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Abstract

The beneficial effects of probiotics on human health have been extensively studied. Strains of Lactobacillus and Bifido-
bacterium have gained considerable attention, as they are major groups of probiotic bacteria that improve gastrointestinal
health. Recently, probiotics have been found to have positive effects on obesity and type 2 diabetes mellitus (T2D) that
go beyond the improvement of gut health. Probiotics can alter the secretion of substances such as leptin and adiponectin

from white adipose tissue via certain mechanisms. Additionally, probiotics can modulate the adaptive immune system against
low-grade inflammation caused by obesity. The potential role of probiotics in the treatment of T2D has garnered interest
because of increasing evidence of the anti-diabetic effect of probiotics. In this review, we discuss the results of in vivo studies
that have examined the use of probiotics to prevent obesity and T2D, while primarily focusing on the studies that explore
the cellular and molecular mechanisms underlying the activity of promising probiotic strains. The conclusions of this review
could be of help to researchers who are investigating the effects of probiotics on obesity or T2D, and to patients with these

diseases.

Keywords: obesity, T2D, type 2 diabetes, probiotics, lactic acid bacteria

M E

ﬂ A B 71717+ World Health Organization, WHO)ol| w2
A AAHCE 39 | o]ie] gl A vehte= &
ArdshE el Rk j—wL?ﬂ'E]‘ﬂ UehbeE el ofy
73] 1917159 5k | o] 2Fe] Q14-7) HIRte® 3
AT B3 TH(Lee et al, 2012). -2 Uele] 4
73 FZAHKNHANES) S| H o w2 2010%_
o MRk S AA A9 30.8%E HH F7F FAlol A,
vt SR FEHEFH dETE EF 2 A #o] H

* Corresponding author: Sae Hun Kim, Division of Food Bioscience
and Technology, College of Life Sciences and Biotechnology,
Korea University, Seoul 136-701, Korea. Tel: +82-2-3290-3055,
Fax: +82-2-3290-3506, E-mail: saehkim@korea.ac.kr

231

mA 7 AR B =719} shA AAF A

T3 %1 Abel

Hlsf BlgkRlell A thARS T o] o] 2uf ol w2 AR
et 9l

Hlek2 A3 o] AA AT v FEY wE W ¢

ol go] A HHH 2N WA= (Lee ef al., 2014),

AR ol 9fell = mivtat e A2g Py, LI,

IAET SO FEE] A W A9 SUkeE A =

ATHKim et al., 2006). W<zl AlA E.717]+World Health
Organization, WHO)o M &= H|2HS Al A F 0] JUEAZ TF

__L.

of, A% AL Ve 918 ARTE obd AzaNok & A
oz Q43 Ytk

MR oA Stk 4, £F FEE ohe, AR
ME e, o A9, HAH 291 Fol BYHOE g3



232 Journal of Milk Science & Biotechnology X[33F X|45.(2015)

[
WAREF73 A28 Frre) w wae) $23 988 &
= Aoz oA,
PAZFZE Aed AFYL 714

Lo

=

[<]

B3} #AE oY NYLAES B ThLHOE el
P AgT S Q87 Ao

3] Z7vsteE FA ol tH(Kim et al., 2009).
A2y gme] A 7HE Fog AIE Fo R
AAA = HT Fas A2 AdE ok A2y dad

E el 9k B, vwel Abge] s
o)
PR

o P>
i
2
=
2
©
o2
foli 0!
=

3
ol
P
it
£
7
5

g oo

et al, 2011). A28 FiHy
3, AR AZA 7| =d 288
8] A Liko] REAL A7) ool
T FE0] FolA WA W E L T
sl X FA ZA sulfonylureas
metformin, glitazones 5= AF+Fosl=H], °]#3 F=
Ae AEG, AT 71 1 54 2 52 85 2 e
oF3l Fztg-o] A t(Chung et al., 2003).
3 Qo & vk} vintk AH A3 o] X5 okEo| i
i O, ojeFE o] A4 oFEol o3 FAES 29
A 37|l A&A A7t 8= wEol, F3ES
Haslst 7154 AR el #Ag A7 B8 8 rh(Lee e
al., 2014). ©]& & FH o)A ZZulo] 2 E 2 (probiotics) S 5
o vRhe) g 2 v A Ag o) B X5 #-

gl

o
y
(R
ofl M lol #
Sl

|
=

r i Oﬁ
s
Nlﬂ e
lo fT
oN, £
g O Tl

S £ o o
ox
%
o
N
En)
X
e
%
N
do

ok e

o]

kr

o]
PR

m
R

@ AT50] Buspl olFolAT ek F WAE FEol
M H, 18T AR A8 e

E 2 =
ol ks AHs0l 9 B € Y AFS T3l A

AHe T 4 s gt 298 Holy, ¥
= Aol A=Y JYtHKim et al., 2011). wEkA
Z2uto] QB AF ol whE Bk A vgE A A3
S8 ¢st mae] tigk A A7 TS AREIA

Loorfr e o R

¢

re
rio,
ui RN

re
o

o
poi)
o

Ao}, HIREQL Abgho] B Ql&d
oh A Aol 2As AT
whrol, dled A Hrhek A3
F71 25 kg/m? ©] 741 vl vhg Aol A
< 43.9%%R3, SFE# 7t 90 cm ©]/dR
o] fHEL 543%°1Ath EGIR studyol

R
g o%
T
ofN
ETR
g T
)
T

d
ih)
L)
2,
1o
__>L'l_'4/
Jo ot
L2 oE o [0 9
N,

2
r
Yok X ey o o fz do o

o
sy
o%

14

o Jrore
o
O

2 rE oox

o oF oo o 1o
2

p

o to

U ox

AokE AL & = YthPark er al., 2003). BT Q&
S A7, o] el AW ded
7hE]o] HAFEU, THll A led FEE0] AstEe] A=

e
z
N
~

ot
S i)
ro
>
Yo
2
o oot
ﬂl}'u 013; 4
o
=
o2
ol
rir
o of
e
ro, T
i
uch
by
Q
B
=3
&

2
A
o
u
ol
> 5% >
=
N
N
N
i3
4
fu
o}
B[
ro
) -
'
A%
ar
=
<
&
L
o|X

7Vebe o] A#dAE HtKChung et al., 2003).

2) "2t 2 QI tHAISF

ke 7oA S, IAYS, 1¥Y T AR 99
AAES T8l AT SAAZOEZN 85, &4
o, HEH A3, o, I T3 T2 A Hed 3o
FHES Z7MIE Aoz 4EA Aok vlTke] NEZH
AHEEE AAWNE e gAS S 2 JeE AP
Az, 2009k 70 E A BE AF oA A #A
o] AALEC] 2 AF-HALE: M = 20%, F > 30%)
of AALEO] H4 ARG AT FS TAAZ Tt

SAdo] sufell A oul Ak 3
th.(Kim and Joo, 2009).
HIREO & Qlste] WA 7} S7FabAl =™ A HhAl o A
BulEE §2%9) olr] ¥ 7kl (adipokine)®] o] Z713HAl
Hrh #0lE = o ol 2T A28 Tt
S doty AR L ek AA Hvrels} A

A
o
O F gk Ao A oft] EFFIL] UE9 visfatin®] F =+ 20.

s
X
offt
X,
2
|o
fru
Ho
1o
o
X,
=
X

o 2
>
o\

>

HIREE A2y Bl Al v Sad Wl st
A dEde] #Aede ASAA M ded FE2E
= ASAIZI old wWE AFEA A2y T wHeld



K
Ul
T
=)
to
im
>
o
BT
M
ofm

2t 3 K2 Bio| 25t 233

99 A5 weh Az A wulsol 4ol AEA ¥
M7 At EA o ol 9%d ARAS wAsA ok
AR oD, W AN, ALehAL o, THRE F
Este] A% FRMOT APHL MT FAME 55 By
MRS A2 el St /g Qwslo] ArkChung ef
al., 2003).

2. Rlgst molMe| FAR

1) XYM EONM FAFe P

FAFES QU D) DA Y A o) E o

il 3
= *E‘C’P‘} c AER FE ZH HlA BFAEE

S0l AdF e ZEuto] Q¥ o] Yixoltt
(4} 5, 2003; Lee et al., 2012). White adipose tissueZ 2= &
HA Ae Aol EAste AA AN E FElH ot 2
UE 3 22 oft] AL EFRRIS S EH| gty ZEuto] 2 ¢
27F Aol A FaEe] AgA el FaFe v ZEe b
AUSES HAA FRAT, o= A= FFE 1A
of daie ofe] A7 Vet Tk oA A
AA 28] FA S Ape] 25 BF ST E A8s
T3 ot X RS gEstE A F o] thatel] FEFe vl
A= Ao 2 &#A d=Hl, probioticsZ &3 ¢
2 HRhEs FEg vk oA 9A 717 S o
A, ot e e SrkskE 43S Btk ol 22t
QY 27F AA AL Fedste] A 2] Aol FEFS 1]
A& ZAo 7 HoltKSato et al., 2007).

2) RArZe] FoNe Hg

H ko] %HLEMZL Jlell #3o] el BkAA Ak
olgf gk Hell A AL, T, A& AP o] vehd &
A FE Rl = é &gl ek warske] gekrl g
Z9 4% HolH, Aol A GLP-1, GLP-29] 4], A
HEIE YY 59 %Lmﬂ Wshyp A gt ol gk wiste] 4
Veﬂ% I7F A3 AstE= 23
TEZ

|

% !l “:‘ 9%
29 ABL S Go8], fAgH AE LT 0L %

oRaE Fo] FAA AL wAH, U 84
3

2 H)9kel C57BL/6T oblob W}

o fiu ofy

16S rRNAE E3&) 245
. 2 A3}, ol A1 bac-

A3 al  firmicutes

o
2k ARAE e, el A5k vgel FEel}
QA el A fEs o H S ), A ERE ok, ) 7
Fo T4 WEo] GBS Fol oUiA Avle] &S PAR

o A g g ”’ﬁr’“ ’\Efﬂl*t s ""-’4
A3 9] tight junction protein & 34l ZO-1& 14HstA| 7] WA
A tight junction protein®] A EHE YO 77, o)A A A
Y 7es WtEHEA F B S woAA stk A
Fadol EobAA = uvro] AY e WEAES
AAIE S AF, APl Fo] el ASE A 9l
ok A FFele ZEupo] LY AT olyg), Zejuto] o
Qlfl—'-:— Jggo] F AoE By o]y wjH & v}

O 7 xguto]l YA Hintd Y 455 WAE & A
%L Aw EA =, 65% S CSTBL6) ob/iob PH-2= 1%
S Yt E, ZEule] Q¥ A I, GLP-2 o] 1522 YT
o 4F FF T A3, Feljo| A FFAAR] IL-1a, IL-1b,
TNF-a, MCP-1, MIP-1a, INFc, IL-6, IL-10, IL-18, IL-15 5]
SE7F HRE OFA TP Eqtem, —LF/]B}O]—\-E”VJ Ay
A AT A gtk =3 G FHAA IS vAE
tight junction protein$! occludin, ZO-12] mRNA ‘?a}ﬁ—%
gt A3, Zejule] REYAE Hl g FeFe
7he 7S Btk Zejutel e 9 A IS Eg A
oA v T AF TS T FE ST
o Ade ZEulo] R YA} zaEnto] R A7t =
Fas A Wy ofye), A B e JEgS A7) Wi
of XA 4tsta] AEHARE 19 FH Y E4s 43t
= L2 HQITKCani et al., 2009).

il

=
2 o

o2 A Stk g A= SD
Jol& 77 F¢ 15 37}2& U
FA, 1%]%401011 BT 2g-S § Ho] uvhS
ol 4 TC, TG, HDL, LDL 52| Z7+& XA}
, Aol 1 OlTOM—c Ao Abet A= Qe gl
2, HEFFIA el %, EHEI0]X F& ¢
AFS Aty 1 A3, Miﬁ}ﬂ IPEat-y ‘34% AL
LA A o]k *éﬂw HHHE} 914
LD

o
9,

=2 oX

5 = W

X

S rﬂ

£ oM,

k! o

RN

°$‘ o

> o

o FIF
>~i

Jo 2 B
RO

ot

R}

plo

O

5 o
9

ERE HAFE A3 ofy, 2t 159 SD rate] £4
M Aobds EZ2ulo] Qg XAyt EA)ditts AS Bk



234 Journal of Milk Science & Biotechnology X[33F X|45.(2015)

(An et al., 2011).
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