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Abstract

High fat diet has been confirmed to cause many obesity-related diseases, such as type 2 diabetes,

stroke, cardiovascular disease, fatty liver, colon cancer, hypertension and hyperlipidemia. The

aim of this study was to evaluate the effects of Lactobacillus plantarum GKM3, separated from

sauerkraut in Taiwan, on body fat, body weight and blood biochemical in Wistar rats fed a high fat

diet. The rats were randomly divided into three groups, normal diet (ND) group, high fat diet (HFD)
group, and high-fat diet with probiotic GKM3 (HFD + GKM3) group. The results showed that GKM3

could significantly inhibit the weight of body and liver, reduce the accumulation of visceral fat and

body fat, decrease the concentration of triglyceride and uric acid in the serum, and decrease the

lipid contents in the liver and the stool. Based on the above results, GKM3 can beneficially affect

the host by reducing the detrimental effects induced by a high-fat diet (p < 0.05).
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EH A B DEBIE SR SRR MRIOR R4, Hln: 8 -RIBERMK. iR, LIEER. ME
Pilt . RS SRIAES . A0 B 8 685 R R3EH KEPIUAT B GKM3 3 4 Bk T
BMARRE R Wistar K R, R XA A E K MR EN ST 2 . B KR A =4,
A IERHND)REIEF IR, =TI 4 (HFD) & R AR TTRHE R4 T GKM3 2 A W 41 (HFD + GKM3).,
SRR TGKM3T BEMGFI AT RS AR, O AFAERI R FEAK A RS B 5 14 g B
B BRI b =R E M S RERIRE . BERTES RSB R EREEP RS EP < 0.05).

E3: 4]
EMAFE GKM3, AR, AERE, &g, RER

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 518

FEFRE A N LIS, WHO 7RAE 1996 A IEREZI R —Fh, B T25F RIERIRT:, (E1)
AT 77 R RIS, SRCABRIERE N CORWT 3G N [1]. RAEHE 7 A A48, 78 2012 4F17E
FE T T E S, 39.96%0) B4 K 29.74%0 Lt E(BMI > 25), il EIEI T 35.04% 5 M5
26.84% M2 AR RE(BMI > 30) /. B ERAEAE N VEOE it SR R, SRR ke N Iy LA o 5 42 5 () 32
MEOEL[2], RRIARKIZ T KRS IR R R AT 5.

DRI B Va4, REJRE (0 N BB 17 T/ A G ) 5% 161 PR N 10— M PR KOs P 38 o 8 E00ed 22 (9 i
HEHEEERTE SEOOME R AERN R 2 MR EIE AR oy = HEs, Dl e B AR
B2 N T A B B oA 28 5 e e A AT P IR 7 4 P R B S AN TN, BT R DA 3 K 1 Ty AU
Y P A RE R, RO AR A Ak 32 U S el AR 00 B P 0 A B, B DUREAN IR 40 B PN T 5 PR 9 R R
i 7 240 B /N AR R [3]

IR RIS T AR D A R RS SRR Ah, FEAR, HRIFANIRIN R, i 2 BN I R
AR 5] AR KRR, KIARIS M R R TR N 2 B T AR . 8P 2 K A 15 W 2 i SR A
Re i dH4UrR, B T R AN RS, B2 7= A i 5 BT (insulin resistance) 117 -5 S50 FRIR 1) & A2 S AR 25 B
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JiE B R A, HERRAE 55 5| A2 ) ik o1 IR i 1 (atherosclerosis) & AE [ R [4]

WEFCTE o =R H Y G LSRR P 51 RS (08 1 i 4% T 2 5 RSP S R BEL P I 2 1R, L7 2 o AL e i 3R
M2 R R A (5] vy AE SRR (40 1B U 440 e ¥ 5 25000 29 A 7 1R (free fatty acid, FFA)KREEHE R, 14
P PR3 15 I T TR 5 3 380 5 1k e B ZHL 4R 1~ (tissue factor,  TF) 5 2T 4E i JiR 0% 404041771 (plasminogen acti-
vator inhibitor-1, PAI-L)H i, A5 ML e /N & AR LR T T AL A%: [6] -

ZRHMERERREAR A, BT HERE R T, i L T =R e E A R (9 R
FESETE A, TEZR Gy AR AE 25 B 2L 23 A B L U 0 TR 7 4 e A 7 ek g AR AE A R R 1 T IR M
BT, B WG T RO B 3 DR 3 3 w] 43 75 6 14 i 7 BT (alcoholic fatty liver disease, NAFLD)EK AR E 5 Ag iy T
(Non-alcoholic fatty liver disease, NAFLD) [7]: Jg /i IFal 4r Ay sl g i F . MR Wi PERT 28 o I 4F 4tk 50T
TREAK o AEEAE 1 A I T2 B % El SR RS P LA v PS5 A D (8]0 3 22 114 vt AR B L AE Ak P e HE AR TE PR IE
HHT R R T IS I A 9%, BRAR T 28 R R W AR T I A K, AR IR B S ARG I B AN TR, K S8R
U F 4% () RAR Ak, IR AR ], R R RN A A FFRE LR T 22 (9]

TR PR AR I TP JRAT 1 2 DKL 1 TN o T A G s s P IR 7 P 9 A gk, 7 T XU T 5 3
RS VERG 0TIFE YA M JFF 28 B TPORE T R A (s S AR AR T o IR b, TRORE PR 7 I 23 2 F Th REAG 75
A REAT) IE 5 B P i o S P VR P T 98 A L T 7 5 0 220 o P VR P P 28 5 L FRRE PR A A0
R PRE . FERERN R, A ERTE = 208 A R SIS . B2 1989 44 JF 4f 8 F R RS 1Dk PR £ /1N B
GRS VRS PTG 5 S R 3 B sl A e 1 I LA B A = R H e e B R B b FH[10]
WM — A S 1 () T s i 7 P VA 1 B 2 D7 v I 24

ARSPE (5 B 7E ] o 2HL 2K - |6 o 5 % 975 BBk B (International diabetes federation, IDF) b4 2 WIRA K & SCH6 H
FEH AR R Rk ) s 3 b B R AR b, B ARUPE R RS, K s 7 1) =R H st
(KT 150 mo/dL); 2) ey BE G A 1 IE [ AN 2 (55 17T 40 mgldL, ZetE/NT- 50 mg/dL)s 3) e I s (e
45K KT 130 mm Hg, %73k & KT 85 mm Hg); 4) ZSHEIMBET & (KT 100 mg/dL). B LA_E5E AT EnfR
FEMERFE CAPESE SR RA BT KRR, IERES SEUREPE RN R A, HAT A IF RE pE R
i~ O BN e I % o o JRUTT JEG A LA 3 0 A i w7 T P 56 B S R (9 9 5 1]

JELJRE 51 S BRI 1) 3= RS2 i T P 5% 2 BEL 0 17 PR AR I bR R0 Wi, A T SR B B8 — BB SR s [12]
U PR B3 B B RN R, TR B FR 3 25 5 51 R LA T T E R, R SRS iR R R IR PP i ok T
PRTES R4, HaPEF TNF-odfR B (w1 51 28 MR 4, N80 RIS 5 3 o3 i iie 25 e T IR
SHUM R A TR iR, MRS AR R M, SBUME kL B S 2E, i
JE % U I 7 92975 Rt TR L e Bt = 2

XERP BRI ZMENEFETRTRHME R - MERGRZRRRR YN LIFHE
(up-regulation) (¥ 2C 5, W& Z (B 2 IIEAHSC[13]. B R AEKR A 7 fem s HEZM O, nTELMmE
WL AE R TR K A = A IV IR R 1o 48 ML US4 25 7% 1L B (Angiotensin Converting Enzyme, ACE)EJ1]] C-K i
PN B TR 5 T PR R M B M 2 1o P 2 11 A v R A 4 i 2 1 P, AN e o s T s LA
WCAE 2% 1 AR R Rz JO el e (T R (A B T T A RO B8 R, 4k 3 I AR v A
&2, ek,

TEE MR, PR 2 S BUE DB AR, FLGeRR N AR AR SC 14 & /N Bk (obesity-associated  glo-
merulonephropathy, ORG), X 1] [X 7324 & /NER REKHE 5 J 38 B /N ER B A E 38 Rl H 5 B 38 2 R AR TR R [14]
IEWIAERERT SR ACHPE R RE, BT S, K. MR 5O00ERR2h, RS SULHEBEN
SEH AR R TR 55 4 AT UGS H AR K B (calorie) 2 RN Bk B A 2 TE S, ik BIRAR Kk K N 5
JERE 2 fE T [15]0 BRI A G i s e W PR S 2% 5 5 R AH I E e, JBAR U, AEREA 2
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IRZ I RRE RISk o

M JUAE, ol A T AR 2 S0 A PR A STk e, 2 BEBUE 78 e 4 5 MR IR 7 PR 5 B8 23 [16] B0 SCHRAD 3K
TV [RGB = R H I S MR i, (R k0 N AV AL A F) 2 TE R R0 AR D, B A VT Tk
FIRA B i D 2 R FUAT R GKM3 HEAT FRAIRAR IR Mg Dh 2o, Ay B TR S E 2 A0l 5tk b
(1 BB AIE 8 S SR IR -

2. MR EFHE
2.1. SEIOEHK

TN H GKM3: #i % £ A R BE SR FIR S B IRE 3RS, 2 16SIRNA 28 AV FL .
2.2. EMAAFE GKM3 s BEA T REI&

GKM3 7T 1 L MRS #3551, £ 37°C. 16 /NE:3)5, LA 5000 RPM. 25°C. &5.0» 10 448hEL
BEEVE, TR 20%/5 5Tk 5 AR TR AR . IR ECN 5 x 10° cfulg 1417 T—20°C % H

2.3. REFME5RAFEF

ARUGRIG T SIS HEZR 5143 3R MY, LA SPF 2% Wistar KA Ff, 18 HiE4Tik36, AE AT 201~225
g ZHEWKARE — B e L EE T NERRRFEIE. s FEEEGAE 22°C £ 2°C, BEEHE
60%~80%, JGHE 5 BT &+ /N (07:00~19:00 A ST 19:00~07:00 Jy IS ).

2.4, WEET

18 HIRI0 AN PN T IR R DRI H 28T/ KOE R RS 1 5, K H ML A =, A B
W IERERE 4 (normal diet, ND). 5 ik & 4 (high-fat diet, HFD)(TAKHAC /7: L AIN93G Jy2fili
INCLE B S L], S T RHE T 68% K ELIH 7T%AE i 25%) K HFD + GKM3 41 ARtk & 4l & 5F
EEREYIFAT B GKMS3 25 AE BIVE T AR LS B4 5 x 10° cfulg, LR AR H #EEL 1020 mg/day #5 fk
A RREUE A 102.8 mg/kg rat/day)ia T 100 pL BEER B 2 v is i . IR, KA R A B rr
FZEE/K o B H 458 Kk A B2 &Y 3R ELE (food intake) 17K & (water intake) 147 7 F 2 (feed efficiency).
RIGTF A e 40 5K A R 2 4h 74 H (initial body weight), Fifi J5 455 ESFEAR B M8 LA E . 45 TR I8 FE
A IR 6 JE, T RIR LS SRAT 12 /N T AR . R CO, R ATHAIME, 20 St &tk E (final body
weight) M4 5 248 & (weight change) . MK BRIk IEAT LBCR SR, TRAE AR S MIE A 0. [\, HH
FEBS A AACOAE BAE SRR MRS B FORR B LR R LR T B SERR T . W R T . BRI VA IR
97 ARG AN R 107 R AR B SR KB B RS, A S AR AR DT H SN E R, RS HREAeE,
HLARS B, #FET-80°CUkA, LIRS 2 Hr# H

24.1. BYMFIARQ)ZHELARNT
YR (%) = [ EINE(g) + MIAEHEEE(g)] x 100%.
242 RERTERQ)ZHELARMT
A MU B (g) = [ &R E (g) — IR ()]
2.4.3. BBERSE (total body fat, mg/g rat) ZHE AR T
BB E(mg/g rat) = [B BBV #(mg) + BIZNRTREmg) + I RN E(mg) + 18174 ig i
(mg) + MEEAMIE T E(mg)] = BAAKRE(Q).
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2.4.4. ¥kBERE (body fat percentage, %) Z HEARIT
14 5 5 % (body fat percentage) = M IEHiE(g) + & 44 (g) x 100%.

2.4.5. PIARAERHE (visceral adipose tissue, mg/g rat) ZHE AR T
PN 15 B (mg/g rat) = [ R IR G fE:(mg) + Bl SE AR S (mg) + M REEAE T B (mg)] + AR (g).

2.4.6. B &R E (subcutaneous adipose tissue, mg/g rat) Z i+ EARIT
B2 R g i B (mglg rat) = [ B4 I8 (ma) + TEIESMIET B (mg)] + R K (g).

2.5. IEEHSEMIE

MR CEE T L3/ 43 2545 (BD Vacutainer, Plymouth, UK)H, DL 4000 g 25:0» 10 4380 ECH M3, 0% T
TR B O R T AR T—80°CUKAR, YE N M. i =R Hmils. wi%ipE. SAHEEE., [REEREA
PRI R =2 FERE B BRI E . R T A NGRIL Il . TG il JRIR. WURET. 7. fiwTh5
S TR E LT 2> B4 (Diasys Co. Ltd., Holzheim, Germany)#t47 7€ . B4 DL 4 1 &4 (Denka
Seiken Co. Ltd., Taipei City, Taiwan)iE47l5E .

2.6. FFRE S BER S

2.6.1. BBERFZEEN

FREUHFEH 2L 03 g TEO%, oA FEE (methanol) 1.3 mL S5/MNREkE, B FHHEHL L
(Mini-beadbeater-16, Biospec, OK, USA), LA 30 % 3 b4y HEASUaHE, B AT SRAGIFIF S B .
HRUFF 38 o0 2 B i e iU, T3P/ E T OINON FRE 1 omL hise 5, [RDRE IR S e B R e i o 35S
B2 it i A\ & A7 (chloroform) 4.6 mL J& , | FH#8 35 % 7% ¥ 2% (ultrasonic cleaner) (DC150H, DELTA®, New
Taipei City, Taiwan), T Zif FEY 90 7785, BT 10CHA % & L L (refrigerated benchtop centrifuge)Z:
1250 g B0 10 435 E, B RIS TS OFRE 2 B (Wo) < BFRIR I E . &Ja, BB ieilE 8 T a
RERAEE T, MGG T MEH VR AR, BE W, — Wy <0.01 g I, BIGATHE ., T-HFHIR
Jig s I N 57 A T (isopropanol) (e FHFJ I 5T, R FH R 5 U8 7 32 s (S I IR o 72 40 T S I, AN Je 48
IR PR 5 e I P 0 B E

PR (/g lver) = e~
2.6.2. ZBRHEHERNE
PATH S 2 = H I e 52 £ 41 (TG assay kit, Teco Diagnostics, CA, USA)BHATIIE . T 96 well #40
N 2 uL BrdE ST AR S 200 pL 2 TG reagent, & T 37°CZ #E3 446 (FD-115, BINDER,
Tuttlingen, Germany) i 5 4381 J5 , 1 732 & T (microplate reader) (UVM340, Biochrom, Cambridge,
UK) Wl & 520 nm WROGAE, 150 R =158 T B8 25 & (mo/g liver).

2.6.3. BPBEEENE

DA 5 JH [ 523 B 22 28 (Cholesterol assay kit, Teco Diagnostics, Randox Laboratories Co. Ltd., Antrim,
UK) ZEA705E . T 96 well AN 2 pL Ak S O AR 535 B 5 200 L 2 TG reagent, & T 37°C Z #4iE
IRHEAE SN 5 4 s, R4 6 I B 500 nm WROGAE, TSR bR IE [E S & (malg liver).

2.6.4. F¥EIERSH
FAE L NE RIS Tzang 55 N[17] 2 T 53547 RS 2 2 SEMETRONBARBEAT HET o A SR B )5
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0 0.3 g N 10 mL B RE H, BHATRE R ACHL, JE H b 3500 2 e i & &, b 2 75 vk A s
JRAEEL, &5 FAF R 2 BB isopropanol J&, =R NS R s TE Y 10 kb, gk
EG IR e VR, IR SRR B O N, E-20CUKFRAT, ARG SLHEAT 288 = R H Jh B A0 i e [
P e AR o S r = o PR R R S T2 A 77 2 [ P O == R 7 A L] e 5 2 v T v

2.7. Gt

SIS HE A SPSS tHEANL G TR EAT 0 M. A2 A BT U LA PROC ANOVA 5 Duncan’s multiple
range test 4T 4T, p<0.05 NEFEENLZER.

3. &R
3.1. A E GKM3 MEERESFSHEMARZEE. APMENE. EEEN. HKkES
BRI AR XL

T LRNKRAREJIGE LR, &2 HRREWENE. RN, YOKESEWAHEZHE
o ARG, 2SI 2 AR AL T8RRI T, S 4L RIFE RS AR A B F I 0 2.3 72 7 (p > 0.05).
R 2 HFD A TE S &Rk B3 T IR0 ND 4H(p < 0.05), MifE slE K B AT 3 2 AR KRR,
HFD & 314 TP AN E GKM3 2 HFD + GKM3 25, 7] 53 BRI &R HE (p < 0.05). TEAAE {4
IR ATAR B E g5 R B TR R B A R, AR E YA E ERE S T IER K4 (p <0.05).
T E i KB 4 T 2 A6 TR R 0 2R 2 2300 T 6 v M R £ 2 2 3 BRI W R FH %6 (p < 0.05) .« TE BB i
e RBUROKE b, IR E &9 GKM3 415 e m iRk & 1 BIM EL, RS &Y B UR fE 1%
B (p > 0.05),

Table 1. Effect of Lactobacillus plantarum GKM3 powder on body weights and weight change in high-fat diet-induced ob-
ese rats

F 1 EMFAE CKM3 MR SRR EFEMAR I REFESHER L ZEMN

Groups ND HFD HFD + GKM3
Initial body weight (g) 231.52 + 4.36° 235.30 + 3.45° 231.22 + 3.66°
Final body weight (g) 505.40 + 12.87° 542.68 + 14.94° 478,50 +7.14°

Weight change (g) 273.88 + 13.32% 307.38 + 15.21° 247.28 £6.72°

The reported values are the mean £ SEM (n = 6). Mean values with different letters were significantly different (p < 0.05). ND, normal diet; HFD,
high-fat diet. Weight change (g) = final body weight (g) — initial body weight (g).

Table 2. Effect of Lactobacillus plantarum GKM3 powder on food intake, energy intake, water intake, and feed efficiency in
high-fat diet-induced obese rats
2. EYFLATE CKM3 MR SRR FSEMARZBYEN. ERN. WKkESRYFRAEZZM

Groups ND HFD HFD + GKM3

Food intake (g/rat/day) 25.21 +0.31° 20.43 +0.47° 19.71 + 0.56°
Feed efficiency (%) 19.22 + 0.54° 38.70 + 2.08° 31.41+0.66
Energy intake (kcal/rat/day) 99.84 + 1.25% 106.42 + 2.47° 102.69 + 2.93°
Water intake (mL/rat/day) 43.29 +2.47° 45.16 + 2.99* 44,33 +3.10*

The reported values are the mean + SEM (n = 6). Mean values with different letters were significantly different (p < 0.05). Feed efficiency (%) =

[weight change (g) + total food intake (g)] x 100%.
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3.2. EMFAE CKM3 MEEIRRBESIEHAR Z EFER XM

3 NARUSEI T R AR B TR R 2 IS R . SR04 R R DA A S, L
NEHCOHES BFAE. BT, RRRERE AR, JRooadgEERE. R REm, SRRA KR O BT,
it A R B b, Y TE R 2 22 ¢ (p > 0.05) . fEATIFE 45 R I, HFD + GKM3 4L T H14i45 F HFD
M, AT A R BT S 2 3N (p < 0.05).

3.3. EYAHE CKM3 M SRR RBRERAR . ZEHEESEHANERZ X

Wi 4 f3 5 Frow, BRI RAEES, BUR SR BT B AR 2R 2 R D 2R
RFWNERGNT: BERVA M AR A IR I A VR R R T AR, A AR FEH R, ek &M
TN 22 S FOE A 8 B I B s K P U R DA e 2 B AR i 7 %6 o R 45 IR AR 0T, HFD 42 B RRE KRR
HAENEENI A2 E R e T IEWIREH(p < 0.05). 1 HFD + GKM3 A% T 8aalizs ¥ HFD 4, 3
TERARRRIT . ARREWTZR . ARERR (B A IR @ SERE DG AN i R ARG T 4H2Y) R T ARIZHEY (IR
e i AR IR 2L 4 E 1, B B E (KT HFD 4(p < 0.05).

3.4. EMFAE CKM3 MERIRRBESEHAR ZMEE SR Z

F 6 NARUELRG B KR MG TR, KERAFE 6 G DL S umirt, M Bkgk47 i
Wete, YENEEIMEA M. (EMG A4S R R, HFD 4K B s b = /g Hoh Bl 5 = T IE W
EH(p < 0.05). fEFEIBREFHES IR, A TFRAEREG T AKZ HFD + GKM3 4, 7] I3

Table 3. Effect of Lactobacillus plantarum GKM3 powder on the weights of organs in high-fat diet-induced obese rats
7= 3. HEMEATE GKM3 MR SRR RFSEMARZIEREE I

Groups ND HFD HFD + GKM3
Heart (g/rat) 1.49 + 0.05% 1.50 + 0.05% 1.46 + 0.06°
Liver (g/rat) 15.88 £ 0.47° 17.41£0.77° 13.20 £ 0.48°

Spleen (g/rat) 0.94 +0.07° 0.89 + 0.04° 0.82 +0.04°
Lung (g/rat) 2.37+0.08° 2.45 +0.20° 2.21+0.15°

Kidney (g/rat) 3.38+0.05° 3.46 + 0.06° 3.37+0.10°

The reported values are the mean SEM (n = 6). Mean values with different letters were significantly different (p < 0.05).

Table 4. Effect of Lactobacillus plantarum GKM3 powder on the weights of total body fat, body fat percentage, visceral
adipose tissue, and subcutaneous adipose tissue in high-fat diet-induced obese rats

4. EHYFEAE GKM3 MANSERRFSFEMARZ SMMER. FiEHE. AREHARFME TEHENES
ZF00

Groups ND HFD HFD + GKM3

Total body fat (mg/g rat) 123.11 +4.27° 137.74 + 6.34° 96.81 +5.22°

Body fat precentage (%) 12.31 +£0.43° 13.77 £0.63* 9.68 +0.52°
Visceral adipose tissue (mg/g rat) 82.98+2.73" 94.14 + 3.50* 67.76 + 3.25°
Subcutaneous adipose tissue (mg/g rat) 40.13 +£2.27° 43.59 + 4.02* 29.05 + 2.48°

The reported values are the mean SEM (n = 6). Mean values with different letters were significantly different (p < 0.05). Total body fat (mg/g rat) =
[visceral adipose tissue (mg) + subcutaneous adipose tissue (mg)] + final body weight (g). Body fat percentage (%) = total body fat (g) + final body
weight (g) x 100%. Visceral adipose tissue (mg/g rat) = [perirenal adipose tissue (mg) + epididymal adipose tissue (mg) + mesenteric adipose tissue
(mg)] + final body weight (g). Subcutaneous adipose tissue (mg/g rat) = [retroperitoneal adipose tissue (mg) + inguinal adipose tissue (mg)] + final

body weight (g).
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Table 5. Effect of Lactobacillus plantarum GKM3 powder on the weights of adipose tissue in high-fat diet-induced obese
rats
= 5. EYIFLATE CKM3 AN SRR BT FRBEARZIEHARESE CFI

Groups ND HFD HFD + GKM3

Perirenal adipose tissue (mg/g rat) 35.40 +1.03* 39.32+1.97% 29.95 + 2.02°
Epididymal adipose tissue (mg/g rat) 25.33 £ 1.26° 30.79 £ 0.92* 21.05+1.78°
Mesenteric adipose tissue (mg/g rat) 22.25+1.19* 24.04 + 1.66% 16.76 + 1.65°
Retroperitoneal adipose tissue (mg/g rat) 23.09 +2.13® 25.78 + 2.74° 18.16 + 1.65°
Inguinal adipose tissue (mg/g rat) 17.04 £ 1.42° 17.81+£2.27° 10.89 + 1.60°

The reported values are the mean SEM (n = 6). Mean values with different letters were significantly different (p < 0.05).

Table 6. Effect of Lactobacillus plantarum GKM3 powder on the serum biochemical parameters in high-fat diet-induced

obese rats
< 6. EEMZLATE GKM3 AN ESRIARIFEFEM AR CIEELEHFMm
Groups ND HFD HFD + GKM3
Triglyceride (mg/dL) 129.50 * 23.50° 229.50 + 8.65° 71.67 £1.33°
Total cholesterol (mg/dL) 116.24 + 6.74° 98.35 +1.94° 90.55 + 1.96°
HDL-cholesterol (mg/dL) 71.67 + 2.86° 52.50 + 4.84° 61.17 +2.48%®
LDL-cholesterol (mg/dL) 38.33 + 2.60° 24.67 +1.78° 24.83+1.01°
LDL-C/HDL-C (ratio) 0.55 + 0.04° 0.47 £0.03* 0.40 £ 0.03°
Glucose (mg/dL) 242,65 + 8.45° 240.93 + 6.96° 247.85 + 2.85°
AST (U/L) 84.67 + 11.75° 62.17 £ 4.04° 68.67 +9.44°
ALT (U/L) 35.67 + 4.29° 32,50 +2.05° 30.33+5.14°
Uric acid (mg/dL) 5.72 +0.10° 7.47 +£0.15° 5.68 +0.11°
Creatinine (mg/dL) 0.60 + 0.00° 0.55 +0.03* 0.53 £0.02°
Ketone body (mmol/L) 5.68 + 0.20° 7.17 +£0.33° 5.18 +0.43°
Na* (mmol/L) 145.33 £ 0.67° 145.50 £ 0.43° 144.33 £ 0.49°
K* (mmol/L) 4.62 +0.07° 4.42 +0.03° 455 +0.04®
CI-(mmol/L) 105.67 £ 0.33° 105.67 £ 0.33° 105.17 £ 0.40°

The reported values are the mean SEM (n = 6). Mean values with different letters were significantly different (p < 0.05).

W I HE £ 31 AR L 7% T = B EH B 2 SR THG(p < 0.08). 534, TEKfr ND 4512 K R 5
DELVEIRE . s i i B ML G2 M 2 B e S TR FE, 5 38 i T I fr HIFD 41(p
<0.05). FifEUCEr HFD 41512 K B h JR B S5 P 525 5 - 164 e ND Z15%(p < 0.05). 7E AR
CESLIEMKR, 4T 84 B TAZ LR, 0T 525 W16 258 U0 7 6 2 L3708 o SR v 2
THEE(p < 0.05). LA, FERITARIKREENEG . IR A, UREF. BV TRE T2k b, 4
2L 5 E % R (p > 0.05).

35. EYMFAAE GKM3 MERARRFSEHABRZFREZER. ZBRHEMEMEERESEL
®i

7 i GKM3 X IE R 7 S AR BRI S = ot i A L[ 7 5 R 2 B
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Table 7. Effect of Lactobacillus plantarum GKM3 powder on the hepatic total lipid, triglyceride, and cholesterol in high-fat
diet-induced obese rats

= 7. EEMILATE CKM3 AN ERIXRIFSIRMEARCITIRRER,. —ZBRHMiESERE RS M
Groups ND HFD HFD + GKM3
Hepatic total lipid (mg/g liver) 66.23 + 5.86° 90.71 + 10.49° 76.78 + 3.45®
Hepatic triglyceride (mg/g liver) 22.76 £ 1.24° 30.37 + 2.40° 25.29 + 1.35®
Hepatic cholesterol (mg/g liver) 11.02 + 0.63% 12.46 + 0.64° 10.55 + 0.41°

The reported values are the mean + SEM (n = 6). Mean values with different letters were significantly different (p < 0.05).

HIEERAG A, sy TR AR AT TR IR B S =R H M BE & &, ¥ 34 W T IEH R ND
#(p < 0.05), TmEMERES TRl R GKM3, FETIE S AH E EE S 8 EARB T Raligs T fg e dlnl, w
S 2 AT R A P A L ] 22 25 882 (p < 0.05)

3.6. EMFE GKM3 MERRRFSEHARZERESER, ZHRHHESEERIEZ
2

1% 8 R AR R TR AR IR 5 SR R SRS AR T =R H v e O e R
M4 RER, SRS HFD A7E 3@ SR R H MBS fHE R & & L, BRESTIEFEREND 4
(p<0.05). M4 TrElE Rk EiHSZ AR A H GKM3, Tl B paish i f HFD 41, Bns
i i 1 2 HEH (p < 0.05).

4. ¥1ig

SCHERTEH, mAREIRE SRR O EZ M, RS SRS MRS i AR
DA TEZ 1 PA E B 77 o /7 22 ) S 8 TR B85 00 SI27E i VR T8 5 56 S ks 3 3R B O S R VIR T 1k
JE T, AT AR 40 M b i AR D A A oK, 7 AR AR (g B AR DGR AE[18] [19] [20] [21]. SEELOAEHR2
(American heart association, AHA)¥EH, MEFAERE. (0GR 5 I H A0 B 2% BH B 45 i e s BT+ 1 23
BEILG, i AR P M A R FI T 4R AR [22]

ARG F AR B A HA THEYIIE GKM3 25E R EH TR, 5 HFD AMtL2 T, KIATEM
I PR £ S 4R UK B 2 P BRI AR B N (% 1 136 2). PRSI D AU T HFD 41, BEZEFEAR
F ND 4, iEFIGit ERIZF(p <0.05). o GKM3 a4 FEREE I EBA B EMERNThE .
RER TR, SFEBIMERT AT RS, ER& 2 H GKM3 2542 B/ N 1M BRI AR I I HERL . Mok
RIFEA AT RIETE, %2 HFD + GKM3 A48 B E &5 /N ND 4, #t—P ik 7, Rt
g . = H s SIEFE RS, HFD + GKM3 4105 T ND 41, HEA R FRAR S 7 HEAR T I
2N, fERFIEH S E /N T ND H Hik Gt bR,

ERGEI By, R IS5 B4 B R fIg Il HFD + GKM3 % ND 41980 27%. % HFD 4Li/b 42.27% (%
4), PR30 LU S BRAA U AN R A7 AR T 20 23 75 (72 5) o 45 R T W GKM3 2 A= B ANUAE o) 348 14 A 2 5%
M3E, IRATAEA SRR R AT b BARENIR, MGE 8 il tH GKM3 AT R BRI R (17
W, s IR AE R S = T R RE A S A HERR DR AR S ME o R B TR SR 1 B R N, HFD
+ GKM3 4% HFD A2 INHEH T 43% N8BS &, SN GKM3 Jh3d i #11 Aig 07 W ie A 14 in &4 v
i JHE R B AR A4 R 5 P JOE R 7 PRI 3EAR

TR WOE A E LN, GKM3 2842 B A R I 1 e W 5 96% LA b (1) 5 i Fi IE 5 i 5245
P, FTBRHRIE N, 7 /0N P BRI g FR0 A8 T A IR A T a2k 281 e e A i 305 A IR ) T 288
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Table 8. Effect of Lactobacillus plantarum GKM3 powder on the fecal total lipid, triglyceride, and cholesterol in high-fat
diet-induced obese rats
7 8. HEHMELATE GKM3 MAM M SREIXBFSEMARCEELER. =B HIESEERSEZFMN

Groups ND HFD HFD + GKM3

Fecal total lipid (mg/g dried feces) 23.66 + 3.64° 35.17 £ 3.02° 50.34 + 4.22*
Fecal triglyceride (mg/g dried feces) 3.93+0.07° 6.90 + 0.58° 7.35+0.15°
Fecal cholesterol (mg/g dried feces) 5.27 +0.45° 7.88 +0.03° 8.54 +0.13°

The reported values are the mean + SEM (n = 6). Mean values with different letters were significantly different (p < 0.05).

e 6, MLIE ML TR AT & B, HFD 5 HFD + GKM3 41AH Eb i i o =B H i BE P4 T 220%,
W 2 W5 RSN T R 2 AL . i+ HFD 41/ HFD + GKM3 4 fiH[# §E B /b1 ND
S, HEN R DR A AU A R 3 RS 2 s HFD 2H 2 i i w JE [ e S 00 1 1) g o AR
BER, AR A A A i PR MR R . HE SRS e, e o SEE B i 2 R Tk 23] .
WFE S s e 2 SR T R e — D5 S AT

fiil 4 (Ketone bodies) A& &b 7E & ALk BRI KY B EUAS &2 I BT 7= A AR S o PR B iRk i v, K
(1) P 8 A P 0 B R WSO RT 484, R T AR IR IR B2 TR0 A e, 7R AR Y B 7 2B 4 FH (gluconenogenesis) it 2, R
W HE, S B L 28R T 2 510 5 — A H&R 42 = JRBRIE A (tricarboxylic cycle), K& 1AM 2.5t CoA
FAENHFE. IR, IR Sl i o B AR R ITE B R, S REGHE, RS BURRRAE 7
WM HERAE LR [24]. 7672 6 thAT R I, HFD + GKM3 4LxH ik RE ik B4 Bk 2 5, 7l ol iAk ARt
wAAEReE A . DRl R BT S B0 I A 5 PRIRAE AR IR GKM3 i AR T 1/ N 5 IR FE B B2 M B
ik, H# HFD dik%it L25R, 5 ND A-Hr#irimksit 5%, ¥l GKM3 X T w5l iR
PR AR S 1 L SR R

AR S, EARUGRIEH, 0] %35 W %2 31 DR s g 8 i S 7 A2 1R BB JREAH G XU 5 2 s FE
1E GKM3 i AE B A NS5 ATk A R o, MR MERR T B AR 0 HE 2 i S AR b i) R 1%
o, HA Wistar K BRAS BATAT S i g2 .

5. &

T FLAT B GKM3 A7 A A « F0B17Ca ML B 08 Z Tk, AT A B0 LA G o5 Ak s i HEAR
AR ARG fe I ot SR 0V A AR S S st g P H R A 2%kt AR ARG o I 48 P 3 Y A WAL 5 8 v
BT =R H T e S A [ A S S, e o SIS P oK R R U 2 e R A TR A AR 0 R AR
BT EAMES . 2 H O P SN R ML, RCR IR &0 A LR R, RN S 30vr
ZEARAAAEAR N . E P IE P HERLE 2 BORE T, K5 520 P rh 0 e B AT, 80P A O 77 200 KT
HERRI T B OR, AE AP AR T a5, RIS SRR AR . e AR, oK B i I 7 A A
P4, BARRS s B EHE RS, R N PRBR T e AN SZB6: b PRI GKM3 B30 i JSAE A4 A HER, [FR]
I T 1 AR R A R R AR A AR T I PR ER A IR AR . ZRA R UL, HYIFLAT B GKM3 F&IK T
PRAEIT S chcst e A, BE R AR M PR 4 5 5 KR IR H DL BE
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