipase As] &4 2 AALAESTS
3T3-L1 A|ZFE o83t PFuT 852 EA6I5it olet &
< AERE 2 FEEY AN U8 E F6 71540

Z7h8 AE2ARAS) o) K54S BAAsIA seiT

2. Mg o

2.1. Mz Z A/S

A BT 20219 AFZolA AuiE 2AY 2
L @o|EEro malib|(Incheon, Korea)oll Al F+sto] A}
&ttt Akt 435 9%t MRS agar= BDAL
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(Becton Dickinson & Co., Franklin Lakes, NJ, USA)
AEZ, AR WidS PRt ARG HiRIe fARE dR
o=z /\}—Q-Q L. rhamnosus GG(LGG)& (XH)HP_&U]*“D
A& A (Sunchang, Korea)ol A A& 2= Alg ol A
&olelth. AiiA, 2EEd 9 3448 242 9
3 citric acid, succinic acid, lactic acid, sucrose,
glucose, orlistat, porcine pancreatic lipase, p-
nitrophenol butyrate(p-NPB), 3-morpholinopropane-
1-sulfonic acid(MOPS) ¥ dimethyl sulfoxide(DMSO)
+ SigmaAKSigma-Aldrich Co., St. Louis, MO, USA)“]
Al Fdste] ARESERITE 3T3-L1 AlEajgo] AR AleF
2 Dulbecco’s modified Eagle’s medium(DMEM),
fetal bovine serum(FBS), bovine calf serum(BCS),
antibiotics(penicillin/streptomycin), Dulbecco’s phosphate-
buffered saline(DPBS)2 Gibco BRL(Grand Island,
NY, USA) A& AH&stath AEafe 2 542 9
St AJ2F2 cell counting kit-8(CCK-8, Dojindo Mo-
Rockville, MD, USA)S
3-isobutyl-1-

lecular Technologies Inc.,
EIFEAY

methylxanthine(IBMX), insulin from bovine pancreas,

MDI(dexamethasone,

rosiglitazone), formaldehyde solution, epigallocatechin
gallate(EGCG), 2-propanol, Oil-red-O solution <
SigmaAHKSigma-Aldrich Co.) A& ARg3sl9tt.
22 g == L P27 BE
TAY o] 45%(v/v) olle=Z 5084 (w/v) H7Fst
3 G2 4Z(TW-PC-1, Universal Scientific Industrial
Co., Ltd., Shanghai, China)olA F&(75C, 1A17bsto]
YAEZ(4T, 10,000 xg 10H)3 & A2 AG5HS o}
(ADVANTEC NO. 2, ADVANTEC TOYO KAISHA,
Ltd., Tokyo, Japan)st3{th. o7l 3175 7|(RV
10, IKA® Korea Ltd., Seoul, Korea)& &1 &A3]
AAG & o] FA7ZSI -20ToA EastHaA KAl
A FF EUREP)E A]"Q“é}oﬂ‘ﬂr

Ak draof o] 8% W5 . plantarum JBLAB0101
(On &, 2023)3 "J AL AR LGG #5FE MRS agar

oA EA35tA 7] T AHF-E iR (2% dextrose, 1% yeast

extract, 0.5% sodium acetate, 0.2% potassium

ko

;(LIOI
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phosphate, 0.1% ammonium sulfate, 0.02% magnesium
sulfate, 0.01% manganese sulfate)?]] 1 colony F&3s}
of HuF37C, 120 rpm, 15AZDAIA REP7} 1% T4
AF]& HiA(REIM)Ol A<= 5 log CFU/mL7} H=E +
F T2 A5 1%(/v) FEstAh fiktol HEH
AT Aguiek(37C, 120 rpm, 6¥)st¥oH, 24 7t
Ao g HWiFHS AT 3loto] A, olsehd] 54

24 ARR olEsAH.

2.3 0/33t Y L Y7+ FF

FARE HaE ojgkely E4(pH, F4tk) 9 A
S AR HFHS HE dApEE BT pHe
pH meter(PP-20, Sartorius, Gottingen, Germany)S
ARgelo] 2435190, ZAE(total acidity)= A& 1
mLol|l 0.1 N NaOHE #7}Isto] pH 8.39] =2 wj7}HA]
422 A mL)S lactic acid®] THAHAIS(0.009)E &
sto] ME8(%) 2 AH=Est Tt Adt(live cell counts)=
A=E 345t MRS agar©ll 100 £LE E=LsIoH, 43|
HlFB37TC, 24417Dst] HaE At # log CFU/mLE
e AT

2.4. /M3 228 24

S714HE fEld2 Kim¥ Song(2002)9] WHo g =73
Sttt A|Z% 0.22 #m membrane filter(Futecs Co.,
Ltd.,, Daejeon, Korea)Z oJi}sto] HPLC system
(Shimadzu Co., Kyoto, Japan)o.& &AstgoH, Z+
peakE BYRANA B4 HFFEZ O] peak WA H&
3} retention timeS H| w5k SRS AF=E519T HPLC
system@] E4Z AL Aminex HPX-87H ion exclusion
column(300%7.8 mm, 9 x#m, Bio-Rad Labs., Richmond,
CA, USA), °]%842 4 mM H,SO4 42 0.6 mL/min,
column oven &%+ 35C, 74t A&7+ UV-VIS
detector(SPD-104, Shimadzu Co.)Z #AE T2 210
nme|¥eH, §29d HE7]+= RID detector(RID-10A,
Shimadzu Co.)%iT}.

2.5. Pancratic ljpase X2ty =&

Pancreatic Af&AL  Dechakhamph@}

lipase

https://www.ekosfop.or.kr

Wongchum(2015)2] W& dH #FPste] =4t
Pancreatic lipase(100 unit/mg)= 0.01 M MOPS
buffer(pH 6.8, 10 mM MOPS, 1 mM EDTA)Z &34
Z 100 unit/mL GAN0F ALE35tglon 7]ZEHS
p~NPBE DMSO°] &35t} 0.01 M p-NPB A0 & A}
85ttt 96 well plateo]] 71284 10 gL, 0.1 M Tris-
HCI buffer(pH 7.0, 100 mM Tris-HCl, 5 mM CaCl,
-2H,0) 100 pL, A& 100 pLE F7Iekal E3katlct. &
A4S 50 plE H7Fsta §RE(37C, 308)A1Z & 405
nmollA FFEE 4% F AR A SHRFE J7IRE wt
SA9] FFT(Absorbanceconro)l HE AR H7HEE
FFE(Absorbanceamp)E  ©1&0te] oo Alog

pancreatic lipase A4S A&

Lipase inhibition activity(%) =
[1 - (Absorbanceswmple - Absorbancepjany) /
(Absorbancecontrol = Absorbancepias)] X 100
2.6. 3T3-L1 ME ¥ & S45Zf
AR FEEY AAFA ] tiet AESHT I
B4 9ol Park 5(2023)9] vy 9 BEAHS A7
Ao gtA| Wgsto] ARESIATE Macrophage cell line
mouse & 3T3-L1 AlZe I=AEF2Y(Korea
Cell Line Bank(KCLB), Seoul, Korea)2 = & Hfdto}
ARESH o™, 10% BCS2 1% penicillin/streptomycin
o] 3 DMEM HiA& 37T, 5% CO7t S3a=E Y
71(MCO-18AC, Panasonic Health-care Co., Ltd.,
Osaka, Japan)ollA sttt 5242H Al&E= 10
mg/mLY FEZ 10% DMSOO] &3fi5to] AlZajtS 9
gt HjA &2 AL Aste] ARSIt AtieidE 3T3-L1
AZZ 3]4:5t0] 96 well plateo]] 5x10° cells/well2] 8
L= §55101 37T, 5% COZt S2== #7104 244]
ZF HiFSHATE. 24417 vl & AlRE 98 =& A5t
o] 48Xt B2 vttt 48417t vl T Al5-H2 A
5} DPBS 100 g8+ CCK-8 solution 10 pLE 75t
AL 37T, 5% CO7t Fa== HiF71o0A 2417t ¥H3
AlZE ¥ £ 450 nmolA FBEE SA6IoH, Alx
BEES Mg A7 S35 gl tieh AR 379

b

re
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U 3L WELT AE3lo] AL BEL0] 70% ol
Al Am A5EE XS bEe By,

2.7. 3T3-L1 MES Xg2sf 2= & &of

A FE 3T3-L1 AEE 3]5:31] 24 well plate©]
1x10° cells/well® D& 2231 confluentdt A7t
g wj7HA] 37T, 5% CO7F SaE = HiF71olA 48417
HiFStoATt. v e HS AATI AHESHE s 24
= MDI(0.5 mM IBMX, 1 M dexamethasone, 1 xg/mL
insulin, 2 #M rosiglitazone) &84S A5} A 2|5t
T 48A17F viegsto] E3) 2 A= Sk 23} 2 A Al
Bl plateollAl i g5 HS AASHL insulin(l xg/mL)
I A 5E Eoto] A2et & 48417t Hjgoto] 23} 4YU
A= stlek. #iY AsA2 AASE A5 Adstes 1A
< 57} 23] ¥HEslo] HF 3} 8Y & AYESE SEot
At sZ27x" AE= 10 mg/mlY FEE 10%
DMSOo°| -&sfisto] Al 213t BiA|2 $1<43]4]5}o]
ARSI, FAHETY BGCGE 10 mMo] BE2 557
o] gofiste] AAEAFZ oF 60% o1 FRA = 5%
?l 100 pME AZste] Hlw EA5k3it

3T3-L1 Al29] A-EHE 7hs Zebisch 5(2012)9
WS Zasto] Oil-red-0O A|2kE o]-&sto] FAES
Aok, HU|H(TCM400, Labo America Inc.,
Fremont, CA, USA) & & A4S 3lolo] FBE 574
#= ol-goto AASAES iB7Istt. #3)F 89 A
9] 3T3-L1 MZ= DPBSE ©l&3 AAH3 & 4% para
formaldehydeE A&]sto] 302 &<t XZAIAT. 13H
Aol DPBSE ol&3 AHet ¥ 6
< Adsto 58 &9t 9EAIZ]
100% isopropyl alcoholZ @A
|2A1A 348t & 500 nmojA

0% isopropyl alcohol
L5 AxRA7|L
AFTE 308 &<

=8 2o,

]Ilo[n ) -loll

2.8 Leptin M&2t =X

ANE Y2 RE 8YEe B3 fFH 3T3-L1 A=
Hjj Qo] 4 9]
Quantikine ELISA kit(R&D Systems, Inc., Minneapolis,
MN, USA)E AH&-sto] A 2ALS] A Alof wet S45tdt
Leptin 7S S45H7] 9% Alae X423 8Y 29

leptin 4%  mouse/rat leptin

164

AN HiF A5 AL 314519 assay diluent RD1-558 &
oI shakerolAl ®FH25CT, 2A17DAIAHLE ¥ &
wash buffer@ 43] A&} mouse/rat leptin conjugate
£ H7loto] shakerol A ¥H3(25T, 1A17Dst3t. Wash
buffer2 43] M&5IAL streptavidin-HRP 12 7}5}0]
shaker(25C, 30&)°lA ¥+&A1Zl & wash buffer2 43]
A A3kaL substrate solutiong F7Fote] &4 Aefo] A
30% 59k HhS & stop solution H7Iste] WS £2

Sleith. §HE B ¥ 450 nm TP FAEE 2419
_]

29 PPAR-7 ¥ SREBP-1c SXXf9| Er3igtel

PPAR-y % SREBP-1lc #7449 HaESRIS 2| d&3}
84 A9l 3T3-L1 AY+E £3Hd NZE W5 dS
A|AT & DPBS= 23] o4 Al4ste] RNeasy mini kit
(Qiagen, Hilden, Germany)9] o] we} total RNA
2 %&319001, GoStript™ reverse transcription
system(Promega, Madison, WI, USA}& AR&s}o]
cDNAE 3dotqltt. ¥ cDNA+ Take3 micro-
volume plates(BioTek, Winooski, VT, USA)E AM&5
of ¢cDNA g FFstlon, 4] AHEE PPAR-7,
SREBP-1c ¥ GAPDH primer @714 E<2 Table 13 &
). Real-time PCR ¥ cDNA, Fast SYBR™
Green Master Mix(Thermo Fisher Scientific Inc.,
Waltham, MA, USA), +3%9] forward, reverse
primer(10 pmol/xL)2 H,OE #7159 StepOnePlus
real time PCR system(Thermo Fisher Scientific Inc.)
o7 EAstrt. HhS 2 AL two step cycling protocol
< 71202 Z7|WHMA(95C, 20%)AIZ]1 ¥ denaturation
(95T, 3%), annealing(60T, 30%) £AZ 40 cycleZ
ZgYsto] FAstt. Real-time PCRS B9 & AME

< house

keeping gene®l glyceraldehyde 3-
phosphate dehydrogenase(GAPDH)°| ©i$t PPAR-y
4 SREBP-1c ¥dHE AACt method(Rao &, 2013)5
o3 At HFstAct. PPAR-y ¥ SREBP-1c /4%
A2 MDI ©= A5 21 &Est0] Alg #2+9
o A FEFS Ale sEEE vuste] grisilth

=
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Table 1. The primer sequence used for real-time PCR

Target gene Gene full name Direction Primer sequence (5'—3’)
PPAR-7 Peroxisome proliferator-activated receptor v Forward TCGCTGATGCACTGCCTATG
Reverse GAGAGGTCCACAGAGCTGATT
SREBP-1c Sterol regulatory element-binding protein-1c Forward AGCAGCCCCATGAACAAACAC
Reverse CAGCAGTAGGTCTGCCTTGAT
GAPDH" Glyceraldehyde 3-phosphate dehydrogenase Forward CGGAGTCAACGGATTTGGTCGTAT
Reverse AGCCTTCTCCATGGTGGTGAAGAC

UGAPDH is housekeeping gene for 3T3-L1 cell.

2.10. EH#e/

Zy AgoA A& A3F= SPSS package program(Ver.
12.0 SPSS Inc., Chicago, 1L, USA)Z Argsto] B3}
AR YUt ZF AE AfoldlA {948
p<0.05 294 one-way ANOVAZ EAF B43}1 Fof
Duncan’s multiple range test® H|W}HT}. AL 25
IaEY 7|ls4e Y B FZHlA

Student’s t-testZ AAISFHCH p<0.01, ~p<0.001).

H| W5} X

3.1. BNG-R7 EaEo 0/3/3t% &4 ! Yx+ Hef

EAYL HE @e3E3te] ol8HY Vs 4 &
2Hls e T2 S i AtelMes F4E ©f
&3] F&dhe HiE°] AKKim 5, 2015a). E2AS
20 ot APd+z ey FEFE=0 i
T Eve I 24T 2 EaFEE 45% 5

o

ZENA 27 1,448 mg%t 2,650 mgh®E FAFEE
oF 1.838 A A=}, whEhA, 7154 AR &

= g0] B2 BAY FEES FHs] 5t ofgee
ol-gsto] &1L, °o|F ol8st FAkt HEE 3l
YR E o] &L} Table 2= 1% RAY F&50] 71
AAL 8RN L. plantarum JBLABO101 @52}
rhamnosus GG #58 ZtZ 5 log CFU/mL &4 &
Zoto] wigotde o 6¥ B9 et pH € F4HE B
e B4 Aato|t}. Bt R 49 AJof 8.75-8.85
log CFU/mL %02 FA7|o] o251 & 6Y A7}
.34-4.64 log CFU/mLZ AMg7|o] tjthE Aoz &
Atk &, 1% ZAQ FEF0] H7hd A& vix|ofA
%9 FAFe] 8ol 49 A7HA 10° CFU/mL o4
7telo] S WS Aol TS Rl pHe
0¥ Aol 6.58-6.6601%10H, LHAZIO] 2}t
ZAasto] B 29 2] 3.89-3.828 FHHL, B

g A7k 8] fg4aste] 3.71-3.78 #E0IH. &

=,

-

o

oo

T

£ o 4 S o

o ol

Table 2. Live cell counts and physicochemical properties of fermented product by lactic acid bacteria in industrial medium with

ramie extract with different fermentation period

Content Strain” Fermentation time (day)
0 2 4 6
Live cell counts JBLABO101 5.08+0.012%9 8.38+0.38° 8.75+0.17° 3.34+0.12°
(log CFU/mL) b §
LGG 5.0210.04 8.49+0.06° 8.85+0.19 4.64+0.08°
Physicochemical pH JBLABO101 6.660.01° 3.8240.01° 3.74+0.01° 3.7120.01°
properties b
LGG 6.58+0.01° 3.89+0.03 3.79+0.01° 3.780.01°
Total acidity JBLABO101 0.390.01° 2.16£0.02° 2.19£0.00% 2.24+0.02°
%
%) LGG 0.400.01® 1.80£0.02° 2.07£0.02° 2.08+0.00°

"JBLABO101, L. platarum JBLABO101; LGG, L. rhamnosus GG.
Nalues 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).
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Ar= gg 0 Aol 0.39-0.40%C1%1L, Bra 2 Zjof
1.80-2.16%% w43 F7l63ith. JBLAB0101 w5+
LGG w0l vl 1% ZA Y F=8o] A7H AFIE HiA|
oA AHBAsol wRoH, IR 6Y7HA| M| F7Fsto]
2% 2.24%°13it}E. On $5(2023)2 A"AE] X7} M7}
= MRS ®i&AoA JBLABO101 #59] A8-2 U5+
< o, 24 o]F ApE7]o c|EF oY HAY &5 qu}
4] HiA A 4 o]F AFEZ| 7} ERlE o] #

9] %ol ¥ Y Aor wddn

3.2 BAG-RL7 HaE9 I/ 2259 Hsf
AtGE HjA o] A FEEE FUeke] fAE Ui
of o3t f714t 9 {EF WIS AR A3 Table
37 2ot 1%(w/v) EAY FEE F7F AYE H#iA
(REIM)Q] #714k9] 242 citric acid(201.91-221.53
mg%), succinic acid(225.60-237.20 mgk)el} o™,
Akt BHa o] 9J3f lactic acidZF 2& 2 A 1,421.41-
1,729.32 mg%% 23| Z715F91, ¥8a 4 A= F
+F B5F 37FFo] °F 200 mg% °WE F7Foks A
At} JBLABO101 5AHtF9] citric acid, succinic acid
9 Jactic acid®] o] LGG FANEETH o ¥ 4

=
T

iy

2ol A4S 27k 282.91mg%, 348.83mg%, 1,910.12
mg%E EAEoH, LGG AR A% citric acid?}
Aat F-2A el Zpol7k gisl
th. REIMOfA] JBLABOIOI ANt L. plantarum® &
E/34 homolactic HRE &3 24 BAds0] 5519
oH, LGG fitate] 24t A4dso] JBLABO101 Ert Wk
oy B 49 Zol= 1,676.03 mg%2) lactic acid
o] EA &t
REIMY 832 sucrose(99.89-103.24 mg%)2t
glucose(1,733.23-1,951.04 mg%)= A=t ZAIQ
of T AT 5 L Al Aol w2t 2ozt SISk
O sucrose, glucose, fructose, 1]l galactose 5.2
2 BIEAT(Cho &, 2017), sucrose= REIMO] A7}
REP(1%(w/v))oll A 7]1Q15}= Ao 2 A=) Sucrose &
%’E— JBLABO0101 5= FaAZt Aol weh Z4ast
T, LGG #3E= 7451A] 2o} sucrose HHAF EAJC] Zfo]
} ATt Glucose?] &2 JBLAB0101 #59] 4%
8 2% Ao 5 AREo] tfFEE Jactic acid2 HEHE
Ao YeEtI, LGG 459 3L glucose”’l &a 4Y
Aol 348.35 mgkh FE ks AoE SRIEQH. o]

o} &2 A= glucoses lactic acid AEstE 5HO|

succinic acid®] =2 drg %

Table 3. Organic acid and free sugar contents of fermented product by lactic acid bacteria in industrial medium with ramie extract

during 4" days

Content Strain” Fermentation time (day)
0 2 4
Organic acid Citric acid JBLAB0101 221.530.487 202.21£26.65° 282.911.85°
(mg%, w/v)
LGG 201.91+48.81° 214.73+10.65° 224.00+3.57°
Succinic acid JBLABO101 225.60+3.46° 192.34£36.71° 348.83#3.33°
LGG 237.207.43° 240.38+0.94° 267.53+45.20°
Lactic acid JBLABO101 ND¥ 1,729.32+9.98 1,910.1240.31
LGG ND 1,421.41£34.12 1,676.03+15.85
Free sugar Sucrose JBLABO101 103.24+0.50° 26.78+0.43° 21.14+0.21°
(mg%, w/v) . .
LGG 99.80+0.28 98.16£0.20° 99.40£0.40
Glucose JBLABO101 1,951.0446.26 ND ND
LGG 1,733.23+85.01° 517.9141.69 348.35+0.33°

"JBLABO101, L. platarum JBLABO101; LGG, L. rhamnosus GG.
Values are mean+SD (n=3).

)

3)
“Not detected.

166

Different superscript letters (*°) in the same row indicate a significant difference according to Duncan’s multiple test (p<0.05).
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JBLABO101 w57} LGG #ET 92t 7|9sk= A
o7 ZF"tAmapu %, 2016; Oh %, 2020). T3t
glucose7t B5 AH|E o]Fof| AR O3 lactic
acid?] AL A&£E PSS AJAREIY

3.3 BNY-RM7 HEEY lipase HoEE

ojfof A HH|H= AW7leEs] &AQ pancreatic
lipase A5~ Aojof o5t A A9 HEFE TAAIA H
s et 53 HEol AHETHADn 5, 2012). =)
A, B AgoA BAIY-FARE REEY] lipase Ao1E4
< fANE dEE] ek Puvt aE Blwst] fiste
A= glon, v E(UFRLS R oto] FL3h vl
A Z/3] JBLAB0101 #3¢F LGG @58 44 A5 &
HjF(37C, 120 rpm, 4¥)3t THEES 27t FRLPLAS
FRLLGGE} ++&38}itt. UFRL, FRLPLA 18|31 FRLLGG
£ 5Z27A%519 10% DMSO &0 {31411 & z+2F 0.5
mg/mL ¥ 1 mg/mL ==0] da lipase AW £4
St A3= Fig. 13 2t} Orlistats lipase] E4J3F 29
of 7143} A0 g ZAgkste] Adfshz ZoE THF L
o, lipase Asfgde ¥4 242 ARHEEHATHHong
%, 2022). Orlistat9] lipase A& 100 ng/mL =
LA 55.57%0]912H, FRLPLAS 1 mg/mL 5= & A
2ol o 59.61% AsEgo] FRlx|o] o]t FAIGE 4
Fo|3ith. UFRLY lipase Asi&42 Ad 5= &4
HAoY 1 mg/mLY BEoME 14.95%2] AT
Helon, &Y Hs=olA Hstele b, 0.5 mg/mL
9} 1 mg/mL 25 SAE HaE<Q FRLPLA ¥ FRLLGG
9] lipase Asi&/do] 3-58) = =2 ACE FRI= it
o|9} T2 A= A FE20] H7HE ) wet REIMO
lipase AsfEdo] sz A Ya+52l JBLAB0101
w7 LGG #FY tiAtibEol 9o AsEdS 71171
= 80| " AR FHHY. Lactobacillus % w5
o oI5t thAiEE©] lipase?] /S AojAlFlo] Ha=|a
(Park &, 2017), & A4o]A%x JBLABO101 +F%}F LGG
75 YA E(FRLPLA ¥ FRLLGG)o] HEa-(UFRL)Xt}
lipase Asi&4o] F7F6tGi7100 Ribat tiAMRES] GO
2} otk E3) YA 2S04 FRLPLAS] AsiE/do]
FRLLGG Eot F9Hog w2 Zog BN}

> r
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100  DOdistat (50 ng/ml)  @Odistat (100 ng/ml) 0.5 mg/mL &1 mg/mL
20 -
80 -
70
60
50
40 -

30 -

Pancreatic lipase inhibitory activity (%)

20

10 -

k|

Orlistast UFRL FRLPLA FRLLGG

Ferments

Fig. 1. Pancreatic lipase inhibition activity of fermented product
by lactic acid bacteria in industrial medium with ramie extract.
The inhibitory activity tests were treated with the indicated
concentration of UFRL, FRLPLA, FRLLGG (0.5, 1 mg/mL).
UFRL, un-fermented REIM; FRLPLA, fermented REIM using
JBLABO101 for 4 days; FRLLGG, fermented REIM using LGG
for 4 days. Results are meantSD of duplicate data. Error bar
indicates the standard deviation of mean, and means with the
different letters (0.5 mg/mL (a=c) and 1 mg/mL (A-C)) are
significantly different according to Duncan’s multiple range test
(p{0.05). "small asterisk in the same bar indicates significant
differences of values between FRLPLA and FRLLGG by
Student's t-test ("p<0.01, “p¢0.007).

3.4 BMY-RM7 EeF9 313-L1 MEF LA XZE
=4 2 HEINY x|z D

UFRL, FRLPLA ¥ FRLLGGZ ZFZ} 100-300 xg/mL
SEolA 3T3-11 Az Aot o FE2&9Y
TAR NEE/GS B71sE Aak= Fig. 29 2t} A= H]|A
Z(contro))9] AL FEES 100%= ot , 4
o7 HELS 20% o A2AIZ] AR A BEE AE
E4E Hols HE= sTtHISO, 2009). UFRL, FRLPLA
4 FRLLGGY 0.3 mg/mL A2sZolA 22 79.79%,
77.38% = 85.89%9 AFELS Yehdou, 0.1-0.2
mg/mLe] =T AE 80% oA AlE AEE&S Y
B A2 F4o] fEEA g2 gRlskeltt

UFRL, FRLPLA 18|31 FRLLGG BSZAZREL 10%
DMSO &9of 832171 & Z+2zF 100, 200 pg/mLE 34
sto] MDI9F §7 3T3-L1 Ao A5t} £315 f
ot1 23} 8Y Aol £A4% AWM E Aie Fig. 33 2
ot MDI ©=A274(+)o] H3] UFRL, FRLPLA, 121l
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D100 pg/mL ¥200 pg/mL U300 pg/ml FRLLGGY] Oil-red-0°f @4H F4x2o] dA Fr=7t
120 Astg.om E5] FRLPLA® FRLLGGY) 200 pg/mL &
o W = W N W = A2) A GuE Age] 2719k A4t sk Aol
| il ] H BAHG. BeMoz AE AYFE isopropyl

alcoholz A sto] E&AIF L, F5oto] FFEE 574
gt o2 control?] FFE g AEEHE 100%= oFH
< o}, sample group< H|w st A3 Fig. 3(C)2F At
Oil-red-O Aol £A == AW FHAEE &

60 -

Cell viability (%)

[e]

40

20 -

Control | UFRL | FRLPLA | FRLLGG | A 9l1(Chung &, 2016), TehA] dv)g WA (Fig.
Fement 30T S48 ARTY FRELS AIZIBE DD

Fig. 2. Effect of fermented product by lactic acid bacteria on AiKFig. 3(0)E 3 & sample groupolA = o9&
cell viability in 3T3-L1 cells. The cells were treated with the = . slols

indicated concentration of UFRL, FRLPLA, FRLLGG (100, 200, ~ 1>& A&=F2el #awts A & U+ UFRL,
300 wg/mlL) for 48 h. UFRL, un-fermented REIM; FRLPLA, FRLPLA ¥ FRLLGGE F 1 H&%%2l 200 pg/mLoA
fermented REIM using JBLABO101 for 4 days; FRLLGG, e o o

fermented REIM using LGG for 4 days. Results are meantSD AAEHES v|wotdS o, 47 91.15%, 62.46% L
of duplicate data. Error bar indicates the standard deviation of 61.84%5 control(100%)0] H]s} AFhA O & ZFAE Qo
mean, and means with different letters (a-e) are significantly )

different according to Duncan’s multiple range test (p¢0.05). ™(p<0.05), FAHHZF EGCGY AA=ATFL 40.08%

“small asterisk in the same bar indicates significant differences 3lolz]o] v zErESlake o o] "ukajoke. 7+
of values between UFRL, FRLPLA and FRLLGG by Students = o=t EGCG= AR faixe] dads 4

t-test ("p(0.01, "'p(0.007). 2AA AFESE RSt Tl YA tHChan 5,

(CYJp—

Negative control Control Positive control UFRL UFRL FRLPLA FRLPLA FRLLGG FRLLGG
(MDI (-)) (EGCG 100 wM) (100 pg/mL) (200 pg/ml) (100 pg/mL) (200 pg/mlL) (100 pg/mL) (200 pg/mL)

)

w

~
oy
(8)
~

120 120 0100 pg/mL ®200 pg/mL
o ) *
& 100 o b g
c c
2 8ot 2 80 a a
© = A A
]
g e | g 60
3 3
S a0 | g 40
© ©
o 3z
o L S L
2 20 5 20
o ) ° . .
Negative control Control Positive control UFRL FRLPLA FRLLGG
(EGCG 100 pM) MDI (+)
MDI (-) MDI (+)
Control group Sample group

Fig. 3. Inhibitory effect of fermented product by lactic acid bacteria on the lipid accumulation in 3T3-L1 preadipocyte. Lipid
accumulation was determined by Qil-red-O staining (A) and Qil-red-O was dissolved in isopropanol and optical density detected
at 500 nm (B) and (C). The cells were treated with the indicated dilution concentration of UFRL, FRLPLA, FRLLGG (100, 200 ug/mL).
-, not treated; +, treated; UFRL, un-fermented REIM; FRLPLA, fermented REIM using JBLABO101 for 4 days; FRLLGG, fermented
REIM using LGG for 4 days. Results are meanzSD of duplicate data. Error bar indicates the standard deviation of mean, and means
with different letters (100 ug/mL (a-b) and 200 ug/mL (A-B)) are significantly different according to Duncan’s multiple range test
(p{0.05). “small asterisk in the same bar indicate significant differences of values between FRLPLA and FRLLGG by Student’s t-test
("p¢0.01, ""p<0.001).
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2011). & AollA BAY-ARE EEE2 200 #g/mLe
SroA AAEHS g 40% AAAHLH, EGCG 100
pMCF 45 pg/mL)9] A BEET= WO, Fikt &
T 9%t FFLE B50] F7REE FRIT & Uk #
Y2 A WA Zo A EHEW Aol Zhgste] A&
AABE YA L GrijAl 52 FH5to] H|hE R Hsh=
SEROFT AWHLA R} ot AlEf Aol &3

245 P4 527 S7ketke A2& A UHKim 5
2010). & AFo)A 3T3-L1 A% ALA 2] MDI®}F A
UFRL, FRLPLA ¥ FRLLGGE Az|sto] ES3= 8Y &
Alzujgtol sk Y eld S et A= Fig. 49
Zt}. Control group®lA MDI ©&E4241(+)?] control
o] el A AT 1,973 pg/mLALH(Fig. 4(A)),
UFRL, FRLPLA 9 FRLLGG 200 gg/mL A& HEoA
27+ 1,776, 895 ¥ 791 pg/mLE FHFE A H(Fig.
4(B)), ¥AdET2 EGCGS #H¢ #Awlo] YAF 94
pg/mL=E SRIFUT. &, ™ AJ4gd7o] UFRL, FRLPLA
9 FRLLGGE ZH2 200 pg/mL Aggol we} controlo
Hl5l Z2+ 9.98%, 54.64% 2 59.91% 214 (p<0.05) 02
FaEb=

(A) (

2000 r
1500 -

1000 -

Leptin (pg/mL)

500 -

Control

Negative control

Positive control
(EGCG 100 pM)

MDI (-)
MDI (+)

Control group

Leptin (pg/mL)

Lee 5(2016)°] SJotH HAIY F2E2 3T3-L1 A=
9] AAEIE dAloks B P 111 m 5(2015b)
2 fAFOE HETE 99 ok %9} JM &
Qb Helgt 3T3-L1 HlZof|A] Xl )
sttt webA, UFRLS H7bd &
of ot A=A A 9 FE g o]
g 5= oy, ikt o] oJF] o]g &50] F715

A< FRLPLA ¥ FRLLGGY 2=
ct.

=
ﬂ.]O

ke

Sh

N

%9, Fl(‘

3.6 DANY-RMAYE
SREBP-1c
SREBP-1ci= 3T3-L1 AAFA R} A2 E3fo}
Z7|GA A L@=Fo] F7I5tH, PPAR-y= AEES}
A2 o]& A &A 07 FTol= Ao & LA UtHAhmad
5. 2020). wEbA], 3T3-L1 APFALA RO A A DS54
719 dRleE AREIAE FHAR] PPAR-y %
SREBP-1c 77 @AY mRNA &4 H|Z4 s}
7 selet. A AgA ] 7] EalagolA £kt
AAHMDI)Ol &% PPAR-y ¥ C/EBPa(SREBP-1c)

2E9 373-L1 MEF
LA} 2SS

X PPAR-7 ¥

1

L

2000 - b 0100 pg/mL E200 pg/mL
B
1500 2 a
= —
1000 | A
A
500
0
UFRL FRLPLA FRLLGG
MDI (+)

Sample group

Fig. 4. Effect of fermented product by lactic acid bacteria on leptin secretion. The cells were treated with the indicated dilution
concentration of UFRL, FRLPLA, FRLLGG (100, 200 ug/mL). -, not treated; +, treated; UFRL, un—fermented REIM; FRLPLA,
fermented REIM using JBLABO101 for 4 days; FRLLGG, fermented REIM using LGG for 4 days. Results are meantSD of duplicate
data. Error bar indicates the standard deviation of mean, and means with different letters (100 ug/mL (a-b) and 200 ug/mL (A-B))
are significantly different according to Duncan's multiple range test (p<0.05). "small asterisk in the same bar indicate significant

differences of values between FRLPLA and FRLLGG by Student's t-test ("p¢0.01, ™
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Ugo] SXHol| wpet AHLA LY £35S Ex15t0]
S7HA717] Wil ol §AAY AY A
AAEH QA5 JAdol okl & 4= tk(Park 5,
3T3-L1 M2 MDI®+ 3 UFRL, FRLPLA ¥
FRLLGGE ZtZ Aol £3M= 8Y A9 A& E 3|4
5to] PPAR-y ¥ C/EBPa A% HIYLE mRNA 5
oA real-time PCRS &3l SZA|A &Q15t A3t= Fig.
59} 2t} PPAR-79 mRNA SAAF @S control?]
29kS 100%E 392 W], UFRL, FRLPLA ¥ FRLLGG
200 pg/mL AZsZolA 42 93.31%, 75.82% %
71.06%% 743ttt SREBP-1c mRNA S-AAF ddzke
control®] TAFE 100%= 31%4-S i, UFRL, FRLPLA ¥
FRLLGG 200 pg/mL He|sEolA 22}t 87.09%, 68.68%
2 68.40%% 7AAstch FAHRTLQ EGCGE PPAR-
72k SREBP-1c mRNA -8Rl A 242} 5.67%2} 38.21%
& A 435 gRlstqin) ojet 22 ZAHE KAl
TR fARE TR0 oJgt tiAMEES] B4 & Qs
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o] PPAR-y ¥ SREBP-1c 8-AAF] mRNA $ZoA Id

kS zAYSLS AA}THCE

o= L2 xuT=

4,

OOF
45

2 AolA= BAS oekE FE50] H7He A&
Alof| |-AH(L. plantarum JBLABO101%} . rhamnosus
GG(LGG)) TREADS gRlIota, HaEe] et et
85 B85 Y5t AN ER7TE F ol EEA
(pH, $4I%), B4, §714F 2 29 F2 246190
ot Adee R 49 Aol HHAE 8.75-8.85 log
CFU/mLz #RI= e, ojo] we} pHE 6.58-6.66°
A 3.74-3.798 ZAsIHL, FAtEE 0.39-0.40%C14]

~ 0100 ug/mL  B200 pg/mL

a =
B a a
_ H A L

UFRL FRLPLA FRLLGG
MDI (+)
0100 pg/mL E200 pg/mL
T 2 .
A A
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MDI (+)

Fig. 5. Effect of fermented product by lactic acid bacteria on lipogenesis—related gene expression ratio in 3T3-L1 adipocytes. The
cells were treated with the indicated dilution concentration of UFRL, FRLPLA, FRLLGG (100, 200 ug/mL). -, not treated; +, treated;
UFRL, un—-fermented REIM; FRLPLA, fermented REIM using JBLABO101 for 4 days: FRLLGG, fermented REIM using LGG for 4
days. Results are meanzSD of duplicate data. Error bar indicates the standard deviation of mean, and means with different letters
(100 ug/mL (a-b) and 200 ug/mL (A-B)) are significantly different according to Duncan’s multiple range test (p¢0.05). "small asterisk
in the same bar indicate significant differences of values between FRLPLA and FRLLGG by student's t-test ("p¢0.01, “"p¢0.001).

170

https://doi.org/10.11002/fsp.2024.31.1.161



Food Sci. Preserv., 31(1) (2024)

2.07-2.19%2 Z7}5F9t}. Lactic acide &g 49 A9
1,676.03-1,910.12 mg%= &7Fot¥oH, glucosex L.
plantarum TFNA EF AREJYN, LGG #FE=
348.35 mg% &1t PHTt &5 H7F= pancreatic
lipase Ao&/47} 3T3-L1 AZFE 0|83t AFET}IA|
SRA4%4E, ¥ BAF 4 PPAR-y ¥ SREBP-1c
Z22te] mRNA H&ZH)S A6l BAY F2& 37t
AL wiR o] HFE 59 olFF} vidRFel whet v
AE(UFRL), JBLAB0101 %A E(FRLPLA) ¥ LGG ¥a
E(FRLLGG)Z +E3FATt. Lipase Adi&42 UFRL,
FRLPLA ¥ FRLLGGS Y& E 0.5 mg/mLol A2 Al Z
7} 12.19%, 30.10% 9 25.63%% BHI=|itt. 3T3-L1 Al
ZZof| FRLPLAZ 200 pg/mL A2jgho] wet v 4] to]
vs AA=HE, Wel A4, PPAR-r 2 SREBP-1c #
229l mRNA T@go] 22k 37.54%, 54.64%, 24.18%
9 31.32% At ol 22 AnE JH|T 559
AE EAY FEE0| H7H A4E wiA| ol L. plantarum
JBLABO101 #5¢} LGG #39 fAPEa 7} otk 85
4 7Fs/do] 7IHErt.
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