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AR SONTE S, JDEBHAIERARN, TR TFHEIERRL. KHFARHEALRERIE

YHBERNCI-H7 16 0 ik A4, K Lactobacillus plantarum GKM3 3538 _ BB AT R K4 WGLP-1E A,
AJREA B THUERE, B HATIYRMEL. plantarum GKM3RE S 3T HERE B P24 H R HERIBER . 286 2ZiRE
FEHE., BMBRE LR —XEL plantarum GKM3F A FHREE, ZEL90K, ERXRZAAEHILFKME
ETA, FRIEFEERTL, FERARELIR. F45RKRUKFEIORREMME, HARARERFE

B AENEER . R RIRAL plantarum GKM3J5, ZRETRRERNBIEREETH(@ <

0.05), M#AESBMIEE FTH&EYE, ERAEEE. UBMIKEZAESEERN, SEATH45RKEEI

KI5 B E A E KBMI (p < 0.05), FEERAGIEERETHEIOREE TP < 0.05). IMARTERAHE,

% B e B A iE [E B (HDL-C) 8.3 EFt(p < 0.05), SfHEESHDL-CHETFBEXE. . FEhe
KERERETLEER L. WA ZREHEEE, AL plantarum GKM3J5, HsLA] B EHiE
REER . &RE4RER, L plantarum GKM3F{EREGLP-153i, FE0HARRR A MLARARU B i 12
BAIEREY, BEENEBIMEEEHEIE.
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Abstract

Probiotics are defined as live microorganisms that, when administered in adequate amounts, confer
health benefits on the host. In this study, the human enteroendocrine cell line NCI-H716 was used
to evaluate the effects of Lactobacillus plantarum GKM3, and the results demonstrated that the cul-
ture supernatant of L. plantarum GKM3 promoted GLP-1 secretion, suggesting a potential anti-obe-
sity effect. To further investigate, we conducted a human trial in which 28 participants consumed
one capsule containing L. plantarum GKM3 after breakfast and dinner daily for 90 consecutive days.
Participants were instructed to record their body weight daily, measure body fat once per week,
and provide blood samples on Day 1, Day 45, and Day 90 for biochemical analysis. The results
showed that after supplementation with L. plantarum GKM3, body fat percentage was significantly
reduced at the end of the trial (p < 0.05), whereas reductions in body weight and BMI did not reach
statistical significance. Subgroup analysis by BMI revealed that the overweight group exhibited sig-
nificant reductions in both body weight and BMI on Day 45 and Day 90 (p < 0.05), while the moder-
ately obese group showed a significant reduction in body fat percentage at Day 90 (p < 0.05). Re-
garding lipid profiles, high-density lipoprotein cholesterol (HDL-C) was significantly increased (p <
0.05), and the total cholesterol-to-HDL-C ratio was significantly improved. No significant changes
were observed in blood glucose, liver and kidney function, or thyroid indices. In addition, bowel
habit assessments indicated that supplementation with L. plantarum GKM3 markedly reduced the
incidence of diarrhea. Taken together, these findings demonstrate that L. plantarum GKM3 pro-
motes GLP-1 secretion and exerts beneficial effects on body fat regulation, lipid metabolism, and
gut health, supporting its potential as an adjunct for weight management.
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1. 51§

I JH(Obesity) i — bl LA 7 ot BE B AFRREAE (AR M ARV, 558 — ROBE BRI (T2DM). Lol
PN 1 L R AR B DT (NAFLD) % 2 AR 8 5 3 B AR 6 . MR 51 TR A U (WHO) 2, 4
BRI ATt R Rk A, CRCAAIE DARE A FIE[1]. H AT E S B R A m]. E3)
KLY, (B HOME DR R, ELZ5P CEBE R (R, DRIk TR 3 22 4 H AT A 8 g
(1 1 SRR (L 2 2 ) L P 34

AR, TR B AR S TE AR AR R BRI . SRR, M4k A
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Fa%E F

T 1 i TR 2N % B8 I 7 R (Short-Chain Fatty Acids, SCFAs) 1 ] 2 (Butyrate) 5 7 R (Propionate)
FEAR, T (R A TE PN 43 LA PR TEOR 287 R AR 14 (2 Ji 5 3R 2 IR (Glucagon-Like Peptide 1, GLP-1)
[2]o GLP-1 & THR#EE S 2 uh . Sog bife e sh, TEREHEE B HES SH0HI ek, B AP REA 7 1
HIEANF, FFANBAT GLP-1 28440 Liraglutide. Semaglutide) 2 A% CoHL#4[3].

JERTSELS CESERELL L. plantarum WK EA BEH'S GLP-1 2 1IRE J1[4]. X450 Sohn 28 N34T
FIBENLAUE 1RGN, L. plantarum LMT1-48 B85 & BGE LR FIAE S BMI, FEo2R #E B AH
gER, HENILHUAR ORI AT RE S SCFA B ARMAH IR (1 GLP-1) 1 B8 A K[ 5]

AW B S L A S 56 07 1% B 5 S i 2 GLP-1 BRI 2 a5 A dikk, 5 8k A7 A A AR ik 8: LA
PR TR SZ 30 2 A AR AOSHE AR TR ST 5 TE D Re 2 AT BER . DASRIE L. plantarum
GKM3 1E— T4 250 B A4 26 B ik 2 T AT 1

2. N5/
2.1. GLP-1 &g o4

VT Al FLIR B R O il 2 GLP-1 23 WA RE R, AR T 76 K FH N S 45 1 28 4t i Ak NCI-H716
(ATCC® CCL-251™, American Type Culture Collection, USA)E NAAAMZIE L AR, LIS FE o
WA GLP-1 43R5 . 4l H01% 3% T Roswell Park Memorial Institute (RPMI)1:7#5(ATCC), FH#511 10%
(VV)RR I i 2F L1 (Heat-Inactivated Fetal Bovine Serum, FBS), BT 37 ‘C. 5% CO» [ 20k 3544 H E 15
Figr.

AT /3RS, K NCI-H716 4HMILL 1 x 10% cells/well (I BEERFN T 96 FLF RIS FRF . thTi%
AR N EVF AL, SZIOTHT LA Cell-Tak ZHAUZS 7)1 ug/cm? #CLS354240, Corning, New York, USA)AbFE L.
JES, DA R0 B P I RS 3G 7R . SIS AN A B P 2 FLBR B EIE W W1 Lactobacillus plantarum
GKM3. Leuconostoc mesenteroides subsp. cremoris~ Lactobacillus rhamonsus } Lactobacillus paracasei, %
BLOEBREARE 235N 1%5 5%, (vv)IFMABIR EEBEAT B 97, PR E AR 2 X B2 . BHVEXS
HEDUASE ) S0 mT {2 i GLP-1 73k Z AL &4 Phorbol-12-myristate-13-acetate (PMA)-.

BT AR B R TS 0.1% (w/iv)AFILiE A 2 H(Bovine Serum Albumin, BSA)Z Krebs-Ringer-
Phosphate-HEPES Z2R . AHMIZRE M AL TS T 37 ‘CHEFR 2 /i, IR IS WNE GLP-1 & &,
DL 25 3% 45 5% W BHZ2:(Enzyme-Linked Immunosorbent Assay, ELISA)i#{T €&, {#1H Millipore Sigma
M ARFR G, A R A e 45 1 B B AT A o J5 i th B HLA (2 2k GLP-1 433 /1 Z Ttk L. plantarum
GKM3 ZEAT I AR 15 o
2.2 AER K FE#ERERFBR(SCFA) 534

IR LR T K BT 5 GLP-1 3l (R AENLH,  ASBIE FOAR DA [F) LR T R % B3 v R LR A
BENR W TR (SCFAs), 35 AIL (Propionate) & T 2 (Butyrate). 5Bk T MRS £5 3= 53¢ 24 /i) 5, UCEE
KR, 28 12,000xg 250 10 4380 BRI, FFLL 0.22 mm JEEEJE. s FiEWH T )5 42 SCFA 4347,

SCFA #7157 Agilent Application Note (5989-1265EN) /7 7A[613E4T, K H @ R0 2 AT 8 A6 Ae I
#%(High Performance Liquid Chromatography/Ultraviolet Detector, HPLC/UV)#:ill, FLEZ. HERS T IRk
FEE MO R AR A it i A IE M 2R ih B, 45 DL ppm oK.

2.3. BikE
A5 Z W T3 5N BRI 46 B U(Body Mass Index, BMI) KT 24 kg/m? 2 BB #, ANFRYER], £
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AT 20~50 %, ARETCREAIIRE], M5 PI IR T SO EL RSy R e S, JFEAT R
M B 25, *h7eil. siER H2 ZABESTH. S, smii i 8 bt s, reihE
2 KA 25055, DLRA IR SEGYIRHRIG CR 2 5o . R IGHERR PR A B AL IRE . B O
JES BRI E 7 5 AR PR B8 . I AIESR 28 732l -

R RS kR &, DR T2 R#E S, RE. BMIBUE LR HHE I, (R
it n 2 2R HE RHE G FETS, IFhor N g dRs B 8 e iR USRI M & 2 F

2.4. REMRHIZ

AR NARIRGE BT 5 P 1) e 9 P 86 4 AR R A PR A WISt Ui 3 &5 25 A2 18 L. plantarum GKM3
(i #k4m5 BCRC 910787) 100 12/~ A_E3G B, BURAH—WiR %, FHRHMIX, E9:0H 90 H, &t
ORISR B IR A AT E TR 00T, S 0.1 AWEE. 0.5 AWBKEEY. 0.02 A%
DL 2 = odl, 2.4 KEGEE D). RETREIFCE TR,

Table 1. Nutrition facts of probiotics

= 1. mEEMEFES O

H IR

B0y

i 24 Kk
HAR 0.1 A%
Jig Wi 0.0 A%
T A 0.0 A%
RSB 0.0 A%
WKk E 0.5 A%
i 0.02 AT

i 2.0 =%

2.5. Sk

2.5.1. EESHEICHE

ZRE TR HCRARE, SRR, e X6 8 i 2 AR LS AR AR L AR R —
&, DAE RIS R .
2.5.2. HiERAIER

SR T AT TR 433895 Bristol Stool Scale) (¢ 2)3%H 13k H S HFEIRIL, 5056 2 5 7 205
B, N—H. ZRIHRiZa A, i o0 K. TSERANIG 60 K, Ssdsmn— " H ZHE G

Table 2. Bristol stool scale

®2. HEHREAESLE

A LR 20 289
I E RE I AR X
1 — RO BRI T A A
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Bk
2 KAR, RMEM N A R
3 KAIR, KA 2RI fid Fi
4 KR, REDCH e fe
5 BRiGH, SRAHR BMARTS B8 v 2 3 N
6 FARCIR, LSRR ™ RS
7 BOA A, e amaR TS

2.5.3. MikENENE

MR TEARBHCGE 0 R) HIHEE 45 R)MERIE (B 90 R), BRALEN 10 2T+, ZiXET
JU A ML i, e A S B v ] 2R 24 R B A I [ A B 8 R AT IV A A B, A I E O =R IR
(Triglycerides, TG). A H[E [ (Total Cholesterol, TC)~ 1% & £& 71 Jii IH [#] B (Low Density lipoprotein Choles-
terol, LDL-C). =% J& JIH [ % (High Density Lipoprotein Cholesterol, HDL). R A fLF#(AC Glucose)~ 1L 1L
B R (HbALC) EkIGIR 7R FR ¥4 & FL 1 % (Aspartate Aminotransferase, AST). %k A Bl 2 4% 1% i§(Alanine Ami-
notransferase, ALT). H% H(Albumin). JE & %&(Blood Urea Nitrogen, BUN). ALERET(Creatinine). JRER(Uric
Acid) LK AR IR IR (Thyroid Stimulating Hormone, TSH).

2.6. Giit A

BT Z Ge it o M AR SE I R R ISR 79 . ARSI H0 73, Se AT B 122 53 4070 #T (one-way
ANOVA), UFESANFIAE B 2 (82 I AF B AR 22 5, RS2 ] Dunnett’s 22 B LLACH €, BT AbEE4]
5 0f BT Onr LU, BAVPAS AN AR BE AR 22 S 25 o I R IR 0 70, DX 32 50 A A i RO i »
KBS FEAS ¢ 160 5E (paired t-test) AT LT M. BT BRI LLPIME = ARifEfh 2 (mean = SD)YRoR, &
F M Z FIWTRRHEN p < 0.05.

3. 458
3.1. P RIZERE A EBRCES GLP-1 32z 50

1 LA NCI-H716 N AIE L A ARSMERY, PRI AN R FLRE B R 2 250 B3 o6 GLP-1 43
WHFHES RO, PLPMA (2 pg/mL)fENIERESIZA, W EEHEF GLP-1 /& 1036 pg/mL, HEZ T, *
Ab PR 2 25 (6B 4 (Control) GLP-1 23 EAY 4] 526 + 1.4 pg/mL. & HEMKEBEBATES, LA L. plantarum
GKM3 1% HEHRII AR, GLP-1 W EZIN 1092 £ 39.4 pg/mL, HH T Control Z13&7+ 2 fi5. {H
MIREREZE 5%, HFESWRRIMN T L mesenteroides (1%)AFH M B B IF%E S8R GLP-1 43
WEZIN 1059 +143.7 pg/mL, HAE 5%AFE T RIS 5—TJ71H, L rhamnosus X L. paracasei
A PRZH ) GLP-1 43 i & T 800~950 pg/mL Z[A] . AR 5 5 L. plantarum GKM3 (1%)7 I H f £ ) GLP-
1 iESEES, Bk, ARBFAE—DE R GKM3 1E NG 2R RIRGE 2 ik Ak, PPN HAE AR b i B A B
SRR
3.2. LB A B LR A e A i BL 57 4

RV FLBR 15T GLP-1 23 IS AENL, AW Uik — B e & Wbk R 9 EiE T A DURR 5 6 B s
IR (SCFAS)ZH i, 45 RNz 3 Ao . FoH, L. plantarum GKM3 RS A5 e e O FLER IR 1. (20,395 ppm)

WIRE TR 758 102,13 ppm 5 132 ppm. AHLLZ N, L. mesenteroides F.A =i (N ER(13,707 ppm)-5 T
FR(229 ppm)iK &, 1M L. paracasei 5 L. rhamnosus (1) SCFA /KFNA T3 2 7]
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GLP-1

Figure 1. Effects of different lactic acid bacteria fermentation
broths on the secretion of GLP-1 by L cells
1. FEFLERE R B R L ZRARIE S5 GLP-1 AIZR

Table 3. Concentrations of lactic acid and SCFAs in supernatants of different lactic acid bacteria

3. NEIFLERE LIF R FLERFNAE HE RS B ER AR B

T AR (ppm) P2 (ppm) TR (ppm)
L. paracasei 16,902 12,043 213
L. plantarum GKM3 20,395 10,213 132
L. rhamnosus 19,162 10,438 213
L. mesenteroides 10,561 13,707 229

3.3. REREERTH

AR (R 4), ZRE TIRARLE R (Day 90)f5, #RHELYE BMI BARM TR, (HARESITEEKE.
SR, RAER M 36.89% % % T FAZE 35.98% (p < 0.05), {7 2 4= B 0 78 T BEXT i 7 2HL s B A 1 1 3R 1 A
H o BthdE— AR AN E BMI 73 R EE 2 SN, H4 3218 F 4K BMI 73 AU, 8. 24 <BMI<27.
REENERE: 27<BMI<30. EEME: 30<BMI<35. BENERE: BMI>35 (% 5~7). (EAREASA T H (%
5), HMEMT Day 45 BIM L RAE B E F %@ < 0.05), FHFHEEFEE Day 90; HAbAL 5 B2 FRFE%,
BEREREES. EERBRITHE6), TEEMNAT Day 90 Gk % BE F K@ < 0.05), NFETLHF
Mk REERH. SEHSREIEMHARE FEESE, BERARE: EELMANTHESE, &
EA R BT BMI AL TR 7), I BAUNME— B R E 2R 2 WAl HALAR 2 BMI B2 R FEs,
e S RIEG R .

Table 4. Physiological parameters of the subject
T4 FHEZEERE

Initial period Termination period
Day 0 Day 90
Body weight 84.55+13.6 83.76 + 13.58
BMI 30.93+3.24 30.67 +£3.42
Body fat ratio 36.89 £5.63 35.98 +5.67"

FRAHHEYI U Mean + S.D.R/R, "p<0.05 5T A REZR.
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Table 5. Changes in body weight (kg) during the study period in different subgroups

F* 5. NELATRIEHIE Z A ET K (ke)

R E (kg)

HHE(n=2)
BREEREME(n = 10)
AR = 13)
HIELEM = 3)

Initial period Test period Termination period
Day 0 Day 45 Day 90
68.70 £2.70 67.90 +2.60" 66.90 +£2.40
75.63 £2.49 75.26 £2.50 75.00 £2.43
89.08 £2.50 88.32 £2.87 87.85+2.76
105.20 £ 6.77 106.03 +7.26 106.50 &+ 7.32

i HyE Ll Mean £ S.D.RIR, "p<0.05 R S5AKATLAGEEER.

Table 6. Body fat changes in different subgroups during the study
6. FEITAETHIGHB Z A AETE 1L

Initial period

Termination period

-
el Day 0 Day 90
FHEn=2) 35.90 + 1.40 35.35+33.7
BEEEREM = 10) 36.00 + 1.52 35.02+ 1.63
R R RE(n = 13) 37.04 + 1.89 35.87+1.82°
M = 3) 39.90 + 3.70 40.10 + 3.61
FiE HdE 4 UL Mean = S.D.ER, *p<0.05 B 58 RTHLLEFREER.
Table 7. BMI changes in different BMI Subgroups during the study
= 7. PERILLATRIEHAEZ BMI T4k
Initial period Termination period
BMI
Day 0 Day 90
L H(n=2) 26.33 +£0.55 25.64 + 0.44*
B = 10) 28.63+0.27 28.43 +£0.38
AR = 13) 31.85+0.41 31.46 +0.31
EEAEREMN =3) 37.67 +1.81 38.12+1.98

Fra I A Mean £ S.D.EIR, “p<0.05 R 5iAATHLEA EE %R

3.4. MAEBIESHT

e 8 fow, 2R 7RI 1] N B IR AE DCHE AR AL B A AR e o =B H VIR L A JIEL ] e 5 e 2
JIE 2 1 JH [ BE(LDL-C) T 150 11 J5 oA 52 9042 25 8 4k« v % P IR 2 1 I [ BE(HDL-C) B 3G T 1) 44.24 mg/dL
AR A R 46.11 mg/dL, AGiH R E Z F(p < 0.05). b4, SH[FEEEYS HDL-C BHfH
(CHOL/HDL-C)JF i 4.58 %% 4.39, HEZEHHNEP <0.05).

Table 8. Blood lipid profile of the subject

8. ZHEFEZMAENITE

Initial period Test period Termination period
Day 0 Day 45 Day 90
Triglycerides 112.04 £ 55.05 128.43 + 58.78 113.64 £ 67.36
Total cholesterol 189.86 + 37.02 194.82 £45.19 192.61 +45.19
HDL-C 4424 £ 11.01 45.15+12.42 46.11 £ 12.77°
LDL-C 126.07 + 33.89 127.67 +£35.44 124.36 £ 35.62
CHOL/HDL-C 4.58 +1.66 4.52 +1.31 439+1.33"

A H VA Mean + SD.RIR, “p<0.05 x5SRI HLAA REER.
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Fa% %

3.5. B FMAE WS

mE 9 FroR, S2RE IR WA 2 S DU R AL FE AR, L35 25 IR M % (AC-Glucose) #E4k I £ 28
(HbAlc). HFIHAEEFEFR(AST. ALT). HZEH(Albumin). B IEEFE L (BUN, Creatinine, Uric Acid) 2 FUIR IR
IR (TSH) & T i &8k . BAABUE L S AERFE IRV EN, B/atht GKM3 Xf ps#sl . 52

AE S HUIRBRIDBEARIE BAS RS2, H RUF 24t

Table 9. Blood lipid profile of the subject
F9. FIMEBZMBELXSE

Initial period Test period Termination period
Day 0 Day 45 Day 90

AC-glucose 91.36 +7.47 90.36 + 6.78 93.68 +7.89
HbAlc 5.66+0.24 5.69+0.22 5.69+0.25
AST 23.19+£9.23 22.74 +£7.24 22.44 + 6.65

ALT 31.48 £23.83 29.52 +18.58 30.04 = 19.93
Albumin 4.57+0.22 4.59+0.29 4.60+0.21
BUN 11.04 +2.24 9.96 £2.13 9.96 £2.61
Creatinine 0.77+£0.15 0.76 £ 0.15 0.75+0.14
Uric acid 6.51+1.86 6.36+1.75 6.26+1.77
TSH 1.82+0.92 2.02 +1.00 2.02 +0.99

Fr#EI A Mean £ S.D.EIR, “p<0.05 X5 EAEEER.

3.6. ZIRHEHERA

%10 N3l B ENEIF LA HHERHE, IF DT BT RE 54T 7098, HIBRHFEZL A
Fr Ja it 22 NZRIEIICR Iz A2 1) S sk 4O B 60~90 RIIA]), A HUESE 10 RHHME & iEAT
giit. SiRER, ZIREERK GKM3 J5, KiE/b> 2l & BIEHE .

Table 10. Defecation record (daily) of the subject
F10. FRESHHERR

A B 80 B BRI AT AL B85 TR A
1~2 73 (fEH) 13 AR 13 A& 0 A&
3~5 3 (IEH HEE) 140 AR 167 NIK +27 NIk
6~7 7 (IRI5) 47 NI 17 ARk -30 AR
ARAAE 20 AKX 23 A +3 AKX

12 7 ST I BEECR,  HAR M MY (EH); 3~5 7 FERS MK FOROE R HME): 6~7 77 TR
FAHCR, ™ ELIN TE A (IRTS) .

4. it

AT LA NCI-HT716 4HAEE 008 L AR, PR 2Rk FLBR B AR RO GLP-1 70 2 15 5 R8O8R
It — B Pl L R IR LR L. plantarum GKM3 E N A0 4 B B S OB AR T E R R . 7EZR
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Fa%E F

S, FATWELS] 1% GKM3 K EARE S 1 GLP-1 0B, BT IRAEIRTI AP . SR H AR
TR EFHAEFTA B e, X 7R GKM3 E3E GLP-1 70 a8, T Ae A 5 Al (o 0 45 s i e
W, TRAHERR GKM3 43l T HAE AU (A R R 22 I B4 1l 40 B B A 27), SLRIHESR T GLP-1 (1)
SN 32 B SR A RER S GLP-1 43 WA M 2 A= B AR T3 3k o438 Jik 5 R s S5 4 g i 2 41k
i SRk BIPTALRERUR o 1 5 AT 57 5 B2 ARG Aol 45 1) v B R4 A i 26 2 3 R BRI 45 SR —3( 7]

NIRRT, BRI ZIRE A 90 KAMNE GKM3 JG IR E 5 BMI K IR RIAG TR, Hik
a3 B E K < 0.05), B/ HXT S AHRAA ERRESER. SE0 0 &K, 5 T 50 25K
IR A S 5 BRI, et 35 0 AE 6 P A(Day 45)RIWIEE 21 R 8 55 3% T PRI R4 % Day 90, H BMI AyiE
—IRRE NRZA, HENS AR R ARG, AR REE A IS4, R AR B
DIER IR SEERCR, FERIREILAE BMI 1) R, AR B R GKM3 ZE A1 R IR 2 sy i BAG 7
71, ARIESCHIHEF[8], KIL GKM3 HHkiEL -1 SIRT1. PGC-la. PPAR-y Fil ATGL %5 35t KR i
R A B A i i R B AR AR I A o HE N B AR A4 R 1D/ T ML PT e 5 Re AR G 28T,
HE AR R ML G, HERRREME LT, SoR7E ™ E R, AR EE AN e AT R
ARUFEAHRHR, FRERES5E3T /9]

FEMAE T, GKM3 %Mt 90 K B AN =M H M AR S IHMEEE S LDL-C & e 2 %, {3 HDL-C
wE FH(p<0.05), HEHME RS HDL-C FIEHAE T B (p <0.05), sk remife ) A oo Edh .
A= B4+ HDL-C (L] AT B8 G482 B i AR R 2 A DA« 388 Jom AL ] 5226 Ak DA B R R 38 22101

NP GKM3 X 523 AR S A il DhRe i e 4k, 30T 7 IBAE AL TR AR 0T (R 9). Wl T
H A FERAT MR . BEAL I 3 (HbA L)y BRIGIR AR R % 2 BB (AST) ZR NI IR A G IB(ALT). HEH. IR
ZAMBUN). WIREF. FRI2 50 FRAS 2 (TSH). 45 1 5 RiX Se 48 bR 22 R 06 Al 5 B9 0 B 2% 2028, i
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