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A B S T R A C T

The anti-obesity activity of Lactoba cillus par acasei subsp . par acasei NTU 101 and Lactobacillus

plantarum NTU 102 and their so y milk fermen ted products (SM101 and SM10 2) wer e in ves- 

tigated. Resu lts indicated that the inhibition of 3T3-L1 differentiation and the accumula- 

tion of free fatty acids mark edly increased in rats treated with SM101 and SM102.

Moreo ver , the up-re gulation and do wn-reg ulati on of lipo lysis and heparin-r el easab le lipo- 

protein lipase, respecti vel y, wer e observed in the 3T3-L1 adipoc ytes of the SM101 and 

SM101 groups, and these effects of SM101 and SM10 2 wer e greater than unfermen ted so y

milk (USM). We also found that SM101 and SM102 both impro ved obesity in Wist ar rats 

fed with a high-fat diet (HFD) and that this impro vement was stronger than that observed 

for USM. The lev el of serum leptin in HFD-induced rats was significantly ele vated by the 5- 

we ek administration of SM101 and SM102 (106–1010 CFU/m L per rat per da y); ho we ver , this 

activity was not promoted by USM. The anti-obesity activity of SM101 and SM10 2 ma y

resul t from the increased da idzein and genistein le vels that wer e observed during the fer -

mentation by L. par acasei subsp . par acasei NTU 101 and L. plantarum NTU 102.

� 2013 Else vier Ltd. All rights reserv ed.

1. Intro duction 

Lactic acid bacteria (LAB) ar e important members of the nor -

mal intestinal micr oflora and are report ed to exert beneficial

effects, including inhibition of the gro wth of potent ial patho- 

gens, reduction of serum cholester ol, and modulation of the 

imm une system (Tsai, Cheng, Fan, & Pan, 2008 ). In addition,

the y are used in the prod uction of industria l chemicals, bio- 

logi cal pro ducts, and food biopre serv ativ es.

We ha ve alr ead y scre ened two Taiw an nati ve LAB str ains:

namel y Lactobac illus par acasei subsp . par acasei NTU 101 and 

Lactobacillu s plantaru m NTU 102 (Lin, Chiu, & Pan, 2004; Pan,

Chiu, & Guu, 2002). We scr eened faeces and homema de 

Kore an-style cabba ge pic kles which are resistant to gastric 

juice and bile salt in the natur al en vir onment. The y also ha ve 

‘‘pr obiotic’’ char acteristics that are effecti ve in reducing 

cholester ol in the bloo d and liv er (Chiu, Lu, Tseng, & Pan,

2006). After feeding mice with L. par acasei subsp . par acasei 

NTU 101, up-re gulati on of the antigen-pr esenting ability of 

dendriti c cells and expre ssion of natur al killer gr oup-2 D

molecule s that trigger NK-cell-me diated cytotoxicity were 

observ ed, and lym phoc yte pro lifer ation and antibod y pro duc- 

tion wer e also significantly incre ased in mice after trea tment 

(Tsai et al., 2008 ). On the other hand, so y skim milk fermented 

with L. par acasei subsp . par acasei NTU 101 and supplemen ted 

with or withou t Momor dica char antia was found to be effecti ve 

in pre ve nting and slo wing hyperlipide mia-induce d oxidati ve 

str ess and ather oscler osis (Tsai, Chu, Lee, & Pan, 2009 ). In 

addition, L. plantarum NTU 102 was beneficial for gastric 

mu cosal lesions, incr eased antioxi dant enzymes and phenol 

oxidase acti vities (Liu et al., 2009 ) and the imm une respo nse 

to Litopenaeus vannamei (Chiu, Gu, Liu, Pan, & Cheng, 2007 ).
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We ha ve also in ve stigated the activ ities of L. par acasei subsp .

par acasei NTU 101 and L. plantarum NTU 102 on regu lating 

blood press ure in spontaneou sly hypertensi ve rats (Liu

et al., 2011). These studies reveal that both bacte rial str ains 

ha ve potential for use in the de ve lopment of functiona l fer -

mented foods.

Meta bolic syndr ome is a gro up of conditions that incre ase 

the risk of car dio va scular disease and dia betes and are cha r-

acterize d by a gro up of metab olic risk factors, such as obesity ,

dyslipidemia , and ele va ted blood pre ssur e. The beneficial ef- 

fects of the or al administ ratio n of Lactobac illus casei on insulin 

resistance in diet-ind uced obesity mice has been report ed in a

recent stud y (Naito et al., 2011 ). On the other hand, se ver al 

studies ha ve report ed that so y milk can also pre vent obesity 

in high-fat diet (HFD)-induced animals (Choi et al., 2011; Eller 

& De im er , 201 0; Pi men tel et al ., 20 12). Ho wever, the ant i- obe si ty

and hypo li pi de mic acti vi tie s of La cto bac il lu s fe rm en te d soy mi lk 

in HFD-induc ed animal s remain unkno wn. Ther efore , this 

stud y was conducte d to in ve stigate the effect of L. par acasei 

sub sp . pa racas ei NTU 10 1- an d L. pl an tar um NTU 10 2- fe rmen ted 

so y milk on the pre vent ion of obese in HFD-induc ed Wistar 

rats and to eva luate the activ ity of fermented prod ucts in 

inhibitin g 3T3-L1 pre adipoc yte differe ntiation.

2. Ma ter ials and methods 

2.1. Materials and methods 

Cells 3T3-L1 pre adipoc yte was pur chase d fro m Bior esour ce 

Collect ion and Researc h Center (BCRC) in Hsinc hu, Taiwa n.

Dulbecc o’s modified Ea gle’s medium and faetal bo vine serum 

were purc hased fro m In vitr oge n Life Tec hnolog ies (Carlsbad,

CA, USA). Dexametha sone , isobutylm eth ylxanthi ne, insulin,

oil red O, he parin, cr ystal violet, and p-nitro phen yl butyr ate 

were pur cha sed fro m Sigma Chemica l Co . (St Louis, MO ,

USA). Trypan blue stain was purc hased fro m Gibco BRL Life 

Tech nologies Inc. (Gaithersbur g, MD , USA). Penicillin and 

str epto my cin were purc hased fro m HyClon e Labo rato ries (Lo-

gan, UT , USA). de Man, Rogosa and Sharpe medium (MRS) was 

pur chase d from Difco (Detroit, MI, USA).

2.2. Bacterial str ains fermenta tion in so y milk 

L. par acasei subsp . par acasei NTU 101 and L. plantarum NTU 102 

were used in this stud y. These str ains were cultur ed on MRS 

medium . The stateme nt reinoculation of MRS brot h with 1%

LAB were inoculated into 400 mL MRS brot h and cultur ed at 

37 �C for 24 h under aer obic conditions. The nu mber and via- 

bility of the lactobacill i were determine d by anaer obic culti va -

tion on MRS plates (Liu et al., 2011 ). L. par acasei subsp .

par acasei NTU 101 and L. plantarum NTU 102 were gr own in 

skim milk and so y milk (1:3, w/w) at 37 �C to ferment for 

3 da ys. After fermenta tion, the pro duct was freez e-dried.

2.3. Cell cultur e

3T3-L1 prea dipoc ytes were cultur ed in basal medium (Dul-

becco’s modified Ea gle’s medium containing 10% fetal bo vine 

serum) at 37 �C in 5% CO 2. To induce differ entiation, 2-da y

postconfluent 3T3-L1 prea dipoc ytes (day 0) were stim ulated 

for 48 h with 0.5 lM meth ylisobutyl xanthine , 1 lM dexameth- 

asone and 10 lg/mL insulin (methylisobuty lxanthine , dexa- 

methasone , and insulin; MDI) added to basal medium . On 

da y 2, the MDI medium was re placed with basal medium con- 

taining insulin onl y. On da y 4 and ther eafter , the cells wer e

culture d in basal medium , which was fre shly chan ged eve ry 

2 da ys until the cells wer e anal yzed (Chen, Ho , Lee, & Pan,

2008).

2.4. Pr olifer ati on assa y

3T3-L1 prea dipoc ytes wer e seeded in 24-w ell dishes at a den- 

sity of 7.5 · 103 cells per 0.5 mL per well. After the cells ad- 

hered to the dishes, samples were added to the cultur e

medium at the indicate d doses for 24 and 48 h. Via ble cells 

at each dose and time point were stained for 10 min with 

0.5% cr ystal violet, then dissolv ed in 2% sodium dodec yl sul- 

phate (SDS) (w/v) after rinsed by H2O, measur ed the optical 

density at A600 (Chen et al., 2008 ).

2.5. Lipolysis assa y

The full y differ entiated 3T3-L1 adipoc ytes (days 8–12 after dif- 

ferentia tion induction) were tr eated with sample in Krebs 

Ringe r bicarbo nate (KRB) buffer (20 mM NaCl, 4.7 mM KCl,

2.2 mM CaCl 2, 1.2 mM MgSO 4Æ7H2O, 1.2 mM KH 2PO4, 25 mM 

NaHCO3 and 2% BSA; pH 7.4) for 24 h. Lipol ysis activ ity was 

determined by measurin g the amoun t of gly cero l rele ased 

into the incubatio n medium (GY105; Randox, San Die go , CA,

USA). The cells were scra ped off for measur ement of the triac- 

ylgl ycer ol (TG) content (Chen et al., 2008 ).

2.6. Assa y for heparin-r eleasable lipopr otein lipase (HR-
LPL activity)

The 3T3-L1 matur e adipoc ytes were incubated with the exper -

imental medium . Subsequ ently , the medium was discar ded 

and the cells were rinsed with KRB buffer and then culture d

in he parin-KRB buffer (10 U/mL he parin) at 37 �C for 1 h. The 

conditioned he parin-KRB was collecte d fro m eac h well for 

the assa y of HR-LPL activ ity . LPL acti vity was measur ed on 

the basis of its estera se pro perty using p-nitro phen yl butyr ate 

as a substr ate (Chen et al., 2008 ). The TG hydr olase activ ity of 

LPL with synthetic TG substr ates is inhibited by sodium chlo -

ride (Shir ai & Jac kson, 1982 ), and this prop erty has been used 

to distingu ish LPL acti vity fro m the activ ities of other lipases 

in plasma. The HR-LPL acti vity was measur ed by the follo w- 

ing equat ion: C (lM) = (A400(0.15 M NaCl) � A400(1 M NaCl))/0.012,

and 0.012 is the micr omolar extincti on coefficient of p-

nitro phenol.

2.7. Animals and diet 

Male Wistar rats at 8 weeks-old (385 ± 14 g) wer e pur chase d

from the La bora tory Animal Center , Colle ge of Medicine , Na- 

tional Taiw an Univ ersity (Taipei, Taiwa n). Animals were pro -

vided with food and water ad libitum and subjecte d to 12 h

light/dark cycle with a maintain ed relati ve humidity of 60%

and a temper atur e at 25 �C. The experim ents wer e carried 
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